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ABSTRACT

The Interagency Aircraft Noise Research panel was established by

the Environmental Protection Agency to aid EPA in fulfilling its re-
sponsibility for coordinating =he Federal noise research activities,

This report is the first prepared by the Panel and provides an inven-

tory of current and planned Federal alrcra_t noiseRD&D programs. The

Federal agencies which sponsor aircraft noise RD&D are the National
Aeronautic and Space Administration, the Department o_ Transportation,

the Department of Defense, the National Science Foundation, and the
EPA. The report is organized by technical areas with each agency's

programs presented under the appropriate technical area. Emphasis is
on fiscal years 1974 and 1975, hut summary information on fiscal years
1973 and 1976 is also included. The Appendix contains detailed pro-

gra=mmtic information an furnished by the Federal agencies on their
aircraft related ED&D activities.
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i. INTRODUCTION

Section 4(C)(1) of the Noise Control Act of 1972 requires that

the Administrator of the Environmental Protection Agency coordinate

research progrnms of all Federal agencies. To aid the Administrator

in fulfilling this requirement, each agency must furnish to the Admin-
istrator such it,formatlon as may be necessary to determine the nature,

scope, and results of the noise research programs of the agency. A

further requirement under Section 4(C)(3) is that the Admlnlstrator

publish a report from time to time to describe the status and progress
of Federal noise research programs and assess the contributions of

these programs to the Federal Government's overall efforts to control
noise.

To fulfill these provisions relating to aircraft noise research,
the EPA Office of Research and Development has organized an interagency

Aircraft Noise Research Panel. The responsibilities of the Panel in-
elude collecting programmatic information to develop an inventory of
Federal aircraft noise research and providing the expertise to make

an assessment of the adequacy of current programs to meet public health

and welfare goals relative to noise as specified by the Environmental
Protection Agency.

This is an interim report prepared under the cognlzsnce of the
Aircraft Noise Research Panel as a first step in carrying out a plan

of action to assess aircraft noise related research, development and

demonstration (RD&D). The purpose of this report is to provide an

inventory of current and planned Federal aircraft noise RD&D programs,

end it represents the initial data bass upon which the assessment will
he made.

The report is organized by technical areas with each agency's

programs presented uader the appropriate technical areas. Sectdons
1 through 9 provide an overview of objectives and funding for the

prosrame with emphasis on fiscal years (FY) 1974 and 1975. S,..=-ry
information on past funding for FY 1973 and planned obligations for
FY 1976 are also included. The Appendix contains detailed program-
matic information as furnished by the Federal agencies on their air-
craft noise related RD&D activities.

In the £uture_ the Aircraft Noise Research Panel will carry out

the assessment phase of its responsibilities. To accomplish this

objective the Panel will:

i. Review the public health and welfare goals and objectives

relating to noise as developed by the Environmental Protec-

tion Agency|



2. Establish appropriate Working Groups for specific technology

areas calling on the ex?ertiso available in Federal agencies

engaged in aircraft RD&D;

3. Identify specific requ_remonts and need for detailed review

of Federal programs and analyze industry independent research

and development programs;

4. Coordinate Working Group activity and integrate findings of

the Working Groups relative to the adequacy of ongoing pro-

grams;

5. Prepare s summary report that specifies the extent to which

current programs cam meet the EPA publlc health and welfare

goals and objectives relative to noise and make recommenda-
tions on what should be done where the assessment indicates

that the schedule for meeting EPA goals and objectives can-

not be accomplished with current programs and plans.



2. SUmmARY

The overall Federal activity in aircraf= noise related research,
development and demonstration is summarized in Table 2.1, Table 2.1
shows the technical areas under Investigationp the Federal agencies
with n significant program in each technical area and noise relevant
funding data for fiscal years 1973 through 1976. Funding data for
FY 1975 and _T 1976 are based on p}anned obligations.

It is noted from Table 2.1, that a significant amount of total
funding in FY 73 and }q 74 is associated with studies to reduce noise
of the current commercial fleet and is shown under subsonic conven-
tional takeoff and landing (CTOL) aircraft. Several study categories
related to noise of existing commercial aircraft are presented in
Table 2.2. The programs included in Table 2.2 involve operational

procedures for reduced noise exposure, technology development, and
demonstration to support decision making on the question of retrofit
of the exlst_ng commercial fleet and demonstration of advanced tech-
nology for nacelle design for application on modern wlde-body tress-
porte. The status of some of the NASA and DOT/F_A activitles iden-
tified in Table 2.2 were reviewed before the United States House of

Representatives Subcommittee on Aeronautdcs and Space Technology
in July 197_, The testlmoeies presented by NASA sad DOT/FAA are in-
cluded in the Appendlx of this report.

The ongoing programs to provide the research and technology base
necessary to design more quiet future generation aircraft are summa-
rized in Table 2.3, pass 5. Major areas of investigation are propul-

sion system noise, materiels, and nonpropulslve noise <airframe aero-
dynamic noise). A parallel decrease of propulsion system noise and
airframe noise is required to reduce approach noise of future aircraft
below FAR-36 mines I0 dB (see References 1 and 2, Section i0, for
detailed tschelcel treatment of this point).

Programs to develop acceptably quiet commercial powered lift air-
craft to reduce congestion around ma_or cities are s,,_,_-rlzedin Table
2.4. The technical obJectlvea of these programs are given in Section

4. and detailed program planning is included in the Appendix. A
technical treatment of progress and prospects for powered lift aircraft
is provided in Reference I, Section i0.

Table 2.5 e,"m_"_izeaprogram activity and funding for rotorcraft
and vertical takeoff and landing (VTOL) aircraft. These programs,
conducted by NASA, have civil and military applications. Noise rele-
vant _eehnology development /or application to supersonic cruise air-
craft ia given in Table 2.6. These programs are basic and deal with

!_ propulsion, eerodynamics and sonic boom.

!



Table 2,1 S_KY OF FIINDINGBY TECI_ICAL AREA_
AGENCY+ A_D FISC4L YEAR

Funding in Thousands of Dollars

Teehnlcal Arna ^6_ne? FY 73 FY 7_ FY 75 FY 76

Basic Research and DAD^ i01765(I_ 14,145 16,840 14.669

Technolo6y MOT 2_860 78_ i12a2 1,7_0

DOD I1784 11752 793 fill2

Total 151379 16,686 15,915 17,141

Powered Lift Aircraf_ DAD^ 4,406(I) 2_0e6 2_977 2,562
_olse Te_hnoloDy DO_ 241 - -

Yo_al 4+647 6,082 2p977 2,966

_o_orcraft/VTOL 6^6A - (2) 1,774 6,684 2+694

_olse YechnoloDy HOD 247 $3_ 675 275

YQtnl 267 2130_ 2,969 2D569

Air TranBportat$on DAD^ 665 466 248 627

Systems $tudle_ _P_._A - (4) . 404

Total 655 636 248 227

Supersonic Cruise Ai_- MAD^ 61070(I_3) 2,056 Ip490 1,760
craf_ Noise TeC_uoloBy bO_ 316 299 lO0

Total 2+386 2,38_ I,$90 I_760

$_bsonte Conve_c_on_1 _AS^ 27b704(I.6) 65,604 6,0_7 2_703

_akeo_f _nd LandlnD DOT 8_176 _695 900
Aitcr_6_ _o_e P_oBr_a

_o_a_ _?iBDO 27D_0_ 665_7 2_703

Cen_r_l Aviation _o_8_ NASA 80(I) 656 448 566

_cehnolo_y

C_YO_AL 56_894 _I1751 511054 . 28_1D

I, The NASA fund£ng data i_cluded in thls table for FY 75 are baaed on Informaclon

_uppl_ed _o EP^ bF _ASA _n De_ember+ 197_. The contenc of the breakout_ by research

area _ no_ _x_t_y _he 5_m_ _s _hos_ _or o_her flscal ye_rB 1_d. i
2. FY 76 fund_ included _n Powered L$£_ A_rcr_f_ Nolse Techno_Dy.

5. S_me program _ec_v_ty i_L uded her_ ch_ _s l_s_ed under _aa_ Research a_d Toch- I
noloDy for o_her fileal _ars.

4. _A FY 74 Cot_l iucludei some _und_ eo_t_ed _n F_ 73, i

_, Dee Dec_o_ 11 for an expl_n_don of acronyms I _bbt_v_t6ons_ _nd def_n_tlon of I
_o_le _uleva_t pro_r_ co_ca_

6, For FY 73_ $_09DK of the ft_ndll_a_ed w_o for sublonic en_in_ _nd nac_11e _ech-
noloDy-qu_e_ Eng£no _.



TAble 2.2. FUNDIHGSUI_AR¥ FOR SUBSONIC CTOL AIRCBAF_ NOISE PROGRANS

^ten _Sency ¥undinR Dlstributionf Thousondmof DollarBFY 74 FY 75 Ff 76

Holne _educt£on Fllsht NASA 31600 ID300
Procedurea Eaper_me_ta

Terml.al ConflBured Veh£cle NASA 271 1_553 1,613
Operatin8 System8 Experimen_|

llErANProBram HASA 20,803 2j514

^dvancnd Acoustic Compos£te HASA 530 550 1,090
Nacelle Yrogram

Source Noloe Reduction DOT/FAA lt89P 900

GItAN_TOTAL 27,10_ 6,917 2,703

Ta51e 2.3. FINDING SIF_IAR¥ FOK BASIC RE.SEARCHAHDTECIINOLOCYPROG_

Fundin R Dls_rJb.tlon_ Thousands of Dollars
Area .^Senc_ FY 74 FY 75 FY 7_

Propulmion Noloo Reduction _AS^ 13,348 12.19_ 12_490
DOT/0NA_ 750 1,2_2 1,?10
_OD 563 271 400

PropulsionSyo_emlnte_mtio. _AS^ 801 1,646 1,779
_o.propule_ve _o_na DOD 272 75 12_

To_l 11073 1_721 11704
liuma_ _en?0nee*_ r_^SA (1,154) (1,200} (1,458)
Materials ond Sound I_o_° I_T/ONA 35 _0 50
5a_lon DOD 917 4_7 58?

.,, _n_l %2 497 637

CRAH'DTOTAL 16166_ 15_15 171141
_DoT/_AAfundins Included _ Table 2.2

_NASA _llocA_lonn fo_ Ilummn R_spo_ee B_ud_e_ _re 8ho_ here _or l_forma_lon_l purpose_ only_
Th_me resourcem _e sccou.ted for In the Federal nolae effec_n reeear_h fiscal data .{_efe_nea 3)



Table 2,4, FI/NDING SDfffiARY FOR POWEREDLIFT AIRCRAFT NOISE TECitNOLOGY

^tea ^Bency F...__dl_ Dl_T_bution I Thuus_nds of Nollar_FT74 FY75 FY?6

Advanced Powered Lift Atrctaft _ASA 3FO lt480 _p470

Au_entor Wln_ Fllsht Experiment NASA 160

quiet Clean Shore liaul NASA 167 840 $25
Experimental Engine (qESEE)

Qule_ Propulsive L£ft Reoearch NASA ll3IO -
Aircraft

STOLOpetat£nESym_e_s NASA 135 65? 65?
Experim_s

GSAND _0TAL 2,082 2,977 2_952

Tabl_ 2,$° F12N_ING Sl_KqAltTFO_ ROFORCR/t_/VTOL NOISE T_CIB4OLOGY

Are_ ^Se_ey Yundl_ Dl_tribu_lonl Thousands o_ Doll_rA
FY ?4 IP¢ ?5 FT 76

Advanced Rotorer_f_ NASA 920 1,04S l,O_O
AerodYnamic T_chnoloSy r_E 3_ - _

Tota! 9S4 ll_4S "11040

Advanced VTOL ^ircr_f_ Aero- _ASA CTaca_) So 150 160
dynamic T_chnoloB¥

T_ Ro_o_ _esearch A£rcr_ft NASA (_otal) 274

Rotor Syatems R_a_rch Alr_ra_t NASA 500 -

DON _00 675 275
Total llOOO 67S 27_

Ro_r S_s_ema fo_l_RA ,NASA (Totmi) 465 470

VTOL O_era_£n_ Syste_a RASA _Tot_l) 624 624
Exper_en_

_RA_D TOTAL 2,_0_ 2,0_ _,$69



Table 2.6. FUNDING SUMMARY FOR SUPERSONIC CRUISE AIRCRAFT NOISE TECHNOLOGY

Area Agency Fundln_ Distrlbutlon_ Thousand_ of Dollars
FY 74 FY 75 FY 76

Propulsion Technology NASA 1,422 1,233 1,360

Aerodynamic Performance NASA 664 257 370

Source and Operational Sonic DOT/FAA 299 I00 -
Boom Reduction

GRAND TOTAL 2,385 1,590 1,730



A moze detailed treatment,of the Federal noise relevant RD&D sum-

marized in Tables 2.1 to 2,6 is given in subsequent sections of this
report. Program planning and several status reviews (July 1973) on the
potential of reducing noise of the current co_ercial fleet are includ-
ed in the Appendix.

8



3. SUBSONIC CONVENTIONAL TAKEOFF AND

LANDING AIRCRAFT NOISE PROGRAMS

Noise relevant programs relating to subsonic conventional take-

off and landing aircraft technology are listed in this section. These
programs have application to the existing commercial fleet and the

newer wide-body aircraft designs.

National Aeronautics and Space Administration

The status of NASA programs noted here was reviewed in testimony
before the United States House of Representatives Subcommittee on
Aeronautics and Space Technology in July 1974. The brief technical

descriptions of programs that follow can be understood in proper con-

text by referring directly to that testimony which is included in

the Appendix.

m Noise reduction flight procedures experiments. To reduce
90 EPNdB approach noise footprint by at least 60% through
scheduled airlines _ demonstrations of avionic systems for

noise abatement flight procedures.

• Terminal configured vehicles operatin_ systems experiments,
To identify and provide proven technology and operating

techniques for advanced CTOL and RTOL aircraft for reducing

approach and landing accidents, reducing weather minima,
increasing air traffic controller productivity and airport

and airway capacity, saving fuel by more efficient =erminal
area operations, and reducing noise by operational proce-

dures during the 1976-2000 time period.

• REFAN. Program. To provide the technology to obtain a 75
percent reduction in the noise footprint area of JTeD-
Powered Aircraft (727, 737, and PC-9) which account for

over 60 percent of domestic fleet operations.

• Advanced acoustic composlte nacelle flight program. To
demonstrate on a moder_ wlde-body transport in airllno

operation the application of advanced interwoven acoustic
absorbent and composite structural materials to an engine
which will:

• Reduce the noise footprint area of future production

wide-body transport aircraft by 30 percent with no
increase in aircraft weight or fuel consumption or



alternately reduce alreraft weight and rue% consumptlon
with no increase in noise.

• Together with advanced technology engines, reduce the 90 EPNdB

noise footprint area of advanced technology transport aircraft
to 5.2 square kilometers (2 square miles) with no increase in

alreraft weight or fuel consumption resulting from the na-

celle or alternately reduce aircraft weight and fuel consump-
tion together with some noise reduction.

Table 3.1 is a suc_lary of noise relevant funding foe the subsonic

conventional takeoff and lending aircraft noise program. Listed in
the table are a descriptive title of the program and arose RD&D and

manpower costs for FY's 1974 through 1976. The Appendix contains more
detailed prcgram descrlptlons on all programs.

Deportme_t of Transportatlon-Federal Aviation Admlnlst/atlon

DOT/FAA has several subsonic conventional takeoff and landing

aircraft noise programs under the overall program of source noise re-
duction. The objective of this program is to develop a noise source

prediction capability for all categories of aircraft, Projects under
the source melee prediction and reduction program and their objectives
are:

• Core enBine noise contrel. To provide theoretical and exper-
immoral data to assist the designers in developing future

aircraft capable of conforming to lower noise levels than are
now required by FAR Pert 36. This program would more prop-

erly be listed in Section 4 hut is presented here since it

cannot be easily separated from the schedule and cost data
of other programs presented in this section.

• predletlqn of aircraft 9onfi_uratio%.effects. To study the
feasibility of use of aircraft eonfiEuratlon and engine place-
ment to reduce noise propagation to the ground plus develop-

ment of prediction procedures for configurations of practical
interest.

e General aviation aircraft. To survey and define the noise

characteristics of all general aviation aircraft plus develop-

ment of suitable noise prediction capabillties.

• Retrofit feaslhility. To provide test data to assist in de-
termlmlmg whether certain classes of turbofan propelled air-

planes in the current fleet can be modified for meaningful
noise reduction in a feasible manner, The results of this

I0



T4bl* 3.1. RAS/NOIS_ _EL_VNff SUISOHICCTOLAIRC_P7 pWJG_
• 14_15EJ_LL'VA_TPAOGP,N4 COSTS

(Thou_a_dl of _ll4rm)

_'YIq?4 _ D75 I_Y197_

Gromm Manpower _ _r_R| _npowa_ Gro|J Hanpower
_JmeriptlvI T_tlm ItID ,, Cootl TOni| Rtn Com_ _otal R&D , Co_m Total

Pro¢_d_r_ _xpt_l_nt|

T_r_in_l confl|u_d VJht- 214 _P _7I 1450 113 1_63 1500 11_ 1513
cle Sylt_ Zx_erim_tm

_J_fANPre|ru 19_A$ 12_# _0nO_ 10OO 151A _$14

Adv_q¢_d A©ouJtic tom- _00 30 _0 $00 60 $60 IO00 90 _090
Fomitl _lclllJ Pr_r_

TOT_ 23J99 1_0_ 2_O_ t000 201y 6017 _$O0 20_ 2703

programmn_e activity were reviewed before the United States
House of Representatives Subco_ittee on Aeronautics and Space
Technology July 1974. That tentlmony is included in the Ap-
pendix.

TabZe 3,2 give_ the schedule and funding for nou_ce noise reduc-
tion programs. The Appendix contalne addlClonal Information on the
di_ectlon and status of the_e p_oJeetSo

ii



labt= 3.2. DOT/FAA AIRCI_FT NOISE ABATEMENT--SOURCE NOISE REDUCTION
_oSram Schedule (Jolyt, 1974)

PYI 73_ 74. I 7s* I 76 * I 77 I
_'.grao_lo_eot..Epro_ramI:' lO. I.__073I 1,,, J lO,S__l lo,OI lo,,

2D2-551

Source Noise Reduction

CTOL Aircraft Continuing Effort

Source No£se Prediction
and Reduction

Core Engine Noise Control Award Gas Generator Award Report

_ IV Rep°rtw V ____

Prediction of Aircraft
Eon£1guratlon Effects Award Report

V V
( 1

Award
General Aviation A£rcraft

i" )

Retrofit Feaslbllity 727 TO7 DC-9Commercial Jet Aircraft _ w

Executive Jet Aircraft Award

I V I

_undin 8 allocations (100t noise relevant) are: FY 73-$8,175,000; FY 74-$1,89RjOO0;
PY 7S-$OO0,ODO; FY 76-No Data.



4. BASIC RESEARC_tAND TECNNOLOGY

Strict guidelines have not been employed in listing various agency
programs under the category of Basic Research and Technology. In general,
the results of programs presented in this section have a broader range
of application and are more fundamentally oriented than programs listed
in other sections.

National Aeronautics and Space Administration

Descriptive titles and specific objectives for each noise relevant
study being conducted by NASA are:

• Propulsion noise reductio 0. To provide data and a
technology base for reducing aircraft propulsion
noise with minimum weight, performance, and economic
penalties.

• Npnpropqlsive nolse: To understand and minimize, by
aerodynamic means, the undesirable effects of airframe
noise,

• Human Response. To define and quantify those properties
of aircraft noise exposure that are responsible for
causing negative individual and community response to
air transportation systems,

Funding data for programs included with each study category are
shown in Table 4.1. The Appendix contains objective documentation for
the programs listed in Table 4.1.

Department of Transportstlon-Offlce of Nqise Abatement

Studies relevant to aircraft noise reduction are sponsored by the
Office of Noise Abatement within the Office for Systems Development and
Technology and by tbe Federal Aviation Administration within DOT. While
someFAA studies may he appropriately considered here, a consistent
treatment of cost data requires their listing elsewhere, For this reason,

only the DOT/0NA programs are considered under Basic Research and
Technology,

DOT/ONA sponsors one program in aircraft noise reduction. This
program is directed toward understanding, modeling, and suppressing Jet
noise. The studies included in the program are conducted under contract
and through lnteragency agreement. The title, contracting organization,
and funding data for each project are shown in Table 4.2. Detailed
descriptions of each project are included in the Appendix.

13
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Table 4.1 NASA NOISE RELEVANT BASIC RESEARCH AND TECHNOLOGY

NOISE RELEVANT PROGRAM COSTS

(Thousands of Dollars)

FY 1974 FY 1975 FY 1976

Gross Manpower Gross Manpower Gross Manpower

Desqri_tive Title R&D Costs Total N&D Costs Total R&D Costs Total

Propulsion Noise

Reduction

Basic Noise Research 2108 1886 3994 1300 2161 3461 1500 2200 3700

Noise Technology
and Prediction 3073 6281 9354 4450 4283 8733 4330 4460 8790

Nonprs_ulslve Noise

Airframe Aerodynamic
Noise 408 393 80l 900 746 1646 1000 779 1779

Human Response l

Acceptance of Aircraft

Operations (796) (358) (1154) (842) (358) (1200_ (II00) (358) (1458)

GRAND TOTALS 5589 8560 14,149 6650 7190 13,840 6830 7439 14,269

IThe fiscal data for NASA's Human Response studies are accounted for in
the Federal noise effects research resource allocations and shown here

for informational purposes only. (Reference 3)



Table 4,2 DOT/ONA JET NOISE RESEARCH PROGRAM

Project Tit.le Contracting contract program Planned Obligations
Orgaslzat£on Number _anager __bouaanda.gf,Hollars)

FY73 FY74 FY75 FY76

Hodeling JeC Noise USC DoT*as-0000-2 G,Banertan 75 75 50 50

Noise Reduction from
Supersonic Jet Flo_ Syracuse DoT-as-20094 O.Banerian 75 75 75 75
w,ith Co-Axle,1 Jet, s

Jec combustlon po_se Cal. Tech, DOT*OS-20197 O.Banerlan 147 50 50 50

Effects of Nonlinearity
on 3at Noise Propulaloa _ DOT-OS-4II7 G,Saneriau O 20 O O

p- On the 0riSin of Comhus.

_ip_ Generated Noise NCSU DOT-O9-40055 G.Banerien 0 25 30 30

High Velocity Jet Noise
Source Location and e_ DOT-OS.30034 G.Senerian 2500 500 Z0OO 150C

. Reductlan p_ogram

Inta_aSanc> S_oslum_
Tr_nsportatidn Noi,se - G.Senertan O 5 5 5

_coustia _tertal, Research HIT DoT-as-30011 G. Banerian 33 35 50 50

• Suppraaalo 9 of Hu'lcipla
Pure Tunas VP¢ DOT-OS-50047 G, Banerian 0 0 22 0

GRAND TOTAL_ 2830 7S5 1282 1760

, ,,,,,, L._ ¸ •



Department of Defense

DOD has projects in several research categories. Genera[ areas of
research are summarized below:

_,r2p_!slon_olse_eduction f

a Jet Exhaust noise programs. To develop the technology
base necessary to significantly reduce aircraft
propulsion system noise with minimum associated perfor-
mance and weight pnnaltles.

• Rotatin_ machinery noise programs. To define the
fund•mental physical mechanisms by which combustion

affects _he general sound field surrounding an engine,
to aid in providing design gu_dellnes and techniques

for modifying the combustion process for mleimum
noise levels, developing effective combustor noise

suppression devices, and establishing criteria for

engine design, development and control.

• Duct acoustics and euppres@ion prqsra_s. To develop
computer routines to predict the effect of duct

linlegs on noise propagation and to optimize a given

duct configuration for maximum noise reduction.

• Propeller noise programs. To formulate and computer
program a comprehensive unified aerodynamic acoustic

source theory and Eo reduce propeller noise through
utilizing unique propeller designs based on noise
source theory •n•lysls.

St_uetural_esponae _r_eams

Objectives of projects in this area are:

e To investlga_e the effects of high intensity sound
on aircraft structures.

• To study the effects of high lift device noise on
aircraft structures and the community environment,

• To dampen noise in helicopters.

Sound Prqp_ation Programs

Objectives of projects in this area are:

a To analyze the generation and propagation of muttiple turbojet
exhaast noise sources.
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• To analyze the •erodynamlc generation of noise,

propagation, and detectability of unpowered
aircraft.

Airflow Surface Interaction Programs

Objectives of the projects in this area are:

a To investigate the reduction of noise by liquid

v•porlz•tlon.

m To Investlgate the dynamics of vortices and
shock waves in nonuniform media.

• TO investigate the areas of boundary layer flows.

Table 4,3 is a compilaClon of the DOD funding distr_butlon on
Basic Research and Technology Programs. The Appendix contains a

brief description of each project.

|
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Table 4.3 DOD AIRCRAFT NOISE RESEARCH PROGRAMSI

Fundin_ Level I Thousands of Dollars

Descriptive Title 2 A_eney FY 73 FY 74 FY 75_ FY 76 3

Propulsion Noise Reduction
• Jet Exhausts Air Force 447 204 122 250

• Rotating Machinery Air Force 297 288 75 85

Army,
Navy

• Duct Acoustics and Air Force 1O 45 65 65

Suppression Army

• Propeller Noise Air Force 26 26 9

Structural Response Programs Air Force 178 335 302 340

Sound Propagation Programs Air Force 580 582 145 247

Airflow Surface Interaction Navy 246 272 - -
_ Air Force 75 [25

GRAND TOTALS 1,784 1,752 793 1,112

|All programs ate IOOZ noise relevsnt.

_See Appendix for detailed project listing and description of projects
3Data on FY 75 and FY 76 are incomplete.
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5. POWERED LIFT AIRCRAFT NOISE TECHNOLOGY

Noise technology activities associated with power-generated lift

aircraft technology programs are considered in this section. Coverage
is restricted to STOL/RTOL aircraft for short-haul applications to meet
civil and military transport needs.

National Aeronautics and Space Administration

The major study categories related to powered llft aircraft wi_h

noise relevancy being conducted by NASA are as follows:

n Advanced powered llft aircraft aerodynamic technology.
To develop the aerodynamics and systems technology

needed to attain the integrated aerodynamic perfor-

mance, noise, stability, control, and handling
qualities characteristics required for viable powered
lift in civil and military aircraft designs.

• C-8 au_mentor wln_ flight experiment. To validate in
flight the augmentor wlng powered llft concept devel-
oped in laboratory programs as a practical means for

providing STOL capabillty. To assess in flight the
handling qualities of this type of aircraft. To

provide a versatile representative powered lift air-

craft for assessment of navisatlon and control systems
requirements for safe terminal area operation.

• Qulet_ elennj short=haul experimental engine (qCSEE).
To design, build, and test experimental engines to

consolidate and demonstrate the technology needed
for very quiet, clean, and efficient propulsion

system for economically viable and environmentally
acceptable powered lift short-haul aircraft.

• Quiet propulsive llft technology (Advanced medium
STOL (AMST) prototype alrcraf_. To obtain, through
participation in the Air Foree AMST prototype programs,
propulsive llft flight research data on a straight-

wing externally blown flap configuration at lift
coefficients up to about 3.5.

n STOL operatin_ systems experlmenta. To establish a
technology base upon which operational STOL short-
haul systems can be based with confidence in the
1978-2000 time period. To demonstrate operating
systems technology, operating procedures, and guidance,
navigation, and control concepts for hlgh-denslty

terminal area operation.
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Funding data for these programs are given in Table 5.1. Specific

technology goals, milestones, and technical and management approach are
given in the Appendix for each NASA study category presented in Table 5.1.

.Department of Transportatlon-Federal Aviation Administration

The FAA participates with NASA in program activity related to powered

llft aircraft technology as noted previously in Table 5,1. Additionally,
the FAA conducts a program on V/STOL aircraft. A descriptive title and
broad statement of objectives for this program follows:

• V/STOL alrcraf_ - noise source reduetlon._ To identify,
evaluate, and control component noise sources inherent

in V/STOL systems including studies of jet propulsion

and rotary systems end noise prediction techniques.

Table 5.2 glx,es the FAA identification number for the V/STOL aircraft

noise program, the major subprogram titles, the program schedule, and funding
data as of July i, 1974. For FY 1974 and FY 1975 contract funding is ineladed
with other programs and is therefore listed elsewhere in this report. A more

detailed description of this program is given in the Appendix.
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Table 5.1 NASA NOISE RELEVANT POWERED LT_T AIRCRAFT TECHNOLOGY
NOISE _ELEVANT PROGRAM COSTS

(Thousands of Dollars)

PY 1974 FY 1975 FY 1976

Gross Manpower GEOSS Manpower Gross Manpower
.Doocriptlva Title E&D Coats, Total ,R&D Costs Total R_D Cost. Total

Advanced Powered Lift 140 170 310 900 580 1480 900 570 1470

Aircraft Aerodynamic
Technolosy

C-8 Ausmentor Win8 tOO 60 160
Plisht Expari_at

Quiet, Clean Short- 137 30 167 800 40 840 800 25 825
,-. llaul Experimental

Engino (QCSES)

Quiet _Topulsiva Lift 1100 210 1310
Technology

STOL OpaEatin8 Systems 107 28 135 600 57 657 600 .57 657
F_per iments

TOTALS 1584 498 2082 2300 677 2977 2300 652 2952



Table 5.2. DOT/FM PROGRAM SCHEDULE RELEVANT TO POWERED
LIFT A1RCRAFTNO_SE_CHNOLOC¥

Program Element/Subprogram ProgramNu_berElement CYIFYI_72_ 73_1737_'[ 19747SI I_7S7_ i1767r 1977

V/STOL Aircra£t 202-590

Continuing Effort
Source Noise Prediction and Reduction

Jet Propulsors V _ _ Award Report
I r

Rotary Propulsore V _ Award Report
[ J

tPundinBfor FY 19731 _261,000 - 100_ noigo relevant.



6. ROTORCRAFT/VTOLNOISE TECHNOLOGY

This section conslders nolserelevant studies associated with
technology programs for alrcraft with rotor induced llft and advanced

VTOL llft concepts. It deals primarily with VTOL aircraft for civil
and military applications.

Natlonal Aeronautics and Space Administration

The noise relevant rotorcrsft technology programs and statements
of objectives are as follows:

• Adyanced rotorcraft aerodynamic technology, To determine and
improve the performance, dynamic loads, noise, control, sta-
bility, vibration, and handling qualities characteristics of
helicopter rotors and rotorcraft configurations in order to
permit the development of rotorcraft having substantially greater
mlsslon and cost effectlvencsa than current (1973) operational
vehicles in military and civil usage.

• Advanced VTOLalrcraft 9erodynamle technology. To provide the
technology required to enable the development of viable mill-
tary and civil alrcraft having effective VTOL capability to-
gether with speed, range, operating cuat_ and misslon/operatlonal
eapabilltlae_ approaching those of 1973 operational medium range
military and clvll CTOL aircraft. This requires the development
of a thorough knowledge and understanding of the aerodynamic
performance, nolsej eontrolD stability characteristics, and
piloting qualities peculiar to VTOL system concepts.

• Tilt rotor research aircraft. To demonstrate advanced rotor-
craft technology for military and civil VTOL vehicles having
twice the cruise speed of the helicopter while retaining its
efficient hover capability,

• Rotor oystem, resesrch alrcraft0 To provlde a unique flight
tast capeblllty in 1976 for advanced rotor research on a wide
varlety of prom_slng new rotor concepts. To expedite improved
rotornraft research through the use of a specially designed
flight test vehicle.

• RotOr systems for rotor systems research alrcraft.,(RSRA_. To
select, acqulr_ and evaluate on the Rotor Systems Research
Aircraft (RSRA), under Joint development by the Army and NASA,
three prattles1 advanced rotor systems concepts. To demonstrate
through tests of these concepts in th_ real flight environment
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the integrated performance, dynamics, and acoustics technology
improvements achievable.

• VTOL Operatin_ systems experiments. To establish a technology
base leading to improved operational capability, improved VTOL

operating efficiency, and decreased environmental impact. To
support military technology requirements for assuring VTOL

operational capahillty with a wide variety of landing sites

and under reduced visibility conditions.

Table 6.1 provides a funding summary of the Rotorcraft/VTOL air-
craft technology studies with noise relevance bei_ conducted by NASA.

Specific technology goals, milestones, and technical approach are in-
cluded in the Appendix for each of the studies listed in Table 6.1.

Department of Defense

DOD Rotorcraft/VToL noise technology programs and their objec-
tives are:

$ Tip vortex effects on rotary-wln_ aerodynamics. To signlfl-
cantly reduce undesirable rotor blade noise signatures and

alleviate the blade-tlp vortex interaction problem.

• Glare..and noise reduction of helicopter rotor 9.1odes. To
develop various materials and compositions capable of reducing

the gllnt_ glare, and noise from helicopter rotor blades with-

out i_palring llft or increasing weight or drag.

• Unsteady aerodynamics of blade-vortex interactlon2 To study
the unsteady aerodynamic mechanisms responsible for helicopter
noise.

• Investigation of noise generation on a hoverlnE rotor. To
define the noise field generated by a rotor.

• Analytical studies of helicopter rotor broadband noise _enera-

tlon. To establish a closed form solution for predicting the
broadband noise intensity radiated by helicopter rotors.

• Studies in low speed flight. To investigate problems asso-

ciated with low speed flight of helicopters.

• Systems studies of helicopter noise requirements To establish
a new methodology for systems analysis which includes noise
criteria and to develop a new wind tunnel facility for making
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Table 6.1 NASA NOISE RELEVAnt ROTORCFAFr/VTOLTEC_OLOGY pROGRAmS
NOI$_ RELEVANTPR_rU_ COSTS

(Thous_nde of Doll_r_)

FY 19_,4 FY 1975 FY 1976

GrO_B Manpowor GFOBn Manpower Grogs M_npower

De_cr£p_tve T£tle _ Co_s Tots1 R&D Cos_D To_al R&D CoBtm Tara1

Advanced Rotoreraf_
_erod_namicB Technolo_

Helicopter Aerodyna=lce 265 180 4_5 20_ 95 300 200 100 300
T_lt Rotor Aerodyn_=lce 20 10 30 70 60 110 70 60 110
Ctvl_ Helicopter TeCho 220 50 270 280 55 335 280 50 330
Rotor Syate=_ TechnolosYl40 35 175

_," Rotor Acoustics and
^eroelasclct_y 195 105 300 200 100 300

_dv_nced V70_ _ircr_f_ 50 30 80 100 50 150 IO0 60 160
_erodyna=_c _ech_o_o_¥

Tile _o_r _e_e_rch 250 2_ 274
_lrcr_f_ _ro_r_m

I_o¢or _¥_em_ Research _O0 500 -
_treraf_

Rotor _ys_e_ for_SP_ 400 65 465 400 70 470

VTOLOpera_ion $_em_ 400 224 624 400 224 626
Ex_ar_en_s

TOTALS 1_$ 329 _776 1650 634 2284 1650 644 229_



useful noise measurements on V/STOL aircraft types.

• Tilt rotor research aircraft. To supplement funding of pro-

gram conducted by NASA in coopera$1on with the Air Force.

• Rotor s_stems research aircraft. To supplement funding of
program being oonducted by NASA in cooperation with the Air
Force.

Funding levels for DOD Rotorcraft Noise Technology Programs are:
$267,000 for FY 1973, $534,000 for FY 1974, $675,000 for FY 1975, and

$275,000 in FY 1976. The Appendix contains brief descriptions of DOD

programs listed here.
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7. SUPERSONIC CRUISE AIRCRAFT NOISE TECHNOLOGY

Programs with noise relevancy _hat are directed toward providing

a technology base for future generation aircraft with supersonlc cruise
capability are presented in this section. It is noted that many of the

programs listed under Section 4, Basic Research and Technology, have
direct application to supersonic cruise aircraft.

National Aeronautics and Space Administration

NASA has two programs dedicated ta supersonic cruise aircraft

(SCAR) technology with noise relevancy:

e SCAR propulsion technology. To establish an expanded super-
sonic propulsion technology base in parallel with the expansion

of other supersonic disciplinary technologies which will permit
the reduction of noise in takeoff and landing to levels leas

than the Douglas DC-1O and Lockheed i011; reduce fuel consump-
tion rates which can make supersonic cruise aircraft signifi-

cantly more efficient; and nitric oxide emissions at high alti-

tudes that are greatly reduced from levels passible with today's
technology.

• SCAR aerodynamic performance technology. To establish an ex-
panded supersonic aerodynamics technology base in parallel

with the expansion of other supersonic disciplinary technolo-
gies which will permit impravements in L/D, reductions in sonic

boom, and the tramsl_tlon of technical advances into integrated

aircraft systems.

Table 7.1 is a funding summary for the supersonic cruise aircraft

helen technology programs. Each program and noise related project is
listed. More detailed program descriptions are given in the Appendix.

Department of Transportation-Federal Aviation Administration

The FAAia conducting two programs relative to supersonic cruise
aircraft noise technology. They are:

• Source sonic boom reduction Thls is an effort to develop a
definition of the air and ground system requirements for suc-

cessful threshold much number operation.
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Tablo 7.1 NASA NOISE RELEVANT SUPERSONIC CRUISE AIRCRAFT TECI_OLOCY STUDIES
NOISE SELEVANT PROGRAM COSTS

(Th_a_nd. o£ DollarB)

FY1974 FYI975 FY 1976

OronB Manpower C_onl M_npowo_ GraBs Manpower
,DeBcrlp_IveTi_les ,,R_D Costs ToCa! ,R&D Co.t. Total R_D ,.Con_B Totml

PropuIBionTechnology

ITopulalon Holse 618 330 949 943 390 12_3 _000 380 1360
Reductlon Tech_oloSy

8xpotlmonta! Ensin. 410 18 428
Cy_le SCudles

Low Nolne Engine 48 48
Unique Co_pononto

A_r_d_nomi¢ PerformAnca
Techn°l°RT

T.n_asrAcion 8tudlen 137 90 227

Thnory 30 30

8onia 8oom 137 270 407 187 90 257 280 90 370

TOTALS 1348 738 2086 1010 480 1490 1280 450 1730



• Operational sonic boom reduction. This effort is to provide
prototype, digltal_ lightweight, inexpensive sonic boom recor-
ders and to obtain real time atmospheric data for use in long-
range threshold mach ntnnberoperational feasibility studies,

Table 7,2 shows the program schedule for the source sonic boom
reduction and operational sonic boom reduction programs. The schedele
has bean updated to indicate milestones and targets as of July i, 1974.

i
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Table 7.1. DOT/RAA SOURCE SONIC ROOM REDUCTION, OPERATIONAL SONIC BOOM
REDUCTION PROGRAMSCHEDULE (JULY 1, 1974)

Px I 7 _ 75 * I 7_ * 77 I

Program Element/Subprogram !CY 1972 I 1973 I 1974 1975 1976 I 1977
202-554 Phase I Phase II Phase III Phase IV

' Source Sonic Boom Reduction Final Trans. System Plnal
/ ' Supersonic boomZess flight R_p _ard Report Flight RI_FPA_rd Re_ort

research iv - v • v v [

Phase I Phase I1 Phase III

Ft. North P-III/F-8 opera- Final

tlonal research boomless Award _eport _eport Repot R_ortflIght_ other operational _F
programs. _ [

) eratlonal Sonic Boom
_uction

Sonic boom signature prate- Field Z Prototypes
type digital recording sya- Award Delivery Test recorders
tom. Operation, maintenance W V V W
and data collection during [ ]
operational programs

• PundinB allocations (lOOt noise relevant) ara: FY 73 - $316,000; FY 74 - $299,000;
FY 75 - $1OO_OOO; PY 70 - no funds scheduled



8. AIR TRANSPORTATION SYSTEMS STUDIES

Studies considered in this section are concerned with the inter-

relation of future air transportation needs, technoloF/ requirements,

socioeconomic and environmental {actors, and alrcraft/airport interface.

National Aernnsutice and Space Administration

Systems studies be/ng conducted by NASA that have significant
noise relevance are:

• Quiet propulsive llft transport _gchnology systems
studies. To identify, through aircraft definition

and traanportatlon systems studies, the problem areas,

configurations and technology for emphasis in future
quiet propulsive llft technology programs, including

fllght research.

• Short-haul transportatlon systems analysls. To devel-
op a sound technologlcal base for future decisions re-
lating to the desist, development, and operation of

short-haul transportation systems; to examine the re-
lationships between short-haul technology and short-

haul economics, markets, and implementation; to Iden-

tlfy potential viable short-haul airplane concepts and
their design and performance criteria for practical

short-haul transportation systems including considera-
tion of _arkst, economic, and environmental factors.

s Analysis of futur_civil air transportation systems
use conne_ts. TO identify promlslng aeronautical
systems, determlnn optimum characteristics, and define
technology requirements and costs associated with such

systems, gtudles ineludngeneral avletlon aircraft,

CTOL_ STOL, and VTOL transports, advanced subsonic
tramsonlc transport aircraft, and advanced supersonic

transports.

s High transonle speed transport (HITST) system study.
To provide detailed configuration definitions of a high
transonic speed transport concept with design studies
to include fatigue and flutter characteristics of com-

posite structuresp low speed stability, and control of

yawed wing for emergency maneuvers, and new engine
technology application for reduced noise.
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• Subsonic/Transonic C/RTOL transport technolosy systems
and design studies. To make technology advances avail-

able for superior subsonic C/RTOL transport aircraft to
satisfy anticipated requirements in the 1980's; to de-

termine the feasibility of utilizing aircraft fuels
other than JP fuel for subsonic cargo and passenger air-

craft; to investigate new approaches to providing more
economical subsonic transport of liquid and solid cargo

in an=ieipatinn of the need for increased air transport
of cargo.

• Subsonic/Sonlc CTOL transport technold_y propulsion
studies. To study the application of advanced tech-

nology to the improvement of future comserclal trans-

port aircraft including consideration of economic

factors involving parameters such as aircraft drag,
propulsion efficiency, cost, and propulsion system
noise and exhaust emissions.

Table 8.1 provides a funding sugary of the air transportation
systems studies being conducted by NASA and discussed in the preceding

paragraphs. Additional detail on objectives, approach, and milestones

for each program is provided in the Appendix.

Environmental Protection Agency (EPA)

EPA sponsors studies to support its activities related to aircraft

regulations. The FY 1973 and FY 1974 projects, which are most relevant,
for inclusion here, are listed in Table 8.2.
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Table 8.1 NASA NOISE R_LEVANT AIR TRANSPORTATIONSYSTEMS
$_UDIgS NOISE R£LEVAN_ PROGRAH COSTS

(1_o_sandB of Dollars)

FY 1974 FY 1975 FY 1976

GroaB Manpower G_ous _npowe_ Gross _n_power
DagcrIptlve Tit1_ S&D Costs Tocal R&D , Co_tl Total R&D CoBol To_al

Shot_-IIaulTranspo_ta- 150 50 180
tlon Systems AnalyBi8

Analymls of Future Civil 61 27 89 _20 48 168 12D 27 147
TtanDportatlon Sygtem_

t_ andConcept_
w

Ulgh Tranaonlc Speed 15 l 16 80 8D 80 80
Ttanspor_System Study

Nubmonlc/TransonlcC/NTOL 80 50 110 - -
Ttan_pot_Te=h, Sy_tem_
and Design 5tudi_s

Sub_onlc/SonlcTt_n_pot- 28 _ 54
_&_ion T_chnoloSy

_opulslon$_ud_ ........

_TAL_ 554 94 428 200 48 248 200 27 227



Table 8.2 SPA AIRCRAFT NOISE SYSTEMS STUDIES

Contractin8 Contract Project Key. Dates Amount,
Project Title Organization Number Manager Start End thousands of

dollars

Aircraft/Airport Opera- Bolt, garanek 68-01-1835 J, Schettlno 4/73 182
tlons Noise Study & Newman

Installation, Refinement Bolt, geranek 68-01-2265 D, Gray 2/74 2/75 79
and Training in Utillza- & Newman
tion of USAF-NEF

Aircraft/Airport Study: George Washing- 68-01-1834 S. Cuadra 4/73 9/73 ll0
Legal Analysis ton University

w Development of Implemen- E. H. Robblns 68-01-2266 E. Caadra 2/74 4275 35
ration Tools for Ad_n-

latratlon of Airpor_

Noise Regulation

TOTAL for FY 73 & 74 404



9. GENERAL AVIATION NOISE RELATED TEC]_OLOGY

Many of _he noise related programs presented in other sections of
his report have application to general aviation aircraft, In partlcu-

far, the NASA programs, Basic Noise Research and Noise Technology, in-
volve scudies of propeller noise reduction. DOT/FAAalso conducts
studies relevant to general aviation aircraft; however, these are in-
eluded in Section 8 since ic is difficult to isolate this activity from
coat and program scheduling data.

National Aeronautics,and Space Administration

The title and statement of objective of the NASA programs dedicated
specifically to general aviation aircraft are:

a General aviation aerodynamic gechnology. To develop
and demonstrate advanced technology for general avia-
tion use that will permit the design of future U.S.
aircraft that will be safer, more productive, and
clearly superior to foreign competition.

a Quiet, clean general aviation turbofan (QCGAT). To
identify, extend, and demonstrate the technology
applicable to small general aviation turbofans to
achieve future environmentsl requirements with
economic viability.

Table 9.1 shows the major study categories and the funding in the
general aviation aerodynamic technology program. The Appendix contains
an expanded discussion of this program.
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Table 9,1 NASA NOISE RELEVAh'_ GENESAL AVIATION AIRCRAFT TEC}_OLOCY STUDIES
NOISE RELEVANT pROGRAM COSTS

(ThouBand. of Dollnra)

FY 1974 FY1975 FY 1976

Greaa Mat_pel,rer GrOBS Manpm_er Gross Manpower
Deecripc _.ve T£_lo [_D Costs Total P_D Co.t. Total l_D CoJ_s To_al

L_
^e_odynamLcs and Craah- 65 30 95
worthLnese

General Aviat £on 200 60 260 250 198 448 370 90 460
Technology

qute% Clenn General 400 196 536
Aviation Turbofan (qCSAT)

TOTALS 265 90 355 250 198 448 770 226 996
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ii. GLOSSARY OF ACRONYMS AND TERMS

AMST - Advanced Medium STOL Transport.

ARC - Ames Research Center.

C/R_OL - ConventionalReduced Take Off and Landing,

CTOL - Conventional Take Off and Landing.

DOD - Department of Defense.

DOt - Department of Transportation.

EPNdB - Effective Perceived Noise Level in dB.

FAA - Federal Aviation Administration.

FAR-36 - Federal Avlatlon Rule, Part 36.

FRC - Flight Research Center.

FY- Fiscal Year.

NITST - High Transonic Speed Transport.

JP-Fuel - Jet Petroleum Fuel

JPL - Jet Propulsion Laboratory.

L/D - Lift-Crag Ratio.

[aRC - Langley Research Center.

LeRC - Lewis Research Center.

NASA - National Aeronautics and Space Administration.

ONA- Office of Noise Abatement.

QCSEE - Quiet Clean Short-Haul Experimental Engine.

QSRA - Quiet Short-Haul Research.Aircraft.

RD&D- Research, Development, and Demonstratian.

RSPA - Rotor Systems Research Aircraft.
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RTOL - Reduced Take Off and Landing,

RTOP - Research and Technology Operating Plan.

SA_ - Sound Absorbing _terlal.

SCAR = Supersonic Cruise Aircraft.

STOL - short Take Off and Landing.

USAF - United States Air Force.

V/STOL - Vertical/Short Take Off and Landing.

VTOL - Vertical Take Off and Landing.
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12. APPENDIX - COMPENDIUM OF AIRCRAFT NOISE RELATED

FEDERAL PROGRAM PLANNING AND PROJECT DESCRIPTIONS

This document contains detailed program planning information of

the Federal Agencles I Aircraft noise research, dsvelopment_ nnd demon-

stratlon activities. The information and date are presented basically
in t[is form submitted to EPA through the agencies' represemtatlves on
the Aircraft Noise Research Panel. This document can be viewed as the

status of programs and plans as of July, 1974.

TABLE OF CONTENTS

I NASA PROGRAM DESCRIPTIONS 43

i. NASA Subsonic Conventional Takeoff and Landing 43
Aircraft Noise Programs

a. NASA July 25, 1974 Testimony on Aircraft Noise 59
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3, NASA powered L_ft Aircraft Noise Technology i01

Programs

4. NASA Rotorcraf_/VTOL Noise Technology Program 119
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I. DO_/FAA Aircraft Noise Programs 159

2. DO_/FAA July 25, 1974 Testimony on Aircraft Noise 173

Programs before the House Subeo.mlttee on

, Aeronautics end Space Technology
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NOISE REDUCTION FLIC}rr PROCEDURES EXPERIMENTS
(768-80) Ongoing

Program Objective

Reduce 90 EPNdB approach noise footprint by at least 60% through

scheduled airlines' demonstrations of avionic systems for noise abate-
ment flight procedures.

DOT considers the two-segment approach procedure to be the most promis-
ing operational noise abatement technique now under evaluation and an
important part of the overall noise reduction program.

Program Targets

NASA will demonstrate operational avionics and flight procedures that

can be used to reduce airport eonmmnlty noise through the following
steps:

• Complete six month truskalrllne demonstration of two-

segment approach with a B-727"in scheduled alr-llne
service - November 1973.

• Complete slx-month trunk alrllne demonstration of two-
segment approach with a DC-8 in scheduled alr-llne
service - October 1974.

• Demonstrate potential of other operating techniques for

reducing aerodynamic and propulsion noise on approach
and landing - January 1976.

ProRram Approach

The NASA program for noise reduction has placed primary emphasis on

the two-segment approach, which _fers significant benefits.

• For reduced noise impact

• At a relatively small cost

• With the potential of early implementation

Program activities are closely coordinated with the FAA and the Joint
ODT/SASA Office of Noise Abatement. They are belngmarmged by the

Ames Research Center with participation by the airline industry, alrllne
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pilots, avionic manufacturers, and air traffic controllers at several
airports.

Two avionic system concepts are being evaluated. The maln differences

between the concepts are the techniques that will he used to establish

the upper segment glide slope guidance. One concept, for aircraft not
equipped with area navigation, will cost approximately $37,000 installed.

The other concept, based on modification of area navigation equipment

already installed in the aircraft, will cost approximately $9,000.

The program involves analysis, slamlatlon, flight test, and in-servlce
evaluation in two aircraft types: the B-727, and DC-8. The sppllca-

bility of the procedures over the remainder of the fleet of current Jet

transports will be evaluated by analysis and simulations.

Over 1200 two-segment approaches have been made in the B-727 by over

120 pilots from l3 airlines at five airports. Of these, approximately
600 approaches by 58 llne pilots have been made in passenger carrying
sefvlee.

Preliminary results:

• Have obtained llne pilot acceptance in one airline in

one type aircraft:
i

- procedure has been demonstrated to he safe

- Procedure can be interfaced with todayls ATC
environment

- Avionics system provides good navigation accuracy

on upper segment

- NO significant increase in pilot workload

- Passenger comfort not affected

a Two-segment approach provides approximately 60_ reduction

in the 90 EPNdB approach noise footprint area for the B-727.

Research continuing into FY 75 includes the DC-8 in-servlce evaluatlon,

investigations of the effects of operating procedures on aerodynamic
and propulsive noise, and development of procedures that achieve maximum
noise reduction.
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Investigations have been eqnducted on a preliminary evaluation of the
wake vortex behind and below Jet aircraft flying a two-segment approach

in order to determine tf any additional hazard exists to follewlng
aircraft.

Need and Relevancy

The NASA in coeperatlon with the FAA and the airlines has been Involved
in developing and evaluatlng the operational procedures for noise re-
duction for a number ef years. The landing approach studies indlca_ed

po=entially large neise reductiens could be achieved by three noise
reduction approach techniques: the two-segment approach, the energy

management of decelerating approach, end the curved ground tracts
approach. Although it was found that these flight procedures are well

within the performance capability of current day Jet transports, they

impose new requirements on the pilo_, duties and workload, en the pilot
displays, om the guidance and navigation system, on the aircraft con-

trol system, en the ATC flow of alrcraft to high density runways, 8nd

pesslble different wake turbulence effects. NASA declded in 1971 to
embark on a substantial effort to develop suitable avionics for noise

abatement procedures and to obtain sufficient experience so that they

are accepted for routine operations.

In July 1973, the Administrator of the Environmental Protection Agency
eubmltted a "Report to Congress on Aircraft/Airport Nelse" in compli-
ance with the Noise Control Act ef 1972. The purpose ef the report is

te reco_mnecd ways in which the public health and welfare can be pro-
tected from excessive alreraft noise.

The following excerpts from this report relnferce tile soundness of
NASAfs decision relatlve te the need and relevancy of precedural

methods of aircraft noise reductien.

"Approximately 16 million persons are presently impacted by aviationi

noise in the United States, and in spite ef the introduction of quieter

new aircraft, the number will continue to be ef major proportion until
the mld-1980_s unless aggressive action is taken."

"Aircraft noise around airports Is presently a principal censtralnt on

the future growth ef the air transportation system."

"It Is evident that there is a need to meblllze available resources

and teehnolegy_ including those ef providing newer and quieter air-
craft for the future, to deal with this problem in a coordinated time-

phased fashlon."
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"If noise levels protective of the public health and welfare are to be

achieved around the Natlonrs airports in the near future, it will be

necessary to _stabllsh a Federal regulatory program which effectively
combines Federal controls on aircraft flight procedures, technology,
end noise control options available to airport operations and local
Jurisdictions."

"From the foregolng_ it can be seen that a number of noise abatement

flight procedures are available for implementation. Although by tbem-

selves, they cannot totally resolve the noise problem, they play an
important pert in any comprehensive plan for noise abatement."

"The two-segment approach seems to hold the most promise (of several

different noise abatement approach procedures) for significant approach
relief."

"The main objections to two-segment approaches come from ALPA pilots
and some segments of the airline industry. They desire more testing

to he certaln that safety will not be degraded by the hlgber descent
rates in the steep segment."

"EPA also concludes that two-segment approaches in IFR conditions are

technically feasible after installation of equipment currently avail-
able in prototype form. Such approaches are expected to he eonslstent

with the highest degree of safety upon aompletlen end evaluation of the

current NASA test program and certification of the equipment."

The Noise Reduction Flight Procedures Experiments program is being

conducted by the NASA Office of Aeronautics and Space Technology to
be responsive to the national need to protect the public health and
welfare from aircraft noise.

TERMINAL CONF.ICURED VEHICLE OPERATING
SYSTEMS EXPERIMENTS

(768-81) Ongoing

program ObJeotiye

Identify and provide proven technology and operating techniques for
advanced CrOL and RTOL aircraft for reducing approach and lending
accidents, reducing weather mint_, increasing air traffic controller
productivity and airport and airway capacity, saving fuel by more
efficient terminal area operations and reducing noise by operational

procedures during the 1976-2000 time period.
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An expression by the U.S. scheduled airlines through tlleAir Transport
Association on the desired direct thrust and content of the government's

aviation research and development efforts proposes a research, develop-
ment and applications engineering effort with three major work areas:
(i) solution of envirommental problems; (2) air traffic control

process development and automation; and (3) aircraft and aviation
support systems improvement.

program Targets

Major targets of this program include technology readiness in the late
1970's for:

• preolsloa 4D fllgh= path control by FY 1976 for

-improved accuracy of time of arrival at runway from
18 sec. to 5 sac.

-decreased spacing between parallel runways from
5000' to 3000 I.

• Steeper, curved, and decelerating landing approach - FY 1976.

• Automatic landings in zero visibility - FY 1977.

• Reduction of the impact of alrcrafc on the environment in

terms of aircraft noise and air pollutions FY 1976.

• Landing rates in _FR which approach VRF rates - FY 1977.

• Guidance and control capability for reductlon.in separation
between aircraft on landing approach from 3'and 5 miles to
I and 2 miles - FY 1976.

a Reduction in runway occupancy time from 55 sea. to 25 soc. -
FY 1977.

• Avionics which interface with an advanced ATC system - FY 1978.

a Greater safety - FY 1979.

• Improved productivity by minimizing terminal area delays -
FY 1979.
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Program Approach

NASA and FAA are working together on this program, under a joint agree-

ment. The program is being managed by the Langley Research Center with

most of the flight experiments being conducted from Wallops Station.

In comparison with existing transport aircraft, a terminal configured

CTOL or RTOL aircraft should possess improvements in the following

areas: greater flight path flexibility; less pollution and noise;

improved acceleration, deceleration and llft capability; slower approach
and departure speeds; closer spacing without w_ke vortex hazard; more

accurate position, speed, and time control; less time on the runway,
less sensitivity to wind and weather; greater speed flexibility; safer

and better handling qualities; and reduced operating costs. To define

operational systems needed to produce the above improvements and to i-
dentify areas where technology emphasis should be placed, initial

attention in this program will be placed on analytical and experimental
studies, Later, simulation and flight evaluation will be the primary

tools in carrying out this program.

Plans for the program lnelude research in conjunction with the Micro-
wave Landing System (MLS), now under development by the FAA, and

applying the greater accuracy and reliability of digital computer inch=
nlquea to what are presently analog avionic systems. The MLS opens

up many opportunities for improvement in terminal area operations be=
cause the aircraft is freed from the standard one=course ILS approach.

Present aircraft instrument approach systems are not compatible with

MLS.

Flight experiments using advanced displays and performing precision
4D flight paths in a uniquely equipped B=737 aircraft will co_mmence
late in FY 74. This research will continue heavily in FY 75 with

particular emphasis on improving adverse weather approach and landing
capability and safety through use of advanced dlep_ays and flexible,
automatic digital flight control and guidance systems. Available and
simulated advanced radio navigation aids will be utilized in flight

tests at Wallops Station. Flight simulation and analysis work will

lead and support flight tests. Feasibility demonstrations of advanced

equipment will be conducted at key points during the program.

Additional details are available in the Dec. i, 1973 Program Plan

entitled, "Terminal Configured Vehicle Program,"

Need and Relevanc_

The following excerpts from The National Aviation System Poli_y

Sunmmry! M_rch 1973, which summarizes the FAA_ollcies for the
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development of Notional Aviation System over the next ten years, clearly
state the need and relevancy o£ the objectives of this program:

"Thus, in consonance with _ational Transportation System
goals, the broad technical goals over the next ten yesrs
can be sumn_rized as follows:

s Increase airport capacity
s Increase airway cap•city
• T_prove airway and airport sefsty
• Hlnimtne system ¸ operating costs
• MisSies the impact of air transport on the

envirorL_ent ))

"The heart of the present air traffic problem lies at five
high-density terminal locations where congestion and costly
delays occur during adverse weather conditions and rcgulsrly
during the peak hours. Without system improvements, the
number of termiv_ls experiencing such congestion is expected
to increase to 21 by 1981."

"0f all the major issues, this (the impact Of environmental
concerns on aviation systems development) is potentially

the most important,"

"Long range impacts of the energy problem on avlatlnn are
still unclear, bet it is quite probable it will act as a

constraint on expanded aviation service."

These position• are supported by r_ny others; for example, the DOT Air
Traffle Control Advisory Co.elites and the Joint DGT/NASA Civil Avla-
ties Research and Development Policy Study.

Since the problems of safety, adverse weather, noise, congestion, and

fuel wastage manifest themselves most strongly in the high density
terminal area) this program is concentrating on the terminal ares per-
formance charocterlstlcs of civil transport aircraft. Terminal area
air traffic control is sot merely e combination of procedures and

hardware, hut is s e_plex system Involvln8 people, aircraft, alrpor_s,

and airport neighbors, All elements of the system must be studied in
relation to each other and to their environment. The terminal area

perforce• characteristics of aircraft are vito_ parameters in air
ttaffle control.

If the long-term rate of growth of sir transportation continues, airplane
characteristic Improvements in comblnatlnn with planned FAA improvement

in the ground system have the potential benefits of:
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• Improvement of runway operations by 50 to 150%.

# Saving an average of 750,000 gallons of fuel per

transport aircraft per year.

• Reducing the cost of delays by _,

• Saving passenger time valued at more than $100M per year.

• Maximizing the effectiveness of the FAA Third and Fourth

Generation ATC Systems.

In order to provide the system operating technology in a timely and
effective manner, the TCV program will undertake to identify gaps in

the current technology of operating systems (such as displays and

aircraft perfoz-manee requirements), and generate solutions which will

permit more efficient terminal area operations. It is important that
the TCV program he conducted in a time frame that is compatible with

planned improvements in the National Aviation System. In order that
the advanced airborne technology and systems required to interface

with the future ATC system being developed under FAA leadership are
available hy the mid 1980's, they must be essentially demonstrated by

the late 1970's. The planned schedule of TCV activities is designed
to accomplish this purpose.

Safety of aircraft occupants is of fundamental importance in an air

transportation system. Through a 60-plus year history of operations,
accidents have provided clear and sometimes not so clear indications
of hazard areas. With the advent of more reliable Jet cnglnes, en

route acaldemte due to platen engine failure_ severe weather encounters,

and in-filght fires as wall as takeoff accidents due to engine failure
have declined as major aceldcnt prone areas, leaving the approach and

landing phase accounting for more than }mlf the fatal accidents. Off-

setting higher appzoaeh and landing impact speeds as a threat is the
improved structural integrity of modern aircraft and in,roved passenger
seat retention. Control systems are more sophisticated, and navigation/

eom_nleatlon is exceedimgly complex by 1950 standard% and decision
times for critical events in the landing process are short, all of

which add up to more stress on the pilot's judgement and decision

process. This makes an error in Judgement potentially more dangerous
in terms of an accident. A systems analysis will provide a rational

assessment of potential accident-prone areas in flight operations.

TCV experiments will lead to reduced pilot workload by improved flight
deck design, better understanding of crew inter-personal relationships,
and automation. The aft flight deck of the 737 aSPS will provide a

• anlque facility for man-vehlcle (human factors) technology development.
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The potential for •ignificant reduction •f approach and landing acci-
dents i• considered high.

Not only is the activity conducted under this program relevant to our
efforts to ensure future airplanes capability to beet forecast traffic

demand without adverse effect on safety and airport communities, it is

aimed at putting the U.S. industry on a more c_petitive basis in world
market• of manufactured aircraft and aeronautical equipment.

REFAN PROGRAN

(739-14)

Program Ob_ectlves

Provide the technology to obtain a 75 percent reduction in the noise

footprint •re• of JT8D-powered aircraft (727. 737 and DC-9) which
account for over 60 percent of domestic fleet operations.

Furnish FAA and EPA with the technological and cost d•t• essential

for consideration of rulemaklng on e,gine retrofits.

Program Targets

Major targets of the Reran Program are the following:

• Complete the design of the refanned JTgD engine and
acou•tle nacelle• for _27 and DC-9 alrcr•ft by

July 1973.

• Verify the predicted •erodynnmlc and acoustic per-
formance of the refanned engine with ground engine

test• •tartlng in February 1974.

• Demonstrate the objective of 75 percent noise re-
duction with refanned engines and 727 aircraft

nacelle• by ground tests starting in February 1975.

• Demonstrate the objective of 75 percent noise reduction

by actual flight tests of a DC-9 aircraft starting
in February 1975.

• Final economic and performance data to FAA by
June 1975.

I
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Program Approach

The approach to accomplishing this objective is to develop modifications

for the JTgD engine that can be produced as retrofit _its, develop
nacelles with acoustic treatment for the modified engines, and demon-

strate the noise levels end performance levels of a DC-9 airplane in

flight and a 727 propulsion system in ground tests.

The JT8D engine will be modified by replacing the existing two-stage
fan with a larger diameter simgle-stage fan employing wide spacing

between the vanes and rotor. The core engine pressure and flow will

be maintained by two booster stages in front of the compressor. The
fan turbine last stage rotor blade will be recambered. These changes

will increase the engine thrust and lower the core Jet velocity for

the same cycle temperature. The lower Jet velocity will result in
decreased Jet mixing noise. Acoustic treatment will he added to fan
ducts and other acoustic devices will be considered to select an opti_

mum engine nacelle. In the interest of minimizing the cost of the

retrofit kit, no modifications will be made to any engine or airframe

components unless they are necessary for or contribute directly to the
substantial reduction of noise.

The program will be conducted through contracts with engine manufacturers,
aircraft manufacturers and airline operators. NASA inhouse effort will
be used both to manage the contracted efforts and to dlreeely support
the program through studies and tests in NASA facilities. The first

phase of the program, completed in June 1973, established the refanned

engine and nacelle definition through analysis, design and limited

component testing. The second phase of the program, starting in July
1973_ will culminate in ground tests of a 727 refanned propulsion

system and flight tests of a refanned DC-9 aircraft both in February
1975.

Need and Relevancy

The environmental impact of aircraft noise has been identified as a
erit$cal factor limiting the growth of civil aviation. Vigorous public

reaction to the annoyance of aircraft operations has stifled civil air

oystem expansion, produced costly litigations, and resulted in operational
constraints which limit airport capacity end constrain aircraft pro-
curement. Demonstration of the reran feasibility provides a basis for

implementation of a reran retrofit which would reduce the noise foot-

print areas of the aircraft principally responsible for the high
community noise exposure by 75 percent. Further, these same modifica-
tions can be introduced in the production of new 727, 737, and DO-9

aircraft to result in quleterp new aircraft.
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OBJECTIVE NO. 766-78
ADVANCED ACOUSTIC COMPOSITE NACELLE

FLIGHT PROGRAM

Program Objective

Demonstrate on a modern wlde-body transport in airline operation the

application of advanced interwoven acoustic absorbent and composite
structural materials to an engine nacelle which will:

• Reduce the noise footprint area of future production

wide-body transport aircraft by 30 percent with no
increase in aircraft weight or fuel consumption or
alternatively reduce aircraft weight and fuel con-
sumptlon with no increase in noise.

a Together with advanced technology engines, reduce

the 90 EPNdB noise footprint area of advanced
technology transport alreraft to 2 square miles with
no increase in aircraft weight or fuel consumption

resulting from the nacelle or alternatively reduce
aircraft weight and fuel consumption together with
some noise reduction.

Program Targets

Recent materials and structures developments at Langley Research Center
on interwoven acoustic and composite materials offer the promlas of

considerable reduction in operating costs. This program will exploit
these materials to:

• Complete nacelle eoneept deflnitlon studies and verify
approach by January 1976.

a Complete ground tests of an ndvanced technology

nacelle by early 1979.

m Certify an advanced nacelle for airline service on

a wlde-body transport by late 1979.

m Demonstrate quiet nacelle performance in routine
airline service by 1982.

55



program Approach

Current technology using uniform wall treatment basically attenuates
the noise by the addition of acoustic absorbent materials to the

structural materials. A promising advanced technology noise suppres-
sion technique embodies a reflection principle in addition to atten-

uation to decrease noise transmission, This is accomplished by inter-
weaving acoustic absorbent and structural materials in a composite

material form and thereby forming an acoustic structural material.
By using multiple changes in wall acoustic treatment (segmented treat.

ment), lower net transmission is achieved. The performance of the

technique is striking - experimental results indicate about 15dB-
reduction in sound intensity compared to the same weight of metalic
material with added acoustic absorbent material. Utilization of the

acoustic composite material can further eliminate the inlet and duct

splitter rings which are currently used for noise suppression together
with their associated drag and fuel penalties.

The project will be based on FY 1974 studies to determine areas where
the application of cumpoeites with integrated acoustic material has

the greatest payoff with respect to weight, cost, and noise reduction.
The experimental program will be carried out in two phases. The first

phase consists of preliminary design of the engine nacelle to be tested.
The second phase will include the detail design, fabrication, and
tasting of the nacelle. The program, will: (i) evaluate various

design concepts for the integration of composite materials with nacelle
acoustic treatment in terms of initlal cost, noise reduction, weight

redustlon, maintenance cost, and feasibility of application to existing

propulsion systems as well as to advanced installations; (2) develop
the technology associated with selected design concepts by means of

analyses, ground tests, and limited flight tests and perform all

analyses and tests required for cor_erclal application; and (3) perform

ground tests, and flight tests in commercial servlce_ of production
composite/acoustic nacelles to provide sufficient data on performance,

maintenance requirements, and maintenance costs to establish aircraft
end airline industry confidence in the application of composites to
engine nacelles.

Overall direction and coordination of the program will be accomplished

by the OAST Transport Experimental Programs Office. The Langley Research
Center will be designated the lead Center for the project with support

by Lewis Research Center (propulsion activities). Program coordlnatioa
with DOT/FAA and with the airlines will be maintained and nacelle
certification will he under the direction of the FAA.
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Need and Relevancy

The ICAO World Traff¢c Forecast for air passenger demand indicates a

potential f£vefold increase in air passengers by the mid 1980 period.
The cumber of air passenger seats required is approximately double the
number now available and on order. While the world fuel crisis may in

ti_e result in modification of this projected growth in demand for air

transportation, the demand will certainly increase.

Market studies indicate that the hulk of this aircraft sent need will

be met by new wlde-body type aircraft. Current and quieted narrow-

body aircraft will begin to be removed from service and the world air-
craft fleet will be made up largely of wlde-body aircraft certified to
meet current noise regulatlons. Other types of aircraft such as

advanced technology transports, 8STs, and STOLs will contribute to air

llft capacity but to much less extent than current type wlde-body
alrcraf_.

With such a fleet mix, coranunlty noise exposure is expected to again

Ittcrease during the 1980 period unless steps are taken now to provide

technology which will permit noise reduction without fuel consumption

penalties. The acoustic composite nacelle fllght program is designed
to serve that need.
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RESEARCH AND TECHNOLOGY FOR AIRCRAFT NOISE AEAT_dENT

Statement of

J. Lloyd Jones

Deputy Associate Administrator for Aeronautics Technology
Office of Aeronautics and Space Technology

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Before tile

Subcon_ittee on Aeronautics and Space Technology
Committee on Science and Astronautics

House of Representatives

Mr. chairman and members of the Subcommittee, I am pleased to have

this opportunity to bring the Subcommittee up to date on NASA's activity
related to the abatement of noise in the present and projected civil

air transportation fleet. As you know, we consider this an important
public matter and have given it considerable attention over an extended

period of time.

Today I will present a brief report on the progress of our work on the
reran retrofit option for civil aircraft certificated before Federal
Air ReEulatlon Part 36 came into effect; and on the result of a meeting

on the Reran Program and related regulatory activity between Dr. Fletcher,
Administrator of NASA, Mr. Barnum, Under Secretary of DOT, and Mr.

Meister, Associate Administrator for Plans of FAA, attending for Mr.
Butterfield, Administrator of FAAp and attended by Mr. Strelow, Acting

Assistant Administrator for Air and Waste Management of EPA, attending

for Mr. Train, Administrator of EPA. I will also report on the progress

•ade on NASA's Two-Segment Approach Program, the coordination of air-
craft noise abatement programs, and NASA programs to provide data for
the reduction of noise In the near and long term.

Before discussing our programs, I would llke to note that NASA is

concerned primarily with the technological aspects of aircraft noise
abatement. The treatment of all the complex factors (economic, social,

operational, and foreign) associated with regulation are the resp0nsl-
billty 5f other branches of government, notenbl_ DOT, FAA, EPA, and _4_.
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Thus, the comments and data we present are not the sole basis for

decisions in the complex arena of noise abatement.

REFAN R_rROFIT

As you know, NASAIs part of the retrofit program is to develop and
assess the costs, effectiveness and technical feasibility associated

with refanning the JT8D-powered fleet. This program has been described

in detail to the Subeormmittee in previous hearings. Figure i presents
the program schedule discussed with the Subcorm_ittee at its hearings

in December of last year. All of the major milestones are being met.
The testing of refanned JT8D engines began in February as planned.

Our schedule still calls for inltlarion of detailed ground tests with

the 727 airplane refan hardware in January of 1975, about six months
from now. The DC-9 airplane refan flight tests will start a month

later, in February. An updated assessment of the Phase I acoustic and

performance design estimates for the 737 will be developed after the
727 and DC-9 tests. Final data will be available by June of 1975.

A substantial amount of data on the mechanical, aerodynamic and

acoustic performance of the refanned engines is now in hand. Two
engines have been tested extensively and testing of a third engine

begins this month.

Figure 2 shows a typical result from the refanned engine acoustic
tests_ the peak noise level of the engine measured at the 200 foot
sideline. The top curve on the figure shows the data from a standard

JT8D-9 engine plotted against engine thrust. The lower solid and dashed
curves are the measured and predicted noise levels for the refanned

version of the engine. The measured and predicted noise levels are

in good agreement.

On the basis of the engine acoustic results, new baseline aircraft

data, and new analysis procedure, the airframe contractors have revised
their estimates of the noise levels of the DC-9 and 727 aircraft. These

estimates are still under study by the Refan Project Office at the
Lewis Research Center. Although the measured overall noise of the re-

fanned engine was _ predicted, the distribution of the noise among the

various engine components was not. The distribution of component noise
affects the calculated aircraft noise. Further acoustic tests at Pratt

and Whitney and further analysis of the acoustic data are needed to
establish confidence in the aircraft noise predictions.

Specific fuel consumption (SFC) is also an important factor in assessing
retrofit options. In the March 1974 Authorization Hearings we noted

that preliminary measurements of SFC for retrofitted engines were higher
than estimates and corrective action was being considered. Minor engine

changes have been made and fmrther tests have been conducted.
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The basic predicted improvement in SFC for the unlnstalled refanned
englne has been achieved over most of the engine thrust range. At
maximum power the increment of improvoment was less than predicted

by about two percent. Furthermore, the absolute level of SFC is higher
than predicted. This is thought to have resulted from the fact that

the SFC of the basic engine that was modified to pro_,ide the refon

test engine was higher than that of a new engine. Refennlng, there-

fore, resulted in largely aehlevlng the predicted incremental reduction
in SFC but not the absolute level expected, We do not know whether the

same improvement in SFC will be realized for a new engine conversion
to a refanned eaglne. A new engine, refanned, is being tested this

month and we will soon have the answer to this question.

It should be noted that the tests to date were conducted at sea level

static conditions. The translation of these test data to altitude

cruise conditions is uncertain. The SFC could be high by as much as

the 2 percent experienced at the maximum power conditions. Better
SFC data for altitude erulse will be available some t_me after Augus_

as a reeslt of wind funsal flight simulation tests to be conducted at
the Lewis Research Center.

Assuming we achieve our predicted values of SFC at all conditions,
the estimated changes in block fuel due to releasing the 727 and DC-9
aircraft shown in Figure 3 should be realized. For some combinations

of altitude, speed, and distance, fuel is increased as much as 3 per-
cent and for others it is decreased as much as i percent, As you see,

the _pact of refanning on fuel usage is estlr_ted to be small and a

function of speclfic operating conditions, A refined an_lysls of

specific airline operations would be required to substantiate gain or
loeb for a specific operator.

As we have discussed with you before, the reran technology is a higher

cost technology than sound absorption material alone. The investment
east for a retrofit of the JT3D- and JTgD-powered fleets with SAN is

esti_ted to be $667 million, in the 23 airport study of the Joint

DO_/NASA Offlce of Noise Abatement, whereas a retrofit of the JT3D-

pOWered aircraft with SA_! and the JTgD-pomered alrcraft with reran is
estimated to be $2.82 billion, or more than four times as much as a

complete SAM retrofit. These numbers are based on assumptions of in-
fl_tion rate and starting schedule for the SAM and reran retrofits

that are necessarily subject to uncertalnty. In 1973 dollars, the
cost of a SAM JT3D and refan JTgD retrofit is $1.95 billion.

Ia addltloa to the initial investment cost there are other costs
associated with a fleet retrofit that would increase the cost of the

SAM JT3D/Rsfan JTgD retroflt program. The current estimate in the 23

airport armlysi8 would indicate a total oust of about $5 billion.
These additional costs include consideration of changes in direct
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operating cost (DOC) over the projected life of the aircraft, "lost

productivity" resulting from the retrofitted aircraft being unable to

perform maximum range missions because of increased weight, and the
aircraft being out of ssrvics during the retrofit installation.

There are sufficient unoertalntiQs in evaluating these additional

factors, excluding the assumed Inflation rate and retrofit schedule,

that the $5 billion cost could be over-earl mated. These complex
factors are currently being discussed with DOT to develop a realistic
accounting procedure.

We have provided data to DOT, FAA, and EPA on all aspects of the Refan

Program: acoustics, performance, and cost. As the program moves into
the final stages we will continue to provlde data needed to these

agencies for their deliberations regarding retrofit.

REFAN PROGRAM/REGULATORY ACTIVITY REVIFW

At our March 6, 1974 hearings before this Subc_Ittee, we advised

you that the Under Secretary of DOT, and the Administrators of FAA and
NASA were planning a series of meetings to review the progress of the

Refan Program and the plans for related regulatory activity. A meeting
of this group was held this past J_ly 22. At this meeting, the gQfan

Program progress was reviewed as well as the results of the Joint

DOT/NASA Office of Noise Abatement study of the effects of various
retrofit and operational techniques for noise reduction at 23 airports.

In addition, the position of DOT/FAA on regulatory action for retrofit
was reviewed.

At this July 22 meeting, it was concluded by DOT/FAA that there was

nothing new to warrant a change in the DOT/FAA poslticn on the retro-
fit NPRM. It was concluded by NASA that the Reran Program should

continue exactly as planned bscause of the technological advances

provided by the program, the possible use of refenned engines in
derivative aircraft# and the need for keeping the technological option
for lower noise levels in the future.

THE TWO-SEGMENT APPROACH PROGRAM

I will now move on to diBcuss our two-segment approach activity. We

have described this program, supported by the FAA, in past testimony.
As you know# the objective of the program is to provide a significant

near-term reduction in the aircraft landing approach noise through the
provision of operational avionics and flight procedures that can be

used safely by airlines in both visual and instrument flight.
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I will review for you briefly the program approach, the results of

the 727 in-service flight program, and update you on the in-flight
evaluation with the DC-8 aircraft.

The Two°Seg_ment Approach Program, ma_naged by our Ames Research Center,

is closely coordinated with DOT, FAA, and EPA. Program guidance has
been provided by a Research and Technology Advisory Ad };oc Panel on

Noise Abatement Flight Procedures. Its members came from DOT, FAA,
aircraft and avionics manufacturers, airlines, and the airline pilots'
association.

Figure 4 shows one version of the two-segment guidance equipment re-
quired in the airplane to permit either manual (flight director) or

automatic (autopilot) two-segment approaches. This airborne equipment
requires ground based distance measuring equipment (DME), co-located

at the instrument landing system (ILS) glide slope transmitter.

Briefly, the two-segment approach technique can be described as follows.

A special airborne computer constructs a preaelected upper glide slope
(normally 6° ) using barometric altitude and distance information from

the DME. Field elevation is set-in by the pilot before the approach
is initiated. On an approach, the upper glide slope is captured by
the aircraft and the descent Inlt_ated. At about I000 feet above ground

level the computer programs a gradual round out. Then, the lower
nominal 3° glide slope is captured and t:-acked as on a conventional
approach. At an altitude of about 500 feet, the airplane is stabilized

on the 3° glide elope and goes on to a normal landing.

The cost of the two-segment guidance system, illustrated in Figure 4,

is approximately $40_000 per aircraft for a dual installation. To
add two-segment guidance to an existing three-dlmensional area navlga-

tion system, such as shown in Figure 5, would cost approximately $9,000
for a dual installation. For this system tho DME need not be co-located

with the ILS glide slope transmitter. The costa noted include the

basic aquipmentp aircraft modification and installation, check-out spares
and training, and as noted dual installations. Dual installations,

however, may not be required.

The 727 Two-SeKment Approach Program

The 727 Two-Segment Approach Program has been completed. It had two
objectives: to develop operational avionics and two-segment flight

procedures for safe use with 727's in routine scheduled operations;
" and, to conduct a six month evaluation in revenue service. The special

avionic equipment illustrated in Figure 4 was used.
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Prior to actual flight tests, extensive flight simulator evaluations
were conducted to assess, evaluate, and assure flight safety. Flight

profile variations, operational abnormalities, and equipment malfunctions

were simulated. Extensive engineering flight tests and guest pilot
evaluations were conducted before initiating the in-sez-_Ice 727 flights

by United Air Lines,

More than 600 two=segment approaches were flown, in the pre-service

phase of the program, about 30 percent of them under instrument-fllght
weather conditions. Pilots from 12 airlines, NASA, and the FAA were

involved.

The in-servlce evaluation ten,neared on the West Coast in April 1973,

with two-segment approaches being .mde at Los Angeles, San Francisco,
and Portland. The slx-month evaluation was successfully completed on

October 28, 1973.

Fifty-floe United pilots participated, 555 two-segment approaches were
flown without incident, and over 40,000 passengers ware carried. The

approaches were accomplished uneventfully by the flight crews and un-
noticed by the passengers.

Figure 6 illustrates that the 727, using a two-segment approach, exposes

2.0 square m£1es of land to noise levels greeter than 90 equivalent

precelved noise, declhele (EPNdB), compared to 5.5 for a normal approach,
a 64 percent reduction. The reduced power setting of the two-segment
approach also saves a a_all amount of fuel, about ten gallons for a
727. An annual saving of about 50 million gallons of fuel would accrue
if all O. S, sarrlers were making two=segment rather than conventional

approaches.

DC-8 Two-So.cat Approach Program

United Air Lines is now conducting an investigation of DC-8-61 two=

segment approaches for NASA. It is considered the most challenging

airplane for two=segment approaches because of its low drag in the

landing configuration. Our tests have confirmed that the recommended

upper aegment of the DC-8 two-oagment approach should be 5.5 ° rather
than the 60 attainable with the 727. As shown in Figure 7 the DC-8

on a 5.5 ° two=segment approach exposes about 5.5 square miles to

greater than 90 EPNdB, compared to 11.6 for a normal approach, s 53
percent reduction.

The modified area navigation system shown in Figure 5 is used to provide

the two=segment approach guidance for the DC-8. This mechanization

provides a low cost option for aircraft already equipped with an area
navigation system.
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In August, in-servlce evaluation of the DC-8 two-seg_nent approach
system will be initiated with llne pilots. This will follow a three

month engineering flight evaluation period. To date, nearly 800
DC-8 two-segment operational approaches have been made by United in
the engineering flight evaluation period. Early reports indicate

acceptance by the 45 (including 21 guest) pilots that participated in
the program.

Applicability of the Two-Sebment Approach to Other Aircraft

Analytical studies by the manufacturers have established the appllca-

bility of the two-segment approach to other aircraft in the civil Jet
transport fleet. Figure 8 sumsmrizes the noise relief that would be

expected. When these benefits are considered in proportion to the

projected operations of the fleet for 1977, the area impacted by an
approach noise level, of 90 EpNdB or greater, is estimated to be
reduced by about 57 percent.

Wake Turbulence

One anticipated problem with the two-segment approach is the airplane's

wake turbulence, which can cause an upset of a following airplane.
With the two-segment approach, it has been postulated that a closely

following aircraft might not be able to operate clear of the preceding

airplane's trailing wake vortex as often as behind an airplane making
a conventional stralght-in approach.

Results of Joint NASA/FAA flight tests have shown that the strength

of the wake vortex generated on a two-segment approach is substantially
the same as that generated from conventional approaches. Vortex set_ling

chara=terlstlas also appeared to be about the same. The slgniflcanca
of these factors with regard to the spacing and other operating require-

ments for following aircraft are under study with the FAA. The FAA
will usa these data to help determine its position of the use of two-

segment approaches for noise abatement.

S_ry

In su_mmry, as of July I, 1974, nearly 2000 two-segment approaches have
been conducted with 727 and DC-8 aircraft by about 170 pilots. Guest

pilots have generally started their evaluations with an apprehensive,
skeptical attitude toward the desirability, feasibility and accepta-

bility of two-segment approaches. Typically, o guest pilot appeared

to have the procedure In-hand by the third praetlca approach. With
vary few exceptions, by the end of their evaluation flights there was

i
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e nearly complete reversal of opinion, i.e., from opposed to cautious
optimism and support. Acceptance of the concept by e pilot appeared

to progress in proportion to the number of two-segment approaches flown.

The results of the Two-Segment Approach Program indicate that the

technique is an operationally feasible and safe technique for providing

a significant reduction in aircraf_ approach noise. A full understand-
ing of the operational implications of wake turbulence for following

aircraft remains to be developed.

AIRCRA_ NOISE PROGRAM COORDINATION

My following comments are directed to the gubcormmlttes's interest in
the coordination of the Government's programs related to aircraft noise
reduction.

NASA is continuing to work closely with DOT, FAA and EPA, at the staff

level, through working panels, and through the Joint DOT/NASA Office of

Noise Abatement, to help assure that the Government has an Integrated

research and technology program directed toward the near and longer term
reduction of aircraft noise.

Through the Joint Office, we have provided EPA wlth our most recent

internal program planning data and as members of their noise research
and technology program coordination panels, we have met with them as

late as this past month to assist in their coordination effort.

NASA AIRCRAFT NOISE REDUCTION ACTIVITY

We believe that NASA has mode and is continuing to make progress in the

development of technology for the reduction of aircraft noise. This

progress is being achieved through research on the understandlngt
control and reduction of engine, aircraft and operations related noise.

We are also vitally concerned with the reaction of people and cu_nltles

to air transportation noise.

The Civil Aircraft Research and Development (CARD) policy study set a

general goal for the reduction of aircraft noise of i0 dB per decade.
Technologically, this goal is achievable in this decade. However, the

prospects of achieving this goal in the next decade are reduced by
the consideration of technical and practlcal operating costs. This situ-

ation is illustrated in Figure 9. For near term practical air transport

designs, we believe designers will be able to reduce aircraft noise to
conform to FAR-36 with little increase in direct operating costa (DOC),
In the longer term it is not clear that we can achieve an additional
I0 dB noise reduction without a significant and possibly unacceptable

increase in DOC.
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We feel, however, that it is important for us to continue our efforts

to reduce noise and maintain operating efficiency. Our longer term
programs are directed toward these objectives. To illustrate, I will

review selected efforts to provide for future noise reduction, improved

noise prediction, and an understanding of the impact of noise on people,
These programs include: advanced acoustic composite nacelles, airframe

noise reduction, propeller noise reduction, aircraft noise prediction,
and human response to noise.

Acoustic Composite Nacelles

The acoustic composite nacelle program was developed to design and
demonstrate light-weight nacelles constructed of integrated structural

acoustical material. As shown in Figure lO, current nacelle noise

reduction technology involves lining the nacelle with non-load-carrying

sound absorption material. This reduces engine noise, but weight and
fuel consumption are increased. We are exploring the use of advanced

acoustic composite materials which interweave sound absorbent and
structural materials to form a sound absorption structure. Laboratory

studies indicate that for the same nacelle weight at 15 dB reduction

in sound _ntenslty may be possible through the use of acoustic cumposite
structural _mterlal.

Conceptual design studies of such a nacelle were initiated in FY 1974.
The findings from these studies will be verified through laboratory

investigations durlngFY1975, and nacelle designs will be initiated
in FY 1976. We plan to complete ground teats in FY 1979.

The nacelle design will be appropriate for current wide-body transports
So that after completion of ground tooting (including flight-qualifica-

tlon tests) the nacelle could be demonstrated in flight. The potential
value of this type of nacelle is aho_nln Figure II. An acoustic

compoelteru_celle applied, for exomplep to a future production DC-IO

offers the performance potential of reducing the 90 EPNdB noise foot-
print area by an estimated 30% without a change in airplane weight or

operating cost or, for the same noise performance (footprint), the
aircraft wolght could he reduced hy about 2700 ibs,, and I000 Ibs, of
fuel could be saved on a transcontinental flight.

This technology, of course, is applicable to future advanced technology

transports.
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Airframe Noise

A relatively new area of concern is airframe noise. Our concern stems
fr_n the fact that noise from landing gears, wings and flaps, body

flow separation and tall surfaces is at levels about 8 to 1OdB below

the current FAR-36 requirement as illustrated in Figure 12. Because
future conventional aircraft engine noise at landing may be reduced

some I0 and possibly 15 EPNdB below FAR-36, airframe noise could become

the factor limiting approach noise reduction.

The objectives of our airframe noise reduction program are to identify

and quantify the sources of airframe noise, and to determine the princl-
ples and provide the data for minimizing this noise. A major part of

the work will be accomplished _hrough model studies of components in

quiet wind tunnels and in tbe new Aircraft Nolso Reduction Laboratory
facilities at the Langley Research Center. Flight testing will continue

to support development of data in this critical area. Special studies
will be made to relate airframe noise meosurements, made at model

scale in wind tunnels, to full-scale flight tes_ data.

Later phases of the effort will involve studies of noise generation
and its control as related to advanced concepts for high llft devices,

landing gears, other protuberances, and bodies and wings.

Propeller Noise Reduction

During testimony on general Aviation in March 1974_ the Subcormnittee

expressed interest in what NASA was doing to improve propeller design

to achieve better performance and reduce noise. We are approaching

propeller norse from several aspects.

Under a grant to the University of Illinois, effort is being directed
toward providing practical free-propeller design criteria to optimize

planform, airfoil soctlon, twist and camber for minimum noise and maxi-
mum efficiency. The effect of the supercrltlcal airfoil section, on

both noise and efficiency, as applied to propellers, is also under

study. Flight tests of these propellers will be carried out in con-
Junction with the Advanced Technology Light Twin (ATLIT) Program during
the second and third quarter of FY 1975.

Noise reduction potential and thrust efficiency of shrouded propellers

are under study. Full scale wind tunnel _ests of a modified Cessna 327

incorporatlng an aft propeller shroud wera completed this month. Re-
duction of the data is underway and will provide the basis for decisions

on the feasibility of a subsequent flight demonstration program.
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The same Cessna 327 will be modified to incorporatea Hamilton Standard
"Qulet-Fan" (Q-fan)turbofan engine. Although the Q-fan is expected
to he an expensive system, the noise reduction potential is great. Full
scale wind tunnel tests of the modified airplane, in mid-1975, will
provide a basis for further studies or flight programs.

Aircraft Noise Prediction

Our concern with the design of aircraft for minimum noise generation
or to specific noise standardsled to the establishment of an Aircraft
Noise Prediction Office at our Langley Research Center this past year.
The Office with support from other NASA centers, will develop cOmpu-
tational techniques for accurate prediction of operating aircraft noise
levels as perceived on the ground. This capability is essential for
assessing the noise charaa_eristles of aircraft: new designs, aircraft
modifications, proposed noise abatement operational procedures, as well
as the impact of future air transportation systems on airport COhm_uni-
ties.

The prediction capability will also provide a basis for ,identifying
noise reduction technology goals and research needs related to aircraft
cc_iponemts,aircraft design, and airport operations. It will assist

Federal agencies in future rulemakiog and regulatory activities, airport
planners in airport development, and airport cmm.unitlea in land use
planning.

Response to Aircra_t.Noine

The last subject I will cum_ent upon is humQn response to aircraft
noise. During the FY 1975 authorization hearings_ reference was made
to such a study c_pleted at Columbia University. In this research
program the range of noise reduction proposed for retrofits for the
727 airplane was simulated. Figure 13 stmmmrizes the results of the
investigation. An annoyance number of 4 is very annoying. A number
of 0 Is not annoying. A reduction of 6 EPNdB represents the level of
noise reduction under the landing approach path expected for the SAM
and anticipated for the reran retrofits for the 727 airplane. From
these _est results we conclude that under laboratory conditions signifi-
cant reduetlons in annoyance can he realized by a 6 EPNdB noise reduction.
In the Columbia study at the i.I mile approach point for the untreated
airplane, 72 percent of the subjects were highly annoyed; for the -6
EPNdB case, 34 percent of the subjects were highly annoyed; and for
the -12 EPNdB case, 16 percent were highly annoyed.
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We believe that the experimental tools developed in this program pro-

vide a useful technique for the study of the annoyance of aircraft
noise.

The Columbia study initially was limited to one aircraft type and to
the landing condition, but has been extended to consider several air-

craft types for both landing and takeoff. The results of the extended
investigation should be available early this fall. More detailed

experiments are being planned for the Aircraft Noise Reduction Labora-
tory at Langley. These studies will complement those underway at
Columbia and will assess both the effects of different mixes of aircraft

and different rates of noise exposure.

Attention is also to be given to resolving the differences in the

responses to aircraft noise of various population sub-groups. This

information should provide a basis for the definition of more acceptable
noise enviror_ents for airport communities.

ClosinB

We believe that our program will provide the data base needed for near

and longer term action by industry, the public, and responsible govern-

ment groups to evolve toward a more compatible airport community noise
environment. We will continue to work closely with the responsible

government groups, DOT, FAA and EPA to help bring into practical reali-
zation the fruit of our research and technology.
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OBJECI'IVE DOCUMENTATION

T.itle: Propulsion Noise Reduction

Type of Speciflc. Objective

Discipline -- Stud>' . System and Experimental Program

Organizational Element Responslbilit_:

Noise and PellutIon Reduction Branch - IIarry W. Johnson (Act.)

Statement of Specific ,Objective and Targets:

Objective: To provide data and a technology base for reducing aircraft

propulsion generated noise with mlnir_umwelght, performance and eco-
nomic penalties. Specific targets are:

• Obtain experimental and analytical data for a more
accurate understanding of noise generating mechanisms

in simple Jet flows which can be used to guide the

technology for reducing Jet noise generation. FY
1976 for subsonic Jets; FY 1978 for supersonic Jets.

• Reduce by 60% the currently achievable thrust loss

penalty due to supersonic Jet noise suppression
devices to iZ per 5 EPNdB. FY 1977.

• Determine the basic effects of forward velocity on

Jet noise generation and propagation. FY 1977.

• Achieve 4 to 6 EPNdg reduction in fan-stage source

noise (relative to Quiet Engine I fan technology
levels) by means of aeroscoustlc design, FY 1977.

• Improve the efficiency of acoustic suppression materials
and technology to achieve, for a given dB reduction,
a 50% reduction (relative to 1974 design practice) in

the installation weight attributable to such suppression
treatment. FY 1977.

• Demonstrate practical (high subsonic throat Math
number inlet design concepts to achieve 20 EPNdB

suppression of forward radiated fan noise without
. increasing aft radiated noise nor introducting
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undesirable engine performance, stability and operating
condition limitations. _ 1977.

• Determine the noise generation or suppression effects
due to internal and external surfaces which guide or

control Jet flows, including effects of shleld_ng and
surface treatment. FY 1977,

a Determine the mechanisms responsible for noise emanating

from core noise sources (combuetors_ struts, turbines)
and establish practical techniques _sr controlling these

noise sources to optimize acoustic designs of propulsion
systems. FY 1978,

• Establish the effects of the random characteristics of

the atmosphere on the propagation of aircraft noise into
the airport community. FY 1977.

Apppeach:

Propulsion noise reduction aims st providing a technology base and data

for the understanding and reduction of aircraft propulsion c_ponent
and system generated noise with minimum weight, performance and economic
penalties. The program at Lewis Research Center is directed at funda-

mental studies of turbo-nmchimery, jet and Jet interaction. Experimental
stndles will continue on sonic inlets, fans. nozzles, core suppression

and wing shielding including tests using Quiet Engines A and C. The
program at Langley Research Center emphasizes fundamental studlea of

component and Jet noise and the effects of atmospheric conditions of
sound propagation. The aircraft Noise Reduction Laboratory, eempleted

in early 1974, is the focal point for Langley im-house research and
complementary uulverslty acoustic research activities. The programs
at Ames Research Center will include wind tunnel tests to measure for-

ward velocity effects. Aircraft stetZc and flyover noise measurements

will be made at Flight Research Center. The Jet Propulsion Laboratory

conducts research on high temperature supersonic velocity Jet noise
and the correlation of different noise measurement instrumentation

techniques now in use. Major milestones for Propulsion Nolae Reduction
are:

# FY 1975 - Demonstrate J-85 noise suppression uslng a
retractable nozzle in F-106 flight tests.

s Early FY 1975 - Complete exploratory studies of noise

propagation and atmospheric attenuation using an inetru-
memtal tower.

9O

J



• Mid FY 1975 - Complete flight test noise measurements

on supercrltlcal propeller design.

• Early FY 1976 - Conduct wind tunnel noise tests on varl-

able pitch Q-Fan for General Aviation Aircraft.

Need and Relevancy:

Aircraft noise is a major constraint to the growth of civil aviation,
and has become a major target for envlronmental improvement. The

NASA noise reduction program is intended to provide the technology

for reducing aircraft noise ultimately to levels which communities
will find acceptable_ and to do so in a manner that permits aircraft

operations to remain economically viable.

OBJECrlVE DOCUMENTATION

Ti_T__tle:Noise Footprint Prediction

Type of Speeiflc Objective

X Discipline Study System end Experimental Program

Qr_anlzatlona_.Element Respon_ibllit_:

Noise and Pollution Reduction Branch - Harry W. Johnson (Act.)

Statement of Specific ObJcctlve and Targets

Objective: To establlsh techniques for accurate prediction of ground
noise levels of operating and future aircraft to establish total
acoustic ehsracterlstlcs, identify parameter sensitivltles_ and guide

research efforts. Specific targets are:

• Select and construct an interim computer program

for noise contour predictions by FY 1975.

• Improve the data base capabilities of the interim

program to predict noise contours (footprint areas)

wlthin_+40 percent accuracy _ 1.5 dB accuracy of
noise contour). FY 1976.
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a Establish a predietlon and design capability to compute

noise contours for current and proposed aircraft systems

based on analytical modeling of individual component
noise sources. FY 1978.

_pproach

The Noise Footprint Prediction program at Langley Research Center, with

specific support by the other centers, will evolve computational tech-

niques for accurate prediction of ground noise levels from operating
aircraft to establish acoustic characteristics, identify parameter

sensitivities and guide research efforts.

Major milestones of the Noise Footprint prediction research are:

a By FY 1975 - Establish interim aircraft noise prediction
program.

• Mid FY 1975 - Establish basic analytical models for key

technical areas in source noise prediction, noise

transmission, and eonm_nlty impact.

• Late FY 1975 - First results from the integrated noise

prediction program.

Need and Relevant F

Demands imposed on jet aircraft by recent noise regulations have em-

phasized the need for an accurate noise footprint prediction capability.
This capabillty is essential not only for evaluating the effect of

proposed noise abatement procedures and aircraft modifications, but
also for evaluating the impact of future aircraft systems on airport
ommmunltieo. The prediction capability will provide a basis for es-

tablishing noise reduction technology goalsand identifying research
needs in the areas of components, aircraft designs, and airport opera-

tlons. In addition, the prediction program will aeels_ other federal

agencies in future rulemaking end regulatory activities, and will aid

airport communities in land use planning.
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OBJECTIVE DOCUMENTATION

Title: Minimization 5f Undesirable Aerodynamic Phenomena

T_pe of Specific Objective

XX Discipline Study__ System and Experimental Program

Organizational Element Responsibility

Aerodynamics & Vehicle Systems Division - Alfred Cessow

,S_tatement of Specific ,qb_ective and Targets

Objective: To understand, and minimize by aerodynamic means, the un-

desirable effects of aerodynamic phenomena such as wake vortex turbulence,

aircraft buffeting and airframe noise. Specific targets are:

a Determine by January 1974 one or more aerodynamic

techniques which show promise of effectively ellmi-
noting the wake vortex hazard in order to provide FAA

with information with which to set potential require-

ments for operational vortex detection and tracking
systems at airports for safe spacing of aircraft during

landing and takeoff.

a Demonstrate in flight by FY 1977 aerodynamic design

techniques which would permit a reduction from the

present 3-5 mile landing separation distance imposed
on transport aircraft by the wake vortex problem to
two miles.

• Determine the design principles and provide the
necessary data on airframe (i.e. nonpropulsive)
noise to insure that the CARD policy study goal

of reducing aircraft noise by i0 dB per decade

can be achieved. The technology required for
the first 5 dB reduction to be in hand by FY 1977.

a Using unsteady pressure distributions measured on

wing sections in wind tunnels, provide a means for

predicting the intensity of the buffet phenomenon
of combat aircraft throughout their maneuver range

by mid FY 1975, With such predictive capability,
not currently available, provide the design information
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necess•ry to extend the buffet boundary of combat
•ircraft by approximately 100% by FY 1977 and thus

provide the potenti•l for the development of new

•ircraft with greater operational capability in
combat situations.

Approach

Aerodynamic factors that control the generation and magnitude of wake

vortex, aerodynamic noise, and aircraft buffet phenomena will be studied
to determine the means by which the detrimental effects can be reduced
or eliminated.

• The airframe noise (i.e. the noise generated by an

alrcr•ft in flight with its propulsion system noise
subtr•cted out) program effort will be concentr•tad

on determining the source, magnitude, •nd method of

reducing such noise for large transport aircraft in

the clean •nd approach (i.e., flaps and landing
extended) configurations. The indivldu•l noise
contributions of high-llft devices, separated flow

•ssoclated with the landing gear, gear-well cavity

flow, and fl•ps will be investigated. The program
will he conducted wlth LRC as the lead Center, aided

by flight research at FRC, and supporting wlnd tunnel
and basic research at ARC •nd JPL. Basic noise source

measurements will be made in conventional and quiet
wind tunnels and anechoic chambers with simple wings

and conflgur•tlons to establish the feasibillty and

test techniques for these types of measurements in
inherently "noisy" ground facilities. Airframe noise

prediction techniques will be developed using funda-
mental noise source principals and data correlations.

Far field aerodynamic noise measurements from flight

tests of Jet transport aircraft will be compared with

predicted noise levels and corresponding measurements
from wind tunnel tests of st•led transport models for

verlflc•tlon of the ground test techniques. Aerody-

namle design concepts for minimizing airframe noise
will then be defined from analytical prediction

technlques, developed in ground facilities and de_
onstr•ted in flight tests.

• The wake vortex hazard alleviation program will be

conducted at ARC, LRC, and FRC and will include •

vigorous ground research effort with preliminary
flight tests to develop promising alleviation devices,
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and measure detailed vortex structure. The development

of promising vertex alleviatlon devices or concepts
will require investigations planned to be conducted in

contractor water channels, NASA ground facilities and

in flight. The effectiveness of such aerodynamic devices

or concepts as spoilers, trailing drag devices (splines),
vortex generators steady and pulsed mass injection, and

tailored span load dlstrlhutions will be investigated.
Ground facility measurements to evaluate the effectiveness

of the alleviation devices include documenting the vortex-

induced rolling moment imposed on trailing aircraft
models, positioned at scaled distances up to about I_

miles downstream of the generating aircraft models. In
addition, hot-wire probes and LDV instrumentation will

be further developed for obtaining vortex tangential and
axial velocity and core growth measurements. Based on

preliminary results from the on-golng ground research
program, aerodynamic devices or techniques which show

promise of significantly reducing the wake vortex strength

include deployment of spoilers and spllnes, and tailored
span loading to achieve a triangular-like llft distribu-

tion. Plans are to intensify the ground research effort

to further refine and develop those aerodyrmmic devices,
and to verify and demonstrate the most promising devices

in flight tests using existing NASA aircraft initially
and to later lease a wide body Jet transport for final
demonstration.

o The buffet progrnmwill be conducted at ARC in the

Amos transonic unitary tunnel complex and will be

supported by contractor flight studies and analyses.
Correlations will be made of measured and calculated

buffet alleviation techniques--supercritical wings,
flaps_ etc.--will be studied. Locations of shock

waves and flow separation will he identified, and
studies of unsteady pressures and forces will be

made, Predictions of aircraft structural response
characteristics during buffet will be developed to
assess the effects of buffet on aircraft design loads.

Major Milestones of the Minimization of Undersirable Aerodynamic Phenom-
ena Program are:

Late FY 1974 - Select candidate vortex minimization devices

or concepts for flight test evaluation.

Mid FY 1975 - Begin flight test evaluation and demonstration

of promising vortex alleviation devlces.
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Mid FY 1975 - Identify individual a£rframe noise source

contributions on jet transport.

Mid FY 1975 - Develop analytical prediction technlques
for radiated aerodynamic noise from discrete
sources.

Mid FY 1975 - Develop capability to predict buffet

intensity of cOmbat aircraft throughout
maneuver e_velope.

Mid FY 1976 - Initiate final flight demonstration with
most effective vortex alleviation devises

on wide-body jet transport,

Need and Relevancy

The persistent nature of trailing vortices generated by Jet transports
creates a doomomnted safety hazard for closely fallowing aircraft and
severely ourtailn optimum use of our nations airports. FAA has taken

aation to deal with the problem by increaslng approach and takeoff
separation distances to 5 miles (from 3 miles) for smaller aircraft

following a wlde-body aircraft. This is not a satisfactory long term

solution because of the greatly reduced runway utilization rate, par-
ticularly in view of the heavier Jet transports and increased traffic

volume projected for the Suture. Also, the increased separation
distances cause ground holding delays prior to takcoff and In-fllght

holding delays prior to landing during peak traffic periods which waste
precious fuel. Additionally, a major NASA/FAA goal aimed at relieving

air traffic congestion involves as one facet the development and
Implementation of a sophisticated, accurate airport-located aircraft

tracking system to allow less separation than presently employed. This
will not be possible as long as the wake vortex hazard continues to

define the minimum separation. The wake vortex hazard research program

will attempt to reduce the present 3-5 mile separation d_stance to two
miles.

A major CARD pulley study goal concerns ths reduction of aircraft noise
by i0 dB per decade. Toward th_s goal, engine quieting efforts are
achieving slgnlf_aan= progress. However, recent measurements of Jet

transport narodFnamia noise during approach (engines throttled back)
indicate that the noise level associated with the airframe is slgni_i-

cant (only lO dB below =he FAR PART 36 guideline). Therefore, to realize

full benefits from engine quieting efforts and to ensure that the CARD
. policy study goal can be achlevcd beyond the first step, airframe noise

must be reduced below its current high level.
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Buffeting and buffet induced roll instability at high angles of attack

seriously restrict transonic maneuverability of military aircraft in

the high subsonic speed range where aerial combat takes place. Conse-
quently, to improve odds for victory, buffeting effects must be reduced

to widen the combat envelope of military fighters.

OB2ECTIVE DOCUMENTATION

Title: Acceptance of Aircraft Operations

Type of Speclfle Ob_ectlve

__X Discipline Study__ System and Experimental Program

OE_anlzatlonal Element Re sponslbilltv

Aeronautical Man-Vehicle Technology Division - R. P. Whitten

Statement of Specific 0b_ectlve and Targets

Objective: To define and quantify those properties of aircraft noise

exposure that are responsible for causing negative indivldual and ec_-
munlty response to air transportation systems. Specific targets are
below:

• Devise proper methodologies for laboratory and field
studies of human response to aircraft operations.
FY 1975.

@ Determine effects of multievent noise exposure eheraeter-
istics on human response to aircraft operations. FY 1976.

@ Quantify the effects of background environmental noise

exposure on the human response to alreraft-generated
noise. FY 1977.

• Ascertain the effects of aircraft noise on man_s speech

productlon/perceptlon, FY 1977.

• Evaluate the effects of aircraft operations on sleep,

relaxation and subsequent performance of people. FY 1978o
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• Study the effects of low frequency noise characteristics

generated by present and future aircraft on auditory and
nonaudltory responses of people, FY 1979,

e Develop a model for tellable prediction of responses of

people to aircraft operations that will satisfy labors-
tory and field conditions. FY 1980.

Approach

Research on the psychophyslologlcal response of humans to aircraft
operations will be conducted primarily in the new Aircraft Noise Re-

duction Laboratory at the Langley Research Center. Sociopolitical impact
analysis of new aviation technology will be conducted by the Ames Research
Center.

a Develop a model that will scientifically explain the
composite response of man to aircraft noise. As iden-

tified by the model, improve and/or develop those

methods essential to the conduct ot meaningful labora-
tory studies whleh simulate the impact of aircraft

operations on the community: Verify the model and the

methods developed for simulation studies by several
field studies.

a Obtain data and record it in such a manner that it can

he used for NASA data bank utillzatlou, and for other
federal agencies, i.e., DC_/FAA, EPA.

• Design simulation and field studies with a view towards

correlation with specific eharacteristlcs of earlier

studies so that proper interpretation and extrapolation
of results can be made.

Need and Relevancy

Information to provide criteria for the prediction of community acceptance
of aircraft operations by people living in communities near airports is

of major importance in the development of noise control technology and
operational procedures for civil aviation. The physical characteristics

of noise and its propagation are fairly well understood; however, scien-

tific data permitting an understanding of the impact of aircraft opera-
tions and noise on the community are sparse. Comprehensive scientific
information on the psychophysiologlcal effects of alrcraft operations

and noise is needed to assure the acceptabflity and effectiveness of
programs designed to alleviate adverse community response to the air

transportation system.
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Because community research is time consuming and expenslve, there exists

a need to simulate the real world in a laboratory environment in such a

manner that the laboratory results can be directly related to the opera-

tional world. The benefit of this capability is seen in the savings of

resources and the ability to synthesize operations of future aircraft

systems and then evaluate the degree of acceptance by the airport oom-
munlties. To aehleve this degree of sophistication, further development

is needed in the area of subjective testing methodology to modify existing

or develop new measurement scales. Such scales must be adequate to

properly evaluate responses of people during both awake and sleep and
for indoor and outdoor background noise. There is a special significance

of current research in this area to the programs on advanced aircraft

whose low frequency noise and impulse noise characteristics are not
characterized adequately by existing measures of human response.

Today there exists a cllmate of ge.eral public hostility towards large

visible technologies. A thorough understanding of this social attitude
is needed to allow for accurate economic projections of future aircraft

systems prior to system development. Development of such understanding
would aid in the planning process of integrating a new system into an

existing system.
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OBJECTIVE DOCUMENTATION

Title: Advsnced powered-Lift Aircraft Aerodynamic Technology

Type of Specifi£ Objective

XX Discipline Study System and Experimental Program

Organizational Element Responsibility

Aerodynamics & Vehicle Systems Division - John M. Klineberg

Statement of Specific Objective and Tar_et_s.s

Ohjeetlve: To develop the aerodynamics and vehicle systems technology
needed to attain the integrated aerodynamic performance, noise, stabil-

Ity_ control, and handling qualities characteristics required for

viable powered-lift civil and military aircraft designs having overall
aircraft performance and flight characteristics compatible with opera-

tional approach CL's of about 4.5, 90 EPNdB noise, footprint less than

i sq. mile, and direct operating costs not more than lOZ above good

CT_ transports. Specific targets are:

• Aero/Acoustle Explorator_ Research - Provide, by 1975,
flrst-order trade-off information on low-speed aerodynamic
performance and noise for augmenter wing (AW) flap systems

(including the use of break-up nozzles and thrust reversers)

and for upper surface blowing (USB) concepts.

• Cruise Dra_ - Provide, by 1976, flrst-order trade-off Infor-
nmtlon to avoid or reduce by half cruise drag penalties of

upper surface blowing systems_ indicated for preliminary

analysis to be as great as 10% of total drag.

a Lethe-Scale Aero/Acoustle Verification - Verify the inte-
grated aerodynamic noise, stability and control character-
istieB of representative complete powered-llft transport

eonfiguratlons models incorporating lobe-nozzle AW concepts
by 1975 and USB concepts by 1976. Advanced systems with

improved nozzles and augmented jet flap designs, will be
verified by 1978.

a }mndl_n_ _ualiti@s and Control Syst.ems - Evaluate the handling
qualities requirements and promising methods of integrating
vehicle aerodynamic and propulsion controls for powered-lift

transports to enable precise flight path and airspeed control
during low-speed termlnal-area operation. Result will be the
definition of tentative handling quali_ies design criteria and

!
103



specific control system concepts by 1975. Also evaluate

by 1976 a hinged plate speller system for improving flight
path control and landing d_spersion of a low wing loading
nonpowered-lift STOL transport.

• Certification Criteria - Define tentative handling

qualities and performance criteria necessary to serve
as the basis for establishing airworthiness standards

and define procedures for demonstrating compliance
with standards. Targets for initial evaluation of

individual system concepts are:

c_

Deflected slipstream 1973
Augmenter Wing 1974

Externally blown flap 1974

Approach

The powered-llft STOL/RTOL aerodynamic programs are conducted at the

Ames and Langley Research Centers, Effort at Ames emphasizes large-
scale wing and model performance and noise tests in the 40- x 80-foot

tunnel, primarily on the au_nmentor-wing and upper-surface blown flap

concepts; related contracted analytical and experimental studies; and
ground=based motion-simulator flight dynamics investigations. Langley
performance, noise and handling qualities studies are concentrated on

tile upper-surface blo_-n flap, involving use of theoretical analyses,

small-scale and large-scale wind tunnel models, static rigs, and ground-

based si_lators. The specific approaches for acc_mpllshlng each of the
identified targets follow:

• Aero/Acoustle Ex/!loratory Research - Ames, in FY 1975,

will conduct diagnostic experimental s,mll-scale tests
in the 7- x IO-foot tunnel and sponsor contractual

investigations of advanced AW flap concepts to develop

fundamental performance, acoustic, and thrust reversal
technology for first-order design trade-off analyses for

systems having superior terminal area performance and
noise. This will include short-element flap systems.
Langley will conduct small-scale and free-flight model

parametric investigations to improve performance, '--
stability and control characteristics of USB configurations

which utilize the wing for noise shielding; will investigate
fundamentals of UEB noise on a static rig with engine exhaust

directed through use type nozzles over flaps; and will

conduct some USB performance/nolse trade-off design studies,

Langley will also complete a series of experimental
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studles to establish reliable tunnel-wall corrections

for powered-lift systems being experimentally investl-
gated at hlgh-llft conditions, and will continue powered-

llft theoretical studies to devise improved flow and

performance prediction method@. Ames will complete an
investigation of turbulent mixing withlnAW multi-

element nozzles to guide improved nozzle designs.

• Cruise Dra_ - Langley will perform parametric small-
scale wind tunnel evnluntlons and analyses to

develop by FY 1976 an adequate understanding of how
to reduce cruise penalties accruing from USB instal-
lations. Ames will complete by FY 1975 a contractual

small-scale study to develop cruise augmenter technology.

• Large-Scale Aero/Acoustlc Verification - On a new
semlspan swept wing powered-llft model, Ames in FY 1975
on the static test rig and in the 40- x 80-foot

tunnel will (1) complete the initial evaluation of an

Ames-deslgned AW concept utilizing advanced multl-ele-
ment lobe nozzles, (2) initiate evaluation of n Boeing

cruise augmenter concept, and (3) initiate evaluation

of a hypermixlng eJectoz flap concept. This research
model will he utilized for several large-scale verifi-

cation tests of dlrrerent powered-lift systems over a

3-5 year period. Langley will complete the initial
static and low-speed noise and performance evaluations

of a large-scale USB model (modified Aerocommnder) in
FY 1975, using the full-scale tunnel and the lunar-

landlmg facility (for some of the noise measurements),
A large-scale swept-wlng USB model will he investigated

in the Ames 40- x 80-foot tunnel. These large scale

investigations as a whole are required to verify the
integrated aerodynamic, propulsive, acoustic and

structural dynamle_ characteristics and to provide
valid data for design proposals.

• Handlln_ _ual!tles and Contro ! S_stems - Ames, in
FY 1975, will conduct handllng-qualltles investiga-

tions of representative powered-llft STOL/RTOL
transports using ground-based simulators such as
the FSAA, to provide solution to problems related

to fllght-path control and of the tranaltlon from

cruise to approach. Ames, also in a Joint program
with the FAA, will conduct flight evaluations of n
hlnged-plate spoiler system integrated into the pilot's
controls to augment flight path and roll control of a

DHC-6 iow-wing-loadlng nonpowered-llft aircraft. These
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evaluations under STOL operational conditions will

investigate certification implications.

• Certlflcatlon Criteria - In a_Joint program with the
FAA, Ames in FY 1975 will perform studies on the

FSAA In-house and under contract to provide additional
criteria for establishing handllng-qualltles and per-
formance certification standards for future STOL/RTOL

powered-lift civil transports. Tentative criteria

will be developed for aircraft using several of the

more promising powered-llft concepts, contributing to
a generalized criteria applicable to all concepts.

Consideration will also be given to the development
of safe flight procedures for demonstrating compliance
with the criteria.

Need and gelevanc_

The Joint DOT/NASA Civil Aviation Research and Development (CARD)
pollay Study stressed the urgent requirement to reduce aircraft noise,

to reduce congestion at airport terminals and to evaluate efficient,

quiet short-haul transportation systems as a means towards such ends.
Only I0 percent of the Natlon% airports can accommodate today's Jet

transports requiring runway lengths of 5,000 feet or longer. Aircraft

with operationally usable approach CL_s of about 4.5 capable of opera-
tln 8 frmn 2,000 foot runways could he accommodated by 75 percent of

the Natlonls airports, and thereby offer tremendous congestion relief
for some currently overcrowded airports. Such aircraft could also help

congestion rallaf by operating from short new runways within existing

t_Jor terminal hubs.

The nchlevement of this performance in aircraft having acceptable ride

qualities and noise characteristics for the general riding and airport
commonalty public requires the use of efficient, quiet, powered-llft to

provide useable approach lift coefficients up to 5 with noise levels
not exceeding 90 EPNdB over a 1 square mile footprint. The research
and technology efforts in this program are geared toward improving,

evaluating and validating the aerodynamic and noise characteristics

of advanced powered-lift concepts having promise of attaining the
stated overall aircraft performance and noise goals as a part of the

national effort to establish a high=denslty short-haul air transportation .

system.
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C-8 AUGMENTOR WING FLIGHT EXPERIMENT

(766-71) Ongoing

Program OhJective

Validate in flight the augmentor-wing powered-lift concept developed in
laboratory programs as a practical means for providing short take-off
and landin_ capability (under 2,000 foot balanced runway length) to al-

leviate terminal area congestion problems. Assess In flight the handlln_
qualities of this type of aircraft. Provide a versatile representative

powered-llft aircraft for assessment of navigation and control systems
requirements for safe (precise control with low pilot workload) terminal
area operations foreseen for this class of aircraft.

Program Targets

• Documentation by December 1974 of augmentor-wing
proof-of-concept flights to be completed by

May 1974.

• STOL operational assessment by U.S. and Canadian

test pilots to be completed by April 1974.

• Development by February 1975 of definitive criteria
for control of flight path and airspeed, and for roll

and yaw power for powered-lift transports through

flight confirmation and refinement of results of
analytical studies and piloted simulator experiments.

• Development by February 1975 of flight director laws

and integrated controls for transition management
: through flight evaluation of a flight director con-

! rapt system developed by analysis and simulation.

}i • Confirm and extend by 1977_ certification criteria

for powered-llft aircraft developed through piloted
simulation.

• Initiate by November 1974, main body of STOL operating

systems experiments (supported under separate program).
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Program Approach (Abbreviated Version)

A C-gA aircraft was modified in FY 71 and 72 to incorporate a jet aug-
mentor wing and appropriate Jet engines in a joint U.S./NASA - Canadian/

Department of Industry, Trade, and Commerce program. Following con-

tractor check-out flights, the aircraft was delivered in August 1972

to the Ames Research Center where airworthiness and proof-of-concept
flights were initiated. During this phase of testing the vehicle was

further modified to include a powered elevator and the STOLAND avionics

systems to permit handling qualities studies at lower speeds and more
realistic long-term flight experiments on STOL operating systems.

Parallel studies were undertaken under contract using a varlable-stahil-

ity Navion aircraft to aid in planning the C-8 flight research program.

The C-8 handllng-qualitles experiments will begin in mid 1974 following
ccsnpletion of the proof-of-concept tests and of pilot assessment of the

STOL operational characteristics of the aircraft. The m_In part of the
hnndling-qualitles criteria studies will be completed by February 1975.

The STOL operating systems experiments will begin in November 1974

utilizing the C-8 augmentor-wlng aircraft in a program supported under

a separate project. Duriag the course of the latter experiments, the
C-8 research aircraft will be used to evaluate flight director laws

and certification criteria for powered-llft flight.

Additional details are available in the March 23, 1973 project Plan

entitled "C-8 Augmenter Wing Research Aircraft and Flight Experiment."

Need and Relevancy

OAST has a responsibility to develop short-haul transport technology

for high density civil transportation. The C-8 augmenter-wing research
vehicle is the first Jet powered-llft STOL aircraft to operate. It

will therefore enable early examination of low-speed flight and opera= i
tlonal characteristics representative of future STOL/RTOL transports,

which (with rotorcraft and Jet _OL aircraft) are expected to provide
the U.S. with more efficient hlgh-denslty short-haul systems. Infor-

matlon obtained from STOL handling qualities tests with the aircraft

will nld in verifying the results of ongoing and planned ground-based
simulator studlesD and in providing the criteria to establish civil

certification requirements for such aircraft. The vehicle, being

equipped with the STOLAND avionics system, will also provide a unique
facility for scheduled general STOL transport operating-systems experl-

ments, to be carried out Jointly with D_f in a separate program.
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QUIET I CLFIN I SHORT-HAUL EXPERIMENTAL ENGINE (QCSEE).
(738-13) Ongoing

Program Objective

Design, build and test experimental engines to consolidate and demon-

strate the technology needed for very quiet, clean and efficient pro-

pulsion systems for economically viable and environmentally acceptable

powered llft short-haul elf-craft. Program goals _ranslate as follows:

• 95 EPNdB noise footprint area less than 0.5 sq. ml.
(_I0Z of DC-IO), or 500 ft. sideline = 95 EPNdB.

• Emission levels of Experimental Clean Combustor.

• Thrust to weight ratio 6 or better.

• High bypass ratio engine technology for under-the-wing
and over-the-wlng systems: composite, variable pitch,

thrust reverslng s low pressure ratio fans with gear
reduction drive for low tip speed.

Program Targets

The program objectives will be met through the following steps:

• Source selection and contract award in December, 1973.

• Design layout review - June, 1974.

• Critical Design Review - January, 1975.

s Delivery of first engine to LeRC for in-house testing in
an under-the-wlng configuration in August_ 1977.

• Delivery of second engine to LeRC for In-house testing

in an over-the-wing configuration in December, 1977.

Pzogram Approach

The approach is a eumpetlt_ve procurement, slngle-contractor experiment-

al engine program nmnaged by the Lewis Research Center. System deflnl-
tion/optimization studies of powered llft propulsion concepts in FY

1973 formed the hardware program basis. Two full scale engines, one
for under-the-wlng installation, the second for over-the-wlng will be
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designed, fabricated, assembled, tested, and delivered to Lewis. In-

house acoustic and aerodynamic performance testing in wlng/flap system
installations will be conducted to verify system characteristics and
achievement of program goals.

OBJECTIVE DOCUMENTATION

Title: Quiet Short-Haul Research Aircraft (QSRA)

Type of Specific Objective

X System and Experimental Program

Or_anizational Element Responsibility

Transport Experimental Programs Office - William Gardner/Jack Levlne

Statement of Specific Objective and Targets

OhJeetlve: To obtain, by means of a low-cost experimental aircraft,

quiet propulslve-llft flight research data on an advanced propulsive-

llft configuration at llft coefficients greater then 4.5, 90 EPNdB foot-
print areas smaller than one square mile, and roll control power greater

than one radlan per second _. Specific targets are:

• Provide by the end of FY 1974 a Project Plan and Risk
Assessment which will include the objectives, technical

approach, schedules and cost for the effort and the risk

assessment in achieving the same.

• Determine by the end of FY 1974 the airframe and engine

design requirements, schedule and cost to modify an
existing airplane for use as a low-cost quiet, high

performance propulslve-llft research aircraft.

• Modify the design, fabricate and assemble by the end
of FY 1976 an existing aircraft with an advanced

propulslve=llft system and perform ground checkout and
limited flight tests of the assembled aircraft by the

third quarter of FY 1977.

m Define by the end of FY 1976 and conduct beginning in
the third quarter of FY 1977 appropriate multl-dlsel-
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pline propulsive-llft flight experiments in areas of

general configuration, handling qualities, noise,
flight dynamics, flight control systems, information

displays, propulsion system, and operating environment.

• Generate and verify by FY 1978 the integrated total

vehicle and operating systems technology base from which

design requirements and certification criteria can he

established for practical and efficient quiet propul-
slve-llft civil and military short-haul transports.

Need and Relevancy

Future pc_dered llft short-haul aircraft need quiet, clean, efflelent
and economical propulsion systems whose technology is not yet available.

Demonstrations of component and system interactions in credible, full-
scale engines and propulsion installations are needed to establish the

data base to stimulate industry development with acceptable risk, and

to help government establish environmental and operational requirements.

Approach

The project will include modification of an existing aircraft into an

advanced quiet propulslve-lift configuration with modified existing

engines to power the aircraft and the use of the aircraft in a flight
research program to achieve the previously stated objective and targets.

Two parallel preliminary design study contracts were awarded on January

3, 1974 to the Lockheed Aircraft Corporation and the Boeing Company
for a nine and one-half month period to determine the most effective

configuration of the quiet propulslve-lift research aircraft. Each con-

tractor will conduct preliminary design of (I) a C-eA Buffalo aircraft

configured with an advanced quieted augmented Jet flap (AJF) propul-
sive-lift system, and (2) a contractor-selected aircraft and quiet
propulslve-llft concept. In support of these studies, three separate

engine study contracts were awarded on January 31, 1874 to General
Electric, Allison, and AVCO Lycnmlng for a two-month period, The engine

contractors will define their engine concepts for the AJF aircraft and
for the configuration alternatives being considered by the airframe

study contractors.

Approximately mid-way in the design studies it is planned that a single

design concept for the research aircraft will be selected by NASA. The
selection will he based on results of the contractor efforts as wall

as on our own In-house studies and considerations will be given to the
teehnlcal, schedule, and cost risks; the estimated project cost; aircraft
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research capability; industry interest in the approach; and other re-

lated factors. After concept selection the two design studies will
complete preliminary design for the aircraft and provide detailed bud-
getary and schedule estimates for detail design, airframe modification,

engine integration, and contractor tests. Results of these studies will

be utilized as a basis for issuing an RFP to industry for the engines

and for the aircraft. The engine RFP is planned for release in mid-
1974 and the aircraft RFP in late 1974. Flight research will he initi-

ated early in 1977.

The flight research program will be developed in a series of steps
including the refinement of the established flight research objectives

into more detailed and specific objectives, the development of detailed

experiments to achieve these objectives, the preparation of a flight

experiments program plan that orders and integrates the experiments,

and finally, the flight research program itself. The experiments
program will be developed in cooperation with other Government agencies
and interested industry groups and carried out by r_SA as an in-house
effort.

The Ames QSRA Project Office is responsible for overall management of
the aircraft modification with support hy Lewis Research Center £o pro-

vido modified engines for the aircraft. The QSRA project Office is
also responsible for management of the flight research program with

participation by the other CAST Centers.

Major milestones of the QSRA Project are:

Contract award for aircraft preliminary January 3, 1974

design studies

Contract award for engine support January 31, 1974
studies

Select aircraft design concept 4th Qtr. FY 1974

Contract award for engines for modified 3rd Qtr. FY 1975

research airplane

Contract award for design, fabrication 4th Qtr. FY 1975
of hardware and modifications for

research airplane

Initiate NASA quiet propulslve-llft 3rd Qtr. FY 1977
flight research program
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Initial quiet propulslve-lift flight 4th Qtr. PY 1977
research results available

Technology data base available _or use FY 1978
in establishing design criteria and

development of civil commercial air-
craft

Need and Relevanc_

The flight research program is necessary in order to reduce the techni-

cal risk 8ssoclnted with the development by industry of both civil and
military propulslve-llft transports and to provide a comprehensive

technical foundation on which Government regulation agencies can estab-

lish realistic criteria for certification of commercial subsonic pro-
pulslve-llft transport aircraft and for entente end terminal area opera-

tions. A quiet propulelve-llft research airplane must be deelg.ed,

built and flown in a research program in order to provide verification

end demonstration of the technical base for the future design, develop-
ment, fabrication and operation of reliable, quiet and economic fail-

jet propulei_e-llft transports. Powered llft technology is a key to

community noise reductlonD airport congestion relief, and improvement
of civil transport and military tactical airlift.

OBJECTIVE DOCUMENTATION

Title: AMST Prototype Aircraft (769-48)

T_5_e of Specific Objective

X System and Experimental Program

0r_@nlzatlonal Element Reeponsibillty

Transport Experimental Programs Office - William GardnerJack Levine

S_n_ement of Specific Objective and Tsrgets

objective: To obtain, through participation in the Air Force AMST
prototype program, propulsive-lift flight research data on strai_h_-

wing externally blown flap oonflguration at lift coefficients up to

about 3.5, 90 EPNdB footprint areas greater than !! square mil@s , and
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roll control power about ½ radian per second g. Specific targets are:

• Obtain by FY 1976 flight v_rlficatlon of the detailed
performance predicted by NASA ground based research

data for USB and EBF propulsive-llft aircraft•

a Define by the end of FY 1974 and conduct on a non-
interference basis with the Air Force during FY

1976 to the maximum extent possible multi-discipline
flight experiments in areas of general configuration,

handling qualities, flight dynamics, noise, flight

control systems, information displays, propulsion
system, and operating environment.

• NASA completes by FY 1978 documentation of the flight
characteristics and evaluation of handling qualities

and operational techniques as related to civil short-

haul operations.

Approach

NASA's direct involvement in the AMST program includes support of devel-

opment of the aircraft and participation, through membership of the
AMST Joint Test Team, in defining and conducting part of the AMST flight

test program. Support of development of the aircraft includes scale-
model tests in various wind tunnels to fill voids in available wind

tunnel capabilities on the part of the Air Force contractors. Further

developmental support is provided through use of the unique ARC Flight
Simulator for Advanced Aircraft for assessing adequacy of stability

and control levels inherent in the AMST deslgnsp operational procedures

and emergency conditions that may influence aircraft configuration and/

or control systems characteristics.

The flight program will be conducted in two stages. In the first stage,

NASA will accomplish cooperatively with the Air Force such technology-

oriented flight research as can be undertaken without interference with

the primary Air Force objectives. Recognizing the Air Force objective
of the evaluation of these prototypes for tactical and Iogistlo military

applications, it is expected that during the Air Force-led flight
program, the time devoted to the acquisition of data of interest both
to the Air Force and NASA (i.e. basic aerodynamic performance, handling

qualities and operational techniques) will he limited. In the second

stage_ following completion of the one-year prototype evaluation

currently scheduled hy the Air Force, NASA will assume the primary role
and will conduct additional flight research. This second stage of the

program will complete the documentation of flight characteristics nnd
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evaluation of handlin_ qualities and operational techniques as related
to civil short-haul operations. Modifications to the aircraft will be

made depending upon a weighing of feasibility and cost, and benefits to
the QPLT program. It is anticipated that installation of STOLAND in

one of the AMST aircraft would best facilitate the study of advanced
avionics applied to short-haul operations in the terminal area. In

addition to studying integration of advanced avionics with pilot display
and flight control systems, STOLAND would aid in the evaluation of tech-

niques for defining noise abatement flight patterns in the terminal area.
Additional modifications may be made to the aircraft to reduce noise

generated by aero-propulslon systems to permit development of criteria
for noise certification.

Major milestones of the At_T Prototype Aircraft Program applicable to
NASA are:

Initiate Air Force-led flight evaluation 1st Qtr. FY 1976
of the AMST alreraft

Initial propulslve-llft flight research Mid _T 1976
results available for EBF and USB con-

figurations

Initiate NASA-lad flight research using Mid FY 1977
the AMST aircraft

Need and Relevancy

In considering the requirements for technology and operational data to
support development of civil and military transports with the advantages

of improved approach, landing, takeoff, climbout, end airport area low-

speed maneuvering capabilities, the U.S. Air Force and NASA have agreed
that the national needs can best be served through cooperation activity

which assures a close working relationship between the Air Force and
NASA in the Air Force Advanced Medium STOL prototype (AMST) program

and the NASA Quiet propulslve-Lift Technology programs.

The Air Force/NASA Memorandum of Undarstandlng cn the coordination of

the Air Force and NASA propulsive-lift programs provides both for NASA
participation in the Air Force flight testing of the AMST prototypes

and for subsequent use of these aircraft in a NASA-led flight test
program. These aircraft can be used to accomplish a part of the objec-

tives of the flight test program planned for NASA's quiet propulsive-
llft research airplane to the extent that their performance capabilities

pez_it.

115

]



STOL OPERATING SYSTEMS EXPERIMENTS

(768-83) Orating

Program Objective

Establish a technology base upon which operational STOL short-haul

systems can be based with eonfldence in the 1978-2000 time period,

Resardlng NASA STOL technology programs, the draft Federal Plan for
Short-Haul Air Transportation Improvement states that "The data from

these programs are considered critical to this plan, for this data
provides the basis for assessing which short-haul options ore the most

promising from an operational and technology point of view."

Program Targets

In this joint DOT/NASA programl operating systems technology, operating

procedures, and guidance, navigation, and control concepts for high-
density terminal area operation will he demonstrated in the following
steps:

a Integrated digital avionics research systems (STOIAND)
available - July 1973.

a Synthesize flight paths for STOL independent of CTOL

operations - September 1974.

6 Initiate flight experiments to provide systems

performance data

- DHC-6 June 1974

- Augmentor Wing C-8 - December 1974.

a Initiation of Microwave Landing System (_S)
validation flight experiments - April 1976.

Benefits which will be demonstrated Include:

• Noise - 90 EPNdB footprint within airport boundary.

• Weather - Low visibility automatlc landing capability.

a Guidance Accuracy - Maximum touchdown dispersions of

15 ft, laterally and _ lO0 f_. longitudinally.

• Pilot Workload - Reduced 30% through automation and

displays.
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Program ApDroach

This Joint DOT/NASA program is being conducted primarily at Ames Re-
search Center, with supporting simulation studies being conducted at
Langley Research Center and FAA's NAFEC.

An integrated digital avionics research system (STOLAND) has been pro-
vided by Ames Research Center. One simulator STOLAND system and two

flight systems have been fabricated. The first flight system has
successfully completed flight acceptance teats in the ARC CV-3_O air-

craft and is currently being installed in a DHC-6 Twin Otter. Flight
experiments with this aircraft will begin in June 1974. The second

flight system is being installed in the modified C-SA augmenter wing
STOL research aircraft and flight acceptance tests will be performed
in November 1973. Flight experiments with this aircraft will commence
in December 1974.

rntroductlon of the Microwave Landing System (MLS), now under develop-

ment by the FAA, will provide better terminal area landing guidance
then is presently available. The MLS will by used by CTOL, STOL and

VTOL alrcraft. Consequently, one task to be accomplished in this pro-
gram is to support the FAA in development of the MLS to ensure its Suit-

ability for STOL applications. Analysis, field investigations, com-
puter simulations and flight experiments will be conducted to define

reallstla criteria for MLS proof-of-concept evaluation and prototype
valldatlans. The field investigations will include ground and flight

teats with the programmable STOIAND avionic system. These investiga-
tions will emphasise MLS performance for terminal area navigation and

approach and landlngguldanne for low vislbility automatic operations.

Flight validation of the K model prototype system will he completed in
1977.

In addition to the MLS valldaClcn, operatlng systems experiments will
be conducted to provlde information to aid in the choice of STOL terml-

hal area guidance, navigation and control system concepts and to define
operational procedures. Steep ascents and descents, tight tuttis and

slow speed approaches and landings will be studied using analysis,

simulation and flight test. The simulation and flight test experi-
ments will be conducted using the STOLAND avionics system, the ,He-6

Twin Otter and the C-SA augmenter wing research aircraft. The mavlga-
tlon and landing aids to be used in the experiments arc VOR, ,ME, TACAN

and MODILS (Modular Instrument Landing System).

Improved navigation and guidance will be investigated using an innovative

inertial guidance and navigation concept making full use of digital

" computer technology and redundancy management. This strapdown inertlal
reference unit (SIRU), now in the design phase, will be delivered to
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ARC in September 1974 for flight acceptnnce tests in the CV-340. Flight

experiments using a STOL vehlnle equipped with both STOLAND and SIRU
will begin in November 1975.

Additional details will be included in the Program Plan to be available
in early 1974.

Need and Relevancy

The Joint DOT/NASA Civil Aviation Research and Development Policy Study
report identified the two most important problems plaguing civil avia-

tion as noise and congestion, Development of a National Short-Haul

Air Transportation System utilizing the capabilities of STOL aircraft
has the potential of reducing the projected terminal area congestion

i and noise impact.

The ability of STOL aircraft to operate from runways 3000 to 9000 feet
shorter than those required for CTOL aircraft and containment of the
90 EPNdB footprint within the airport boundary will allow modification

or acquisition of STOL landing facilities with reduced real estate

costs. Advanced navigation, guidance, and control systems will provide

zero visibility landing capability and maximum touchdown dispersions

of + 15 ft. laterally and _ I00 ft. longitudinally. This will allow
STO_ aircraft to interface with the ATC system with minimal interference

and will permit STOL vehicle operntlons independent of CTOL operations
at existing airports. Reducing the pilot workload by 30% will increase

the safety of operations.

New operating systems criteria and procedures must be established.
Thus, NASA and DOT, in attempting to solve soma of the potential

problems associated with STOL navigation, guidance, and air traflc
control, have Joined forces in conducting a STOL Operating Experiments

program whlch is discussed in "Final Report of the Flight Experiments
committee of the Joint DOT/NASA Operating Experiments Steering Group,"

dated July 21, 1972.
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4. NASA

ROTORCRAFT/VTOL NOISE TECHNOLOGy PROGRAMS
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OBJECt IVE DOCUMENTATION

Title: Advanced Rotor=raft Aerodynamic Technology

Type of Specific Objective

Discipline Study__ System and Experimental Program

Or_aqlzotlonal Elsment Responsibility

Aerodynamics & Vehicle Systems Division - John M. Klineberg

Statement of Specific Objective and Targets

Objectives: to determine and improve the performance, dynamic loads,
noise, control, stability, vibration, and handling qualities charac-
teristics of helicopter rotors and rotor=raft configurations in order

to permit the development of rotor=raft having substantially greater
mission and cost effectiveness than current (1973) operational vehicles

in military and civil usage. Specific targets are:

• Rotor Tip Vortlcos - By FY 1975, verify through full-
scale experimental evaluations the projected ability of
both passive and active devices, such as the ogee tip

shape and mass injection concepts, to reduce blade-vortex

impulsive noise about 5 EPNdB compared _o conventional

square tip blades for rotors of equivalent thrust level.

a Varlabl_zOeom_trZ Rotor - Evaluate the performance and
noise characteristics of one of the current RSRA system

candldates_ the varlable-geometry rotor concept, analyti°
=ally in FY 1975 and experimentally in full-scale static
tests in FY 1975-76.

a Controls and Displays for Improved Handling Qualities -
Evaluate in flight the handling qualities improvements

during curved decelerating approaches achievable with
a 3-axls vector velocity cormmand system by FY 1975, and
a noo-llnear control concept by FY 1976.

• CiVil H£licopter Technology Assessment.- Apply in FY 1975,
1973 state-of-the-art technology on a large transport

helicopter (CH-53) to provide passenger compartment acoustic/
and motion environment and assess suitability for feeder

H- ,
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line aircraft use, and to provide civil helicopter noise
certific•tlon and community •crept•ace criteria.

• Advanced _otoreraft Design Studies - Define in FY 1975_ to
the extent possible in modest design studies incorporating

estimated technology •dvanceme•ts, the broad design and

operational ch•r•cEerlstlcs of large advanced pompound
helicopter and tilt rotor transports which could realis-

tically be operational by 1985.

• Controllable-Twist Rotor - Verify st full-scale in FY

1975 the •billty •f a controllable-twlst rotor concept

to reduce cyclic vibration i0 percent and improve per-
formance 2 percent, compared to 1973 operational rotor

types.

e Fli_ht Controls and Handlin_ Qualities for Unique Millt@r_
Helicopter 9 - Through evaluating • hierarchy of helicopt•r
control systems by 1976, determine the minimum augmentation
requirements for specific millt•ry low-level missions,

and develop methods of implementation to lnlnimize the
number and complexity of hardware components. Using

moving base simulation, est•bllsh by 1975 the effect of

grass weight up to 250,000 pounds on handling qualities
and flight-control requirements for crane helicopters.

• Design Predletlon Methods - V•lidat• existing design

predictive methods and modify them where deficiencies
•xist to provide th• required improved understanding
of Interrelated basle factors contributing to rotor-

craft performance, noise, dynamics, and control. The

subjects to b• examined include: (i) main rotor/fuse-
i l•ge/tall rotor flow interferences and affects by FY

! 1975_ (2) unsteady flow conditions on rotor blades and
i in th• rotor wake by FY 1976, and (3) rotor blade and
! control system dynamics including feedback by FY 1977.

i • Tilt-Rotor Control Systems - Develop and demonstrate by
1978 the technology for advanced control systems suit-
able for commerical and military operational tilt rotor
vehicles.

Approach

The NASA rotorcrnft •erodynamlc programs ere conducted at the Ames and

Langley Research Centers=-in almost all case8 jointly with the Army

Air Mobility R&D Laboratory located at each Center. Effort at Ames
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emphasizes large-scale rotor model tests in the 40- x 80-foot tunnel_

ground-based flight simulation studies t and analytical and design

studies conducted primarily under _contract. Langley in-house studies
utilize such facilities as the V/STOL and full-scale tunnels for snail-

scale rotor model studies, the whirl tower for large- or full-scale

hover performance and noise evaluations, and available rotorcraft for

fllght-dynamice investigations; contracted analytical and experimental
studies are also supported. The specific approaches for accomplishing
each of the identified targets follow:

• Rotor Tip Vortices - In the program oriented toward
reduction of rotor tip vortex strength (and therefore

reduction of vibration and noise) rotor tip geometric

variations and mass injection will be studied. In one

phase, Langley will evaluate the characteristics of
full-scale ogee-tip blades on the whirl tower and in

flight on the UH-IH helicopter in FY 1975, and Ames
will carry out coordinated tests of the UH-IH blades
in the 40- x go-ft, tunnel. Langley will conduct

flight tests to evaluate the mass-lnjection concept in
FY 1975-76.

• Varlable.Geometr Z Rotor - In Langley studies of the
varlable-geometry rotor (VGR), also designed for tip
vortex strength allevlation_ computer programs will

be improved for the calculation of VGR performance

and dynamics by FY 1975; following complete performance
evaluations of a VGR scale model rotor through wind-

tunnel tests in FY 1974_ performance and noise tests
will be made of full-scale models in FY 1975-76 on the
whirl tower.

• Controls & Displays for Improved Handlln_ qualities-
The CH-46 in-fllght simulator helicopter will be

utilized in FY 1975 to develop improved design and
certification criteria for rotorcraft--and other

VTOL alrcraft--primarily in the areas of handling

qualities and overall low-speed flight character-
ist_cs, such as during decelerating curved approaches.

Advanced flight control systems including a 3-axls
vector velocity command concept will be examined by

early FY 1975 and a non-llnear control concept by

early FY 1976. Preparations will be completed for

phasing in a CPe47 in-fllght simulator (made available
through the Army) having an improved research capabil-

ity. The SH-3A helicopter will he used to fly pilot-
controlled, sinmlated IFR VTOL approaches while varying
the electro-optlcal pilot display parameters (resolution
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field of view, contrast, magnification factor, etc.)
for reduced pilot workload and improved safety.

• Civil IIelicopter Technology Assessment - The ride
quality improvements achievable from current state-of-

the-art design of a quieted vlbratlon-lsolated cabin

in a CH-53 hellcoptsr will be demonstrated at Lang_ly
i_ FY 1975. Design studies will he continued in FY
1975-77 to define and assess other advanced technology

applications for improving performance, safety,
economy and community acceptance of civil helicopter

transports; flight evaluations of the mor_ promising

applications will be conducted in FY 1976-80.

• Advanced Rotorcraft Design Studies - Ames contracted

design studies will be completed in FY 1975 to define

representative tilt-rotor and advanced helicopter
ccmmmericlal aircraft design models for future short-

haul air transportation. (The studies will enable a

comparison with the characteristics of other STOL
and Jet VTOL concepts provided in other similar

[ contracted studies.) Information on these design
models, derived from analysis, wind tunnel tests, and
simulation will be used to define their operating
characteristics--e.g., noise, fuel utilization, flight

path, pilot workload, and passenger acceptance=-during

_pproaeh and landing.

• Controllable-Twlst Rotor - Ames, in FY 1975, will evalu-
ate the dynamics and performance of a large-scale con=
trollable-twist rotor on a new rotor test rig (RTR)

to be developed for the 40- x 80-ft. tunnel. The RTR

represents a major improved test capability for Ames,
and will be used for a number of large-scale rotor

investigations in future years.

• Plight Controls and Handlln_ Qualities for Unique Military

Helicopters - Simulation studies will be conducted at Ames
of a number Of low-level helicopter missions of interest

to the Army. A |l/=_archy of control systems will be in=

vestigated during FY 1975 to establish the minimum aug-
mentation requirements and to develop methods of implemen-

tation. Emphasis will be given to minimizing the number
end complexity of the hardware components, minimizing the
effects of upsets and disturbances, and on developing

techniques for decoupling controls. By 1975, simulation
investigations will be completed to determine the affect

of gross weight up to 250,000 pounds on the handling qualities
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and flight control requirements for crane helicaptsrs
up to the very heavy llft class. Simulation results
will be valldated through use of flight results on s

CH-54 helicopter obtained at Langley during FY 1974.

• Design Predlctio _ Methods - Langley will conduct ana-
lytical and experimental studies to Identlfy factors
contributing to the aerodynamic, dynamics and noise

charactorlatlcs of rotors. University grants and con-
treated studies will be continued through FY 1979 to

define wake geometry and analytical procedures which

include wake characteristics in predicting alrloads,

structural response, rotor control feedback, performance
end noise. Langley in-house experimental studies will
be made in FY 1975-77 to batter define unsteady local-

flow and aeroelastlc parameters and rotor system

dynamics. Tests will continue in FY 1975 with a highly
instrumented generalized research helicopter model in
the V/STOL tunnel to obtain a better quantitative

understandiog of main rotorfuselagetail rotor inter-
ference flows and effects. The effectiveness of a

helicopter fan-ln-fin in lleu of a tall rotor will be
evaluated in the full-scale tunnel by FY 1976. A

sophisticated rotor noise prediction technique will
also be computerized in FY 1976. Ames will refine
math modeling of tilt rotor dynamics through FY 1975;
will continue contracted generalized studies of tilt

rotor gust response problems and control system suppres-

sion technique through FY 1976; end will develop a
method for computing tilt rotor/wlng/empenage aerodynamlc
interference in FY 1975-76.

a Tilt Rotor Control S_stems - A simulator model of a
o_merclal tilt-rotor transport will be obtained by
1976 fur use in simulation studies to define handling

qualities and control system design criteria. Perti-
nent information will be obtained frum coordlrmted

simulation and flight studies supported under the XV-
15 Tilt-Rotor Research Aircraft Program (RTOP 744-28-01).

Need and Relevanc_

Rotororaft have attained wide usage by the military (35 percent of the

D0D alreraft inventory are helicopters and 85 percent of the Army in-

ventory) for application primarily in assault, medical evacuation, air-
. crew rescue, aircraft retrleval and ground support missions. There is

likewlse a growing use of helicopters in the civil sector for industrial,
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ambulance and police, and short-haul transportation applications.

Despite this wide rotorcraft osage, their full potential is far from
realized in both military and civil sectors due to technology limita-
tions resulting in poor cruise efficiency, inadequate speed and range

capability, poor dynamics and high vibration, bothersome noise, and

inadequate all=weather flight capability. These llminatlons seriously
impact mission capability, initial and operating (including maintenance)

cost, and passenger and community acceptance. The p_ograms of this
objective are aimed at effective alleviation of the technology limita-

tions to permit the realization of rotorcraft having greater mission
and cost effectiveness for both military and civil needs. An indica-

tion of the relevancy of the programs to military needs is the fact

that about 90 percent of the programs are supported equally in funding
and manpower by NASA and the Army.

OBJECTIVE DOCU_NTAT 10N

Title: Advanced VTOL Aircraft Aerodynamic Technology

Type of Specific Objective

XX Discipline Study System and Experimental Program

Or_anlzatlonal Element Responslbilit_y

Aerodynamics & Vehicle Systems Division - John M. Kllneberg

Statement of Specific Objective and Targets

Objective: To provide the_teehnology required to enable the development
of viable military and civil aircraft having effective VTOL capability

together with speed, range, operating cost, and mlsslon/operatlonal

capabilities approaching those of 1973 operational medium range military
and civil CTOL aircraft. This requires the development of a thorough

knowledge and understandlng of the aerodynamic performance, noise,
control and stability characteristics, and piloting qualities peculiar

to VTOL system concepts. Specific targets are:

• Ejector Win s VTOL Aerodynamlcs - In FY 1975, evaluate
the VTOL aerodynamic performance, stability, and control
of'XFV=I2A ejector wing conflguratlon. Examine by FY

1976 the performance of advanced high pressure hypermlxlng

VTOL ejector-concepts in forward fllght transltion engines.
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Obtain by FY 1976 a preliminary evaluation of the performance
of VTOL ejectors located chordwise at the root of a low
aspect ratio combat aircraft type wing.

• Lift-Fa n VTOL Aerodynamics - Verify in FY !975 through
large and small-scale tunnel tests that a lift-fan VTOL

transport can he configured to achieve satisfactory per-
formanco, control and stability cbaracteristlcs in termi-

nal area operation.

• Lift/qrui_e .Thrust ,Vectorin_ - Demonstrate by FY 1975
through large-scale static tests the technology for

rapid response _ 20% thrust modulation and + 20 ° thrust
deflection in 0.2 set.) lift/cruise propulsion system
thrust vectorlng/modulatlon systems whose thrust vector
can be varied in a practical design from 0° (cruise thrust

modc)j to 900 (hover llft mode) with no more than 5% thrust
loss, and to 130 ° for thrust reversal/braking.

• Lift/Crulse VTOL Aerodynamics - Demonstrate by FY 1976,
technology for applying basle fluid mechanic phenomena to
improve transltlon-fllght interference effects on per-

formance, stability and control of selected military
VTOL combat type configurations through wind tunnel
evaluations of small-scale models.

a SCS VTOL Aircraft Handlln_ _ualltles - Establish by FY
1976 through slmulator investigations the envelope of
acceptable approach aspects (relative headings of air-
craft, ship, and wind) for satisfactory handling quail-
ties of VTOL aircraft on Sea Control Ships under various
sea states and weather conditions.

a Land-Based VTOL Aircraft Handling qualities - Devise and
demonstrate by FY 1977 an integrated control system for
all flight phases of high=performance VTOL transport type
aircraft. Verify through X-14 flight tests and related

simulation studies, design criteria for vehicle lateral
control power in hovering by FY 1975.

• VTO_ Flow Interactions - provide predictive methods
adequate for design needs by FY 1978 of complex flows
and their interactions (including noise effects) typically

associated with VTOL aircraft having concentrated propul-
slon/llft system inlet and exhaust flows. As one specific
example; a satisfactory analytic method for predicting
vehicle induced lift accruing from lift engine propulsion
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installations in wing mounted pods will be sought in
FY 1976.

Approach

The high performance VrOL aerodynamic programs are conducted at Ames

and Langley. At Ames, the primary emphasis is on large-scale aero-

dynamic performance and acoustic studies, and on handling quality

investigations. ,Langley concentrates on small-scale model investiga-
tions of aerodynamic performance, stability and control. NASA funding
for the Joint USN/USAF, NASA, FAA X-22 handling qualities program has

been directly from Headquarters with technical monitoring by Langley.

The approach toward accomplishing each identified target and the major
milestones is as follows:

• E_ector-Win_l_OL Aerodynamics - Langley in FY 1975
will evaluate the VTOL aerodynamic performance, stabil-

i Ity and control o£ small-scale wlnd-tunnel and free-

flight models of XFV-12A VTOL aircraft configurations,
and Ames will test the actual aircraft in the 40- x 80-ft.

tunnel if provided by the Navy. Ames in FY 1975 will

continue exploratory investigation of hypermlxing VTOL

; ejectors, which will be extended in FY 1976 to advanced
ejectors having pressure ratios perhaps as high as 2 to 3.

i Ames in FY 1975 will investigate the feasibility of VTOL
ejectors lo_ated axially in the chordwiee direction near

the root of low aspect ratio military type aircraft con-
figurations of VTOL performance in FY 1976.

Q Lift-Fan VTOL Aerodynamlcs - The characteristics of a

current technology lift-fan civil transport model and
of a military multl-mlssion llft/crulse fan conflgura-

tlon will be determined in large-scale powered model
tests on the Ames etetlc test stand and in the 40- x 80-

ft. tunnel in FY 1975. Langley in FY 1975 will complete
small-scale model investigations of the performance,

stability, and control of an intercenter VTOL transport
model incorporating a different wlng-pod-mounted llft-

fan configuration, and of McDonnel Douglas VTOL transport
design. On the basis of these results, Ames in FY 1976
will inltinte the design of a more advanced _OL trans-

port type model for the 40- x 80- ft. tunnel, having
substantially less required thrust/welght than current

designs, to develop the integrated aerodynamic and acoustic

technology.
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• Lift/C.ruiReTh.rmsCVectorln_ - Ames in FY 1975 will complete
a first series of small- and large-scale static tests
of lift/crulse fan nacelles and thrust vectoring vehicle
control systems aimed at developing technology forslmple
lightweight systems that can meet the stringent requirements
for large vectoring angular ranges, fast angular and thrust
madulntlon, high temperatures, and acceptable interactions
of the exhaust flow wlth the aircraft, ground, and alrstream,

• Lift_Cruls@ .VTOL...Aerod_namlea- Langley in FY 1975 will
continue wind tunnel evaluations of small-scale VTOL combat

type aircraft configurations with wing and lift jet rela-
tive positions varied to optimize Jet interferenceeffects
on performance, stability and control during transition
flight.

a SCS VTOLAireraft Handling Qualities - Ames will con-
tinue in FY 1975 and complete in FY 1976 a first series
of simulator investlgations to establish the envelope
of acceptable approach parameters for satisfactory
handling qualities of VTOL aircraft under manual control
during take-off, approach, and landing on Sea Control
Ships under severe weather conditions. Additional in-
vestigations will extend into FY 1977.

S Land-Baaed VTOL Aircraft Handlln K _ualltles - Research
at Ames toward demonstrating by FY 1977 on integrated

flight control system far high performance VTOL trans-
port type aircraft will include in IT 1975: (i) ana-
lytical and sLmulation studies of such a control system;
(2) continued X-14 flight investigations to extend and
refine hover control system and handling quality design
criteria determined through simulation; (3) completion
of simulation mth models of advanced V/STOL transports

to support transportation systems terminal area effi-
ciency studies and; (4) initiation of a major simulator
study on the FSAA to examine in considenable detail
how beat to detect and handle system failures on reprs-
sentatlvo VTOL aircraft designs during critical conversion
flight regimes (this effort will extend into FY 1977).
Reporting of the X-22 flight evaluatlan of VrOL curved
deeelerat_Ing approoehesp monitored by Langley, will he
completed.

a VTOL Flow Interactions - Ames by FY 1976 will attempt to
devise satisfactory t_ooretical methods to predict
induced flows for VTOL podded configurations. Generalized
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studies will continue through FY 1978 at Langley on
VTOL cressflow interferences, and at Ames, on the noise

of VTOL exhaust Jets as related t_ turbulent mixing.

Need end Retevancy

Efficient high-density short-haul civil transportation systems for the
future have a need for quiet efficient vehicles which can operate
over short to modest stage lengths competitively with other forms of

transportation from small inexpensive VTOL ports which can be readily
located to meet transportation demnde with a mlnlmumlmpact on the

com_nlty environment and with an economic advantage to beth the travel-
ing public and the =oam_/nlties being served. Likewise, the DaD has a

requirement for future cnrrler-on-board delivery (COD) logistic and
surveillance type VTOL aircraft which can be operated from small Sea

Coatrol Ships, as welt as far VI'OL combat alrcraft. There is consider-

able commonality in the vehlcte technology requirements for both the
civil and military needs, The programs of thln objective are oriented

to provide the vehicle aeredyn,_nlc and flight dyllamlcs technology re-

quired to develop viable veblcles for such civil and military needs.

TrLT=ROr0R RESEARCH AIRCRAFt
(744_28) Ongoing

Program Objective

Demonstrate advanced rotorcraft technolosy for militar_ and clvilVTOL

vehicles _vlng twicethe cruise speed of the helicopter while retei_

ins its e£flqi,ent hover capability.

Major targets of this program include the following:

n Initiate detail design - August 1973.

o Critical design review - August 1974,

a Fabricate two tilt rotor aircraft - 0$tqber 1975.

a Complete ground testing - May 1976.

a Start flight research - June 1976.
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a Definitise advanced flight research program -
July1977.

PragramApproach

Under a Joint agreement signed November I, 1971, NASA and the Army are
sharing the funding and management of this program, A Jointly staffed
project office is located at the Ames Research Center.

Two contractors participated in a Phase I competitive design and analy-
sis which was the basis for the selection of a Phase II contractor.

The Bell Helicopter Company was awarded a contract on July 31, 1973,
for the designs fabrication, and flight test of two Tilt Rotor Research
Aircraft.

The program will be conducted on an "experimental shop" basis to empha-
size cost and t_ne savings as well as controlling the technical aspects
to insure the aircraft will best meet the research objectives. P_ior
to flrat flight, a comprehensive ground test program will be conducted,
including tle-dowu and full-scale wind tunnel tests.

Ames I flight simulators will be utilized to verify aircraft character-
istics and to familiarize Army/NASA operating personnel with normal and
emergency procedures. The initial flight tests will be conducted st
the contractor's facility to verify flight safety and train Army/NASA
flight personnel. NASA facilities will be used for proof-of-concept
flight tests and definition of the advanced flight research program.

NAedandRe1_zancy

Hellcopters have been widely accepted for both civil and military mis-
sions whore efficient hover and VTOL capability are required, Their
appllcation to a wide range of civil short-haul and military tactical
roles has been restricted, however, because of high dynamic blade loads
and the loss of propulsion efficiency at higher forward flight speeds.
Noise, vibration, high maintenance costs, and poor ride qualities have
also added to the limitation of the helicopter.

For the past twenty years, the Army, Air Force, NASA, and industry have
been pursuing the establishment of a tilt rotor technology base. Based
on In-house studies and analyses by NASA/Army engineers, it was concluded
that the tilt-rotor concept showed the greatest promise for a capability
to meet the military and civil V/STOL needs anticipated in the future.
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ROTOR SYSTEMS RESEARCII AIRCRAI_
(745-79) Ongoing

Program Objective

A unique flight test capability in 1976 for advanced rotor research on
a wide variety of promising new rotor concepts.

This program will expedite improved rotorcrsft research through =he usa

of a specially designed flight test vehicle. Extensive on-board instru-
mentation will provide better research data, and repeated use of the

test vehicle will enable tlmely and economical completion of rotor

research projects.

Program Targets

Major targets of this program include the follomlng:

a Initiate detail design - December 1973.

• 3rlticnl design review - December 1974.

• Fabricate two Rotor Systems Research Aircraft -

September. 1975.

• Initia_e contractor fllght test - November 1975.

• Aircraft delivery to Government - December 1976_

a Initiate NASA/Army rotor research program - January 1977.

ProgrnmApproach

NASA and the Army are Jointly funding and managing this program under

an agreement signed November 1, 1971. A Joint project office is located

at the Langley Research Center where the rotor research program will be
conducted. NASA/Army in-house and two contractor pre-deslgn studies
ware used to establish the feasibility of an advanced flight research
vehicle and to define its characteristics, the flight control system,

and tile research instrumentation systems.

L
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An RFP was issued, proposals were evaluated, and Sikorsky Aircraft was

awarded a contract for the design fabrication, and flight test of two
Rotor Systems Research Aircraft.

Supporting rssaarch and technology efforts will be conducted, as re-

quiredp to support the design effort and reduce the technical risk of
the project. Wind tunnel tests will be conducted and the Flight Simu-
lator at Ames Research Center will he utilized.

The "experimental shop" concept will be used to stress time and cost

savings in addition to controlling the technical aspects to insure the
aircraft will best meet the research objectives.

After a thorough ground test program, the contractor will conduct air-
worthiness flight tests, determine the aircraft characteristics and

handling qualities, and check out the research instrumentation.

The NASA/Army research program will be started shortly after the alr=

craft are accepted by the government.

Need and Relevancy

The expanding role of the helicopter in both civil and military appli-
cations has generated requirements which exceed the current state-of-
the-art of rotary wlng technology. To date, flight tests of promising

advanced concepts have been conducted by modifying on existing aircraft
or by building a new aircraft for each concept. This approach is time
consuming, costly, and often gives less that good results.

NASA and the Army have been looking for a way to conduct adequate and

timely investigations and demonstrations of advanced concepts in flight
without the excessive time, cost, or data limitations of the "one at a

time" approach, Both agencies have concluded that a specially designed
research aircraft with adequate instrumentation is needed to test ad-
vanced rotor concepts and verify rotorcraft supporting technology. The
Rotor Systems Research Aircraft is planned to fulfull thle need.

k .
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ROTOR SYSTEMS FOR RSRA

(766-79) Now Start

Program Objective

Seleetp acquire, and evaluate on the Rotor System Research Aircraft

(RSRA)--now being developed Jointly by the Army and NASA--three practl-
ca__!ladvanced rotor-system concepts, Demonstrate through tests of these
concepts in the real flight environment the integrated performance,

dynamics and acoustics technology improvements achievable, such as

increased speed (above 300 knots), with attendant lower vibration levels

(by '_), 'noise (below 95 PNdB at 500 feet), and extended component llfe
(by 1007o)-_'_adlng to community acceptance, improved ride comfort (to

feederllne aircraft levels), and reduced direct operetln_ costs (by
20%). Particular objectives will depend in large part on the three

rotor system concepts selected. Concepts currently considered promis-
ing include the:

• Acre-acoustic rotor for reduced external acoustic noise

and increased cruise L/D

a Varlahle-_eometry rotor for reduced external acoustic
noise and rotor vibration and increased hover efficiency

• Composite structures rotor for reduced rotor system
weight

• yarlable diameter rotor for increased cruise speed

• Controllable twist rotor for increased cruise speed
and L/D, increased hover efficiency and reduced rotor
vibration

Program Targets

The program objectives will be approached through the following steps:

• Initial selection of rotor systems by mid FY 1975.

• Begin deals n and fabrication of first rotor system

by late FY 1975, ground tests by mid FY 1977, and flight
tests by early FY 1978.
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a Begin design and fabrication of second rotor system
in mid FY 1976, ground tests by late FY 1977, and
flight tests by mid FY 1978.

a Begin design and fabrication of third rotor system
by mide FY 1977p ground testa by early FY 1979 and
flight testa by late FY 1979.

Because the program involves evaluating advanced rotor concepts on a
new flight test facility, strong supporting technology efforts wlll

he conducted during FY 1975-77 to aid in establishing design criteFie
for the rotor systems and guiding their development to assure a suc=
oeevful program.

Program Approach

The technical approach will encompass four major related elements con-
ducted cooperatively with the U.S. Army:

I. Direct Supportive Research & Technolo_ Act lvltiee = This
includes (a) evaluation of advanced technology airfoils and
components which will likely be incorporated into selected
advanced rotor system concepts as deacrlbed in item 2; (b)
scale model dynamic investigations of some of the candidate
advanced rotor concepts; and (c) correlation of analytical
prediction and flight data obtained as described in item
4.

2. Advanced Rotor System Concept Definition Studies & Selee-
tio.__a- Concept definition studies will be _de under con-
tract to serve aa the basis for the eventual selection of
the initial three concepts for investigation on RSPA. The
definition study contracts will document infor_atlon on
concept potnntlal, preliminary design data, development
support requirements, and cost/schedule relationships
noceaeary for suhaequent preparation of proposal requeate
and contract award to procure the rotor system s.

3. Advanced Rotor Systems Design & Procurement for RSPA -
Thle includes the design, fabrication and ground teat of
three advanced research rotor systems in a canner to pro-
vide flight hardware conalstent with the RSPA flight
schedule. Prloritles and sequencing of the hardware de-
velopment will he based lu part on concept potential, on
extent of development and fu_l-scale ground test require-
ments, and on timelinees.
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4, Fli_ht Evaluations Utilizing RSRA - Upon delivery of the
RSRA, documentation flight tests will be made to evaluate
system capabilities and provide baseline data for correla-
tion with future teat results. Thereupon, extensive flight
investigations will be made of each of the three research
rotor systems provided by this systems technology program.
During the course of evaluating the three rotor systems
per se as they become available, there will be additional
flight evaluations utilizing the unique versat_llty and
capability of the RSRA to study important broad hell-
copter problem areas such as: (a) control system tech-
nology including feed-back systems for gust alleviation
and ride comfort, (b) rotor/airframe structural dynamic
response, and (e) compound helicopter maneuver character-
istics.

Need and Relevancy

The NASA and Army are jointly developing two RSRA vehicles at a cost
of $33H to provide an efficient, expanded and economic capability (l)
to evaluate potentially superior, advanced technology rotor system

concepts in flight; (2) to investigate rotorcraft systems and charac-
terlstlcs over a much greater envelope of flight conditions than achlev-
able with currently available laboratory facilities or flight vehicles;

! and (3) to provide an extensive flight data base to validate _nny com-
plex rntorcraft dealgn prediction methods. Development of the RSRA

i vehicles is being egresslvely pursued to provide the expanded test
capability for evaluating a number of rotor concepts at a substantial
cost savings compared to the current approach of validating each
advanced concept on separate "one shot" test vehicles. The RSRA pro-
Ject is completed upon government acceptance of the aircraft, however,
and this research program is required for utilization of the valuable
national teat facilities to achieve the return on their investment in

a cooperative effort with the U.S. Army.

The first RSRA vehicle is scheduled to be delivered to the Langley
Research Center by the mid FY 1977 with its baseline rotor system, and
to be ready for initial evaluation of an advanced research rotor system
by bate FY 1977. On the basis of P_T base technology programs to date,
several rotor system concepts appear to warrant the thorough flight
evaluation which RSRA will permit. However, none of the rotor systems
exist in flight hardware suitable for direct use on RSRA. Although
the time requirements far design, fabrication, ground test, and inte-
gration of a complete rotor system on RSRAwill vary with different
concepts, a m_nimum of about two years is anticipated. Therefore, it
is imperative that concept definition studies and evaluations be initi-
ated early in FY 1975 to select the most appropriate rotor systems for
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developmentp to eatabllsh a concept priority which will allow the most
effective development of flight test hardware, and to begin the design/
fabrication of the first research rotor system. The provision and
evaluation of the second and third rotor systems of thls program are
timed for maximum effective utillzatlon of the two RSRA vehicles for

all NASA/Army flight investigations requiring the vehicles.

The development of advanced rotor systems and their evaluation of P_NA
contribute directly to the NASA National Coals of providing efficient
short=haul transport technology and establlshi_g the technology for
superiority in military aeronautics. The program will in addition aid
greatly in focusing technology efforts carried out under the NASA Rotor-
craft Research and Technology Base programs which also support the two
National goals mentioned.
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5. NASA
SUPERSONIC CRUISE AIRCRAFT NOISE

TECHNOLOGY PROGRAMS



OBJECTIVE DOCUMENTATION

Title: SCAR Propulsion Technology

Type of Spsclflc Objective

-- Discipline Study__X System and Experimental Program

O!_anlzacionalElement Respqnslbility

Advanced Supersonic Teehnology/Hypersonlc Research Office -
W.S. Aiken, Jr.; L. Sternfleld

Statement of 9p.ecificObjective and Targets

Objective: To establish an expanded supersonic propulsion technology
base in parallel with the expanslon of other supersonic dlsclpllnacy
technologies which will permit the reduction of nois• in takeoff and
landing to levels less than the Douglas DC-IO and Lockheed I011; re-
duce fuel consumption rates which can make supersonic cruise aircraft
significantly more efficient; and nitric oxide emissions in high al-
titude cruise that are greatly reduced from levels possible with

today's technology. Specific targets are:

a By the end of FY 1975, establish noise reduction potential
0£ suppressors for coannular jeta for appliea_ina to
duct-heatlng turbofan cycle engines.

• By FY 1977, verify the potential of NOx redactions to 90Z
lea• than current engines at supersonic cruise eltltudes;

• By FY 1977, verify inlet shock stabilization valve concept
operational suitability by YF-12 flight tests.

• By FY 1979, synthesise and apply an integrated propulsion
control system to the YF-12.

Approach

NASA's fundamental research on supersonic propulsion system problems

is conducted primarily by LeRC, with contributions from ARO in the
noise area and FRO in the area of inlet control systems. Primary

emphasis is placed on the development of enslne components and propulsloe
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systems which will provide high levels of propulsive efficiency wlth
reduced levels of noise and pollutant emissions, The secondary era-
phasle is on the development of Int@grated control systems which will
stabilize inlet shock waves and thu_ provide for improved propulsion
system performance and reliability.

• Noise suppressors developed in the FAA SST Phase II
Follow-on program and in-house LeRC programs will be
flight tested using the Lewis F-f06 and also tested
in Ames 40' x 80' wind tunnel. The sources and treat-
ment of coannuler Jet noise, important for applications
to duct-heatlng turbofan engines, will be studied by
Lewis leading to later engine tests. Wind tunnel
techniques to be developed by ARC for the prediction
of the effects of forward speed on nolee characteris-
tics wlll lead to testing of powered models of super-
sonic cruise aircraft.

• The LeRC will continua the current in-house/contractor
clean combustor program which is aimed at reducing

the NOx emissions at supersonic cruise speeds to levels
wblch are only 90% of those of current subsonic slr-
craft. Tests of candidate combustors will be tested

at flight conditions representative of those of long-
range supersonic cruise aircraft and these tests will
lead to the development of Low NOx combustors sult-
able for use in lOW-hOleS engines,

a Inlet shock stabilization valve concepts and digital
integrated coat:el techniques will be applied by the
Lewis and Flight Research Centers to the YF-12 air-
craft. The shock stabillzatlon system will be tested
in the Lewis 10' x 101 wind tunne_ end subsequent
flight tests will be conducted on a YF-12 which has
been modified to include the new system.

Major milestones of the SCAR propulsion Technology program are:

Early FY 1975 - Initiate wlnd-tunnel tests of Inlet
shock stabilization valve.

Mid FY1975 - Initiate studies of augmenter pollution.

Early FY 1976 - Establish noise reduction potential of
suppressors for coannular jets.
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Seed and Relevancy

The SCAR Propulsion research is for direct support of the Supersonic
Cruise Aircraft Research program. This work is of primary relvvance
to the OAST focus on basic research on supersonic cruise aircraft.

The propulsion system is always a key technology area in the develop-
ment of any advanced aircraft. In the case of supersonic cruise air-
craftp additional eonstralnta imposed by the need to reduce terminal
area noise (less than new widebody civil aircraft) and terminal area
and upper atmosphere pollution (ninety percent less than current
engines at high altitude cruise), while retaining cruise efficiency
for military aircraft and economic viability for civil aircraft,
present a set of interlocking problems which must be addressed through
nalae suppression programs, clean combuetor programs, and the initla-
tion of research on advanced low-nolse engines which permit efficient
operation at both subsonic and supersonic speeds. In addition, since
very precise and complex propulsion controls are required to prevent
major interactions of propulsion system components as well as potential-
ly adverse interactions with airframe control systems, research on the
dynamics and control of supersonic propulsion systems must be conducted
by means of wind tunnel and flight testa,

We expect that the results of this research will provide the background
data which will lead to quieter, cleaner, and more efficient propulsion
systems for both military and cor_erclal supersonic airplanes.

OBJECTIVE DOCUMENTATION

Title_ Superaonlc Cruise Aircraft (SCAR) Aerodynamic performance
Technology

T_pe of Specific Objective

Diaclpline Study X System and Experlmental Program

Or_anizatlonnl Element Responslbillt_

Advanced Supersonic Technology/Hypersonic Research Office -
W.S. Aiken, Jr.; L. Sternfleld
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Statement of Specific Objee,tive and Targets

Objective: To establish an expanded supersonic serodynamlcs technslogy
base in parallel with the expansion of other supersonic disciplinary
technologies which will permit improvements in L/D, reductions in sonic
boom, and the trsnslstlon of technlcsl advances into integrated air-
craft systems. Specific targets are:

• By FY 1977, validation of Iow-spsed hlgh-lift aero-
dynamic performance theories,

a By FY 1978, verlficstlon of theoretical methods for
rapid analysis of critical design loads.

• BY FY 1979, 30Z increase in L/D over present state-
of-the-art for aerodynamic configurations meeting
all propulsion system, structure, and control
system restraints.

s By FY 1981, 40Z reduction in sonic boom during cruise
conditions potentially applicable to far term ad-
vanced supersonic transport designs.

ARprogch

NASA1• fundamental research on supersonic aerodynamic performance is
conducted primarily by the Langley and Ames Research Centers. Primary i
emphasis in placed upon evolvimg supersonic cruise aircraft concepts
which have high levels of supersonic performance, on obtaining suffi-
cient low-speed and supersonic wind tunnel data to permlc optimization
of these concepts, and on the development of improved thaoretlcal
methods for use in the design and •nalysls of both mllltory and com-
mercial supersonic aircraft. The secondary emphasis is on the develop-
ment of a more complete understanding of the sonic boom phenomena which
arm no critical tO co_mrclal Overland supersonic flight.

a Integrated supersonic cruise comfiguratlon concepts
which show promise of meeting the demanding requirm-
meats of future long-range supersonic cruise missions
will be developed by LaRC with extenalv• analyses
and wind tunnel teats. Both "near-term" concepts, which
depend on only small improvements in the related disci-
plines of structures, propulsion, and flight controls
to become viable supersonic cruise aircraft, and "far-
term" concepts which depend on extensive technology
advancements in all areas, will be considered. In
addition, the ARC wi11 give consideration to unconventlonal

|

142



concepts which might show future promise in an advanced
technology environment.

• The purpose of the theory development program is to
fill the voids apparent in the recent United States
SST program. Needs for improved, and more rapid,
means for eupersonlc cruise aerodynamic design and
analysis methods; more valid means for predicting
erit£cal wing and fuselage design loads; and methods
for analytlcally assessing the low-speeds high-llft
aerodynamic performance were indinated during this
program. LaRC will conduct contract studies to meet
the needs for better supersonic and loads methods
while ARC will direct a contract study to fill the
need for improved low-speed methods. The goal is
to combine the improved methods Into • unified
design and analysis method which iS applicable to
most classes of supersonic aircraft.

• It la generally accepted that the future market for
c_ereln! supersonic cruise aircraft would be more
than doubled if the sonic boom problem could be
solved o£ ameliorated. The SCAR sonic boom technology
will be directed towards obtaining a better under-
standing of sonic boom pshnomena and towards evolving
configuration concepts which have low levels of sonic
boom disturbance°

Major milestones of the SCAR Aerodynamic Performance research are:

Early FY 1975 - Complete Cornell Unlverslty study of
i sonic bo_. phenomena.

Mid FY 1975 - Extend contracts for improved supersonic
loads, and low-speed theory.

Late FY 1975 - Complete transonic tests of arrow-wlng

_: propulsion and pressure distribution
,_ model.

Nnnd and Relevanc_

The SCAR Aerodynamic Performance research is for direct support of the
Superaonlc Cruise Aircraft Research program. This effort is 0£ prl-
mary relava_ce to tim OAST focus on basic research on supersonic crulae

,, aircraft.
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_mproved. aerodynamlo performance in all flight regimes is critical in

the developmen_ of superior military end commercial airplanes. A thirty

percent increass in L/D would provide the option for an approximate

thirty percent increase in range or payload capability, In the ca_e
of supersonic commercial airplanes, the additional constraint of sonic
boom and the need for hlgb levels of low-speed aerodynamic efficiency

to reduce noise, seriously complicate the aerodynamic design and inte-

gration problems, In order to provide the technology for future super-
sonic cruise alrsraft with either military or commercial missions,

advanced configuration concepts must be evolved, advanced theoretical

procedures for use in predicting and optimizing the aerodynamic per-
formance must be validated, and an e_tenslve data base must be obtained

from wind tunnel tests of representative models. The SCAR Aerodynamic
Performance research is directed toward these needs.
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6. NASA
AIR TRANSPORTATION

SYSTEM STUDIES



,SHORT-HAULTRANSPORTATrON SYSTEHS ANALYSIS

The objective of this work is to help develop a sound technological
base for future decisions relating to the design, development, and
operation of short-haul transportation systems, This objective will
be achieved through a related group of studies that: examine the re-
latlonshlpe between short-haul technology and short-haul economics,
marketsj and implementation; identify potential viable short-haul
airplane concepts and tbelr design and performance criteria for practi-
cal short-haul transportation systems including consideration o£
market, economic, and eeviroRmental factors; and, perform sufficient
aircraft design to provide a realistic assessment of technical problems
and questions regarding their design, development and operations, and
their development and operational costs. These data will be used to
help define the future direction of productive technical (and system
related) activity for short-haul transportation systems. This in-
veetlgatlon will be performed in-house and under contract.

Two contracted studies (Lockheed and Douglas) to determlne the opera-
tlonal and economic viability of turbofan powered propulsive llft
aircraft for short-haul transportation have been completed. Final

reports will be distributed in June. The current contracts have been
extented to (a) allow Lockheed to optimally design and compare the
OTN/I_F propulsive lift and mechanical flap concepts in terms of noise
impact and operating economics and (b) allow Douglas to determine the
impact on operating economics of the effect o£ combining termlnal
area operations with various engine cycles to minimize co_unlty noise
impact for several propulsive llft and mechanical flap concepts.

A,.NALYSISOF FUTURE CIVIL.AIR TRANSPORTATION SYSTEMS.A.ND.,CONCEPTS

The obJectlvo of this study is to provide systems analyses of future
civil air transportation systems and concepts in order to identify
promising aeronautical systems, determine optimum characteristissp and
define technology requirements and costs associated with such systems.
Studies of general aviation aircraft, CTOL, STOL, and F/oL tran,por_s,
advanced subsonlc/transonlc transport alrsraftt and advanced super-
sonic transports will be conducted, Total system studies will be
carried out considering all of the interactions between aircraft, air-
ports, airways, co_dunlty impact, and ecooomlcs (both within the avla-
tloa Industry and on.a national basts). In addition, studies of a
chart term mature will be conducted in support of the aeronautical

program planning activities 0£ ARC and OAgT,
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HIGH TRANSONIC SPEED TRANSPORT (HiTST_ SYSTEM STUDY

The objective of this study is to provide detailed configuration defi-

nition of a high transonic speed transport concept. The contract

system study of FY 1973 identified a promising yawed wing aircraft

at the conceptural design level. The study this year will provide
needed definition at a more detailed level, providing in-depth analysis

in several individual new technology areas, and adding credibility to
certain design concepts. Examples of such deslgn_atudles would include

fatigue and flutter characteristics of composite structures, low speed
stability and control of yawed wing for emergency maneuvers, nnd new

engine technology applications for reduced noise.

SUBSONIC/TRANSqNIC C/HTOL TRANSPORT TECHNOLOGY

SYSTEMS AND..DESIGN STUDIES

This work covers systems and design integration studies for subsonic
C/RTOL long and medium-range passenger and cargo transport aircraft.
The objective is three-fold. (1) Make technology advances available
for superior subsonic C/RTOL transport aircraft to satisfy anticipated
requirements in the 1980's. Anticipated requirements include the
need to improve aircraft cruise efficiency not only for better economics

but also for energy (fuel) savings; to alleviate terminal-area conges-
tlon; and to reduce aircraft noise and emissions without suffering
economic penalties. (2) Determine the feasibility of utilizing air-
craft fuels other than JP fuel for subsonic cargo and passenger air-
craft as a potential partial solution to a projected shortage of petrol-
eum in the 1990's and to identify alrcraft-technology requirements

peculiar to alternate fuels. (3) Investigate new approaches to provid-
ing mere economical subsonic transport of liquid and solid cargo in

anticipation of the need for a greatly increased air transport of
cargo.

SUBSONIC/SONIC CTOL TRANSPORT TECHNOLOGY PROPULSION STUDIES

NASA has initiated an effort to study the application of advanced
technology to the improvement of future co_nercial transport aircraft.
The rooults were resolved in terms of economic factors involving param-

eters such as aircraft drag, propulsion efficiency, costs, and pro-
pulsion system noise and exhause emissions. Detailed analyses has been

completed through in-house and contract studies and have been documentsd

in NASA _ontractor Reports, Results indicated that the environmental
constraints imposed compromises to the the optimum fixed-area turbofan
cycle with resulting economic penalties. The studies also indicated
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areas where advanced technology would decrease the noise end emissions

and improve the system economies.

Results of recent studies of unconventional cycles have indicated that

to achieve low noise, variable geometry inlets in conjunction with

varlable-area exhaust nozzles will be needed. Also, the use of high
throat Mach number inlets appear to offer significant performance and

economic improvement over inlet splitter rings. Several designs,

including hybrid variable geometry cowls, expanding and translating

centerbody types, and translating rlng-type inlets were proposed for
further study.
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OBJECTIVE DOCUNENTATION

Title General Aviation Aerodynamic Technology

Type of Specific Objective

)_, Discipline Study System and Experimental Program

Or_anlnational .Element ReeponaibilitF

Aerodynamics & Vehicle Systems Division - Roger L. Winblade

Statement of Specific Objective and TarAoCs

Objective: To develop and demonstrate advanced technology for general
aviation use that will permit the design of f_ture U.S. aircraft that
are saferj more productive and clearly superior to foreign competition.

The followlng targets have been established to provide the advanced
capabilities and design techniques necessary to achieve the stated
objective.

a Flight demonstration in FY 1975 of low speed airfoils
with a 30% increase in CLmax maintaining the same or
less cruiae drag.

• Application of supercrltinal aerodynamic technology by
all U.S. business Jet manufacturers by 1975.

• Flight demmnstratlon by FY 1976 of plloc displays and
control systems to improve flight path control and
landlng performance with special application to

- pilot training
- pilots who fly infrequently
- landing at unfamiliar airfield
- night landings
- emergency conditions

• provide definitive design criteria, test, end evalustlon
techniques by FY 1976 for aircraft that will not spln
unintentionally.

• Establish design criteria for airfoil sections and plan-

• forms optimized for low noise propellers by FY 1976.
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Approach

Analytical and experimental efforts are directed toward the generation
of design data for safer more productive general aviation aircraft.
Simulators, wind tunnels and when •pproprlate, experlment•l aircraft
will be utilized in programs addressing the problems and limitations
unique to the general aviation category of aircraft. Improved safety
and utility are predominate factors; however, user requirements, manu-
facturing and cost limitation and certificability are slgniflc•nt
factors in development and conduct of the technology programs,

• Both analytical predictions and wind tunnel testing
have been used to develop a new low speed airfoil
section, The characteristics of the new airfoil shaw

an increase of 30% in CLmax and a 50% improvement in
L/D when compared to airfoils currently in use.
Experimental flight verification will be accomplished
through the testing of a modified aircraft incorporating
new wings designed with this airfoll section. The
wing design was completed in FY 1973 with fabrication
by a general aviation manufacturer underway in FY 1974,
Detailed flight testing in FY 1975 will provide a
completed data package including analysis, wind
tunnel data, application techniques and flight verifi-
cation.

a Supercritlcal aerodynamic theory, while developed in
the context of large transports and military aircraft,
will be of significant advantage to business Jet air-
craft. Classification of supercrltlcal data requires
implementation of specific agreements under which the
necessary access to data can he authorized. Such
agreements, providing data, technical consultation
and NASA wind tunnel validation of the resulting

designs, are in effect with four U.S. business Jet
manufacturers, Discussions are underway with the
remaining two U,S. companies concerning similar
arrangements.

a Direct modulation of the L/D ratio has been shown to

provide significant improvements in the precision of
flight path control and reduction in touchdown dis-
persion when properly integrated into the pilotls
task. The successful completion in FY 1974 of the
direct drag control (plate spoilers) effort to
demonstrate the feasibility of using spoilers on
powered light aircraft is being followed by a similar
effort on direct llft control in FY 1975 and FY 1976.
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An aircraft modified to incorporate the slot spoiler
lift modulation concept will be utilized to obtain
definitive data on effectiveness and operational

characteristics, Simulation and actual flight tests
of an experimental "breadboard" version of a simple

head-up display presenting information on angles of

attack and sideslip as well as airspeed have shown a
beneficial effect on the landing performance of

selected pilots with considerable experience in light

aircraft, Continuing flight verification of this and on
improved prototype version will be performed with pilots

of lesser skills and experience to demonstrate the

effectiveness of the unit and application in the
operational environment.

a The stall/spln problem currently is the largest
single factor in general aviation fatal accidents,

The program initiated at the Langley Research Center
in FY 1973 to define the criteria and design techniques

for spin resistant airplanes is intended to alleviate

that problem. Exploratory investigations will be

conducted at Langley and Ames on both aerodyncml¢ and
avionic methods for preventing stalls and spins.

Wind tunnels, radio controlled models and full scale
aircraft are being used to identify and document

the critical aerodynamic characteristics relative

to 8pln entry and recovery. Modernization of the
tall damping power factor criteria is a primary

aim of this cffort_ as "is the development and
demonstration of an economically viable radio

; controlled model testing technique for preflight

!, verification of spin characteristics. A compact
and easily-installed spin recovery system employing i

! monopropellaat (hydrogen peroxide) thrusters and
;: a self contained fuel supply system is to be developed

and flight tested to demonstrate the suitability of i
_: this type of system for basic spin research and possible

use by manufacturers in their spin cerCiflcatlon i
tests.

< e Both in-house and university grant efforts are being

_i directed toward development of modern design criteria

:_ for propellera. Operational and manufacturing compro-
mises have resulted in propellers that currently operate
well below the theoretical maximum efficlencies. During

FY 1975 and 76, concentration will be on application of !

advanced aerodynamic theory to optimizing planforms and
airfoil sections for maxlmum noise. Optimized blade shapes
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will be fabricated from both conventional materials

and composites to investigate potential benefits of the

newer manufacturing techniq._s,

Need and Relevanc_

The impact of general aviation on the air transportation systems in
terms of numbers of operations, flight hours, and people transported

has been well documented. The projected large increases in this ac-

tivity are validated by past history. With 500 million interclty
travelers projected to be using general aviation by 1985, it is impera-

tive that a vigorous technology program be directed at _mprovlng tile

safety of these operations.

The general aviation industry in the United States currently exports 20
to 30% of its production. This market has been maintained primarily

through the technical superiority of the U.S. manufacturing. Countries

in Europe, South America, and Asia, through government support, are

rapidly developing their general aviation industries. Projections to
the 1985 time period indicate that unless the U.S. industry can gener-
ate aircraft that are technologically superior, the emerging foreign

competition will not only absorb the export market but will make
significant inroads into the domestic market as well.

SPECIFIC OBJECTIVE

Title: Quiet, Clean General Aviation Turbofan

Management Responslbillt_

David J. Miller/Aeronautlcal Propulsion Division

Specific Objective

The specific objective of this program is to identify, extend, and
demonstrate the technology applicable to small general aviation turbo-
fans to achieve future environmental requirements with economic

viability.

Targets

• Perform studies to define an experimental technology

demonstration program, January 1976.
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e Contract award February 1976

• Critical design review June 1976

• Delivery of experimental engine for test Hay 1977

Need and Relevancy

The use of small aircraft has the potentlel to create a more widespread
adverse community reaction to jet noise and pollution than do transport
aircraft. This is so because minor airports used by small aircraft

are apt to be located near suburban residential areas unprotected by
commercial/industrial buffer zones. Jet powered general aviation air-
craft sales are increasing at a faster rate than the rest of general
aviation aircraft.

Existing FAR 36 noise restrictions probably can be met by new production
aircraft. It is probable that these restrictions will be tightened to
require reduced noise levels for the next generation of aircraft.

EPA emissions standards applicable to subsonic gas turbine engines of
less than 8000 Ib thrust will enforce s more stringent set of criteria
for all engines manufactured after January I, 1979. No current small
turbofan or turbojet engine can meet these 1979 emission standards.

Approa£h

Program definition studies wlll be accomplished during FY 1975 as part
of the RAT Base Technology program. The studies, to be performed by

general aviation turbofan nmnufacturers will:

1. Analyze the applicability of large engine technology
(nolse/pollution) to general aviation turbofans.

2. Examine other factors significant In improving the
applicability of small turbofans to general aviation.

A program plan will be Included as part of the FY 1975 studies.

The Quiet, Clean, General Aviation Turbofan (QCGAT) program will be a
contracted effort, A single contractor will be competitively selected
for the experimental program. This program will include design, fabri-
cation, assembly, and ground tests of the cxperlmental engine. Purcher
ground testSng will be performed by NASA. Extensive use will be made
of existing engine component technology and existing engine cores in
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order to hold down costs. Cost sharing w£11 be explored.

There is no intention to proceed into a development program for a
flight demonstrator engine.
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SOURCE NOISE REDUCTION PROGRAMS

The objective of this program is to develop a noise source pre-
diction capability for all categories of aircraft. This program in-
volves the investigation and determination of the parameters that

cause or influence the actual generation of noise emanating from

aircraft, definition of noise sources and _ethods of reduction plus
development of guidelines for changes to the engine and aircraft
configuration required to minimize noise. Aircraft noise source ele-
ments are identified as follows:

s Turbo machinery

e Jet mixing

• Combustion/case

• Propeller and rotor

• Airflow surface interaction

• Lift augmentation

• Reciprocating engine

• Duct acoustic lining

• Aircraft configuration noise shielding

Source noi_e reduction research and development efforts can conven-
iently be described according to aircraft type: CTOL (transonic, sub-

sonic end supersonic) and V/STOL. The schedule of major activities
is described below and is shown in Table i. A continuing effort to

update and add to current capabilities is planned for both CTOL and
V/STOL alreraft types through both in*house and contract activities,

It is important that the latest technology in noise prediction and
reduction techniques be readily available so that community exposures
can be accurately estimated and noise control can be implemented by
technologically practicable and economically reasonable regulations.

Core Engine, Noise Control

The purpose of this project is to provide theoretical and ex-

permentel data to assist the designers in developing future aircraft
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capable of conforming to lower noise levels then are now required hy
FAR Part 36. The effort shall be directed to identifying, evaluating,

and controlling the component noise sources inherent in the core en-

gine (the gas generator) which establishes the llmit of effectiveness
of the current noise control state-of-the-art.

For the purpose of this project_ core engine noise is defined as

the noise produced by the gas generator portion of the gas turbine

engine either solely or as influenced or amplified by the fan dis-
charges tail pipe_ and/or any other portion of the exhaust system.

Core engine noise shall be assumed to radiate only in the eft engine

quadrant and its sources may be generated either upstream or down-
stream of the tail pipe exit plane. Core engine noise shall not be

assumed to contain compressor generated noise radiating from either

the engine inlet st fan exhaust ductiug. Core engine noise_ however_

may include compressor generated noise transmitted downstream through
the engine flow passages or fan generated noise enhanced by inter-
action with the core engine noise or gas stream.

Prediction of Aircraft Configuration Effects

The purpose of this project is to study the feasibility of use
of aircraft configuration and engine placement to reduce noise propa-

gation to the ground plus development of prediction procedures for
configurations of practical interest.

General Avlatlon.A.Ircraft

This project covers a survey and definition of the noise charac-
teristic of all general aviation aircraft plus development of suitable
noise prediction capabilities.

Eetrofit.Feaeibility

a Current Commercial Jet Aircraft - The purpose of this project
ie to provide test data to assist in determining whether cer-
tain classes of turbofan propelled airplanes in the current

fleet can be modified for meaningful noise reduction in a
feasible manner. Feasibility relates to three key instructions

contained in Public Law 90-411; that ins the noise abatement
methods must be tenhnologically practicable, economically
reasonable, and appropriate for the particular type of air_

crafts aircraft engine appliance, or certificate to which

It will apply. The effort is directed to providing acoustical
treatment_ designed to conform to specified noise reduction
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goals. The acoustical treatment may be any hardware or mech-
anical device, applied either singly or in combination with

the inlet and primary and secondary exhausts that will either
absorb sound or otherwise effect a noise reduction at the

FAR Part 36 measurement _ositions. Current retrofit programs
for 727 aircraft will be completed in FY 1973; 707, DC-8,
and DE-9 retrofit programs will be completed in FY 1974. The

effort is directed to providing nacelles that are capable of
being certificated. Results to date indicate that the retro-

fitted aircraft can comply with FAR Part 36.

• Executive Jet Aircraft - A retrofit feasibility program cover-
ing business Jets is planned to follow the commercial retro-

fit project. The number of this type of aircraft is more
than one-half that of the commercial fleet considered for

retrofit and is growing rapidly. The purpose of this project

is the same as given above for commercial jets. This program
will draw upon knowledge gained and relate closely to the
commercial Jet program covered above. It is scheduled for

completion in FY 1976.

V/STOL

V/STOL aircraft have propulsive llft systems that are distinctly

different from conventional aircraft. Both rotary and Jet propulsion
systems are being considered. It is anticipated that V/STOL air-

craft (including helicopters) will supply a major segment of the

short haul transportation requirements in the near future. These

aircraft, which are being considered for city center airports, may
cause substantial increases in noise exposure for adjacent urban

areas and also for suburban areas under the cruise path,

This effort is directed to identification, evaluation and con-

trolling component noise sources inherent in V/STOL systems. Both
jet propulsion and rotary propulsion systems will he studied. Pre-

diction techniques will be developed.

OPERATIONAL NOISE REDUCTION PROGRAMS

The objective of this program element is the determination, in-
vestigation and measurement of significant factors which affect the

transmission of noise from its source to the airport community. Ele-
ments are identified as follows:

• Aircraft Operational Procedures
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• Atmospheric Parameters

Operational noise reduction is a continuing effort through both in-

house and contract activities, Information developed will be used

to update FAR Part 36, and in future noise rules. Projects apply to
certification measurement and compliance.

The operational noise reduction program plan is presented in

Table 2 and elements of the program are discussed below.

Noise Propa_ation Measurement and gvaluation

This program element will include studies of ground attenuation

and of the importance of temperature and humidity measurements along

the noise propagation path versus ground measurements only in correct-
ing flyover noise measurements to standard conditions as currently

required by FAR Part 36. This project could provide a refinement to
FAR Part 36 and to i_proved accuracy in calculation of noise exposure
areas,

Noise Measurement

This program involves development of methods and equipment for

noise measurement. The project objectives are to develop noise mea-
surement systems with capabilities eui_able for certification research,

atudiee of noise abatemnt operating procedures, long-range noise
propa_atienp and co--city noise exposure. Certification maaeuremeet

capability objectives include commercial subsonic and supersonic
aircraft, general aviation including business Jets, plus V_OL and
STOL aircraft.

Increasing air traffic brings with it increasing complexity in

airport noise patterns and as a consequence, more complete automatic
and sophisticated measurements will be needed to determine the extent

of the noise exposure. It would therefore be technologically advan-

tageous to develop noise measurement systems capable of handling ex-
tensive measurement taska_ at greater accuracies, then the conven-

tional systems.

NOISE EVALUATION AND RESPONSE

The objective of this program element is to determine the effects
of noise on individuals and on the con1_unity as a whole; to develop

methods required to predict the reaction of comz_unltles to noise

resulting from varying numbers and typ_s of alr_raft; and to develop
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and/or refine acceptable yardsticks for evaluation and rating of var-
ious levels of aircraft noise. The program schedule is included in
Table 2. Elements of noise evaluation and response are identified
as fallows:

• Noise exposure evaluation

e Com_unlty response surveys

• Subjective noise evaluation

s Psychoacoustlc studies

0 Noise exposure forecasting

Research to improve the technology base in this area is a continuing

effort through both in-house and contract activities.

Current and planned projects are outlined below:

Noise Exposure

s Noise Evaluation and Community Response - The purpose of this
project Is the development of accurate and comprehensive noise
evaluation criteria suitable for application to all CTOL
aircraft includlng business Jets and also suitable for appli-
cation to V/STOL aircraft,

Psyehoacoustlc laboratory and field tests will be con-
ducted on response of human beings to aircraft sounds and
noise evaluation measures developed for regulatory purposes
by statistical correlation of test results. Investigations
will be made of the significance of various annoyance factors
such as multiple tones, speech Interference, amplitude and
duration of tones, doppler shift, low frequency effects,
transient and impulse effects, and the rate of onset and In-
tensity on duration.

• Noise Certifieatiqn Crlter.lp- ObJectlves cover development
of fiechniquesfor noise measurement and analysis for use in
certification of all aircraft categories, refinements to PAR
Part 36 for CTOL aircraft plus development of criteria for
business jets and V/STOL aircraft. Included are considera-
tions of multi-segment or complex flight paths plus data ac-
quisition and analysis systems. Work will include _easurement
and analysis of the aircraft noise and determination of
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procedures and equipment which will promote development of
measurement and analysis standards.

SOURCE SONIC BOOM P_EDUCTION PROGRAMS

FAR Part 91.55 prohibits civil alrcraft operations at true flight
speeds greater than Math i to prevent any sonic booms from reaching

the ground. However, it is known that it ls possible to fly up to

speeds of Mach 1,4 without causing a sonic boom to reach the ground
under certain conditions. Therefore, a demonstration was conducted

during 1973 utilizing simulated operational tt_chnlques for long-
range cross-country supersonic flights at Threshold Math Number (Be-

tween l.O and 1.3) which theoretically did not generate sonic booms

on the ground. This is Phase IZ of a four phase effort to develop

a definition of the alr and ground system roqulrements for successful
supersonic Thresholds Much Number operation. During 1974, based on

Phase II results, conduct a SR-71 (YF-12) or F-Ill transcontinental
flight at Threshold M_ch Number and not produce a sonlc boom on the

ground. Define and update the system requirements for boomless super-
sonic transcontinental flight during 1975 through 1977.

OPERATIO.NAL SONIC BOOM REDUCTION PROGRAMS

This effort will provide, durin S 1973, two prototype digital

lightweight £nexpenslve sonic boom recorders for future field use to
provide an improved capability to record signature data during sonic

boom test and monitoring programs. Based en prototype tests results
during 1974, obtain production units for operational test program
during 1975. The FAA will also provide at_spberlc sounding aircraft

during Joint FAA, NASA, USAF, and NOAA operational programs to obtain

real-tlme atmospheric date (winds, turbuleece, and temperature) for

use in long-range Threshold Math Number operational feasibility
studies durln B 1973 through 1975, i.e., boomless transcontlnental

supersonic flights. Program schedules are In Tables 3 and 4.

Sonic Boom Atmospheric Effects.

Studies are being conducted _o identify measureable features of

the atmosphere, both large scale and small scale, which cause statis-
tical variations in sonic boom measurements, Attention will be given

during 1974 through 1977 to establishment of a correlation between
observed overpressure variability and local atmospheric conditions to
provide a basis for prediction of that variability. _te program will
include theoretical and experimental work aimed at determining sonic
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boom pressure signatures associated with aircraft operations at or
near Threshold Hath Number,

Sonic Boom Criteria

A sonic boom criteria research program is currently working to
develop better technical and soclal criteria for sonic boom in accor-

dance with Public Law 90-All to form definitive guidelines upon which

to base government and industry policies for both the design and regu-
latlon of supetsonlc and transonic coa_r_ralal aircraft. The objective

is to develop e consistent technical rationale based on the multiple
technical and social criteria found from research that will assist

in revising and updatlng administrative policies and dec£slons r_-
warding certification limits and provide industry with a design window

for supersonic operations.

Sonic Boom Effects on Structures

Structural damage due tom odsrste sonic booms has been primarily
centered on damage to glass, plaster and bric-a-brac. Glass breakage

is of primary importance. During 1974 and 1975 this work will de-

velop sonic boom criteria in terms of equivalent response of windows
to such natural forces as wind gusts, thunder and in terms o£ building

codes applicable to window glass installation. This program will
include flight programs, as well as simulator studies.

Test 0£ ExlstlnK Noise CelFulatlon Proceduyes Appllcability to Sonic

During 1973 and 1974, test the applicability of existing calcu-

lation procedures which scale annoyance and loudness reactions to
steady state, time varying, and impulse noise. The object is to de-
velop a simple method that would apply equally well to a variety of
noises which would then be highly useful for multiple regulatory
missions,

I I
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2. DOT/FAA JULY 25, 1974 TESTIMONY ON AIRCRAFT
NOISE FROORAMS BEFORE THE HOUSE

SUI3COI_','TTEEON AERONAUTICS
AND SPACE TECHNOLOGY



STATEMENT OF FREDERICK A. _ISTERj ACTING ASSOCIATE ADMINISTRATOR

FOR POLICY DEVELO_NT AND REVIEW, FEDERAL AVIATION ADMINISTRATION,
DENART_g]NTOF TRANSPORTATION, BEFORE _TRE HOUSE CC_ITTEE ON SCIENCE

AND ASTRONAUTICS, SUBCO_ITTEE ON AERONAUTICS AI_ SPACE TECHNOLOGY,
JULY 25, 1974, REGARDING AIRCRAFT NOISE ABATEPr_NTEFFORTS.

Thank you for the opportunity Co appear before you today, Mr. Chairmen.
I am Frederick A. Meister, FAAActlng Associate Administrator for
Policy Development and Review. Appearing with me today are Charles
R. Foster, Director of the Department of Transportation Office of
Nolse Abatement, and Richard P. Skully, Director of the FAA Office
of Environmental Quality.

In passing the Noise Control Act of 1972 the Congress declared it to
be the policy of the United States "to promete an environment for
alI Americans free from noise that" jeopardizes their health or
welfare." The Congress further authorized and directed Federal agenclee
to carry out the programs within their control in such a manner as
to further that declared policy o_ the United States "to the fullest
extent consistent wlch their suthorlty under Federal laws administered
by them." Section 7(b) of the Noise Control Act directs the Adminis-
trator of the Federal Aviation Administration to prescribe such regu-
lations as the FAA_ay find necessary to provide for the control and
abatement of aircraft noise "in order to afford pmesent and future
teller and protection to the public health and welfare." (emphasis
added).

By statute it la the FAA which has the responsibility, after con-
sultation with the Secretary of Transportation and EPA, to prescribe
standards for measuring aircraft noise and for prescribing regulations
for the control and abatement of aircraft noise.

Mr. Chairman, the FAA is taking this Congressional mandate serlously
and te in the process of implementing an aggressive program to control
and abate aircraft holes. As evidence of our resolve to help achleve
a better environment for all Americans, steps have been taken to
double the slze of the FAA Office of Environmental Quality. In addi-
t£on_ the Administrator has recently released a draft PAA Five Year
gaviror_aoatal Program which defines FAA environmental policy and
delineates a flve-year program desigrmtnd to implement_that policy.

Three parus of our overall noise abatement program relate to the
design and operation of aircraft.

First is the imposition of maximum noise llmlts for all types of air-
craft to insure that individual aircraft noise levels will not increase

• } as newer, more powerful aircraft types are designed, and to insure
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that the best available noise reduction technology is included in the
design of all new aircraft. In 1969, the FAA promulgated Federal Avla-

tlon Regulation Part 36 which put a lid on the escalation of aircraft

noise levels of new subsonic turbojet transport aircraft. In 1973,

Part 36 was amended to include newly produced aircraft, including those
of older designs not previously covered. As you know, we have pro-

posed a retrofit regulation to cover all large civil transport air-

craft, requiring that older models not previously covered he modified
to lower their noise levels to at least Part 36 limits. That proposal

will be the subject of detailed discussion in a moment. We will soon

promulgate a regulation limiting the noise levels of propeller-drlven
airplanes. The final Environmental Impact Statement for this regu-

latory action is in the process of being forwarded to the Council on

Environmental Quality. We have solicited public reaction to our
proposal to establish noise limits for short haul aircraft, and we

are preparing a proposal for noise limits for civil supersonic air-
craft. In this step-by-step manner, we are setting maximum noise

limits for all categories of civil aircraft,

The second step in our program involves the use of approach and depar-

ture operational procedures which will reduce noise impact around
our airports, The FAA views the control of aircraft noise through

the use of operational procedures to be a promising and practical means

for obtaining early noise relief. We have for many years been experi-
menting with takeoff and approach procedures, passive and dynamic

preferential runway procedures, noise abatement routing, and terminal
area handling of aircraft to achieve noise control.

Noise abatement takeoff operating procedures designed to provide mail-

mum separation between aircraft and the eommunltiec overflown were
developed jointly by FAA and ATA and are now in wide use.

Noise abatement approach operating procedures developed jointly by FAA

and NASA include a two-segment glide slope which provides noise re-

duction by use of lower power settings and higher altitudes during
the initial phase of an approach. A few airlines have been using two-

segment approaches safely and efficiently for over one year during
VFR weather conditions. The joint NASA/FAA research on two-segment

approaches has reached the point where in-service operational imple-
mentation is progressing under instrument flight rule (IFR) conditions
as well. In fact, a major airline has conducted in-service operations
for NASA with a B-727 aircraft under VFR and IFR weather conditions.

NASA is currently working with United Air Lines on two-segment ap-

proaches utilizing Douglas DC-8 aircraft. The FAA has recently issued
an Advance Notice of Proposed Rule Making seeking advice and comments

on this two-segment approach procedure. I will give you a rundown
of the comments received to date later on.
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Another means of m_cimizing aircraft to ground separation distances
to provide community noise relief is to change allowcble minimum alti-
tudes. The utilization of higher minimum altitudes eea means of
achieving noise reduction has been implemented and is providing sig-
nificant noise relief. An Advisory Circular was published in August
1922 to deal directly with VFR flight near noise sensitlve areas.
Sis has resulted in pilots r_klng VFR flights near.recreational and

park areas, churches, hospitals, schools, and similar areas at higher
altitudes than previously flown and permitted by regulatlon in order
to reduce aircraft noise impact on the ground.

The third step in our program, oriented more for the future, is the
progressive reduction of present permissible noise levels. We are not
content with present noise levels -- we are striving constantly to
improve the state-of-the-art to lower these noise levels. Part 36
limits have now been in effect four and one-half years, and we are
giving serious consideration to proposing a lowering of those limits
to increase their stringency. Ne will of course continue to support
effective research to develop and demonstrate just what future reduc-
tions may be feasible. And so, in brief, Chls covers chat portion of
our aircraft noise abatement program relating Co the design and opera-
tion of aircraft,

I would like to turn now to a discussion of the retrofitting of the
current commercial jet fleet to u_et FAR36 standards.

_'he technical development of means for quieting the present fleet has
been underway for more than six years. 1_is Joint industry-government
effort has resulted in the expenditure of well in excess of $i00 mil-
floe. The major steps taken in this program were as follows: first,
an early NASA program provided proof of the technical concept of using
sound=absorbing materiels in nacelles, which I shall refer to as 8A]4,
to control aircraft nolse; second, an FAA nacelle Jet suppreeelon and
flight test program wee conducted; third, feasibility studies and
flight demonstratlone were made, followed by actual certification of
the _oeing 727 and 737 and the Douglas DC-9; and, finally, a decision
was made that we were ready to initiate formal regulatory action as
required by law. On Hatch 27, 1974, a Notice of ProposedRule Making
was published which, if adopted, will provide the means of assuring
that all currently available:acoustic technology is applied to in-
service con_erclal aircraft. 1"he rule would require that subsonic
turbojet aircraft, having maximum weights of 75,000 pounds or more,
to conform to Part 36 noise levels by not Inter than July l, 1978.
Behind thls proposed rule is our convlctlon that uti11_ing the tech-
nology of sound absorbing material in englne nacelles is available now
for providing additional, significant relief from aircraft noise.
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Before we embarked upon this rulemaking procedure, Mr, Chairman, we

had to assure ourselves that the SAM nacelle treatment would provide
meaningful relief, that is, we were looking for a reduction in noise

levels which would be sufficient to significantly reduce annoyance
levels for persons living near airports. I would llke to point to

three important items of evidence which in my view go a long way

toward dispelling any doubts that the SAM retrofit program would pro-
vide that meaningful relief.

First, it is a fact that today's airport neighbors notice and appre-
ciate the reduced noise levels of the new wide bodied aircraft. These
aircraft meet the same Part 36 noise levels as the older aircraft
would meet with the SAM retrofit.

Second, a joint PAA-Boelng Company project, which culminated in May

1973 flyover demonstrations for members of Congress and the public
at Dulles International Airport, demonstrated that takeoff noise re-

ductions of II EPNdB and approach noise reductions of 15 EPNdB were
achievable using nacelles quieted wlth sound absorbing nmterlal on

a JT3D-powered Boeing 707 aircraft. There was general agreement among

those witnessing the flyovers of a B-707 treated with sound absorbing
material in a configuration capable of being certificated and a B-707

without such material, that the noise reduction was highly significant
and clearly perceivable.

Third, a NASA-sponsored approach nolse study conducted by Professor
Paul N. Borsky of the Columbia University Noise Research Unit has

concluded that significant reductions in annoyance resulted from the

use of exposure to synthesized nacelle treatments equivalent to a
JTSD-powered Boeing B-727 with the SAM treatment as compared to a stan-
dard B-727 aircraft. Professor Borsky, of Columbia's School of Public

Health, College of Physlclans and Surgeons, is one of the world's

leadlng experts in assessing community response to aircraft noise. He
used test subjects living in the vicinity of Kennedy International

Airport. Significantly, there was a 50% reduction in the number of

test subjects who had expressed highest annoyance to the standard

Boeing 727 aircraft as compared to the acou_tleally treated B-727.
This 50% reduction was achieved with a difference of 6 EPNdS between

_he two aircraft. We would anticipate a very meaningful response for

;he Boeing 707 u_ntioned a few moments ago relative to the Dulles

flyover demonstrations.

I would also llke to point out that in addition to the SAM retroflt

it is possible to tailor approach and departure procedures to achieve
even greater relief than can be achieved by SAM. The two-segment

approach procedure and a power reduction on takeoff are examples of
procedures we are investigating.
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Next I would llke to give you e rundown of the comments received on

the fleet retrofit NPRM and the two-segment approach Advance NPP3_.

Nearly 600 comments were received on the retrofit NPRM_ of which soma

500 were from private citizens and citizen groups. The overwhelming

majority of citizens and citizen groups were for immediate promulga-
tion of the final rule. With regard to the industry, the Air Trans-
port Association and con_nentlng air carriers expressed total opposi-

tion to the proposed rule as written. Particular concern was expressed
over the possibility of performance penalties and_he amount of benefit

considering the price tag. Regarding the manufacturers, the Aerospace

Industries Association of America and the Boeing Company, while not
opposing the rule as such, expressed little enthusiasm and support for

an immediate go ahead, while the Douglas Aircraft Company was firm

in its opposition to the rule. _le internation_l carrier community,
represented by IATA, and several foreign governments expressed oppo-
eltien for several reasons. A further discussion of the international

reaction will be given a little later.

U.S. Airport Operators, whose Jurisdictions are facing a total of soma
_4 billion in aircraft noise damage claims, strongly endorsed and

urged immediate adoption of the rule. From this group we heard from
some 25 city, county and state airport or transportation authorities

plus the airport operator associations.

Private aircraft owners and operators did not, in generalp support
the rule, expressed doubt that SJLMwould produce appreclable relief
and expressed concern over the program's expense.

We also heard from the Department of State, which expressed concern
over unilateral U.S. action, and the Environ_ntal Protection Agency,
which concluded that the proposed regulation represents a substantial
step in the right direction.

By the way, with regard to comments received on the two-segment approach
Advance NPRM, the line-up was roughly the same. Private citizens, citi-

zen groups, city governments and airport operators favored adoption of
the two-segment approach. Those opposed included ALPA, AOPA, NBAA
and the International interests. Those expressing strong reservations

were ATA, Boeing end GAMA.

There are two basic problem areas associated with putting the retro-
fit rule into effect, namely, the international implications of the

rule and the problem of how the retrofit program should be financed.
I would now like to discuss these two problem areas.

The retrofit NPRMapplies not only to U.S, registered aircraft, but
also to foreign civil subsonic turbojet powered aircraft of 75,000

pounds or more that land or takeoff in the United States. The Incluslon
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of foreign civil aircraft was considered essential because the air-

ports having the most serious noise problems are generally those served
most frequently by foreign operators. The bulk of cements received

from the international community took strong exception to the pro-
posed rule o1% the basis that it amounted to unilateral action in an

area which ICAO should coordinate. The Department of State expressed

concern over posalhle proliferation of conflicting standards affecting
international civil aviation if the United States took unilateral ac-

tion without either reaching agreement through ICAO, or at least by
coordinating plans with other major civil aviation countries.

The international problems associated with the rule are difficult, but
their impact has not been ignored, In fact, last month Administrator

Butterfield met in Montreal with ICAO President Binaghi, the Secretary
General of ICAO, a number of tbe members of the Secretariat, Council
members and Air Navigation Co.missioners. The Administrator made it
clear to Dr. Binaghi that it was not the desire of FAA to act uni-

laterally and that we continued to support a multilateral approach.
He did not, however, co.it the Ueitod States to multilateral agree- !
ment with respect to the retrofit requirement because we are still
considering foreign aircraft operating into the United States for in-

clusion in our aircraft noise reduction actions. We are hopeful that
our actions in this area will stimulate multilateral action similar

to the multilateral action which followed the issuance of Part 36.

The question of financing the retrofit program is central to a deci-

sion to put the proposed rule into effect. We know the program will
be expensive, some $600 to $700 million to retrofit the existing fleet.

I believe this issue, more than any other, accounts for the industry's
lack of support.

In issuing the NPRMwe solicited reco_mendatlons for financing the

cost of the retrofit program. A number of suggestions were made,

including use of the Airport and Airways Trust Fund, long term, low

interest government loans to private operators, surcharges on passen-
ger tickets and cargo way bills and increased air fares to allow the
carriers to recover COSTS.

We have reviewed the various financing alternatives, and, while we have
reached no conclusions on the shape of a final plan, son tentative

decisions have been made. First we are opposed to direct Federal fund-

ing; we believe, instead, that the users of our air fransportatlon

system, the passengers and shippers, should, as a matter of principle,
pay for the costs of retrofit. At present we believe that the best
means to achieve this goal would be the establishment of a special

fund, supported by nominal enplanemant and cargo way bill surcharges
proportionate to the aircraft modification costs for each segment of

• , the aiK carrier industry. Such a plan would cover only domestic
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operations; the international operations of U.S. carriers would have
to be handled separately.

Mr. Chairman, NASA has played a vital role with us in the abatement
of aircraft noise. Through the Joint DOT/NASA Office of Noise Abate-

ment we have an effective vehicle for assuring an integrated research
and technology program. We have both supported and worked with EPA

in its role in coordinating noise research as specified in the Noise

Control Act. The three agencies have worked closely together at the
staff and Administrator levels to marshall the Federal aircraft noise

abatement effort. For example, this Monday Z represented Administra-

tor Butterfield, who was appearing before the Senate Appropriations
Subcommittee, in a r_eting with Undersecretary Barnum, Administrator

Fletcher and Assistant Administrator Stralow representing Administra-

tor Train, to review our efforts, particularly with respect to the
reran program and FAA'a regulatory actions. The DOT/FAA position

expressed at that meeting was that there is more than an adequate tech-
nical and economic basis for a decision at this time to proceed with

regulatory action. Assuming that all objectives of the refan program
would be achieved, the cost-effectiveness picture, in our view, will

be unchanged.

In considering the relative merits of SAM versus reran in our rule-

making efforts, we have considered the following factors as being of
primary significance.

Firatp the SAM modification offers the earliest meaningful relief.
With reference to time, we believe that completion of a reran retrofit

program would be at least three years behind completion of the SAM
retrofit program.

Second, the reran program does not apply to the noisiest aircraft in

the fleet, the JT3D-powered Boeing 707 and Douglas DC-8.

Third, reran represents at best a promise of future relief since the
present program is limited to flight testing of the Douglas DC-9 and

ground testing of the Boeing 727. No work is presently being done
with the JTgD-powered Boeing 737. Work on the B-737 terminated with

the Phase I design effort. Additional work and funding would be re-
quired for the refanned B-737 to be a candidate for any future rule-
making.

Fourth, the reran program is considerably mare costly than the SAM

retrofit program; For example, the SAM retrofit of the entire fleet
is estimated to cost approximately $600 to $700 million for investment

with total program cost over the remaining life of the modified air-

craft approaching $I billion. In comparison, the combination program
of using reran for JTgD-powered aircraft and the use of SAM for
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JT3D-powered aircraft would cost approximately $2.8 billion for in-
vestment with total program cost of $5 billion. In terms of one air-

craft, the Boeing 727, the cost of refannlng would be roughly eight
to ten times the cost of using the SAM retrofit. The B-727 with the

SAM modification provides the same noise reduction on approach as
the refanmed B-727.

The relative cost-effectlveness of the two aircraft modification pro-

grams has, as you know, been a part of our 23 U.S. airport analysis,

This effort, begun some time ago, provides the DOT/FAA with information
needed to evaluate a wide range of aircraft and airport noise abate-

ment alternatives. We have completed the 23-alrport study, and the
cost-effectlveness results have not changed substantially from those

reported to you last December on the basis of the first six airports.

These results are presented in terms of (i) airport neighbors subjected
to two levels of noise exposure, (2) land areas around the 23 airports

impacted by airport noise, end (3) effective changes in the noise ex-

posure index. All of these indicators provide the same conclusions:
first, the SAM program is significantly more cost-effectlve than the

potential SAM/Reran program; and, second, effectiveness will be ob-
tained earller with the SAM program,

For example, with respect to the people removed from the noise exposure
aress of NEF 30 and NEF 40, and looking forward to 1987, the end period

of the study, we find that for an expenditure of $I billion for SAM,
we remove 125,000 of the 300,000 people that would be residing in the

NEF 40 area. For an expenditure of $5 billion for refannlng the JTeD

and 8A_iag the JT3D, 220,000 peep1_ would be removed. An addltlo.al

expenditure of $4 billion dollars for the refan/SAM program would
remove 95,000 people from the NEF 40 area. In the NEF 30 contour, the

$I billion SAM program will remove 600,000 of the 2,700,000 people,
whereas the $5 billion reran/SAM program will remove 1,900,000 people,

In brief, the results of this study are consistent with our earlier

conclusion that the action proposed in our Notice of Proposed Rule !

Making on March 27, 1974, will provide the earllest meaningful roller !
to airport neighbors through a program which is technologically avail-
able and economically reasonable. I am submitting a detailed Informs- i
tlon Brief describing the results of this study for the record, Mr.

Chairman, And, Mr. Foster is prepared to provide a brief summary of

this study if you desire.

With regard to the goal of I0 EPNdB reduction per decade identified

in the CARD study, we feel that for this first decade we will be able
to achieve the goal, generally speaking, Looking ahead to the next

and succeeding decades, however, we are reaching the point of diminish-

ing returns with foreseeable technology, We will continue to assess
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developing noise reduction technology with the idea of keeping our
regulatory program apace.

In aonoluding, I would llke to make the following remarks,

Noise is a major problem impeding further growth of the air transpor-
tation industry. Aircraft noise has brought increased pressure to

limlt flight operations and restrict flight paths as well as to im-
pose night curfews. Alrport operators are _aced with aircraft noise

related suits involving potential multimillion dollar judgments.

Congress recognized this serious impediment to air transportation in-

dustry growth and the serious implications regarding the health and
welfare of the Nation's population when it passed the Noise Control
Act o2 1972.

We have developed a retrofit program which offers great promise of

_he earllae¢ relief which Congress _ndatad be afforded. There has

been ooze concern expressed by Congressional Committees about our
moving ahead with the retrofit rule prior to obtaining the final re-

cults of the reran test _o be completed next year. We of course fully

appreciate these vlewe, and before publlshlnga final rule we will
present to those co.Irises our reasons for moving forward. We feel

confident that we will have their support for any action that we take
to advance our nolse abatement program in a cost-effectlve way, Our

present posture is to continue with the regulatory process to work

toward a tesolutlen of the dlfficul_ problems associated with the

proposed rule, such as the financing and international aspects. Only
when we are satisfied that we have solved these problems will we be

in a position to make a final decision on the rule.

Thank you for your attention to this rather lengthy testimony, Mr.

Chairman. I and my associates are available to answer any questions
you _y have.
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: 3. DOT/ONA AIRCRAFT NOISE PROGRAMS



The DOT has university grants for funda_ntal studies in noise sup-
pression. These studies are briefly described with funding indicated.

I. University of Southern California Contract
DOT-OS-000-2

Title: Modeling Noise

An extremely elaborate and quiet facility has been constructed to
isolate the jet noise sources. The elimination of upstream and
outside noise contamination will allow for accurate measure of

the noise from the Jet alone by use of a sophisticated noise
collection reflector-microphone combination connected to a tra-
versing device. The sources or distribution contributing to
the overall Jet noise is thus determined. The large scale struc-
ture of jet turbulence is being investigated as a possible major
contributor to Jet noise.

Funding: (Thousands of Dollars)

FY 73 FY 74 F_ 75 F_ 76

75 75 50 50

2. University of Syracuse New York Contract
DOT-OS-20094

Title: Noise Reduction from Supersonic Jet Flow with Co-Axlal Jets

The abJectlve of thle program is to study the mcbaelsm of Jet
noise reduction in co-axial jets when the individual jets are op-
ernting under unique conditions that lead to e strong shock forma-
tion and hence to subsonic flow conditions a small distance outside
the nozzle exit. Under these conditions the Jet noise is signifi-
cantly reduced below that condition of operation that does not form
into a strong coalesced shock. The specific objectives will be to
(I) verify the existence of the minimum noise condition for larger
Jets and to study the scaling laws, (2) establish the effects of
temperature on noise reduction for co-aXlal Jets, and (3) study
those phenomena with 2 and 3 co-axlal elements.

Funding: (Thousands of Dollars)

FY 73 FY 74 FY 76

75 75 75

[
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3. California Institute of Technology Contract
DOT-OS-20197

Title: Jet Combustion Noise

The purpose of this study is t_ investigate experimentally and

theoretically the noise generated by combustion inhomogeneitles

as they pass through nozzles or turbine buckets. Theoretically,
it has been shown that a pressure disturbance gets amplified on
passing through a nozzle, likewise a temperature oscillation in

the chamber leads to noise generation and it too gets amplified
on passing through a nozzle or turbine. These factors will be
studied.

Funding: (Thousands of Dollars)

FY 73 FY 74 FY 75

147 50 50

4. Massachusetts Institute of Technology Contract
DOT-OS-3001X
Title: Acoustic Material Research

The purpose of this study is to determine the characteristics of
acoustic liners in ducts that have an added mechanical inertancn

that acts to lower the natural frequencies of Helmholtz resonators

with a given backing depth thus allowing for the absorption of low
frequency acoustic energy in the duct. This developn_nt is impor-

tant for application to problems involving the reduction of low

frequency noise from fans and combustion.

Funding: (Thousands of Dollars)

FY 73 .FY 74 FY 75

33 35 35

5. The University of Texas at Austin Contract
DOT-OS-4117 I
Title: Effects of Nen-Linearity on Jet Noise Propagation i

The purpose of this contract is to study the non-linearity effects
in the propagation of intense noise. Non-linearity causes an in-
creased attenuation of the noise, a spectral redistribution of

the energyp and decreased cross correlation between the source and

receiver waveforms. The question is posed as to whether these
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effects are important for jet noise propagation. Specific work
will include conversion of the already existing plane waveanalysis
into a spherical spreading one; use of the modified analysis to
predict the propagation distortion for noise from an actual intense
_et noise source.

Funding: (_iousands of Dollars)

FY,74 FY ,75

18 20

6. North Carolina State University Contract
DOT-0S-40056

Title: On the Origin of Combustion Generated Noise

The objective of the program is to present a theory capable of
explaining the observed characteristics of combustion noise whose
validity does not hinge on the assumptions employed end on the
particular situation considered. Starting from the exact multi-
fluid equations of a reacting gas mixture, the mechanism of com-
buntlon generated noise for open and confined flames is identified.
The derivation parallels the procedure employed by Lighthill and
Curie end does not depend on simplifying aesumptlons. It is shown
_het the pressure fluctuation is a sum of two terms. The first is
prepertloeal to the overall density fluctuation and the second is
a llnnar combination of the density fluctuations of the various
npeeina. At preosnb, a reliable entente of combustion noise
cannot be made; a complete understanding of the problem first re-
_ra¢ the identification of the sources of the noise due to com-
buntton end stalin E laws and the effects of confinement on the
propeBetton.

Funding: (Thousands of Dollars)

I_, 7_ l_ 75 _ 76

25 30 25

7. General Electric Company Contract
DOT-OS-30034
Title: High Velocity Jet Noise Source Location and Reduction

Prmgrem

The overall objective is to investigate the promising suppression
concepts that will result in the greatest noise suppression with
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the least degradation of performance over flight speed ranges of
interest for the potential types of engine cycles. The theoretical

understanding of these more complex nozzle concepts presents a
great challenge end is a fundamental part of the objective of this
program.

The detailed investigation of the basic phenomena which affect the

source locations, source strength, and noise reduction potential

of high velocity jet noise is directed towards the following pro-
gram objectives:

• Investigation of the aerodynamic and acoustic mechanisms

of various jet noise suppressors for subsonic and super-
sonic jets, including scaling effects.

• Analytical and experimental studies of the acoustic source

distribution in such suppressors, including identification
of source location, nature and strength, and noise reduc-
tim, potential.

• Investigation of in-flight effects on the aerodynamic and

acoustic performance of these suppressors.

The results of these investigations will lead to the preparation
of a prediction guide report for predicting the overall charac-

teristics of suppressor concepts, i.e., for models, full-scale
static, and inmflight conditions, as well as a quantitative and

qualitative analytical prediction of the phenomena involved.

The work effort in this program Is organized under the f_llowing

major categories:

Task I - Actlvatios of Facilities and Validation of Source

Techniques

Task 2 - Theoretical Developments and Basic Experiments

Task 3 - Experimental Investigation of Suppression Principles

Task 4 - Developmeot and Evaluation of Techniques for "In-

Flight" Investigation

Task 5 - Investigation of "In-Flight" Acre-Acoustic Effects

on Suppressed Exhausts

Task 6 - Preparation of Noise Abate_nt Nozzle Prediction
Guide Report.

See Figures 14 and 15 for funding and schedule.
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8. Virginia Polytechnic Institute Contract
DOT-OS-50047

Title: Suppression of Multiple Pure Tones

This is a program to evaluate an advanced acoustic concept for

the suppression of multiple pure tones from supersonic jet engine
fans. The concept is based on the dispersion of waves by acous-

tically treating the duct walls to inhibit the exchange of energy

among the harmonics and to counteract the steepening of the waves

due to non-linearity. A detailed parametric study will be per-
formed to determine the optimum linear characteristics.
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IIl. DOD AIRCRAFT NOISE PROGRAMS



DOD JET EXHAUST NOISE PROGRAMS

Department of Defense Contract F33615-71-C-1661

Air Force Project 3066, Task 14,
SUPERSONIC JET EXHAUST NOISE- Work Unit 02
PRESSURE MODEL 7/72 to 6/73

Bolt Beranek & Newman Inn, Funds $164,000

The overall objective of this program is to develop the technology base
necessary to significantly reduce aircraft propulsion system noise
with minimum associated performance and weight penalties. The speci-
fic technical objectives of this effort are (a) to assess the advan-
tages and disadvantages of various competing mathematical models used
to explain the supersonic Jet noise generation process with particular
emphasis on the Ribner/Meeeham fluctuating pressure model; (b) to
determine the relative importance of the various Jet noise generation
mechanisms for the range of operating conditions typical of the B-I
system; (c) to experimentally demonstrate the advanced instrumentation
techniques required to verify the accuracy of the Ribner/Meecham fluc-
tuating pressure model.

This program involves a comprehensive investigation of all relevant
mechanisms of noise generation and emphasized the interrelationships
between acoustics and engine cycles and between acoustics and exhaust
jet aerodynamics, The experimental investigation features the use of
unique transducers to relate the exhaust fluctuating aerodynamic pres-
sures to the radiated noise. A large-enale_ high temperature (3000 ° F)
free Jet facility will be u_ed to conduct aero/aonustlc experiments.
This facilltymaksa it possible to compile a comprehensive and exhaus-
tlve catalog showing the inter-relatlonshlp between noznle mean and
fluctuating aerodynamic and acoustic properties of supersonic Jet
exhausts.

SUPERSONIC JET NOISE Project 3066, Task 14,
INVESTIGATION - VELOCITY MODEL Work Unit 03
General Electric Funds $164,000

The overall objective of this program is to develop the technology to
significantly reduce supersonic aircraft propulsion system noise with
minimum associated performance and weight penalties. Emphasis is placed
on afterhurnlng and non-afterhurnfng supersonic Jet exhaust systems
with operating conditions typical of supersonic transport (SST) and
long range strategic (B-I) aircraft propulsion systems. The specific
technical objective of this research program is to develop a compre-
hensive mathematlcsl model capable of providing nero/acoustic design
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data to be used in the development of future supersonic jet exhaust
noise suppressors.

SUPERSONIC JET NOISE Project 3066, Task 14
INVESTIGATION - DENSITY MODEL Work Unit 04

Lockheed, Georgia Funds $199,009

The overall objective of this program is to develop the technology to
significantly reduce supersonic aircraft propulsion system noise wlth

minimum associated performance and weight penalties. The specific
technical objectives of this program are to numerically solve the

applicable turbulence and acoustic theories which describe Jet noise
generation and radiation for the subsonic and £ul ly-expanded supersonfc

flow reglme and to measure the necessary turbulence and acoustic param-
eters in order to verify the nnmerlcal predictions or to supply data
to the turbulenae/nolse theories as oecessary,

GENERAL E_ECTRIC/LOCKH_ED

i Contrsct DOT-AS-20099 / AF Contracts F33615-73-8-203 I/2
Title: Supersonic Jet Noise (Analytical Model)

The overall obJectlve of thls program is to develop a fundamental under-
i standlng of the mechanlems of Jet noise generation. This phase of the

: work is limited to sound slnsle nozzles in contrast to the complex

nozzle configurations of suppressor tyFes, The specific technical oh-
! Jectivee are to numerlcally solve the applicable turbulence and acous-

tic theories which describe Jet noise generation and radiation for the
subsonic and fully-expanded supersonic flow regime end to measure the

necessary turbulence and aco_stlc parameters in order to verify the

numerlcsl prediction or to supply data to the turbulence/nolse theories,
"as neceesary. The program comprised of an experimental and theoretical

effort CO predict noise from subsonic and supersonic Jets with particu-
lar emphasis on the turbulent mixing reglon. Development of promlslng
optical techniques to measure necessary turbulence spectra intensity,
and scales is also included, The objectives are intended to lead to

a unified theory of Jet noise. The work will be performed in four

phases:

Phase I - Through review of em_petln_ m_themntlcal models.

Phase II - Detailed investigation - relate flow field to acoustic,

Phase Ill - Investigate effects of upstream perturbations,
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Phase IV - Correlation of all results into unified theory.

Contracts are with Lockheed Georgia and General Electric in Cincinnati.
This work was started in 1971 and will be completed in March 1975.
Total funding by DOT is 1,3 million in the folloulng schedule of ax=
penditure.

FY-73 FY-74 FY-75

DOT $ 425,000 $ 625,000 $ 250,000

DOD/kir Force $125,000 $ 205,000 $ 60,000

JET NOISE REDUCTION FOR MILITARY Project 3066, Task 14,
RECONNAISSANCE/SURVEILLANCE AIR- Work Unit 005
CRAFT

Bell Aerospace Corporation

The objective of this program is to evaluate and experimentally demon-
strate a unique quiet propulslon concept for advanced quiet aircraft
systems. The performance and acoustic characteristics of the total
propulsion system will he assessed under this effort.

DOD AIRFLOW SURFACE INTERACTION PROCRAHS

Department of Defense DF032080
Air Force Contract AF-AFOSR-2068-71
NOISE COETROL BY LIqUID VAPORIZATION 7/73 to 6/74
California Institute of Technology Funds $31,220
School of Englnecrlng

Strategic bombardment, tactical operations, and logistic support are
AF functions which require the use of high performance flight vehlcle..
The operation of such vehlclee produce, intense noise from sources
associated with propulsion systems. Because of a lack of a basic un-
derotandiog of the physical behavior of sound mnd the interaction of
sound with the fluid medium it is traveling through, ratlonal noise
control and avoidance Is dlfflcult. This nolae can cause degradation

in human perfornmnce, reduced reliability of structural and equipment
subsystems and increased maintenance. The proposed research will in-
veatlgate the behavior of high intenoity sound as It interacts with
liquid droplets. Specifically, an analysla will be made of nonlinear
acoustic dlsturbaneeslna heterogeneous gas-llquld mixture where transition
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between the two phases constitute= an important element of the problem.
Particular stress will be given to the wave steepening beyond the plane

of generation, to the attenuation of duct modes end to the effect of
phase change attenuation on acoustic fields resulting from gas-dynamic
interaction with sharp edges.

AERODYNAMICALLY GENERATED SOUND Project 9781, Task 02

University of Toronto Work Unit 001

This research is directed toward developing a comprehensive physical

model of jet noise which covers generation, convection, refraction.
and spectrum properties. Research is being conducted in the areas of
aerodynamically generated sound and subsonic aerodynamics. In the
area of sound the following projects are helng conducted:

(a) Correlation of sound with hot wire measurements in

a jet. A direct correlation between the turbulence
(the cause) and the sound (the effect) is being

attempted.

(b) Shielding flap scheme of Jet noise suppression, The
effectiveness of a wing as a shield for Jet noise is
being examined experimentally,

(c) Wind noise in vehicles, An experiment is being con-
ducted to determine the relaClon between the Jet flow

over a cavity and the noise generated by the flow.

(d) Model of Math wave noise emanating from the lip of a

supersonic Jet, A mathematical analysis is being made
to delineate the mechanisms of noise generation of a

rocket nozzle,.

(e) Extended near-fleld concept for sonic boom alleviation,
The possibility of delaying the transition of the near

field signature to the far field pressure signature is
being examined. In the area of subsonic aerodynamics the
llft distribution and moment of wing cutting obliquely

through s simulated trailing-vortex of another airplane
is being determined.
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Department of Defense DF032500
Air Force Contract AF-AFOSR-2092-71

DYNAMICS OF VORTICES AND SHOCK- project 9781, Task 02
WAVES IN NONUNIFORM MEDZA 7/73 Co 6/74

California Institute of Technology Funds $40,900

School of Engineering

Aircraft operations in all flight regimes involve vortices in flow field

and wakes. The behavior of vortices has profound influence on aerody-

namic forces and the trailing vortices are tlte crucial phenomenon in
the notorious aircraft wake turbulence hazard, This effort has made

significant progress in cheoretlcal understanding of vortex motion.
The current effort will extend this work co consider the influence of

various nonlinearities in the equations of motion, Also, water tunnel

experiments will be performed in which the derailed structure of trail-

ing vortices behind lifting surfaces will be studied by means of a

laser doppler veloclmeter. The shockwave aspects of the past research
will also be continued with an experimental investigation of focussed

shockwave propagation through the focal point. The shookwave effort

is relevant to improved understanding of super booms. It is hoped
that the experiments will suggest possible simplifications to the ana-

lytical models for focussed shockwaves,

Department of Defense DFO01O60
Air Force Contract F44620-69-0-O063

THEORETICAL AND EXPERIMENTAL Code AA
INVESTIGATIONS IN HIGH SPEED 7/73 Co 6/74

AERODYNAMICS _nds $165,925

Cornel1 Unlverlsty

School of Engineering

Weapons delivery superiority requires continual refinements in aircraft
and missiles. More complete knowledge of aerodynamics is critical co
such refinements. This is a broad program of research in aerodynamics,

w_th relevance to low speed performance of tactical aircraft, aero-
dynamic noise and sonic boom minimization, aerodynamic optimization
of aircraft, and high altitude hypersonic flight. Problems are being
studied in the areas of boundary layer flows, including unsteady bound-

sty layer separation and flows wlch variable viscosity - gas dynsmlcs,
including fluid dynamic processes in gas laser, blast wave experiments,
and rarefied hypersonic leading edge flow - aerodynamic noise, includ-
ing non-uniform cascade theory, non-unlform flow over blunt bodies and

propagation of non-llnear waves - supersonic drag with emphasis on
analytical techniques for positioning of nacelles and stores for an.

overall optimum area-rule shaping.
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Department of Defense DN223260
Navy Contract N00014-72-C-0200

TIP VORTEX EFFECTS IN ROTARY- 7/72 to 6/73

WING AERODYNAMICS Funds $48,116
Sage Action Incorporated

To significantly reduce undesirable rotor blade noise signatures, and
alleviate the blade-tlp vortex interaction problem. The role of the

tip vortex in rotary-wlng aerodynamics will be investigated end possible

means of control of the tip vortex will be examined, If this explora-

tory effort is successful, an extremely useful technique will be avail-
able for solution of severe rotary-wlng aerodynamic, structural, and

noise problems.

The total flowfield including the tip vortex of a model rotor blade
will be investigated by means ofan advanced helium bubble flow

visualization technique. Techniques to reduce the blade vortex inter-
ference effects will be evaluated. The new idea in thi_ research of

examining the interference of a tip vortex from e preeeeding blade by
means of a second blade positioned upstream in a wind tunnel should

reveal for the first time the violent changes in angle of attack and
stall in the interference region.

Department of Defense DAOK3720

Army Contract DAAKO2-72-C-0623
GLARE AND NOISE REDUCTION 7/72 to 6/73

OF HELICOPTER ROTOR BLADES Funds $25,000

McCoy Electronic Corporation

To develop various materials and compositions capable of reducing the

glint, glare, and noise from helicopter rotor blades without impairing
llft or increasing weight or drag.

Task envisions the making of a working model rotor blade upon which an

acoustic surface wave will be generated by means of metal electrode

transducer exalted by the acoustic bulk-waves from piezoelectric vibra-

tors (i.e. quartz crystals). The generated acoustic surface wave will

then be propagated along a thin piezoelectric sheet which when lead-

phased should regulate the movement of the bound-vortex layer of air
increasing the rotor blades llft while simultaneously reducing the

glint end glare. In addition, possible method of noise reduction vie
bow wave extension and creation of a potential gredlent across the
airfoil will be included in the model, bat not be capable of demon-
stration.
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Department of Defense DAOB9173

Army Contract DA-31-124-ARC(D)-
UNSTEADY AERODYNAMICS OF BLADE- 471 Code RB
VORTEX INTEP_CTION 6495-E 7/73 to 6/74
Massachusetts Institute of Funds Unknown

Technology
School of Engineering

To study the unsteady aerodynamic mechanisms responsible for helicopter
noise. Improved understanding of the aerodynamic noise generation of
a helicopter could lend to new methods of improving the aerodynamic
performance and decreasing the amount of noise generated by helicopters.
Both are of vltnl importance in improving the usefulness of the hell-
copter for Army mlssinns.

Approach - work will begin with sImpler two-dimenslonal models and will
he extended to an exact treatment of the three-dlmenslonal problem in
both steady and unsteady flow. The treatment will be concerned prl-
marily with inviscld flow; however, an investigation of the effects
of viscosity will be included in determining the vortex curve bounda-
ries. The approach, while numerical in character, may be described as
exact in the sense that true boundary locations will be accounted for
nnd the exact solution will be obtained as the computational network
is refined.

Department of Defence DAOC9091
Army Contract DAHCO4-69-O087
.INVESTIGATION OF NOISE G_ERATION 7/72 to 6/73
ON A HOVERING ROTOR 8704-RN-8704 Funds Unknown

Boeing company

To define the noise field generated by m rotor. Investigation of noise
generation of n helicopter rotor is important for the Army's effort to
make its helicopters less noisy for more effective field operations.
This research is important to the Army in that it represents a long
range effort to reduce Army aircraft detection time,

Noine level teats and vortex vlsualization tests will be made with a
set of rotor blades mounted on a whirl tower. Smoke generation in the
blade and hlgh speed motion picture photography will he employed for
vortex vlsualization tents. Near and far field acoustical data will
be collected, Following data reductimn, an analysis will he made of
the relatlve levels and frequency distributimns of rotational noise,
vortex noise and of any blade slap noise that might occur during tests.
The relative positions of smoke will be evaluated at the points where
the noise is generated as determined from aco_stlcal measurements.
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DOD ROTATING MACHINERY NOISE PROGRAMS

Department of Defense DFO32400
Air Force Contract F44620-71-C-O104

INSTABILITy AND NOISE GENERATION IN 7/73 to 6/74

AIR-BRRATHING PROPULSION SYSTEMS Funds $37,661

Ultrasystems Incorporated

Effective weapon delivery, defense, reconnaissance, and transport

vehicles require propulsion systems with stable operating characteris-
tles and mlnimal noise levels. Results obtained from this research

will aid in understanding and controlling combustion instability in

alr-breathlng main and auxilllary combustors, in providing guidelines
and techniques for modifying the combustion processes for minimum noise

levels, and in establishing criteria for engine design, development,
and control. This research encompasses studies of fundamental physl-
cal mschsulsms driving combustion instability, of mechanisms by which

combustion affects the general sound field surrounding an engine, and

of coupling between these mechanisms and combustor operating condi-

tions. Included will be studies of the detailed phenomenological pro-
ceases whlch determine the nature of the interactions of initially
small dlsturbances and discrete, discernible combustion zones existing

in the comhustor. Existing contractor chemical and fluid mechanical

computer programs will be used in conjunction with data and quallta-
tive observations obtained from laboratory experiments. Particular

emphasis will be placed on fundamental fluid mechanics and combustion

of vortex stobillzed eombustors, e.g., V-gutter end dump combustors.
A computer model of these processes will be formulated, validated by

experiment, and used as the basis for developing a combustor stability
prediction program based on combustor geometry and operating conditions.

Dominant modes of instability will be predicted and recommendations
made concerning effectiveness of stabilizlng measures. Mechanisms by
which combustion affects the general sound field surrounding an

engine will also be investigated and guidelines provided for modifying
the combustion processes to obtain minimum noise levels.

Department of Defense DFO34900
Air Force Contract AF-AFOSR-2365-72

COMBUSTION GENERATED IN 7/72 to 6/73

TURBO-PROPULSION SYSTEMS Funds $24,200

Georgia Instltute of Technology

School of Aerospace Engineering

For specific missions involving weapon delivery and defense, transport,
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reconnaissance and rescue_ advanced efficient alr-breathlng and hybrid
engines are required with minimal noise emlsnlon levels to deter de-

tectlon and avoid aircraft component damage and reduced efficiency of
and hazard to ground and flight personnel. Also to maintain environ-
mental pollution within tolerable limits it is mandatory that air-
craft noise emissions be minimized. This research on fundamental

physical mechanisms and processes involved in combustion noise pro-
duction and transmission in primary and augmentor alr-breathing com-
bustors will aid in providing guidelines and techniques for modifying
the combustion process for minimal noise output and development of
effective combustor noise suppressing devices for these advanced en-
gines. This program encompasses theoretical and experimental studies
directed toward isolating the origins and transmission of combustion
noise in turbo-propulsloncombustors. Included will be studies of
various aspects of free flame, flameholder flame, and primary combustor
can combustion noise. Sound power output, spectral content and direc-
tionality characteristics will be determined. Scaling rules will be
generated and compared with various theoretical approaches to the
problem. Diagnostic emission measurements will be made to isolate
the origin of combustion noise. Theoretical acoustics will be used

to solve the problems of sound radiation from afterburner and primary
cemhuetors to the surrounding atmosphere.

NOISE GENEBATION BY A TRANSONIC Project 9781, Task 02,
COMPRESSOR ROW Work Unit 003
Cornall Aeronautical Laboratory Inc.

The Air Farce is presently and will continue to be in the foreseeable
future a large user of high subsonic Jet aircraft. The principal means
of propuleton of such aircraft is the high bypass-ratlo turbofan engine.
An undeslrablp byproduct of these engines is the generation of noise
which causes such adverse effects as degradation in human performance,
reduced reliability of structural and equipment subsystems, and in-
creaeed maintenance cost. The design of vehicle parts and sound-
proofing which alleviate these effects requires accurate definition
of the intensity and occurrence of the noise. In order'£o partially
fulfill this requirement a theoretical study of the problem of fan-
noise generation in a high bypass-ratlo turbofan engine is being made.
The main emphasis in this etudy is the noise aspect of the three-di-
mensional, transonic flow through a single blade row. A linear aeons=
tic theory for the case of non-liftlng blades le being applied to the
problem of noise generation. An effort is being made to extend she
theory to lifting blades and to examine the effect of more realistic
duct geometries.
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HIGH INTENSITY SOUND Project 9781, Task 02,
Universityof Texas Work Unit 002

This research is concerned with investigating the behavior of high-

intensity sound and applying the understanding gained to problems of
interest to technology such as sonic boom, propagation of intense

noise from Jet engine compressors, underwater propagation, etc, This

is a theoretical and experimental effort on high-lntenslty sound and
its interaction with a real media. The purpose of the work is to study
thn phenomena that distinguish nonlinear acoustics from linear acous-

tics and to apply the knowledge gained to physical problems. Specific
topics being studied are:

(a) Stability of the acoustic boundary layer. The
object is to predict the threshold at which a
transition from laminar to turbulent flow takes

place. The frequency dependence of this threshold
is of particular interest.

(b) Standing waves of finite amplitude. Chester's
theoretical predictions are being checked by
experiments.

(c) Quasl-plane-wave mode _or finlte-ampiltude waves

in a tube. Experimental tests are being conducted
to check past theoretical solutions.

(d) Pinlte-amplltude waves in relaxing media.

(m) Electrical transmlssion-llne analogs of acoustical
propagation problems, such as progressive waves in
relaxing media, random in homogeneous, turbulent

media, or nonlinear media.

SMALL TURBINE ENGINE NOISE BEDUCTION Project 3066, Task 14,

Garrote Corporation Work Unit 001

The purpose of this program is to develop the technology base necessary
to effoctlvely reduce the noise signature of existing small turboprop
and turbofan onsinen. Although the program is primarily aimed at light

aircraft propulsion, the technology generated is directly applicable
to auxiliiary power unit silencing. The specific technical objectives

of the effort are to accurately predict the radiated acoustic signature

and aural detectability of existing turboprop and turbofan propulsion
system8 in the 80 to 1000 shaft horsepower class for turboprops and the
400 to 5000 pound thrust el.ass for turbofans, to develop effective

methods to minimize propulsion system aural detectagility, and to
detmrminm the engine performance and weight penalties associated with

the various su_reession m_thods,
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ROTATING MACHINERY NOISE GENERATION Project 3066, Task 03,
Work Unit 34

The overall objective of this program is to develop an improved under-

standing of noise in axial flow compressors so that design rules may
be formulated for reduced noise. The specific technical objectives
of the effort are:

(a) To develop a direct fitting surface theory for

compressible, llnesrlzed flow through a rotating
blade row.

(b) To develop approximate models for noise generation
by rotor-stator interaction.

(e) To correlate results of lifting surface theory wlth
experiment.

(d) To analyze dominant nonlinear effects in the in-
viscid, three-dimenslonal flow through a rotating
blade row.

Department of Defense DN123475
Navy Contract N00014-67-0151-0029
Office of Naval Research 473 Subgroup
AIRCRAFT COMBUSTION GENERATED NOISE 7/73 to Cost

Princeton University Funds $64,022

Aerospace, Mech. S¢I. Dept.

Within the Navy alroreft, missile and space power and propulsion pro-

gram, this, effort offers the posslblllty of alleviating Jet engine
noise bM research on nonsteady combustion and gas dynamics phenomena.
This research makes use of past efforts on nonsteady combustion coupled

with nonsteady gas dynamics as applled to aircraft combustor and after-
burner generated noise with emphasis on causes of suppression of such
noise. The study seeks quantitative descriptions of the driving
mechanisms as well as methods of predicting and minimising such noise.

Special instrumentation will be utilized in conjunction with an ane-
choic chamber and a combustion rig to conduct diagnostic measurements
designed to elucidate sources of sound in a combustor;Jet combination,
to measure effects of controlled changes and to observe relationships
between flow pattern and noise characteristics. Concurrent theoretical

report will involve medallng and treat noise generation from turbulent

mixing regions, interactions of such turbulent flow with shock waves
and unsteady rough burning processes. Information will be compared
with typical jet engine firing tests involving various operating param-
eters.
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Department of Defense DAOC4046

Army Contract DAAJO2-72-0040

INVESTIGATION OF GEARBOX DESIGN 7/73 to 6/74

MODIFICATION FOR REDUCING NOISE, Funds $26,456
ARMY AIRCRAFT TRANSMISSION SYSTEMS

Mechanical Technology Inc.

The objective of this program is to identify practical gearbox design
modifications which will help alleviate the gearbox noise problem in

the CH-47 transmission. In addition, analytical methods for predicting

and reducing gearbox noise sidehands will be developed to permit design
analysis of this significant noise source.

Select component modifications, based on Contract DAAJO2-70-C-O035, to
be investigated for noise attenuation in the CH-47 helicopter trans-

mission. Perform vibration calculations so that candidate conflgura-
tlon is optimized from the standpoint of noise and vibration reduction.

Identify modifications having greatest noise reduction potential. Uti-
lizing test results obtained under Contract D_AJO2-71-C-O02O. Deter-

mine the meehanamisms producing planet-pass sidebands and then modify

existing computer programs accordingly to develop analytical methods
to reduce sldnband amplitudes.

cOMPUTERIZED PROCEDURE TO ASSESS Project 3066, Task 14,
TURBINE ENGINE PERFOP_MANCE/NOISE Work Unit 06
TRADES

The objective of this program is to develop an effective design pro-

cedure relating aircraft engine performance and noise. The specific
technical objectives of this program are: (a) to develop effective

uninntalled engine noise prediction methods applicable to current and
future gas turbine engines, (b) to develop techniques for the predic-

tion on installed engine noise levels innludlng the effects of special
noise reduction devices, and (c) tO develop methods to assess propul-

glen performance and weight penalties as a function of noise level
reduction.

D0D DUCT ACOUSTICS AND SUPRESSION ,PROGRAMS

SOIFND TRANSMISSION THROUGH DUCTS Project 3066, Task 14,
Work Unit 09 (AF)

The purpose of this effort is to develop a numerical pronedure to
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predict the effects of engine ducCing on Bound propagation. The
specific technical obJectivee of the effort are to review existing
theoretical end empirical methods for the prediction of sound propa-
gation through and radiation from ducts and to develop a unified gen-
eral theory based on this review. This prediction theory will then
be incorporated into a general computerized procedure to assess tur-
bine engine nolse/performance trades.

Department of Defense DAOC4924
Army Contract DAAD05-72-C-O175
DEVELOPMENT OF NOISE 7/73 to 6/74
ATTENUATING SD_STANCE Funds $19,950

Lehigh University

To develop a palnt-llke suhstaece which will damp thin panel vibration,

A Latex substance consisting of two layers - a viscoelastic latex IPN
undercoating having damping capabilities at the temperature and fre-
quency range of interest and a relnforoed plastic constraining layer
which has a high modulus. Steel tents panels will be coated, evalua-
ted, and compared to co_erelal materlals at frequent intervals. The
beet paint will be recommended for Army use on nmterlol where person-
nel are exposed,

DOD STP_,CTURALRESPONSE AND INTERIOR NOISE PROG._

Department of Defense DAOD_751
Army 7/72 to 6/75
STRUCTURAL MATERIALS WITH DAMPING Funds Unknown
CHARACTERISTICS FOR APPLICATION TO
I_ELICOPTERS

U.S. Army

The objective is to produce a material that can be used to dampen noise
in helicoptera (engine mounts, drlveehcfts, honeycomb .llnings).

Titanlum-nlckel alloys in the 50-50 range will be fabricated and tested
to determine their yield strength and damping capacity, Acoustical
attenuation aea function 6f frequency (0-20 percent) and temperature
(-60 degrees centigrade to lO0 degrees centigrade) will be measured
and by alloylng or heat treatment the yield strength and damping chsrac-
terlstice will be optimized. X-ray studies will be made to correlate
the lattice arrangement with the damping characteristics and yield
strength.
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DOD FLIGHT AND INSTALLATION EFFECTS PROGRAMS

Department of Defense DAOD8982

Army Contract DAHCO4- 72-C- DO40

ANALYTICAL STUDIES OF HELICOPTER 7/73 to 6/74

ROTOR BROADBAND NOISE GENERATION Funds $33,861
I0299-E

Sikorsky Aircraft

An analytical study will be made to establish a closed form solution

for predletlng the broadband noise intensity radiated by helicopter
rotors. This research should develop techniques which will reduce the

aerodynamically generated noise made by helicopters.

Experimental studies will be made of isolated airfoils in an existing
I acoustlc-wlnd tunnel. The data obtained and other existing data will

be statistically analyzed to provide an empirical equation which will

;: then serve as e measure by which the validity of the theoretical equa-
l tion will be examined.

! Department of Defense DAODg005
Army Contract DA-ARO(D)-31-124-
STUDIES IN LOW SPEED FLIGHT 71-G-17

I0233-E 7/72 to 6/73

Georgia Institute of Technology Funds $120,000
i School of Aerospace Engineering

Investigation of problems associated with low speed flight of hell-

copters, such as the hovering rotors_ vortex wake, blade slap noise,
rotor flutter, and the instability of tensioned sheets with cutouts.

The Army helicopter program has a definite need to improve the capa-
bility of its helicopters to hover near the ground so as to take off

and laed precisely at a surface location wlthmaxlmum payload. The

present vortex wake and rotor flutter of the vehicle interferes with
ground personnel as well as reduces the payload capability of the
vehicle. Blade slap nolee alerts the enemy to the helicopter's pres-

ence and must be reduced significantly to improve the element of

tactical suprise.

(a) Develop a method for calculating vortex wakes in the hovering per-
formance of multl-bladed helicopter rotors, (b) the interaction of the

helicopter blade with the vortex field shed from the preceding blades
as a cause of blade slap, (d) the structural dynamic characteristics

of the rotor-blade system that gives rise to flutter due to the un-

steady air loads on the blade, (C) the instability of thin sheets
with cutouts and cracks.
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Department of Defense Contract DAHCO4-69-C-0086
Army 7/72 to 6/73
SYSTEMS STUDY OF }_LICOPTER NOISE Funds $73.864
REQUIREMENTS 8713-E
Massachusetts Institute of Technology
School of Engineering

To establish a new methodology for systems analysis which includes
noise criteria and to develop a new wind tunnel focfllty for ,mklng
useful noise measurements on V/STOL alrcraft types. It is important
for the Army to reduce the noise levels of its helicopters eo that the
missions of surveillance, reconnaissance and target acquisition can
be performed better without giving too much warning of approach to the
enemy. The mission accomplishment may still be performed better if
Just the right comblnatlo, of nolse reduction and performance of the
helicopter existed. The question that remains unanswered is - What
is the most desirable combination of these parameters so the mission
effectiveness will be maximized. This project is aimed towards answer-
ing this question.

The initial system studies will be performed, assessing the effect of
noise criteria on mission performance. Experimental data on the noise
radiated by helicopter rotors in high forward speed flight will be
obtained. Emphaela will be in determining the effect of helicopter
operating conditions upon the directlvity, frequency content and time
elgnature of the nolae.

DOD SOUND PROPAGATION PROGRAMS

NOISE FROM LINEAR ARRAY Project 1471, Task 02,
OF LARGE TURBOJET ENGINES Work Unit Oll

AFFDL (In-Rouse)

The purpose of this program is to determine the interaction effects of
multiple turbojet exbauee noise sources in determining the near*field
acoustic environment. Data were obtained in the form of sound pressure
levels and frequency spectra at various mlerophone locations. Analog
data were recorded on tape for later analysis.
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RADIATED NOISE FROM SAILPLANES Project 1471, Task 02,
AFFDL (In-House) Work Unlt 013

The objective of this effort is to identify the noise associated with

e powerless aircraft and to relate this noise to ares and velocity

parameters of the aircraft. The flyby noise from three sailplnnes,
Sehwelzer 2-32, Schweizer 2-33, and Llbelle, has been recorded on tape
and one-thlrd octave and overall bandwidth analyses obtalned. The

noise levels from each of the sailplanes follows a sixth power of the
velocity and appear to be directly proportlona k to the turbulent area

on the wing. A test report has been prepared which presents the re-
sults obtained to date.

Department of Defense DAOC9164

Army Contract DAHC04-74-C-0001
RESEARCH ON HELICOPTER 7/73 to 6/74

NOISE 9372-E Funds $30,615

Cornell University

School of Engineering

To discover, refine and exploit techniques for the analysis and

predictions of aerodynamic noise, in particular the noise produced
by helicopters and slmilamAlRTR/Ff, for the purpose of finding tech-

niques for reduction of such noise. The successful field operation

of Army helicopters is Jeopardized by the noise environment in three
ways. Helicopter noise increases the vulnerability of both the ma-
chine and crew to ground fire, distracts the crew in the performing

of their duties, and induces sonic fatlgue in construction elements.
Thus, this investigation has a high degree of relevance to effective

utilization of rotorcraft since it will identify noise sources and

describe noise propagation relative to helleopters.

DOD PROPELLER NOISE PROGRAMS

PROPELLER TECHNOLOGY Project 3066, Task 12

Significant propeller system technology advancement is an area of
major importance for V/STOL and light aircraft. The oropeller tech-

nology task consists of three areas:

(a) lighwelght propeller and propeller/gearbox
development;
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(b) improvement of propeller aerodynamic performance

and analytical prediction techniques;

(o) prediction end reduction of propeller and

gearbox system noise,

More speelflcally, near term areas of concern are: decreasing pro-

peller/gearbox system weight through the use of high strength-to-
weight ratio materials and composites; improving propeller system per-

formance through the application of cyclic pitch and variable geometry;

improving basic airfoil design for optimum perfornlance; determining
accurate static thrust prediction methods; improving noise prediction

techniques through improved basic noise source theory; and improving

propeller noise scaling techniques and noise reduction through utili-

zation of unique propeller designs based on noise so.rce theory
information.

PROPELLER ACOUSTICS RESEARC}! project 3066, Task 12,
Work Unit 07

The overall objective of this program is to experimentally determine

the noise generation mechanisms for low tip speed propeller airfoils.

The specific technical objectives of the effort are: (a) to determine
the relative effects of upstream ttlrbulence, boundary layer fluctua-
tions and vortex shedding on radiated noise, and (b) to experimentally

varify the theoretical prediction models developed under contract
F3_615-70-C-l135 and presented in AFAPL-TR-T1-55 entitled "Propeller

Noise at Low Tip Speeds."

QUIET PROPELLER CONCEPT EVALUATION Project 3066, Task 12,
Work Unit 0g

The objective of this program is to evaluate the noise characteristics
of various toll rotor configurations to determine the noise reduction

potantlal of various new designs. Variables to be investigated _nclude
number of blades, blade to hub phasing angles and blade length,
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LOW POISE PROPELLER TECI{NOLOGY Project 3066, Task 12,

DEMONSTRATION Work Unit 12

The objective of this exploratory research program ia to develop a

reliable design procedure for quiet propellers applicable to reconnals-
sance/surveillance aircraft. The specific technical objectives of this

effort are: (a) to modify existing Air Force propeller noise predic-

tion computer programs to account for forward flight effects, and (h)

to produce a series of design charts that will be useful in design of
future propeller driven quiet aircraft.
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Note that these are not

d_scuseed in the main text.



National Science Foundation GK-33801

Div. of Engineering 4172 to 4173

AN INVESTIGATION OF ACOUSTIC Funds $60,000
FEEDBACK FOR THE REDUCTION OF
JET NOISE

University of Michigan
School of Engineering

This project will investigate the part acoustic feedback (resonance)

plays in the generation of noise from supersonic Jets with special

consideration given to the possibility of shifting the frequency of

a significant part of the radiated acoustic energy outside the range
of the human ear.

Phase relationships between movements of shock waves and disturbance
created will be determined using ultra-||Igh-speed Schilleren or sbadow

photographs. Local flow properties will be measured and the sound re-

flecting and absorbing surfaces in various geometries will be examined.

National Science Foundation GK-37433

Div° of Engineering 3/73 to 8/74
RESEARCH INITIATION-APPLICATION _nds $17,000

OF UNSTEADY AIRFOIL THEORY

Widener College
Graduate School

This research p_oJect will investigate the pressure fluctuations on
blade surfaces of a single stage compressor. In particular it will be

clarifled whether the chopping effect of blades moving at high speeds
relative to one another without the preeence of low momentum flow is

the predominant source of noise or the mere interference of bledes

with flaw perturbations.

Experimental tests wlll be aimed to separate the sources of pressure
fluctuations. Using high response pressure transducers a quantitative

answer of the magnitude of these fluctuations is to be obtained. An
integration of these results over the blade surface will give answers

as to the magnitude of the experienced llft fluctuations which will

then be compared with existing theories.
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National Science Foundation GK-5030 A#1

Div. of Engineering I0/71 to 10/72

COMPRESSOR NOISE REDUCTION Funds $19,350
WITH A SONIC INLET

South Dakota State University
School of Arts

The purpose of this investigation is to develop some fundamental

understanding of the aerodynamlc-problems associated with the sonic

inlet. Specific emphasis will be given the following: (a) A theo-
retlcal and experimental verification of a method for optimizing the

design of center body. (b) Experimental investigation of the effects

of splitters and vortex generators on secondary air injections. (c)
Verification of the theoretical studies on shock stability.

National Science Foundation GK-32544

Div. of Engineering 2/72 to 2/73
COMBUSTION GENERATED NOISE Funds $13,950
Georgia Inst. of Technology

School of Aerospace Engineering

A combined experlmental-theoretlcal program will he undertaken to iso-
late the origin of combustion generated noise and to discover appropri-
ate scaling rules associated with this noise. Primmry attention is to

be focused on premixed turbulent flames, although several aspects of
diffusion flame noise will also be investigated.

An extonslon of the principal investigator's original theory of com-
bustion generated noise will be attempted to include the effects of

approach flow turbulence level, directional radiation as caused by
refraction and dipole source effects, and the effects of diffusion

flames. Information gained from this analysis will be used to direct

experiments on free flames. An analysis will also be initiated to
determine the effects of reflecting surfaces on the combustion noise
source behavior. Suggestions for appropriate experimental variables
will be made to extract the effects of reflecting surfaces.

The data obtained on free flames will be analyzed and compared with

the theory. Correlations will be obtained for sound power output,
directionality, and spectral content. Furthermore, the relation
between the reaction rate fluctuations and the sound power output will

be determined. An analysis will be completed for the radiation of
noise from a flame-contalnlng enclosure to the surroundings. The modi-

fication to sound power output, spectral content and directionality

will be determined as compared with free flame generated noise.
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National Science Foundation GK-34136X

Division of Engineering 5/72 to 3/7_
RANDOM VIBRATIONS OF ALHOST Funds $44,90O
PERIODIC STRUCTURES

University of Illinois
School of Engln_aring

The first part ,*fthis research will consider the random variation of
periodic units _rom the designed (or norm) configuration. One objec-
tive wlll he to determine the prol_ahilitydistribution of each natural
frequency and the corresponding normal mode of the structure from the
probability dislribution of the varied geometrical and material param-
eters. Tileinvestigation will then be extended to the response of such
a structure to random forcing fieJds. The converted frozen noise field
and eonvected bt,t slowly changing noise field which have been used as
mathematical models for boundary layer turbulence w_ll be included
among several other types of random excitation.

National Science Foundation GK=34126 XI
Division of Engineering 4/73 to 3/74
RANDOM VIBRATIONS OF ALMOST Funds $44,100
PERIODIC STRUCTURES

University of Illinois
School of.Engineering

The first part of this research will consider the random variation of
periodic units from the designed (or norm) configuration. One objective
will be to determine the probability distribution of each natural fre-
quency and corresponding normal mode of the structure from the proba-
bility distribution of the varied geometrical and material parameters.
The invaseigation will then be extended to the response of such a
structure to random forcing fields. The cowvected frozen noise field
and converted but slm_ly changing noise field which have been used as
mathematical models for boundary layer turbulence will be included
among several other types of random excitation.

This action provides a second year of support for a continuing grant.
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National Science Foundation GK-32585
Dtv. of Engineering 2/72 to 2/73
ENLARGEMENT OF ANECHOIC CHA_ER F_Inds $24,800
FOR NOISE RESEARCH

Syracuse University
Graduate School

An existing anechoic chamber facility (wedge-tlp to wedge*tlp size 12'
x i0' x 9') will be enlarged to 20 feet by 15 feet by II feet wedge-tlp
to wedge-tlp. The enlarged anechoic chamber facility will serve as s
more reliable tool for the noise research listed below, both because of
its greater capacity and lower effective cut-off frequency characteristics.

(e) Noise experiments in a hard room.

(b) Compressor and turbine noise.

(c) Traffic noise control.

(d) Effect of impulsive noise on the auditory system,

National Science Foundation Proposal P2K0644
Div. of Engineering FY 72 - 12 months
PREDICITION AND MEASUREmeNT OF Funds $37.800
SOUND PROPAGATION IN LINED FL_4
DUCTS
Un£verslty of Minnesota

The theoretical portion of thls proJec_ wlll include the analysis of
two=d1_enslonal steady flow in a porous wall duct and to initiate a
study of _coustic wave propagation in =he same porous duct. The experi-
mental portion wlll imclude the development of end the measurement of
pressure spectrum in the porous wall ducts.
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Protection Agency, nor done _ntlon of trade names or co_rcial
product0 conetitutn endorsement or recommendation for use.
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ABSTRACT

The InKeragency Surface Vehicle Noise Research Panel was estab-

lished by the Envlronmentsl Protection Asency to aid EPA in fulfilling

its responslbili=y for coordinating the Federal noise research activl-
ties. As its initial task, the Panel prepared this report summarinins

the Federal governments T surface vehicle noise research, development,
and demonstration activities. The Federal agencies which sponsor and/or

conduct the major portlon of the surface vehicle so_se RD&D are repre-
sented on the Panel. They are the Department of Transportation, the

Department of Commerce/Natlonal Bureau of Standards, the Department of

Defense, and the EPA. Other agencies which sponsor surface vehicle
noise research are the Department of Agriculture and the National Science

Foundation. The report contains brief descriptions and fiscal data

for the agencies' programs, Emphasis is on fiscal years 1973 through
1975. Also included are references and bibliographies of reports and

publications which have resulted from the Federal surface vehicle RD&D
activities.
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i. SU_WARY

In partial fulfillment of its responsibility for coordinating
Federal noise research, the Environmental Protection Agency has

established an interseency Surface Vehicle Noise Research Panel. The

Panel membership includes Federal representatives from the Department
of Transportation, the Department of Commerce (National Bureau of

Standards), the Department of Defense, the Department of llousing and
Urban Development, and the Environmental Protection Agency. With the

exception of HUD these agencies sponsor and conduct the vast majority

of the surface vehicle noise research, development and demonstration
(RD&D) activities in the Federal Government. Other Federal agencies

known to be sponsoring surface vehicle noise research, are the U.S.

Departmsnt of Agriculture and the National Science Foundation. In
addition, this Panel has been charged with the responsibility for

addressing the Federal research supp6rting land use policies.

The initial task of this panel was the preparation of a report on
the Federal Governmeatls surface vehicle noise RD&D and land use related

research activities. This report, however, wall only address the Federal
surface vehicle KD&D activities as no Federal research programs reported

were specifically identified with land use. The report reflects the
views of the panel members as experts in the field and does not neces-

sarily represent the policies or viewpoints of the agencies represented.

Table i.i is a summary of the major surface vehicle noise research

programs being sponsored by the Federal Government. The total noise

dedicated resources are shown to peak at $3,374,000 in FY 1974. How-
ever, it should be noted that the resource commitments for FY 1975 are

known to be incomplete, and resources allocated to noise for research

programs not dedicated to noise and for DOT in-house research are not
included in any of the fiscal year data.

The DOT is the principal Federal agency sponsoring surface vehicle
noise RD&D. These activities are primarily concerned with transportatlon

systems and are associated with three major programs. They are Highway
Noise Reduction, Urban Transportation System Noise Reduction, and

Conventional Railroad and Intercity High Speed Systems. With emphasis

being control of highway noise, the major efforts have concentrated on
the control of heavy duty truck and bus noise. Future research efforts
emphasize truck tire and engine mechanical and combustion noise.

Although the DOT resource allocations to reduce noise from urban

transportation and conventional and high speed railway transportation



T_ble 1.1 SU_RY {}F TIlE FEDERAL SURFACE VEHICLE NOISE RD&D _ROC_LMS

SPONSORING FISCAL YEaR FUNDING _$1tO00 _

AGENCY DI_:SCRIPTIVE TITLE OF PRO_P._4 PRIOR TO 1973 1973 1974 (est) 1975 {2 I

DOT Ill_hway Nois_ Reduction 2,065 1,798 1,429 935
Urban Transportation System Noise (1) 355 577 (1)

Reduction Program
Conventional Railroad & Incer_ity (1) (1) 150 200

I1$_h Speed Systems

TOTAL DOT 2,066 2,154 2.155 1,135

DOD]AP_ Conformance with Regulntory Requirements 215 270
Vehicle Signature Reduction 100 100 95
Noise Reduction Program for U.$. Army 369 300 160

_on_truc_ton V_hicl_s .,

TOTAL DOD/AP_ 100 684 555 150

E_A IuLerstate Motor C_rrier_ 170
Zn_er_te Rail Carriers 199

Ne_ Hedlum & Ileavy Du_y _rucks 178

TOTAL EPA 359 178

USDA R_duction of V_hicle (snowmobile) _nd 25 39

Equipmen_ Noise L_vels
The Use of Trees _ud Shrubs in Noise 20

ASatemen_

No_sQ & Vlb_ation o£ O£_-Ro_d Equi_e_ 4 2B

TOTAL USDA 4 73 30

NSF Effects of _u_ldiu_ and Other Boundaries on 30
Motor Vehicle Noise

Noise _nd Vibration _om Transportation 272
Vehicles _nd Other Machinery

TOTAL NSF 302

TOT&L FEDERAL EFFORT $2,165 $3,211 $_374 $1,334

C1_ ReBou_ces _o_ inhou_e r_earch _nd no_s_ portions o_ _dvanc_d _ra_spor_ou sys_o_s 4eve_op_nt _r_ noc l_=lude_.

(2) F_ 75 estima_e_ _e kno._ _o be incomplete.



proposals. Currently, there are two NSF research grants specific to
surface vehicle noise. They are entitled "Tho Effects of Building and
Other Bo%mdarles on Motor Vehicle Noise" and "Noise and Vibration from

Transportation Vehicles and Other Machinery." A third grant entitled,
"Basic and Applied Studies of Noise," has a minor portion of the study

addressing sound generation by automotive tire designs.

The total Federally sponsored surface vehicle noise research
activities can he classified into the following six research categories:

highway vehicle noise control technology, railway vehicle noise control

technology, off-highway vehicle noise control technology, noise system

studies, noise regulations development and enforcement, and advanced

systems development. For noise dedicated activities, the emphasis in
the Federal efforts has been roughly equal between highway vehicle
noise control technology development and noise regulations development

and enforcement. In these areas the principal efforts have been control

of heavy truck and bus noise. However, there is a significant Federal
effort addressing noise generated by off-hlghway vehicles, principally
those used in construction. Although not dedlcsted to noise, there

are also major Federal programs (exclusively DOT) to develop advanced,

future mass transportation systems which give significant attention to
noise control and have potential applications to conventional systems.
Total resource distributions for these categories are given in Table 4.1.
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2, INTRODUCTION

2.1 BACKGROUND

Early in 1974 the Office of Research and Development of the

Environmental Protection Agency invited Federal government agencies
concerned with noise pollution research to designate representatives
of their technical staff to serve as members on _our noise research

panels_ aircraft, surface vehicles, machinery, and health effects.

The requested agency representation on the panel is shown in Table 2.1.

Table 2.1 STRUCTURE OF EPA RESEARCH PANELS

Noise Research Panel Current Agency Membership

Aircraft NASA, DOT, DOD, HUD, DOC, EPA

Surface Vehicles* DOT, HUD, DOD, DOC/NBS, EPA

Noise Effects HEW, (NINDS,NIOSH, NIEHS), DOT

NSF, HUD, NASA, DOD, DOL
DOC/NBS, EPA

Machinery HEN/NIOSH, DOL, DOl/Bureau of
Mines, NSF, DOD. DOC/NBS,
EPA

*This panel was also charged with the responsibility for the Federal
research supporting land use policies.

These panels were convened to provide the means for isteragency
coordination of research in the four technical areas. In addition to

eMchasge of information the functions of the panels in their respective
areas are:

• Review and assessment of the current state of technology.

• Review and assessment of the status of research and technology

development.

5



• Preparation of recommendations concerning ongoing research
activities.

e Recommendation of noise research programs and projects, and

methods for their accomplishments.

• Preparation of reports on the status and/or progress of on-
going noise research activities.

• Receipt and review of pertinent scientific and programmatic
advice from communicating with other standing bodies.

The names and addresses of the Surface Vehicle Noise Research Panel

membsrs are listed in Appendix A.

2.2 PU_POSE

Each of these panels of experts has met to charter its course of

action as a consultative body, and it was agreed that each panel would

generate a report on the Federal noise research, development, and demon-
stration (RE&D) activities and the noise research needs in the specific

area of consideration by the panel. To prepare the report, the EPA
requested each of the panel members to provide information on their

agency's noise RE&D activities. With the request EPA offered an example

of the type of information desired but indicated that the information
could be provided in a form most convenient to the agency (i.e. their

agencyls pro_ect and program information forms or over-views). Appendix
B contains a copy of the EPA example and the program and project infor-
mation desired.

This report is the first to be prepared by the Surface Vehicle Noise

Research Panel. Its purpose is to present a description of Federally

supported RE&D which is directed toward control of noise problems attrib-
utable to surface vehicles or support of Federal land use policy develop-
ment. This document will be used by the Environmental Protection Agency

in preparing a report to satisfy Section 4(c)(3) of the Noise Control
Ant of 1972. EPA is required to report on the status and progress of
Federal activitins relating to noise research and noisn control and the

contribution of such activities to the Federal Govermmentls overall

efforts ¢o control noise. The panel report is a digest and analysis of

information provided by _he Federal agencies involved in surface vehicle
noise RE&D. The report reflects the collective opinions of the panel
members and does not necessarily represent the policy or viewpoints of

the respective agencies.



2.3 ,SCOPE

In the current Federal effort most surface vehicle noise RD&D on

surface transportation systems is helng sponsored by the Department
of Transportation. Other agencies sponsoring research on surface vehicle

noise arm the Department of Defense/Army, the National Science Foundation,

the Environmental Protection Aseney, and the U.S. Department of Agriculture.

There were no Federal research programs identified which were specifically
concerned with land use policy development.

In presenting the current Federal activities, emphasis has been
placed on the RD&D activities in FY 1973 and 1974. Previous efforts and

future projections for major programs are also presented where such

information wos provided. Fiscal data reported is accurate as of July,
1974, but may not reflect the complete resources available for each

program or project. This is principally because resources allocated to
salaries, equipment, and other services for /n-house studies have not been

reported by all of the agencies. Because of FY 1974 carryover money,

the FY 1974 resource allocations are best estimates in many cases. For
FY 1975, not only are the resources identified estimates in

most cases, hut some detailed program and project planning is not

complete. Therefore, the FY 1975 resource estimates are also incomplete.
Although it is probably unavoidable to omit some related Federal actlv-

ities, it is the consensus of the panel members that no major Federal
research programs in the area of surface vehicle noise have been over-
looked.

The program and project descriptions of the Federal surface vehicle

noise RD&D are presented in Section 3 by agency. In Section 4 the
current programs are briefly analyzed and grouped into the categories
of specific surface vehicle noise con=tel technology development, noise

cystems studies, research directly supporting regulations development
and enforcement and advanced transportatloa systems development.

2.4 SURFACE VEHICLE NOISE SOURCES

Surface vehicles include mobile systems used in transportation,
eonstructlon_ defense, recreation, and agriculture. These systems can

generally be classified according to three all inclusive noise source
categories. They are highway vehicle noise, railway vehicle noise,

and off-hlghway vehicle noise. The relative noise levels associated
with these sources of surface noise are illustrated in Table 2.2.

Noise emitted from _hese sources, however, is derived from the compo-
nents of the source, the vehlcle's subsources. Table 2.3 illustrates
the contribution of the subsources to the total noise levels emitted

by diesel trucks, motorcycles, and snowmobiles.



Table 2.2 COMPARISON OF TYPICAL NOISE LEVELS FOR SURFACE VEIIICLES (I)

CATEGORY Average Noise Levels (2)
(dBCA) at 15:2_ Heters (50'))

HIGHWAY VEHICLES

Medium and Heavy Duty Trucks 84 (88)

Motorcycles (Highway) 82 (88)
Utility and Maintenance Vehicles 82 (88)

Highway Buses 82 (86)

Sports Oars 75 (86)

City and School Buses 73 (85)
Light Trucks and Pickups 72 (86)

PassengersCars (Standard) 69 (84)

RAIL VEHICLES

Locomotives 94

Passenger Trains 85

Rapid Transit 87
Trolley Cars (Old) S0

Trolley Cars (New) 66

OFF-HIGHWAY VEHICLES

Recreational

Motorcycles 85
Snowmobiles 85
Inboard Motorboats 80

Outboard Motorboats 80
(Continued)



Table 2.2 (Can't.)

CATEGORY Average Noise Levels (2)
(dB(A) at 15.25 Meters (50'))

Construction

Trucks 88

Scraper 88
Dozer 87

Concrete Mixer 85

Paver 89

(I) The averaEe noise levels reported in Table 2.2 were obtained from

an unpublished EPA contractor report entitled "Rationale for tile
Identification of Major Noise Sources" Table A-I. Tile values were

originally obtained from EPA document NTID 300.13, December 31,

1971, and HUD Departmental Circular 1390.2, August 1971.

(2) Values in pnrentheses are typical for maximum acceleration. All

other values are no_nal crelslng speeds. Variatlone of 5dB can

be expected.
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Table 2.3 SUBSOURCES OF NOISE FOR TYPICAL SURFACE VEHICLES

Typical Noise Lewis

(dBIA) at 15.24 Meters (50'))
Diesel (i) Motorcycles (2) Sno_ohlles (2)

Subsource Trucks

Engine Mechanical &
Combustion 78 78 76

Exhsus_ 85 86 82

Alr Intake 75 82 85

Cooling Fan 82 - 80

Tires 75 69

; (95)

Track - - 72

i Total 88 88 88

(96)

(i) Values in parentheses are for trucks operattnR above 35 mph, source
of information: Close, W.M., DOT Truck Noise Reduction Program,

Internal DOT Description Document.

(2) The noise levels indicated for these sources were ohtained from

EPA document NTID 300.13, December 31_ 1971,

lO



3. FEDERAL SURFACE VEHICLE NOISE RD&D FROGRA}IS

3,1 DOT SURFACE TRANSPORTATION NOISE ABATEmeNT PROGRA)IS

There arm three major DOT noise research programs. They are

entitled the Highway Noise Reduction Program, the Urban Transporta-
tion Systems Noise Reduction Program, and the Conventional Railrond

and Interclty High Speed Systems. Tile sub-program tasks, projects
and flseal data associated with these programs are listed in Tables

3.1, 3.2, and 3.3 respectively. The tables indicate that the major
noise dedicated efforts are in highway noise reduction. Significant
noise RD&D aatlvltlss are identified in tile other two programs but

generally noise is only one of several considerations. Many of tbsse

latter activities are assoc%ated with the development of advanced,
future mass transportation systems. Brief descriptions of these

programs and their component projects are contained in the following
sections.

3.1.1 Highway Noise Reduction Program

Since 1970 the Department of Transportation has been actively
engaged in a multlfaceted effort to reduce the impact of noise gen-

erated by heavy duty trucks and buses upon the community adjacent
to the nation's public highways. The results of this program to
date are numerous and further information is forthcoming. Pertinent

reports developed under tbls program are available and reflect tile
degree of noise reduction achievable through the application of the

best available technology considering cost of compliance.

Summary description documents (references 1,2) have been pre-

pared which set the DOT program of truck noise reduction into per-

spectlve and delineate the plane for and accomplishments of the program
realized as of late 1972. Since that time the program has developed

accsrdlng to the plan, but with some expansion of efforts.

_let Truck Program - An investment of approximately $1,25 mil-
llom dollars has been made on three DOT contracts with the Freight-

liner Corporation, International Harvester Co., and the White Motor

Co. to develop and demonstrate the lowest practical noise levels
achievable on selected heavy duty diesel powered truck tractors,£
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Table l,l S_BY OF DOT DIGIIWAY BOISE BEDgCTION PROGRAM

Fisca_ Y_ar Fundin_ ($1,000)
Prlor to

Descriptive Title Investigator (s) 1973 1973 1974 (est.) 1975 (est.)*

Quiet Truck Program Freighclitler 1,046 i00 100
In_eraa_lonal Barveater

Co*
_nice Hotor Co,

Exhaust/Intske Hufflera Donaldson Co, 75 28
S_mco Hanufacturlng Co,

Truck Noise Handbook Ca=bridge Coilaboratlve 15 BE
Construction Bqulp_cnc V_hicle Research Institute 50

Hufflers

Engine Boise Suppor_ Bureau of Elnes/OOI 80 _0
Truck/Bus Recroflc General Dieters 450 7_

PACCAR
International Barvester
Rohr Industries

_a N=Vonnel-Bouslas Co.

Basic Engine Noise Hoc specified 245 245
Reduction

In-Cab Noise Teats In-House a
Hational Bureau of

S_andsrds

Truck Tire Noise Study National Bureau of 468 I00 lOS 200
Standards

Truck Tire Nolse Basic _orth Carolina gn£- 119 150 250

Research veralty
Highway Noise Enforcement California HiBhway 450 70

TralnlnB & Equipment Patrol

Roadsldo Snforcement Not specified 100 50
Sides

B)_5 Tralnlng/Equipping Not apeclfied

NCBRP Project III Bol_, Baranek, & 120 120 180
(highway noise modelo) Newman



Table 3.1 CCont'd)

Prlor _o

_e_r_Ive T_I_ Znveac1_ncoe _) 1973 1973 1974 (e_.) 1975 (eu_._*

Magnitude o£ TransportaC_on Serondlplcy ++
_olse Ceneraclon and
Abateme_

Scale Modellng High_.y L1ng-Temco-Vo.gh_ 79
Holse

Traffic _oi_o o_ Technology
_evelopme_ o£ I_l_hway In-house + ÷ +

PPH 90-2 Trainln_ H_nual _oi_, n.r_nek_ & _ew_en 132 + ÷

Ma Course
_[_ IE1_hwy DesJ_n Urban Systems 5_

Co_ruct_on Equlp_en_ Callfor_1_ Dlvls_on of 57 90 80 80
_a_da_da II|_aT_

_1_h_ay Barrler C.li_orni_ Divlsion of 43 7
_ffect_veness [I1gh_y_

_cous_c Ma_erZal _oi_, B_r.nek_ & _e_n 115 110

AppLications

Truffle HoL_e S_udy S_._ of M_rylond 43 37 37
_o_uni_y _olse _udy $_e of Hew Jersey 18 20 20

Passenger Car Tlre _oZse In-Elou_eand S_n_e - _ +
o_ Colo_ndo

TOTALS 2,066 1,798 11429 935

_Y 75 as_ima_e_ kno_ _o be 1_¢omp]eLe

÷ Prlmar_ In-hou_e funds
_o_ ded_ced _o _rfa_e v_h_cle noi_e0 _olse resou_e_ _o_ av_l_b_e



Table 3.2 SUP_LKY OF DOT URIIANTIV_NSPORTATIONSYSTEMS NOI_EREDUCIION PROCKAH

Fiscnl Year Fundtn_ _i 8DD_

Descriptive Title Investiga_or(G_ Prior to ig73 lg73 1@74 est.) 1975_

Trans_ Bus Nolse Reductfo_ Po_ncin£ NPIATA 26

_urchase $p_c_f£_Iou_ - _u_i_ K_IL_ 22
Coaches

TKANSBU$ Prasram No_ specified 4-P _-p _-h _-e

Personal Kap_d Tr_si_ Program No_ spec_£ed 4-h _-_ i-P _-_

Dual Mode Program Not specified _-h _-k

Rapid Trans_ Syn_em_ No£_e In-_l_u_e
Envi_on_n_

Ne_ York C_F Tr_si_ Sys_ _udy PINY _2_

P_ 60
¢_ Ch_c_ga Trsnsi_ Authority $_udy University o_ I115nots

O_her Trans_ Authority S_udy No_ specified 120

k'heel/Ra£1NoIBe _ V£bra_on _udy Bol_, Barnnek, & Ne_an 184

_levaced $_ru¢_ur_s Nois_ & Vibra_£on Cambridge Co_la_or_¢ive 146

_valua_£on

Capt_aZ Gra_a

Screech Loop - Pu_bla Fa¢il£_y In-house ÷ ÷ _ _-h

TOTALS 3S6 $77

_ 75 ea_£ma_e_ kuo_rnto ba _co_ple_e
÷ Primary _n-hou_e _unds

4-_ No_ d_d£¢a_ed _o no_B_, no£_ resour¢_ no_ ava_nble



Tablo 3.5 SU_Y OF DOT CONVENTIONAL RAILROAD AND

ENTERCITY IIIGH SPEED SYSTEMS NOISE RELATED PROGRAMS

Fi_c.l Year Pu_dln_ _l,O00)

De_cr£ptlve Title Prior'_o 1973 1973 1974 _es_.) 1975'

HQasuremen_ of Railroad + +

Joint DOT/AAR RAilroad Noise R_search 150 2OD

Linear Inductlon Motor Research Vehicle 4-+ 4+ _-+ ++

Hagn_tlcal Levltated R_sear_h Vehlcle + +

Tracked Air Cushlon Research Vehlcle ++ ++ ++ +

Prototype Tracked Air Cushion Vehicl_ ++ ++ ++ ++

k_

TOTALS 150 200

* FY 75 e_tlmates known _o be incomplete

+ Prlmarily In-house funds

4-_ No_ dedicated _o nolsep no_s_ resources _o_ available
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In the general work statement (reference 3) for the "Qule= Truck
Program" the contractors were obliged to estahllsh their own contract

target noise level limits for each of the two truck configurations to

be evaluated. Listed below is a table of goals proposed hy _aeh of the
contractors (which became part of the contracts) and results of the
contract research to date.

Table 3.4 QUIET TRUCK PROGRAM NOISE CONTROL GOALS AND ACCOMPLISI|MENTS

Contractor Goals* Accomplishments*

Freightllner (i) 75-TgdB(A) 72dg(A)
International (I) 75-78dE(A) 77-78dB(A)

(2) 78-80dB(A) 79-8OdB(A)

White Motor Co. (i) 75-78dB(A) 77dB(A)
(2) 81-83dg(A) 79dg(A)

*Maximum sound level per SAE J366a test

(i) Enclosed engine version

(2) Unenclosed engine version

Two reports (references 4,5) of the many to emanate from this pro-

Jeer have been completed. In anticipation of the demand for public in-
formation on these effcrts_ technical sessions at two professional society

meetings were arranged in which the summary findings of the project could

be conveyed to the public prior to completion of the detailed DOT project

reports. Papers were presented at the Society of Automotive Engineers
(SAE) Netlonel West Coast Meeting (references 6,7,8) in August of 1973,
et Noise Con 73 (references 9,10,11,12,13) in October 1973, and at Inter-
Noise ?4 (reference 14),
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A nmmber of detailed reports are presently In preparation to

delineate the specific tests, design conslderatlons, operational

implications, and costs associated with the development of these quieted
trucks. In addltlon9 nine trucks, as _ndicsted below, are currently in

field service evaluation with llne haul carriers to proof test the
noise reduction concepts and verify the estimates of operational and
cost implications.

Table 3.5 FIELD SERVICE EVALUATION BY LINE }_UL CARRIERS

Contractor Number of Trucks Operator

Freightllner 1 Mid American Lines

International _ Ryder Truck Lines

White i Overnlte Transport
White 3 Carolina Lines

Following approximately one year of service evaluation on each
truck, final reports will be prepared and published to document the

experience gained in llne haul service of the quieted tracks as compared
to co_iparable production trucks. Completion of the service evaluation

will occur in July of 197& for the first trucks and February 1975 for the
last trucks introduced into service.

AS a further adjunct to this program, the International Harvester

contract has been expanded to encompass fleet testing of 2_ different
installations of "demand" fan drives. This will provide an extensive

evaluation of the duty cycle of such fan-nolse obviation and energy sav-

ing installations in service across the country. Reference 15 is a list-
ing of the 23 installations currently under test.

Exhaust/Intake Muffler - Rather than rely solely on long term
future solutions to the problems of truck noise, the DOT also undertook

a series of closely related efforts to produce information upon which
near term decisions could be based: (I) for new product standards;

and (2) for ratrofltabillty of noise reduction components to current
fleets of trucks and transit coaches powered by the popular diesel
engines.

The first contracts in this effort were intake and exhaust muffler

performance evaluation tasks. The Donaldson Co. and the Stemco Hanu-
facturing Co. were awarded parallel contracts to acquire and evaluate
available intake air cleaners and mufflers for acoustic performance and

to document cost and ancillary performance effects (pressure restriction,

17
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etc.) The results of these two contracts are contained in final DOT

reports (references 16,17). The results of the Donaldson study are also

reported in a professional society report_(reference 18). These tests

validated the contention that an ample supply of commercial mufflers
exists to significantly reduce intake and exhaust noise of production

trucks. Table 3.6 illustrates the general capabilities of better mufflers
being used on the most popular diesel engines, The same reports place

intake noise and component cost versus performance into a new, clearer

perspective.

Table 3.6 SOUND LEVELS OF BASIC E_UST SYSTEMS

Sound Level dB(A) (I)

Type System NHC-250 NTC-350 6-71 8V-71 ENDT-675

Unmuffled 95 93 105 104 82

SWTP 96.0 79.0 78.0 82.0 72.5

SWTP + Wye (3) 80.0
CWTP 80.0
SHVTP 75.0 79.5 78.0 81.0 70.5

DHVTP 81.5
SHHTP 81.0 80.0 81.0 (2)

DHHTP 74.0

(i) "A" weighted sound level reference 20 mlcronewtons per square meter, i
Measured at 15.24 meters (50').

(2) All mufflers tested exceeded back pressure limits.
(3) Wye muffler is used to Join the two exhaust banks into a single

system.

Exhaust System Code "XY ABC"
XY donoted muffler configuration; S slngle, D dual, V vertically

mounted, H horizontal.
ABC donotes tall pipe system, V vertical, H horizontal.

Truck Noise Handbook - A task order contract with Cambridge

Collaborative is being used to write a popularized version of the
results of the two muffler contracts, the cooling system results from the

"quieted" trucks, and general noise testing procedures into one comprehen-
sive handbook for field use in implementing truck noise reduction. This

effort is nearing the publication stage and a final handbook was sched-
uled for completion July 1974.

Construction Equipment Muffler_ - A contract is presently being

18
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negotiated with the Vehicle Research Institute (VRI) of the SAE to

study and evaluate the applicability of the muffler and cooling system

technology to construction equipment. Recommendations for dissemination
to that industry will be made by VRI.

Engine Noise Support - An interagency agreement with the Bureau

of Mines, Bartlesville Energy Research Center has produced a variety of
information on the performance and air emissions of similar diesel engines

with specific attention paid to effects of noise reduction components.
Bartlesville personnel also participated in program planning for future
diesel engine noise research.

Truck/Bus Retrofits - Most directly applicable to the regulatory

process for new trucks is the series of five contracts recently awarded
by the DOT to determine the degree of noise reduction possible through
optimum selection of air cleaner/inlet mufflers, exhaust mufflers, and

cooling system components. Contracts have been written with: General

Motors Truck and Coach Division, PACCAR (parent corporation including
Kenworth and Peterbilt), International Harvester, Rohr Industries

(Flexible Coach), and McDonnel-Douglas Co. (with White Motor Co. as
s1_contramtor). Ten trucks and two transit coaches will be evaluated

and quieted through detailed studies. Ten other trucks will he evaluated

as to the applicability of the hardware developed for the primary study

vehicles. $500,000 of Federal funds are being augmented by $325,000
of industry cost sharing to perform this effort. Final reports are

scheduled to be finished by mid calendar year 1975. On the basis of the
information (reference 19) supplied to prospective bidders regarding

the tasks to he performed in this truck and bus retrofit study, it

is evident that DOT is seeking technology answers to the problems of
typical vehicles hut, in additlol,, is also seeking deflnitlve studies

of vehicles know_ to possess atypical noise problems. Accordingly,
some of the results expected from this effort will quite possibly

delineate a number of truck models which simply cannot be expected to
he made as quiet as the "typical" truck. From this information, the

impact of regulatory decisions should be much clearer for both the

"typical" heavy duty vehicle, and vehicles which may have to be pre-
maturely retired due to excessive costs to quiet.

To facilitate dissemination of information resulting from these

efforts, the contractors are obligated to prepare service bulletins
pertinent to the test yehlcles and to distribute these notifications
to all owners of record of the affected vehicles. DOT anticipates

that these service bulletins will establish a precedent in the industry
which will be followed by broad voluntary dissemination of noise infor-

matlon by all manufacturers to their customers.

Basic Engine Noise Reduction - For even longer term considerations,
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DOT has initiated procurement activities to study the options available
in reducing inherent diesel engine noise through engine design modifi-

cations. The efforts of the Bureau of Mines and the so called "Quiet
Trucks" have provided the initial information for this effort as well as

options to encapsulate engines for noise reduction purposes. This study
will delve more deeply into the basic mechanisms of noise generation and

radiation by diesel engines and the potential abatement techniques
applicable to present and future engine designs. This will be a three

year laboratory and field test program which is expected to cost a half

million dollars. From this effort, it is anticipated that engine design
parameters will be developed which will provide a full option to the
encapsulation techniques developed in the previous DOT research and/or

provide means to lower engine noise beyond that achieved solely by engine
shields and encapsulation if needed.

In-Cab Noise Tests - The DOT has exercised its safety responsi-

bilities in various areas affecting heavy duty trucks and buses. One of

these areas of responsibility includes regulating the noise exposure of
drivers of commercial vehicles. In keepin_ with the authorization and
direction of the Congress as expressed in the Noise Control Act of 1972,

DOT has carried out its program of operator noise exposure protection
through research and development to the regulation stage,

In October of 1970 an advanced notice of proposed rule making by
tbe DOT Bureau of Motor Carrier Safety (BMCS) regarding sound levels in

commerlcal vehicle cabs was issued. A field measurement and analysis
effort was undertaken the following summer of 1971 to ascertain interior

sound levels and to develop simplified test procedures. Through the
cooperation of Regular Common Carrier Conference and the American Truck-

ing Associations, sixteen trucks were made available for testing. (Due

to interest in community noise on the part of the truckers and the DOT,
the exterior noise levels were measured as well as the interior noise

levels of the test trucks).

Interior and exterior noise level data were acquired by the National

Bureau of Standards (NBS) for DOT for a variety of truck operating procedures
which included: stationary low idle, stationary engine acceleratlon_ sta-
tionary high idle (governed rpm), SAE JB66a acceleration, SAH J366a decelera-

tion, and SAE J366a engine brake deceleration (reference 20).

An analysis of the significance of the various tests and a recom-

mended enforcement procedure for interior noise level has been reported
(reference 21). A methodology to relate the simplified procedure to

driver exposure and the hearing conservation criterion of the Occupational

Safety and Health Act was proposed. Sample measurements of typical over-
the-road driver sound level exposure were also reported.
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Subsequently a Notice of Proposed Rule Making (reference 22) was

issued by the BMCS on January 4, 1973, based upon the results of the

above research, to limit interior truck noise with specific per-

formance standards and compliance testing specified. In-house studdes
documented by SMCS (reference 23) and independent studies by the Motor

Vehicle Manufacturers Association (MVMA) confirmed tilevalidity of

the compliance testing procedure relative to the desired exposure control.

On November 8, 1973, the Director of the Bureau of Motor Carrier Safety
issued new Part 393.94 establishing maximum interior sound level limits

for newly-manufactured and in-servlce trucks and buses operated in inter-
state commerce.

The NMCS has also undertaken research to relate noise and other

commerlcal vehicle environmental factors (vibration, heat, etc.) to

driver fatigue, etc. The results of this effort have been reported
(reference 24).

Truck Tire Noise Study - The very first item of surface trans-

portation noise research undertaken by the DOT Office of Noise Abatement
was e eomprehenslve study of tire noise. DOT undertook this program in
1969 as the first phase of its highway vehicle noise research because it
had been determined that: (1) tire noise is speed dependent, thus it

is typically the dominant high speed truck noise source; (2) Interstate

highway construction progress has generated a continuing increase in
average truck speed; (3) tire noise to some degree is 'dependent upon
road surface and; (4) the majority of the rema_nlng Interstate system
to be constructed is in urban areas. The course of action taken was

to enter into an interagency agreement with the Office of Vehicle Systems

Research (0VSR) of the National Bureau of Standards to conduct pilot
studies of auto tire noise (due to their heavy involvement with auto tire

safety standards for DOT).

From this pilot effort and information obtained from General

Mote;s, it was determined that meaningful data could be acquired using
coast-by test procedures. With this base of understanding and experience,

DOT and NBS prepared a test plan for a parametric examination of truck
tire noise through field testing.

During the performance of this study, the OVSR was transferred
eumasee from NBS to DOT and the tire noise program execution was re-

directed by DOT to the Applied Acoustics Section of NBS. No significant
disruption of the program was ex_erlenced by this transition which was

planned in anticipation of the organizational change. An excellent test
site was made available at Wallops Island, Vlrglnlaj by the National

Aeronautics and Space Administration. Test tires were provided gratis

by several trueklng companies through the Amerlcen Trucking Associations.
NBS acquired the necessary acoustic equipment, became familiar with its

• operation and conducted initial tests at WalloPs Island in 1970. Test-
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lag during the summers of 1970 and 1971 resulted in the acquisition of

the largest known data base of truck tire noise. The first (references

25,26) of a series of reports based upon these data document the vari-
ation of truck tire noJse with: tire tread type, vehicle speed, vehlc]e

loading, tire wear, and to a limited degree road surface, number of
tires, and effects of water on the road surface.

Currently in preparation are several additional reports derived
from this data base covering the subjects of: regulatory and use _mpll-

cations, spectral and directional characteristics of truck tire no_se,
and implications of the data in regards to the mechanisms of tire noise

generation. In addition, evaluation tests of candidate tires for stan-

dard military procurement were evaluated and were reported (reference
27).

A substantial number of professional society papers have been

written by DOT and NBS on the subject of tire noise. (See references
28,29,30,31,32 for examples). The f_ndlngs of this program to date

served as input data for the EPA proposed Interstate Motor Carrier Noise

Regulations (reference 33). It Is anticipated that the findings will
further serve as the basis for tire noise regulations to be written by

the California Highway Patrol (CHP) in accordance with Sections 27502 and
27503 of the California Motor Vehicle Code (reference 34) and possible

future tire noise regulations to be written by EPA.

Truck Tire Noise Basic Research -While the above tire noise efforts

hays quantified the important factors pertslnln S to selective use of
tlrss, road surface implications and regulatory implications, the matter

of specific tire noise ganeratlon mechanism would remain unanswered
unless more specific research into this point was successfully conducted.

Accordingly DOT has awarded a four year $270,000 grant to the North
Carolina State University (NCSU) to undertake a theoretical and experi-

mental study of tire noise generation. Through the first two years of

thls grant, tire vibration (as opposed to air pumping or other turbulent

aerodynamic phenomsna) has been identified as a major noise source
mechanism in many truck tires. Subsequent tasks have been planned which

are necessary for the design of quiet tires. These tasks are: isolation
of tire vibration and sound sources through coherence function analysis
of tire sound, vibration, and road surface roughness signals| road sur-

face roughness measurement and modellng_ and tire analytical vibration
and noise models. A status report (reference 35) through August 1973

is available from NCSU.

Highway Noise Enforcement Tralnln_ and Equipment - In the various

aspects of the DOT program of truck noise reduction, numersus procedures
of sound measurement and data presentation have been employed. The DOT

has elected to use one common base of testing throughout this program

i
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to ensure complete communications with the various participants and to

ensure comparability of results. This common base has been the Society
of Automotive Engineers Recommended Practice J366a or the latest version,
J366b (reference 36) revised for editorial reasons. As illustrated in

reference 20, DOT is very much attuned to the need to constantly review
the adequacy of present testing techniques. The sensitivity of J366a

relative to vehicle operation and/or microphone location was investi-
gated and reported, noting that nowhere in the data were levels greater

than d366a plus 3dB recorded at microphone locations other than that
prescribed by J366a. The average difference in levels recorded 4.97

meters (151) to either side of the SAg microphone location was 0. The
average difference in levels recorded 9.14 meters (30') to either side

of the SAg microphone location was 0 to 0.bdB lower than at the SAE

microphone location. The ranges of data were also small. A concluding
statement, therefore, was made relative to J366a that: "This data

serves to substantiate the validity of the SAg test procedure as a
measure of maximum vehicle noise". Subsequent to that study in 1971

no data |*as been generated which would change the conclusions as to

validity of J366 within a nomlnal_2dg tolerance. Higher test speeds
would be detrimental to the process of reliably determining maximum
truck noise (exclusive of tire noise),

As noted abovej DOT is presently preparing a report on tire noise

regulatory implications which will endeavor to provide supporting infor-

mation for California standards to be developed on truck and automobile
tire noise. In this effort leading up to the preparation of this report,
DOT has concluded that tires need to be regulated in a totally separate

fashion from trucks. DOT further concludes that with the exception of

substituting "fast meter response" for the "slow meter response"j the

procedures and concepts of SAE J57 (reference 37) testing are adequate
for truck tire noise rating.

In accordance with scientifically sound and practical approaches

which exist for the specification and enforcement of motor vehicle
noise control measures, DOT undertook the sponsorship of a training pro-

gram for state and local officials concerned with this problem. In May
and June of 1973, the California Highway Patrol (CHP) conducted six,

four day courses to convey the background and experience gained by the

CHP in developing and adopting legislation for the control of motor
vehicle noise and in developing and enforcing specific new product
and In-service vehicle noise regulations. The DOT also offered to make
available basic ins_rumentatlon for the states to use in such _nforce-

meet progrmas which the states would undertake following completion
of the DOT/CHP courses.

A total of 212 state and local officials attended the training

courses at the Sacramento, California Academy of the CHP. A few repre-

seetatlves'of the Environmental Protectioe Agency also attended, as did

other DOT officials and a few industry officials.
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The course material and the audlo/visual training aids provided each
attendee are contained in references 38 through 41. The object of the

program was multifold, however, one primary obJestive was to determine if
a well structured program, conducted by personnel possessing extensive

background and experience could effectively convey the essence of vehicle
noise enforcement techniques to a generally uninformed group of state

and local officials, upon whom responsibility for such enforcement would

possibly be placed in the near future. As the final report (reference 42)
indlcates, the program was an overwhelming success, The examination scores

were raised from an average of 64.5% at entrance to 91.3% upon completion
of the course. This report has been edited to preserve anonlmity of the
attendees thus permitting public disclosure of the program results.

Roadside Enforcement Sites - Further, in regards to measurement

methodology, the DOT is initiating a program of roadside site categori-
zation which will involve the measurement of control vehicles and traffic

at a number of representative roadside enforcement locations to cate-

gorize the acoustic effects of such sites as are typically found adjacent
to the nations highways and streets. Measurements during tile summer of

1974 will provide pertinent data for this activity leading to the develop-

mant of initial compliance regulations to he written by the D0T under
authority of Section 18 of the Noise Control Act, This activity will, in

all probability, be an on-going, low level, in-house effort to eontlnually

upgrade enforcement teehnlques, thus pe_Itting enforcement measurements
in more restricted spaces and accounting for other factors which at pres-
ent would rule out sites for measurement purposes.

BMCS Training/Equipping - In fiscal year 1975, in-house and contrac-

tor efforts will provide expanded training of Bureau of Motor Carrier

Safety (_CS) inspectors for enforcement of the In-Cab Noise Regulation
and Interstate Motor Carrier t_olse Regulation. In addition, equipment to

supplement that presently available for BMCS inspectors will be provided.

National Cooperative Ni_hwa_ Research Program (NC|IRP) Pro_ect III -
Dating back to fiscal year 1970 the DOT Federal Highway Administration
(FHWA) has supported the NOHRP Project III for the development of infor-

mation pertaining to highway noise and its associated problems, This is

a Jointly funded effort with the Association of State Slghway Officials
through the Highway Research Board and has_ to date, produced three per-

tinent reports, NCHRP Reports 78 t i17, and 144. Each report addresses

the proposition of highway noise generation and provides information for
the transportation and urban planner to perform his function appropriately
in light of these predicted noise levels and community reactions. Other
activities within the DOT have addressed this problem and have resulted

in the development of highway noise prediction models. Under contract
to the Office of the Secretary of Transportation in 1970, Serendipity

Incorporated developed a sophisticated highway noise model which took
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into account many factors as specific inputs which have been averaged

in the succeeding NCHRP models. Reference 43 is the highway noise

volume of the series of reports resulting from this study of the
magnitude of the transportation nolee problem. References 44, 45 and

46 document the computer program as refined and used by DOT Trans-

portatlos Systems Canter (TSC) and the short approximate method developed
in-house at DOT/TSC. On-golng effort has been directed towards updating

these models and providing programs for different computers to accept
either the NCBRP 117 model (computerization performed hy the Michigan

State Highway Department) or the DOT-Transportatlon System Center
Model.

Scale Hudelln8 Highway and Urban Traffic Noise - In many circum-

stances the topography is of such a complex nature as to invalidate
the generalized assumptions used in computer modeling, hence, the use

of small scale physical models has been applied on two DOT contracts.
In 1969 a contract was written with LinB-Temco-Vought (LTV) to study

the scale modeling problem of comple_ highway interchanges and to

develop the sound source and measurement methodology to permit reliable
small scale modeling. Corporate organlzatlonal problems resulted in

the transfer of numerous key personnel away from the project, con-

sequently, adequate final reports have not been prepared documenting

thls study. Subsequently, the Massachusetts Institute of Technology
(MIT) has had a DOT grant to study scale modeling of urban traffic
situations. Final reports are in preparation (should be available be-

fore the end of calendar year 1974) documenting the results of this

study of traffic flow in simulated urban canyons.

Development of Highway Noise Standards PPM 90-2 - Section 136(b)
of the 1970 Federal Aid to Highway Act specified that the DOT/FHWA

promulgate by July i, 1972, standards for highway noise levels, com-

patible with different land uses. Accordingly on April 26, 1972, the
DOT Federal Highway Admln_stratlon issued an advanced copy of its

Policy and Procedures Memorandum PPM 90-2 entitled Interim Noise
Standards Procedures for Implementing 109 (1) of Title 23 United States

Code. This was updated in February 8, 1973, by final version PPM 90-2
entitled Noise Standards and Procedures (reference 47). The develop-

ment of these standards was performed primarily in-house with the assis-
tance of consultants in the employ of the DOT and under the auspices

of the Association of State Highway officials.

PPM 90-2 Tralnln_ Manual and Course - To assist in the understanding

and Implementatlon of PPM 90-2 the F_WA made provisions for preparing
a one-week training course in the fundamentals and abatemsnt of highway

traffic nolse. This course was prepared under contract by Bolt, Beranek
arid Newman (BUN) and initial courses were given under the leadership of

BUN, Subsequently the same course is being made available through

the Federal Highway Admin_stratlon Regional Structure and is being con-

ducted in-house by FHWA employees with the assistance of a few consultants.
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A manual (reference 48) has been prepared that serves as a textbook for

training courses.

The Highway Noise Standards and tiletraining course are directed to

those location, site, and design aspects of highway construction wbich

are pertinent to the control of vehicular noise as it exists on today's

highways. The computer programs mentioned above are based on empirical
measurements on today's highways of todayts veblcular noise levels, but

adjustments to reflect vehicular noise control can he made in these pro-

grams.

FHWA Highway Design Manual snd Construction Equipment Standards -
Other activities include the preparation of design manuals for the

construction of highway roadside barriers, and the exploratory research

by the state of California Division of Highways regarding the establish-
ment of feasible noise levels for construction and maintenance equipment

utilized for highway construction.

Highway Barriers: Effeetivenesst Acoustic Haterials, Parnmetrlcs -
A variety of Federal Highway Contracts and state research projects under
the Highway Trust Fund allocation for Highway Planning and Research are,

and have been, underway relating to design features of h_ghways to abate
existing highway noise. The state of California )*as completed a project

relatlng to traffic noise near highways and the effects of design and
environmental varlsbles, including the development and demonstration of

highway barriers near impacted residential areas. A contract has been
let by the DOT/FHWA with BBN to explore the ramifications of using sound

absorbing material on existing bighway noise barriers and within tunnels,
In addition, the DOT/TSC under tho DOT, Office of the Secretary has cos-
ducted in-house theoretical studies and is preparing a field measurement

program to evaluate the effe=tlveness of blghway harriers relative to
the llne source of noise generated by a stream of heavy flowing traffic.

Traffic and Community Noise Studies - The state of Maryland has

undertaken a pro_ect relating to highway design end abatement of traffic
noise and the state of New Jersey has undertaken a program of community
noise measurements,

Passenger Car Tire Noise - Other activities involving tile Western
Region Federal Highway Administration field force and the state of
Colorado pertaln to the noise generated by passenger car tires on various
road surfaces. The design implications of tlre/roadway interaction bare
been discussed above in the truck noise reduction program, While the

problem is somewhat different, the results of tbe truck and passenger
car tire rese@roh have been carefully coordinated and _ntegrated insofar
as the implications of highway surfacing are concerned from the stand-

point of safety and noise.
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3.1.2 Urban Transportation Systems Noise Red,etlon Program

Transit Bus Noise Reduction Potential - Within the broad area

of mass transporratlon vehicles and systems development, numerous
actlvlrles are underway relating to advancing the state-of-the-art of

noise control. As mentioned previously, two transit coaches are in-

cluded within the DOT Truck/Bus Retrofits programs and, in addition,
a demonstration project by the Washlngton Metropolitan Area Transit

Authority (W}_TA) completed in 1972 demonstrated that significant
noise reduction could be achieved in current "new look" transit coaches

hy the application of noise control engineering. The 14MATA "quick and
dirty" demonsrratlon program illustrated the need to work on engine,
exhaust, Intake_ and cooling system aspects of coaches to achieve

noise reduction. The demonstration did not include the development
of practical hardware to achieve these reductions as will he the case
in the project presently underway.

Purchase Specifications: Transit Coaches - Currently underway
is a low level effort by MITRE Corporation to more closely examine the
rest procedures and specification for communlry and passenger noise

levels associated with translr coaches. The D0T Urhan Mass Transpor-
tation Administrarlon (UNTA) provides capital grants covering some 80%
of all transit coach purchases. This contract with MITRE Corporation
is being conducted in conjunction wlrh the Society of AutomoLive
Engineers Bus Noise Subcommltree.

TRANSBUS ProRram - Looking further to the future, the DOT Is

presently developing technology for future transit coaches in the forty
foot urban design category. Three parallel contracts have been awarded

for the development and demonstration of such coaches. Included within

the design goals and specifications are very progressive inKerlor and

exrerlor noise level specifications. This program is presently in the
acceptance test and evaluation phase of the demonstrator =ranslt coaches

produced by three suppliers: Rohr, Inc., General Motors Truck and

Coach, and AM General Corporation, The portion of the twenty-three
million dollar total effort which is devoted to noise control is nor

known since noise is but one of many integrated speelflcatlons for
the project. However, the attainment of the seventy-flve dBA exterior
maximum noise goal will do much to forward the state-of-the-art and is

considered by the D0T as a signlflcanr activity in the noise abatement
area.

Personal Rapid Transit (PRT) Program - Other systems development

and exploratory efforts in the area of personal rapid translr systems

(PRTIs) also include noise related activities as a parr of the advanced
work necessary to determine the applicability of such systems for future
urban transportation needs. Contracts with Unlflow and Pullman Standard,
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for example, include noise oriented activities related to tall personal

rapid transit design concepts. Some of the findings of these systems study

contracts may be pertinent to more conventional tracked rapid transit

vehicles and to future design speclfica_ions for systems implementation.
Estimates as to the specific cost of the noise related portions of these
contracts are not provided since the segregation of noise from other de-

sign and evaluation tasks cannot be readily performed.

Dual Mode Program - Another activity is the so called dual mode
technology development within the mass transit area. A variety of

activities exploring the feasibility of integrating various modes of
transportation to relieve the dependence upon automobiles includes,

among other things, environmental compar/bility; hence, a low level of
in-house consultation and contractor effort in the noise area is included

to assure noise compatibility of such systems.

Rapid Transit Systems Noise - In the area of rail rapid transit
a concerted effort has been mounted to address the problems of noise in

the community and the noise environment of riders and customers waiting
in stations. In FY 1972 and 1973, measurement methodologies were developed
to characterize the noise environment of rapid rail transit systems. The

Massachusetts Bay Transportation Authority (_TA) Lines were used as sub-

Jeers for measurement and exploratory study. A final report is in prep-
aration describing the noise climate of the MBTA. Subsequently, grants

nave been provided the New York Polytechnic Institute and the University
of Illinois to study the New York Clty Transit Authority (NYCTA) and

Chicago Transit Authority (CTA) properties respectively (along the lines
of the study previously conducted by TSC/DBT of the _TA). Request for

proposals have been issued for similar studies of the Cleveland,
Philadelphia, and San Francisco rapid transit systems.

Wheel/Rall and Elevat_d Structures Noise and Vibration - Contracts
have been let for studies of (i) the developmeoe of wheel/rail noise and

vibration control technology and (2) the development of track and elevated
structure noise and vibration control technology with Bolt, Beranek and

Newman and Cambridge Collaborative, respectively.

In-Service Noise Abatement Test and Evaluation - In 1974, the in-

service test and evaluation of state-of-the-art noise control techniques

will be conducted including: resilient wheels in Chicago, station
acoustical treatment in Philadelphia, resilient fasteners in New York,

and barriers in San Francisco. The in-servlce test and evaluation pro-

gram has as its overall objectives the definition of cost and performance
data of the various techniques as well as the evaluation of each technique

considering safety, maintainability, etc., for application in furore
corrective programs and new systems designs.
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Future plans call for the development and demonstration of appli-

cations of known technology as well as heretofore unproven technology

in one or more transit authorities. The producers of these efforts
will feed back thxough the cost and abatement documentation similar

to that mentioned previously for the MBTA, NYCTA, and the CTA studies.

Thus an _ntegrated time phased program is well underway for the assess-

ment of noise impact of existing rapid tall transit systems, and the
means are at hand to hegln to idestlfy and resolve environmental
incompatibilities.

New Systems Specifications: Capital Grants - In addition to the
research and demonstration program activities, very important improve-
ments an4 advancements are being made as a result of progressive systems

specifications helng drawn for new transit systems which are hefng
developed with massive federal support. Examples include the Bay Area

Rapid Transit District, the Washington Metro Systems, the Baltimore
Transit System, and Atlanta Rapid Transit System. Such specifications,

developed by the system consultants and approved by the DOT, exhibit
incremental noise improvements with time, Estimates of the costs of

such specifications cannot bo provided, however, the noise reduction
contributions of such system specifications will be significant.

Other programs such as the State-of-the-Art Car and the develop-
ment of a screech loop at the Pueblo High Speed Test Center will add to

the body of information permitting continuous improvement in rapid
transit noise control.

3.1.3 Conventional Railroad and High Speed Ground Inter-City Trans-

portatlon Noise Related Programs

Measurement of Railroad Noise - Prior to the passage of the Noise

Control Act of 1972, conventional railroad noise complaints ranked rela-

tively low on the llst of priorities in the DOT (as measured by the

frequency or number of community complaints and/or legal actions taken).
The conventional roll network is contracting rather than nxpsndfng, and
much of the land usa adjacent to conventional tall lines has lone been

established and has acclimated to the noise of conventional railroads.
Due to the desire of railroads to have uniformity of control and in re-

action to a growing body of regulatory attempts by cities and states,
the railroads lobbied for inclusion of Section 17 in the Noise Control

Act of 1972 which requires the EPA to establish standards for noise
emission of railroad equipment and facilities and for the DOT to write

compliance regulations. Accordingly, the DOT undertook an accelersted

program of In-house measurements of railroad noise to explore the
masnltude of the problem and the means by which measurements and/or

enforcement procedures could he developed. A number of messuraments
in the field were made of conventional and hig h speed trains between
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Washington and New York and New York and Boston which encompass conven-
tional freight, conventional passenger, Hetrollne and Turbo Train. One

report (reference 49) has been published and an article (reference 50)

based upon the data was published in "Sound and Vibration. '_ In addition,

an exploratory research program utilising a load cell facility was under-
taken to acquire baseline information on locomotive noise as a function

of throttle position and fan operating cycle. Meassrhmente of property ,
llne and specific source noise emissions were made during a one-week

period in the Argentine yards of the Atchison, Topeka, and Santa Fo
Railroad in Kansas City. Extensive data were acquired reflecting the

property llne noise levels as a function of noise s_urce and operating
mode. These data were acquired in a cooperative venture to support the
EPA standards setting responsibility under Section 17 of the Noise Control

Act and will be published shortly (reference 51),

Joint DOT/Associatlon of American Railroads <AAR) Noise Research -
Currently underway is a railroad noise research program in cooperation
with the Association of American Railroads. This program will investigate

locomotive noise characteristics under various operating modes wlth the

prime objective being the development of simple, but effeetive, locomotive
noise tests techniques. Also to be studied in this program is the effect

of multiple locomotive units and propagation across adjacent terrain in

order to allow efficient and equitable enforcement of EPA noise standards.
Finally within the program, the demonstration of the effectiveness of

retarder noise barriers is planned.

The above railroad noise research program will be initiated in FY 1974
and will carry through FY 1975 and portions of FY 1976. From this study it

is expected that simple and reliable test techniques for evaluating rail-
road/locomotlve noise, identification of individual sources of locomotive

nolas_ identification of site variables pertinent to the measurement
of locomotive/rail car noise, and demonstration of railroad retarder
barriers _o abate the excessive noise of these facilities will be accom-

plished. Cooperation on the part of the nationrs railroads is anticipated
th=ouBh the gratis supply of equipment and operating personnel. From this

base of information more specific actions in the future can be taken to

identify the need to reduce railroad noise further and the means by which
such reductions, if required, can be made.

High Speed .lnter-Cit7 Dedicated Guideway Transportation Systems -
Also Within the DOT program of exploratory research and demonstration are
activities associated with high speed intercity dedicated guideway type

of transportation systems. Within these engineering demonstration efforts
are a number of noise specifications and specific noise abatement tasks.

For example, the Linear Induction Motor Research Vehicle, which is a steel
wheel rail/linear induction motor propelled test vehicle operatlng at the

Pueblo _igh-Spesd Test Site, is belng seb_ected to evaluation of noise
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sources with emphasis on rail wheel noise and if feasible, exploration
of linear induction motor and reaction rail noise generation. In

conjunction with the Federal Republic of Germany and their high-

speed ground research program, DOT anticipates acquiring data from
tests of German magnetically levitated vehicles centering on the evalu-

ation of aerodynamically generated noise of high speed vehicles.

Engineering development programs of prototype tracked air cushion vehicle
(PTACV) will provide additional information on the noise generation of

air movers for such vehicle, cushions, and once again linear induction

motor components. Noise specifications previously set for the PTACV
have been factored into the design. Evaluation and, if necessary,

corrective measures in future years will reveal significant findings

regarding the peculiar apparatus of such high-speed ground transpor-
tation vehicles.

3.2 DOD SURFACE VEHICLE NOISE CONTROL PROGRAMS

The surface vehicle noise research programs identified within the

DOD are those sponsored by the U.S. Army Tank Automotive Command (TACOM)

and the H.g. Army Mobility Equipment Research and Development Center
_ERDC). The TACOM Noise Control Program is divided Into two program

areas: Conformance with Regulatory Requirements and Vehicle Signature
Reduction. Both are funded by the Army Materiel Command under the

Tank and Automotive Technology Effort and are classified within the D0D i

as Exploratory Development Projects. The MERDC program is entitled
"Noise Reduction Program for U.S. Army Construction Equipment" and

includes mobile amd stationery construction equipment. However, this

report will only describe the portion of =he program concerned with !
eonatructioa vehicles. Tile stationary construction equipment considered
in the MERDC Program is addressed in the Federal Machinery Noise Panel

Report entitled "Federal Machinery Nolae Research, Development, and
Demonstration Programs: _X73-FYT5." Copies of this report are available

from EPA. The projects associated with these programs are listed in
Tables 3.7, 3.8, and 3.9, The substance of the programs is also briefly
described in Sections 3.2.1 and 3.2.2.
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Table 3.7 SUM_RY OF DOD/TACOM CONFORMAHCE WITII REGULATORY REQUIREMENTS PROGRAM

Fiscal Year Funding ($1tO00)

Descriptive Title of Task Investi@ator 1973 1974 1975

TACOM Noise Measurements, Standards In-House 50 120
and Coordination

Construction of an Anechoic Test Facility gckel Corporation 90

For Vehicle and Vehicle Components

Noise Measurement Test of Military In-Hous_ 53
Fleet Vehicles

Isolation and Measurement of Component Cummins Engine Company 9
Noise Emissions of a M813 5-ton Cargo
Truck

TACOM/DOT Noise Measurements of Non- National Bureau of Standards 20

Directional Cross Country & New
Military Tires

Purchase of Sound and Vibration In-IIouse 75 13

Measurement and Analysis Equipment

Noise Reduction of an M813 5-ton Cargo H.L. Blachford, Inc. 23
Truck

Modification of a Mobile Laboratory Van PSI, INC. 32

TOTALS 215 270



Table 3.8 SUMMARY OF DOD/TACOM VEHICLE SIGNATURE PROGRAM

Fiscal Year Fundln_ ($i,000)

D2scrlptive Title !_V@sCigatsr(s_ P_.lor ts 1973 1973 I974(est) 3975

Noise Signature Measurement Is-House 100 50

Program

TACOM Analysis of Armored In-}{ouse 50
Reconnaissance ScouE

Vehicle CoNtractor Program

to Reduce Kxhause System

Nolse t Nolse Reduction of
the M561 CAMA Goat, &
Information Dissemlnatlon

Vehicle Noise Specifications l_-House 37
and Field Tests of Hem-70

and M520 Ooer Pilot Vehicles

Military Vehicle Track Bolt, Baranek & 28
_fodelllng Noise and Newman
Vibraclon Study

Compute_ Corzelation of Bolt, B_ranek & 30

Vehicle Detectability Newma_

TOTALS i00 I00 95
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Table 3.9 SO_qAKY 0F DOD/_KDC NOISE REDUCTION PROGRAM FOR U,S, ARMY CONSTRUCTION VRRICLES

F1sc.1 ¥oar FundJn_ ($I.00D)

Descriptive Title Invesci_a_o_ 1973 1974 197._.._5.5

Off-Road Vehicle Noise Survey

Operator Noise Exposure In-Houae and Dayton T+
Brown_ In_** 44 +

Exterior Noise I_-t{ouso_* + + ÷

Noise Speciflca_lon/_tandard In-Rouse + + +
Developmen_

Total (44) (+) (+)

Vahlc]e Noi_e Concrol

D7 Crawler Tra_tor Catezplllar Tra_cor Co, 130
and ln-Hc_sc

6R Rough Terrain ForiO-Ift Dayton T. R_o_, In¢, 75 30
Truck and In-IIou9e

10K Rough Terra£n Forkllf_ R, L. B1achford, Inc. 75 30
Truck and In-IIou_e

t_ 830}r_Wneeler Tracto_ KQmpermon A_aoclates, Inc* 60 80
and In-]Ioqso

6g Warehouse Forkllft Allls-Chalm_rs 140 65

T_Cal (280) C250) (145)

Compone.t Noise Control/Control
CO_pooQn_S
_ydraullc NOISe Oklahoma Seato Univere_cy 20 40 10
gccou|tleal Haterlala Dayton T* nrown. _nc* 25 5

.nd R* L* Bla=hford

Total (45) (40> (15)

GRANDTOTAL 369 300 160

* Subc0.tra_t to Kamperma. ASSOCIates, I_C,
** Aleo in _o.June_£on wl_h the 'IVehi_le Nols_ Control Pr,lgram"
+ Not dedica_ed _o nolse



3,2.1 TACOM Surface Vehicle Noise Reductlon Program

Conformance with Regulatory Requirements - The objective of this

effort is to measure and reduce noise levels of all military vehicles

that fall within the Jurisdiction of military and commercial noise stan-
dards, Both interior and near field exterior noise emissions arc con-

sidered. The following standards are among those that are addressed:

Tahle 3.10 SUM_t%RY OF MILITARY AND COMMERCIAL NOISE STANDARDS

Potties of the Vehicle Affected

Title Source Int. Ext. Nondetectabillty

MIL STD 1474 Army X X X

(MI) Noise

LimitsforArmy
Material i

TB 251 Army X

Public Law Federal X X

92-574 Noise
CenCrol Act

of 1972

MIL R 46855 Army X !

Human Engr

Bequest for

Military Systems i

MIL STD 1472 Army X

Human EnBr
DesiEn Criteria

EPA Proposed Federal X

Standards i

Federal Motor Federal X i
Carrier Safety

Regulation

Occupational Federal X i

Safety & Health
Act (OSHA) i

J
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The Conformance with Regulatory Requirements Program was initiated in FY 73.

The following represents a distribution of the resources by tasks and the
work accomplished:

TACOM Noise Measurements,. Standards and Coordination - This In-house

project consisted of a number of tasks. For example an Army Materiel
Co_%_and (AMC) Werklns Group on noise formulated Military Standard (MIL STD)
1474 (reference 52). Existing military vehicle noise test data were oom-

piled and additional "quick" tests were run at the Yuma Proving Ground

(YPG). Two TACOM reports were published (references 53,54). A coordina-

tion effort on interior noise included developmental measurements and noise
reduction cost estimates on M551, M746, M123, M578, and MII4 vehicles.

Cooperative efforts were undertaken with other TACOM agencies to establish

the following ranking of vehicles requiring measurement of interior and
exterior noise emission.

(i) M35A2 Cargo Truck (6) M561 Game Goat

(2) M818 Tractor Truck (7) M746 Heavy Equipment Trans-

porter
(3) MS13 Cargo Tru¢k (g) M520 Cargo Gear

(4) M817 Dump Truck (9) M559 Tanker Goer

(5) M151A1 Jeep (I0) M553 Wreaker Gear

In addition, TACOM transferred $i0,000 to the U.S. Army Test and
Evaluation Command (TECOM) at the Aberdeen Proving Ground (APG) for a

MIL STD 1474 interior and exterior noise measurement of 3 new samples

each of MI51A2 and M561 vehicles (this was a "piggy back" measurement
On a vehicle product assurance test). Resources for this effort were

Increased t_ $100,000 in FY 74. Emphasis was in assisting in zevielons

to MXL STD 1474, support of measurement and suppression of noise on
several types of high mobility tactical vehicles, and coordination of
contract efforts.

Anecholc Te_t Facility Construotlon - This project resulted from
the transfer Of $165,000 from another TACOM Division for truck engine
noise reduction work (DA Project IG563621DGOT). The effort was as follows:

A $90,000 contract was awarded Eckel Corporation for the construction of

s semi-aecholc test facility, Noise measurements on vehicles_ engines
and transmissions may be accomplished in this facility which will
accomod_te vehicle sizes up to and including the 5-ton M809 series

truck. $75,000 was utilized for nolsa measurement equipment for the
el*umber.

Noise Measurement Test of Military Fleet Vehicles - A TECOM noise
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measurement rest of militar_ fleet vehicles was initiated in FY 74 using
MIL STD 1474 test criteria, The test location was the Aberdeen Proving

Ground. Five ve|_leles I each of seven ty_e=, were tested. The types

were MI51A1, MS61, M35A2_ M35A2C, M81P, M813, and M817, The testing was

eompleKed in July 1974,

Isolatlon and Measurement of Component Noise Emlsslons of an

MP13 5-ton Csr_o Truck - This contract with Ct_m,lns Engine Company
was initiated in July 1973 and was designed to isolate and measure com-

ponent noise emission on one M813 5-ton cargo truck. The testing was
completed in August 1973.

TACOM/DOT Noise Measurement of Non-Directlonal Cross/Country
(NDCC_ & New Military Tires - This Joint effort was conducted by NBS

at Wallops Island, Virginia. The tests were run from July through
September 1973, and a report (reference 55) was publlshed.

Purchase of Sound and Vibration Measurement and Analysis

Squlpment - Thls equipment was purchased for in-house use in FY 1973 and
FY 1974.

Nolse Reduction of an M813 5-ton Cargo Truck - A contract was
let with H. L. Blachford, Ine._ for the period of September 1973 to
June 1974 to reduce the interior and exterior noise levels of an M813

5-_on cargo truck to conform with MIL STD 1474 criterla and to provide
data on cost versus noise reduction achleved, A report (reference 57)

has been published on thls work.

Modlflcatlon of a Mobile Laboratory Van - A contract was nego-
flared with PSI, Isc,, to facilitate installation of _ew noise measurement

mqmlpmmnE in the TACOM mobile laboratory van. The contract duratlam was
Decembmr 1973 _o July 1974.

Vehlcle Signature Reduction

Noise Signature Measurement Program- This in-house effort by
TACOM directly assisted the project manager of Remote Battlefield Sensor

Systems (REMBASS) by providing data reduction and a report on a classl-
fied signature program. Noise signatures were measured on the following

military vehicles:

Tracked Wheeled A_rcrsf_

M60 MIblA2 UHIH

M551 M35A2 Cg46

MII3AI MPlS T33
Mll4 M561 C130

M578 GAZ59
MI09 ZILI57

PT76
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A TACOM report (reference 56) was published. Previously obtained
data on combat vehicles were analyzed to determine the attenuation of

various frequencies of the noise signatures with distance. Transcription

of vehicle noise data tapes were transmitted to the Naval Air Develop-
ment Center (N_.DC), the U.S. Air Force Rome Air Development Center (RADC),
the U.S. Army Mobility Equipment Research and Development Center (MERDC),

and the Army Crop of Engineer's Waterway Experiment Station (WES).

TACOM Analysis of the Armored Reconnaissance Scout Vehicle (ARSV)
Contractor Program to Reduce Exhaust System Noise I Noise Reduction of

the MS61 GAMA Coat t and Information Dissemination - The_ARSV (_800)
contractor tests of the plans for reducing exhaus= system noise were

reviewed and recommendations transmitted to the project manager. Evalua-

tion and reduction of noise sources on the M561 game Coat was partially

accomplished (continued in FY 74). As the Research and gnglneer_ng
Direetorate*s prime proponent for noise reduction, information was

disseminated to and teehnleal inquiries answered from other TACOM organi-
zations.

Vehicle Noise Specifications and Field Tests of HET - 70 and M520
Goer Pilot Vehicles - This in-house task involved providing assistance

to project managers on noise inputs to vehicle specifications and per-
forming noise field tests on HET-70 and M520 Coer pilot vehicle.

Military Vehicle Track Modellin_ Noise and Vibration Study -
This contract is with golt_ Beranek, and Newman (BBN) of Chicago and

involves the reduced scale modelling of a combat vehicle track to
determine the contribution of various track and suspension components
to vehicle noise.

Computer Correlation of Vehicle Deteetabillt M - This contract is
also with BeN and has produced a computer program for the prediction
of vehicle detection ranges. A report (reference 58) of this work has

been published.

Future Ob_ectlves of the TACOM Program - For the period of FY 75-78,
the DOD/TACOMnolse research program objectives can be summarized as
follows:

1, Continue TECOM-APG Vehicle Noise Measurement Program.

2. Isolate and measure component noise on all offending vehleles
measured in the Conformance with Regulatory Requirements Program.

3. Conduct cost effective noise reduction work on offending

components measured in the Vehicle Signature Program.

4. Continue liaison with other government and commercial organl-
zations involved in noise standards and noise reduction.
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5. Continue work with Army Vehicle Project Managers and engineers

on new vehicles under development and on vehicle product

improvement programs.

6. Investigate computer modeling techniques for prediction of
component noise contribution to the total vehicle noise

output and for prediction of vehicle aural security distances.

3.2.2 MERDC Noise Reduction Proeram for U.S. Army Construction Vehicles

Off-Road Vehicle Noise Survey

Operator Noise Exposure - To evaluate the average noise reduction

requirements of much of MERDC construc_lon equipment, a noise exposure
monitoring program was initiated. This noise program required evaluation

of several instrumentation systems to measure average no_se levels. These
systems included tape recordings analyzed by digital computer, analysis

of noise on site wlth a statistical distribution analyzer, and analysis

with commercially available noise dosimeters. The first noise exposure
monitoring site was the Army Engineer Training Center at Fort Leonard

Wood, Mo. In general, these techniques showed the average noise level
to be lower than that detemnlned by simple sound level (reference 67) over
a short interval (reference 69,74).

Exterior Nolse - Exterior noise measurements were made on U.S. Army
construction vehicles at Ft. Selvoir, Virginia. Heasurements were
made at 15.24 meters (50') in accordance with SAE criteria (reference 70).

In addition similar measurements were made in conjunction with the

"Vehicle Noise Control Program."

! Noise Speclficatlon/Standard Development - An informal evaluation

and study of noise standards and criteria was carried out over a period
: of time in conjunction with other government agencies and industry

groups. Primary criterion that had to be met was the noise exposure
i criterlom of the Army Surgeon General (i,e,, no soldier should he ex-

i posed to more than an average of 85dE(A) over an 8 hour period), This
criterion dictated the need to evaluate the energy average of the
machine noise reaching the ope_atorls ear. This evaluation was rather

difficult because the average, normal, or typical use of the equipment
was not defined. To overcome thla problem, a baseline noise exposure
monitoring program was carried out as described in the "Operator Noise
Exposure" project above. The results of these studies were incorporated
in MIL STD 1474A to be published in March 1975 (reference 71). This

standard will present design guidelines for implementing usage standards

such as the Army Surgeon General Criterion and the OS|L% noise regulations.
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Vehicle Noise Control

D7 Crawler Tractor - An initial effort was made to determine the

major problems that would be anticipated in requiring a low noise polluting

vehicle and what were the practical limitations. In 1972, a contract was
awarded to Caterpillar Tractor Co. to study a military version of the D7
crawler tractor with the following goals:

I. Measure the variation of noise on production line vehicles

and develop baseline data.

2. Determine each major source of noise and establish the norse
level of each.

3. Reduce the noise at each source as far as practical and deter-

mine the effects on vehicle performance.

4, By use of external means, reduce the noise level to 90dB(A).

5, Provide a feasibility study of reducing the noise to 9OdB(A)

in the operator's compartment while the vehicle is moving.

6. Reduce the noise level to the lowest possible level.

7. Develop practical means of reducing the noise level effect
resulting from _he addition of rollover protective structures

(ROPS).

This report provided a voluminous amount of information (reference

72), thus, only a sit.mary of the results fs provided here.

The ma_or noise sources identified in the study were engine block,

fan, exhaust, hydraulic pump, drive train, power train, and track. In
addition to noise reduction work on the engine, exhaust, fan, and

hydraulic system, work was performed on the overall machine configuration
to block off the noise. Two major a_eas considered were the engine and

operator compartments. The end result was that the noise level was
reduced substantially from 99 to 91dB(A), This was a relatively simple

package in respect to maintenance and almost met the original objective
of 90dB(A). Reducing the fan speed 10% met the objective but provided

insufficient airflow and cooling. The only other major sources of noise

whlch_Ould not be adequately addressed were the hydraulics and track.

The overall_result (reference 73) was a package for retrofit of

the basic vehicle noise.but did little for track noise. The level did
not meat the goal of 90dB'(A)_ let alone the Surgeon General's criterion

of 85dB(A), and cost would here been several thousand dollars. As a
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result, it was felt that retrofit of these machines in the fleld would

not be appropriate.

6K Rough Terrain Forklift Truck - The program on the 6000 lb.
capacity (6K) truck was awarded under a tfme and materials contract to

Dayton T, Brown, Inc. The contractor was to proceed step by step as

directed by the MEKDC, The initial noise level of the vehicle was 99dg(A)
at high idle (HI), and after initial noise reduction modlflcatlons were

accomplished, the HI nolse level was about 88dB(A). From thfs ¢on-
figuration several additioeal noise reduction methods were sought, and

the initial moddfieations were reworked to make them mere practical.

The dominant noise source at this point was the fan, sfnce its complete
removal reduced the overall noise level to 86dB(A) and no other source

was as slgniflcant. In accordance with previous findings, major emphasis
was placed on a new shroud system. This, fn conjunction with additional

absorption material in the engine compartment, reduced the overall noise
level to 87dB(A) at HI (reference 73),

1OK Rough Terrain Forklift Truck - The 10,800 lb. capacity

(109 forklift noise control program was awarded as a fixed
price level-of-effort contract to H. L. Blachford, Inc. glachford was to
proceed without knowledge of the work of the 6080 lb. capacity forklift

program contractor. The initial HI noise level for this vehicle was
102dg(A) but this was reduced to 91dg(A) using similar treatments as
with the 6K vehicle. In addition, a shield was placed behind and to

the side of the operator, providing am additional 4dg(A) reduction to

87dg(A) (references 68,80)_

The average noise levels of both of the 6K and 10K forklifts in

typical operation were within the 85dB(A) requirement. Since these two
items of eqalpment are relatively large materiels handling vehicles
and are similar to construction vehicles, particularly loaders, it is

felt that almost any item of wheeled equipment can he reduced to a safe

average noise level.

830 _ Wheeler Tractor - The 830 _ noise control program was

initiated in January 1974 to reduce the operator noise of the tractor
to 85dB(A) average. In conjunction with other efforts in the Vehicle

Noise Control Program, a methodology for conducting similar programs is

being developed. The 838 MB Wheeler Tractor study and the status and
results of the Vehicle Noise Control Program are reviewed in reference

75, The 830 MB Wheeler Tractor program iS to be completed in FY 1976.

6K Warehouse Forklift - This program was initiated to determine

the average noise level of this commercially available vehicle, to
reduce the average noise levels to 85dg(A), and to evaluate the feasl-

billty of reducing the noise level to 85dB(A) maximum. Engineering is
to be completed by FY 1976.
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Component Noise Control/Control Components

Hydraulic Nolse - One of the more difficult problems is the reduction

of hydraulic noise. Major efforts were involved in isolating mounts end
covering up componentsj but it was felt that further basic work was need-

ed. The initial approach was to try to select a "quiet" pump, but it was
determined that there were no satisfactory standards for measuring the
noise of pumps, Work was done in oonJunctlon with Oklahoma State Uni-

versity (OSU) and the National Fluid Power Association (NFPA) to develop
a procedure which has subsequently been submitted to the International

Organization of Standardization (ISO). As the vehicle studies progressed,

it became apparent that although most pumps are rated as to the amouet of
noise they emit to the air, the real problem is the amount of "noise"

that is fluldborne and is released downstream at the hoses, valves, and
reservoirs. Levels reached the equivalent of over 200dB(A). It is inter-

estlng to note that in either case the noise is more adversely dependent
upon the s]mft speed than system pressure, but £hls is more true for
fluldhorne noise. In this study, no attempt was made to develop a "quiet"

pump but rather to give an effective means to tradcoff performance param-

eters in order to reduce noise, Present work has been generally to study
the phenomenon of noise in hydraulic systems. This will continue in the
future aloeg with the development of practical means to reduce noise

(references 76,77).

Acoustical Materials - During the studies on various vehicles, it

was necessary to use a wide range of absorption, damping, and barrier
materials. An attempt was made to select materials that would be compat-

ible with field operations, Construction equipment operates in a severe

environment, and military _qulpment has special problems of temperature
extremes, long periods of non-usage, and limited cleaning facilities.

Some d_fflculty was experienced in ohealalng data on materials relatlsg
to the effects of solar radiation, impregnation with dust and oil mist,

steam-cleaning battery acid, etc,

A series of tests were developed to simulate field conditions and

these were put in typical sequence, For example, one test related to

placing oll on a material Qxposed to high temperature and steam-cleaned.
Test procedures are given in reference 78.

3.3 EPA SURFACE VEHICLE NOISE RD&D PROGRAMS

3.3.1 Support of Resulstlons Development

The surface vehicle noise RD&D sponsored by the EPA is principally
associated with the development of surface transportation regulations

specified in the Noise Control Act of 1972. Specifically, the EPA re-
search has supported the development of regulations for conCrol of noise
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from interstate motor carrlersp interstate roll carriers, and new

medium and heavy duty trucks, A smm_ry of the EPA research on surface
vehicle molse is presented in Table 3.11, The details of these activities
are descrlbsd below,

Interstate Motor Carriers - A contract effort with Wyle Laboratories

was undertaken In June 1973 to conduct a cost and technology assessment

of chs motor carrier industry with regard to noise abatement applications.
The contractor was to review all major noise emitting operations of
interstate motor carriers and descrlhe them. This description was to

include, but not be limited to, a characterlzatlon of tilenolse profile,
an estimate of the number of people impacted by the noise, and an assess-

ment of how these psople are impacted, In describing the technology
available to retrofit interstate motor carriers for compliance with
varying degrees of noise control, cost estimates were made of each level

of noise control achieved° Final reports (references 82,83) on this
contract have been submitted to EPA. The cost of this contract was

$130,000.

The services of Bolt, Beranek and Newman (BBN) were obtalned

through the basic ordering agreement procedure for direct analysis work
on the dockets submitted during the development of the interstate motor

carrier regulation. No specific reports were produced but the output
from this effort was recorded in memorandums on a continuing basis dur-

ing the period of the contract and has been incorporated in the EPA
background document (reference 84) for the interstate motor carrier

noise regulation. Value of the basic ordering agreement for this effort
was $30,000.

Interstate _a_ICarrlers - Bolt, Beranek & Newman was awarded a
contract to assess the _echuology and east of retrofit of the interstate

rail carrier fleet for compliance with various noise control levels as
determined by the availability of technology. This contract included

an assessment of available technology and the cost incurred to apply
those specific elements of available technology, Also, this contract

lavolved an analysis of the impact on _he population from railroad
noise and the projected incremental changes in tbat impact as a result

of technology application to railroad noise sources. A series of

draft reports were prepared by the contractor and submitted to EPA for
review, The result of this study in major part was included in the
background document (reference 85) prepared by EPA and made available

to the public at the time of the publication of the proposed railroad
regulation. This contract effort is now complete end the level of

funding was $134,000.

As a result of additional requirements to refine the data base

in support of the proposed roll carrier regulation, BBN was contracted

through a basic ordering agreement to do additional specific work on the
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Table 3.11 SU_RY OF EPA SURFACE VEHICLE NOISE RESEARCH ACTIVITIES

Total Fiscal Year Eundin 8 ($1t000)

Descriptive Title Investigators 1973 1974 1975 (1)

Interstate Motor Carriers Wyle, EBN 170

Interstate Rall Carriers BBN& NBS 199

New Medium and Heavy Duty Wyle, BEN, A, T. Kearney 178
Trucks & NBS

TOTALS 369 178

(i) No FY 75 fiscal data available



application of mufflers to the in-use locomotive fleet and to assist with

the analysis of the railroad docket. This effort is still underway
although several informal memorandums including additional data have

been submitted to EPA. Some of the information generated by this effort

is included in the background document (reference 85) published in

support of proposed rall carrier regulation, The amount of this con-
tract effort was $40,000.

The National Bureau of Standards through an intersgency agreement
conducted a series of Studies on railroad noise emission levels and

has published a Joint EPA/NBS report (reference 86) on the results of

their study. The level of funding for this study was $25,000,

New Medium and Heavy Duty Trucks - Nyle Laboratories was contracted
to conduct an Isitlnl assessment of the cost and technology required to

produce sew trucks hnvlng wrious levels of noise emissions. This was
an initial state-of-the-art study to assess available noise control

technology and to provide cost estimates representing the application of
this control technology, This study has been completed and a final

report (reference 87) is available. Cost of this study was $17,000.

Bolt, Beranek & Newman was contracted to continue the work in

technology and cost assessment initiated by Wyle Laboratories in re-

fining the data base upon which the medium and heavy duty truck regu-
lation could be developed, This effort involved a more detailed
look at the available technology and specific cost estimates to apply

that technology and was conducted in conjunction with the economic

analysis by A. T. Kearney (see below). The overall objectives were

to provide a total assessment of potential regulatory levels of noise
control on the industry and to form a basis for the Federal regulatory
action. This contract was completed in January 1974. The amount
of this contract effort was $II0,000.

A. T. Kearney was contracted to do an indepth economic analysis
based on the cost estimates established during the study on the impact

of various strategies of noise control on medium and heavy duty trucks.

This analysis included both domestic and import/export impacts as s
result of various noise control strategies. This contract has beeo

completed. The resources required for this contract were $41D000. The
results of the BBN and A. T, Kearney studies have been combined and
included in the EPA background document (_eferense 88) for the proposed

medium and heavy truck noise regulation.

The National Bureau of Standards was asked, through interagency

agreement, to assess measurement methodologies which had highest

potential for use in n noise control regulation for medlumand heavy
duty trucks. The final report (reference 89) of this study has been

completed and is available from either NBS or EPA. The amount of
resources for this study was $i0,000.
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• 3.4 USDA SURFACE VENICLE NOISE RD&D PROGRAMS

Surface vehicle noise P.D&D activities are sponsored by the USDA

Forest Service and Cooperative State Research Service, Tbeir programs are

summarized in Table 3.12 and ore briefly described below,

3.4,1 Forest Service Programs

The brood mission and objective of the Forest Service is to manage
and enhance the value of National Forests for the benefit of all U.S,

citizens. Forest Service Research is undertaken to develop the knowledge

and tcchnologles required to accomplish this mission for all of America's
forests and related lands. The Forest Service noise abatement programs

are directed to improving both our living and working environments (2) by
effectively using trees and shrubs in the reduction of outdoor noises and

(h) by systematic development efforts directed toward reducing vehlcle and
equipment noise levels. Accordingly the Forest Service has undertaken the

following two programs.

Use of Trees and Shrubs in Noise Abatement - Currently this program

is being carried out at Lincoln, Nebraska, in cooperation with the Depart-

ment of Engineering Mechanics, University of Nebraska. It is supported

by a cooperative grant of $20,000 (FY 74), It is the purpose of this

study to determlnc means for controlling intrusive noise by combining
trees and shrubs with land-forms or other solid barriers. The combined

use of solid barriers and plant material provide a usable and practical

approach for reducing noise levels under a number of conditions. This

study will develop guidelines for intrusive noise control. Additional
studies of thin type are not planned following completion of the current
series of investigations. References 90, 91, and 92 are recent publi-
cations.

Reduction of Vehicle and Equipment Noise Levels - This program

is being carried out at the Equipment Development Center_ San Dimes,
California, with current e_pendltures of: FY 74, $25,000D and FY 75,

$39,000. Equipment development efforts are directed toward reducing
the noise level of equipment used in and about forested areas both for

improving the environment and for the improved health and safety of
forest workers. This is an ongoing program of the Forest Service and

funding is expected to remain at about this level in the future.

Special equipment for this program is currently available at the San

Dimas Equipment Development Center. References 93 and 94 are recent

publications.
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Table 3.12 Sb_RY OF USDA SURFACE VEHICLE NOISE RD&D PROGRAMS

Fiscal Ye@r Fundln S ($1r000)
DescriptiveTitle Investigator 1973 1974 1975

Use of Trees and Shrubs in Univ. of Nebraska 20

Noise Abatement

Reduction of Vehicle and In-House 25 39

Equipment Noise Levels

Noise and Vibration of Off- Univ. of Illinois 4(29) 28(58)

Road Equlpment (1)

TOTALS 4 73 39

(1) Values in parentheses are total resources for tbs project,
Other values are the Federal contribution to the study.



3.4.2 Cooperative State Research Service Program (CSRS)

Research on noise is supported as individual scientists or engineers

submit projects that are approved by CSRS. The Director of the Agricul-
tural Experiment St_tlon, the Adminlstratlve-Technlcal Representative of

Forestry Schools where the research is located is responsible for allo-
cations of CSRS administered formula funds to approved pro_ects. Grant

funds are allotted to projects generated again by university scientists.

The CSRS program for noise research encourages research activities

that are sound from the standpoint of science and engineering, reviews
projects submitted for funding approval, and coordinates research activ-

ities among the States and with other USDA research programs.

The noise research project pertinent to surface vehicle noise is

entitled, "Noise and Vibration of Off-Road Equipment". The study is
being conducted at the University of Illinois, Urbane and extends from
i-7-70 to 3-6-73.

3.5 NSF SURFACE VEHICLE NOISE RESEARC_

NSF sponsors research based upon the merits of unsollelted pro-

posals. Of these, there are three NSF noise research studies relating

to surface vehicles. These are identified in Table 3.13 and are briefly
described below.

Basic and Applied Studies of Noise - Specific work supported under
this grant will be basic research on the mechanics of tire noise, sound

generation and propagation in internal flows, and practical applications

of pitch sequencing. In the surface vehicle related portion a study
will be made of the sound generation by tire automotive tread patterns
under controlled laboratory situations. The objective will be to deter-

mine the amplitude and phasing of the directional sound generation from

slnsle tread configurations, with a vlew towards using this information
in a auperposltlon analysis of more complex pattezms eventually leading

to quieter system designs.

Since the emphasis in this work is in noise from internal flows,
the resource allocations have nat been included in the Federally sponsored
surface vehicle P.D&D.

Effects of Buildln_ and other Boundarles on Motor Vehicle Noise -
The goal of the investigation is to find ways and means to reduce the

spread of noise pollution resulting from motor vehicles on highways,
thoroughfares, and urban rapid transit systems. The program will utilize

large models in an anechoic chamber, supplemented by field studies.
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Table 3.13 SUM_RY OF NSF SURFACE VEHICLE NOISE STUDIES

Fiscal Year Fundin_ ($i,000)
Descriptive Title Investigators 1973 1974 1975

Basic and Applied Studies Stanford Univ. (87)
on Nolse( l)

Effectsof Buildingsand UCLA 30
Other Boundaries on Motor
Vehicle Noise

Noise and Vibration from Purdue Univ. 272

Transportation Vehicles
and Other Machinery

TOTALS 302

(i) Only minor portions of this study are related to
surface vehicle noise. Therefore, the total resources

in parentheses are not included in the totals.



Noise and Vibration from Transportation Vehicles and Other Machinery -

To complement the ongoing reseezch at the Ray W. Rerrlck Laboratories of
Purdue University, a broad range of research projects in noise control and
aceoustlcs will be undertaken. These include: enclosure design, auto-

mobile engine noise source identification and reduction, noise attenuation
measurements in mufflers, tire noise generation, appliance noise reduction,

machine tool noise reduction, barrier design, community noise from rapid

transit vehicles, and other projects. A new addition, a seml-anechoic

facility will be built to acco_odate many of the new projects. It has
been assumed that the principal activities in this effort will relate to
surface vehicle noise and therefore have included all of the identified

resouroe eommltments in the Federal surface vehicle noise RD&D category.

3.6 NBS SURFACE VEHICLE NOISE RD&D

Thers is currently no surface vehicle noise RD&D heing sponsored

by the NBS. However, NBS does conduct research on surface vehicle
noise through interagency agreements. The description of work is pro-

vided in Appendix D. Table 3.14 is a listing of these studies. The
resources identified are included in the sponsoring agencies resource
allocations for surface vehicle noise RD&D.
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Table 3.14 SU_ARY OF NBS SURFACE VEHICLE RD&D SPONSORED THROUGH INTERAGENCY AGREEMENTS

Sponsoring Fiscal Year FundlnB ($i,000)

Agency Descriptive Title Prior ot 1973 1973 1974 1975

DOT Truck Tire Noise Studies (i) 468 i00 i00 200

DOD NoiseEvaluationTestsof 20

Military Truck Tires

EPA TrainNoiseStudy 25

Methodologyforthe iO
Measurement of Noise
from Trucks

TOTALS 468 125 130 200

(i) Includes Interlor/exterior truck noise and automobile tire noise.



4. ANALYSIS OF THE FEDERAL SURFACE VEHICLE NOISE RD&D ACTIVITIES

The Federal research activities to control surface vehicle noise

have been presented in Section 3 as integrated programs and/or projects

as developed and implemented by the agencies. As such, Section 3 provides

the perspective by which each agency views and treats the noise problem
associated with surface vehicles.

It is also useful, however, to examine the Federal programs collec-

tively to identify related and/or complementary activltles which are

addressing specific sources or systems of surface vehicle noise. From

such an analysis, the emphasis in the current Federal efforts can be
ascertained. Eectlon 4 provides a brief analysis to identify the surface

vehicle sources or systems whlch are receiving major emphasis in the

current Federal effort. [

Surface vehicle sources of noise include mobile systems used in

transportation, construction, defense, recreation, and agriculture.
The Federal surface vehicle noise control technology RD&D programs can i

generally be classified according to three, all inclusive noise source
categories. These are highway vehicle noise, railway vehicle noise,

and off-hlghway vehicle noise. Highway vehicle noise sources include

trucks, buses, passenger ears_ motorcycles. Railway sources encompass
conventional and hlghepeed or rapid transit railroad systems. Off-hlgh-

way vehicles include construction and agricultural equipment, snowmobiles.
and motorboats,

In addition to the development of noise control technology for
individual sources, there are other Federal research activities dedicated

to noise. They are those associated with the characterization and/or
control of collective or area noise sources such as highways, construction

sites, and railway yards, and with the development and enforcement of
standards and regulations. Federal research in these areas can he
classified as those coneer_ed with systems studies of noise and with

regulations support and enforcement.

Other Federal RD&D programs which are associated with noise are the

development of future or advanced surface vehicle eysteJms. Although not
dedicated to noise, these programs can have a major _mpant on the control
of surface vehicle noise. Consequently, these programs have been

separately identified. However, specific noise tasks identified in

these programs will be related to the appropriate noise dedicated activity.

Table &.l is a su_nary of the Federal resource commitments for

RD&D programs addressing highway vehicle, railway vehicles and off-hlghway
vehicles noise ¢ontro_ technology development, surface vehicle noise

• systems studies, and regulatlens and enforcement. Federal allocations
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Tahle 4.1 SUMMARY OF FEDE_IL SURFACE VEHICLE NOISE RD&D ACTIVITIES

Noise Fiscal Year Fundln_ ($i,000_
Category A_ency Prior to 197J ±_/_ l_;4_est) 1975'

Highway Vehicle DOT TOTAL 1,708 802 727 695

Technology

Railway Vehicle DOT TOTAL - 330 250
Technology

Off-Highway Vehicle DOT 50

Technology DUD/ARMY i00 469 395 160
USDA 4 53 39

TOTAL 100 473 498 199

Noise Systems DOT 301 350 857 310
Studies NSF 302

USDA 20

TOTAL 301 350 1,179 310

Regulations a_d DOT 57 672 272 130
EnForcement EPA - 369 178 -

DOD/ARMY - 215 270 -

TOTAL 57 1,256 720 130

Advance Systems DOT Noise resource allocations not available

TOTAL 2,166 3,211 3,374 1,334

*FY 75 estimates known to he incomplete
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for the noise portions of advanced surface vehicle systems development

are not separable from other development costs and have not been
estimated. A brief discussion of the federal research activities in

these categories is presented in the following sections. There are

programs which have activities which relate to more than one cat_gory.

In chess cases_ the programs have been identified with resources
assigned to she category of greatest emphasis. However, the programs

are also listed in the other pertinent ca_egorles if appropriate.

4.1 HIGHWAY VEHICLE NOISE CONTROL TECIINOLOGY RD&D

Table 4.2 eontalns a listing of Federal RD&D activities associated

with the development of control technology for highway noise sources,

The primary emphasis in these efforts is truck noise, although major
efforts are indlca_ed for control of bus noise. The majority of the

Federal efforts are those sponsored hy DOT and address all of the

major component sources of truck noise. Future emphasis in control
of truck noise is in truck tires and engine mechanical and combustion

noise.

4.2 RAILWAY VEHICLE NOISE CONTROL TECHNOLOGY P_D&D

The Federal RD&D programs directed toward the development of noise

control technology for railway noise sources are listed in Table 4.3.
While only one technology development program has been identified

specifically for conventional tall vehicles, several major programs
have been identified for rapid transit systems. DOT is the only agency

sponsorlnR noise control KD&D for railway vehicles,

4.3 OFF-HIGHWAY VEHICLE NOISE CONTROL TEC}hNOLOGY RD& D

The Federal RD&D programs directed toward the development of nolse

control technology for off-hlghway vehicle noise sources are listed in
Table 4.4. These efforts address tracked and wheeled milftary combat
and construotlon vehicles, seowmobZles, and conventional dlesel-engine-

powered construction equipment and are sponsored by DOn/ARMY, USDA, and
DOT. Although not identified speglflcally, there is evidence that DOD/

Navy sponsors some noise control tenhnology RD&D in this category,

principally for watercraft, However, much of the DOD sponsored noise
control RD&D is classified and therefore not presently available for

general use. Much of the noise control technology being developed for

off-hlghway vehicles will have potential applications to the similar
highway vehicles and vlce-versa.
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TeblQ 4.2 FEDERAL CONTROL TECHNOLOGY P.O&D PROGRAMS FOR HIGI_AY NOISE SOURCES

Sponsoring Fiscal Year Fundin_ ($1t000)

Noise Sources Descriptive Title of Program A_sncy Prior to 1973 1973 1974(est) 1975_

Trucks Quiet Truck Program DOT 1,046 i00 i00
Truck/Bus Retrofit DOT 450 72
Exhaust/Intake Mufflers DOT 75 2_

Truck Noise Handbook DOT 15 20 -

Basic Engine Noise Reduction DOT 245 245

Truck Tire Noise Study DOT 468 i00 i00 200
Truck Tire Noise Basic Research DOT 119 - 150 150

Engine Noise Suppozt DOT 80 40 -
Vehicle Signature Program DOD/ARMY

(See Table 4.4)

Buses Truck/Bus Retrofit (see chore) DOT
Transit Bus Noise Reducalon DOT 26

Potential

Trassbus Program (Advanced DOT ++ 9-P ++ ++
System)

Passenger Cars Passenger Car Tire Noise DOT 3 +

Basic and Applied Studies of NSF

Noise (See Table 3.13)

-- >

TOTAL 1,708 802 727 695

* FY 75 estimates know_ to be incomplete
+ Prlmar_ly inbouse effort

+9 Program is not d_dicated to no_se resource allocations not aveilabls,



Table 4,3 FEDERAL CONTROL TECHNOLOGY RD&D PROGRAMS FOR RAILWAY NOISE SOURCES

Fiscal Year Fundln s ($1rO00)
Sponsoring Prior to

Noise Sources Descriptive Title of Program Agency 1973 1973 1974(est) 1975"

Conventional Joint DOT/AAR Noise Research DOT (Noise Systems Study,Table 4.5)

Railway

Rapid Transit Wheel/Rall Noise & Vlbratlon DOT 184
Study

Elevated StructuresNoise and DOT 146
Vibration

In service Noise Abatement DOT 250
Test and Evaluation

TOTALS 330 250

* FY 75 estimates ere known to be incomplete
In-House

+9 Programs not dedicated to noise; noise resource allocations not available



Table 4.4 FEDERAL CONTROL TECHNOLOGY RD&D PROGRAMS FOR OFF-HIGfBVAY VEIIICLE NOISE SOURCES

Fiscal Year Fundln_ ($1t000 _

Sponsoring Prior to ,
Descriptive Title of Program A_ency Noise Sources 1973 1973 1974(est) 1975

Vehicle Signature Reductlon DOD/AR_ Tracked Combat Vehicle i00 I00 95
_]leeled Combat Vehicle

Noise Reduction Program for DOD/ARMY Construction Vehicles 369 300 160

U.S. Army Construction
Vehicles

Reduction of Vehicle & USDA Snowmobile

Equipment Noise Levels Engine Cooling Fans 25 39
Exhaust

Noise attd Vibration of Off- USDA Farm Equipment 4 28

Road Equipment (see Table

m 3.12)

Construction Equipment DOT Construction Vehicles 50
Mufflers

TOTALS i00 473 498 199

*FY 75 estimates are known to be incomplete



4.4 SYSTEM STUDIES OF SURFACE VEHICLE NOISE

A number of Federal research programs have been identified which

address noise generated by surface vehicle systems. These studies are

dedicated to noise and are generally multlfacoted. They can encompass
development end testing of nolsemeaeurhment methods, characterization

of noise generated end noise systems, modeling of noise, identification

of noise control methods, and RD&D of noise control technology. Since
these studies are of a bread natursp the results can have many appllca-

tions. However, portions of those studies which have specific noise
source control technology development and demonstration objectives are

identlflsd wlth the appropriate individual noise sources in previous
sections,

Table 4.5 is a llstlng of the known Federal noise studies of surface

vehicle systems. These relate primarily to highways and rapid transit
systems.

4.5 NOISE RECDIATION AND ENFORCEMENT RESEARCH PROGRAMS

These research programs have been identified by the Federal agencies
as direct support to the development of specific standards and regula-

tions and the enforcement of regulations. While each study generally

addresses a specific objective, collectively the projects encompass a
broad range of subjects (l,e., measurements of source and area noise levels

development of measurement methodologies, training, state-of-the art

technology, capital grant@, etc.). However, the programs can be grouped
by their relationship to highway, railwayD or off-hlghway noise control.

The identified Federal research projects relating to the development and
enforcement of surface vehicle reguletfems are listed in Table 4.b,

The emphasln In the current Federal efforts has been in support of high-

way noise regulations and enforcement.

4.6 ADVANCED SY_FACE VEHICLE SYSTEMS D_VELOPMEI_ PROGRAMS

A number of Federal RD&D programs have been identified which relate

to the develop_amt of advanced or future surface vehicle systems. These
programs pertalnexcluslvely to transportation systems and none are
dedicated to uolne. Consequently, resource allocations for tMe noise

portions of the _roBrams could not be readily ascertained. Mowever,
where specific noise related tasks or objectives were ident_£1ed, they
have been described in the appropriate sections on dedicat_d noise

RD&D. Generally, however, the programs are of a very eo_rebanaivm

mature and noise is considered principally as a deslgn_eclfleatlon.
Table 4,7 is a listing of the advanced surface transpo_tatlon systems

• RD&D programs. The emphasis is on future m_ss trans_ systems and all
are sponsored by DOT.
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Table 4,5 _q_u_ SYST_v_ _rOlE_ OF SURFACEVT_ICL_ NOISE

Fiacal Tear F_ndinR _$1_000)

^reJ of $_udT. Dea_riDtive Tl_l ef PTe_rau _pgnqe_in_ A2en_v P_ior to 1_73 _ _74Celt) 19_

$_a_e_Tr&n_ - Ma_itude o_ Tt_sportacion Nolao DOT (1)
portat_on Genera_ & Potential A_a_men_

_£f_a of Bu_ldinla and O_har _SF 30
_otmdar_e8 o_ _o_or Vehicle Noise

_o_e an_ Vl_r_o_ fro_ _r_ns- NSF 27_
p_r_a_on Vehic_e_ _ Other Machiner_

_llhwl¥ NC_P_ _ro_ec_ III DOT 120 _20 _80
$ca_e Mod_l_n8 HisJlwa_ _oi_t gO_ 7g
_ca_e _ode_l_ Urban Traffic No_6e _0_ _2 - m

_tW_ _I£shv_ D_ll_ _n_al DOT - _4
Highway B_rt_er Ef_ec_£ven_Ja _0_ _3 7
Tra_i_ _oiae _tudy DOT 4_ J7 37
C_mmu_£c¥ _o_s_ sc_y DOT _6 20 _0 o

0 Acoustic _a_e_lala App_cation_ DOT _5 _0
The U_e o_ Tte_s _ Shrubl _ USDA 20

Na_oa _ba_em_t

Kap_d Tranlit $yJ_ _o_m_ _nv_ro_u_t DO_ ÷
_ew ¥o_k C_t_ Trm_l_t S_m_em Study DOT _2_
Chiea_a T_anniC _u_hor£ty _t_ldieg DO_ _0
O_h_r Tr_nait Autho_lt_ S_udle8 DOT 120

TOTALS 30_ _$0 _179 _10
÷ Pr_ril_ _n-house

_ 75 _ut_mJ_J knm_n to ba l_co_plet8

.... ,L___ ........



Table 4.6 FEDERAL RESEARCH PROGRAMS IDENTIFIED WITII NOISE STANDARDS AND REGULATIONS ENFORCEMENT

Fiscal Year Fundln_ (@i_000)
Sponsoring Prior to

Program Area Descriptive Title of Program A_eney 1973 1973 1974(est) 1975"

Highway In Cab NoiseTests DOT
Highway Noise Enforcement Training DOT 450 70 -

and Equipment
Roadside Enforcement Sites DOT 100 50

BMCS Tralning/Equlpplng DOT

Development of Highway Noise DOT + + +
Standards PPM 90-2

PPM 90-2 Training Manual & Course DOT 132 + +

Purchase Specifications - Transit DOT 22
Coaches

Interstate Motor Carrier Regulation EPA 170 + +

New Medium & Heavy Duty Trucks EPA 178 +
Regulation

Conformance with Regulatory DOD/AR_ 215 270

Requirements

Railway New System Speeifleatlons - DOT _-_ ++ _-+ ++
Capital Grants

Measurement of Railroad Noise DOT
Interstate Rall Carrier EPA 199

Regulation

Off-Highway Construction Equipment Standards DOT 57 90 80 80

TOTALS 57 1,256 720 130

+ Primarily in-house

++ Program is not dedicated to noise, noise resource allocations indeterminate

* FY 75 estimates known to he incomplete



Table 4.7 FEDERAL RD&D OF ADVANCED SURFACE VEHICLE SYSTEMS: TRANSPORTATION

Fiscal Year Fundin_ ($i.000)
Sponsoring Prior to

Type of System Descriptive Title of Prosram Agency 1973 1973 197_ 1975.

Bus Transbus Program DOT 4-+ ++ ++ ++

Rapid Transit Personal Rapid Transit (PRT) DOT _-+ ++ _-_ ++
Program

Linear Induction Motor DOT ++ ++ ++ 4-+
Research Vehicle

Magnetlcal Levitated D0T + +
Research Vehicle

Tracked Air Cushion DOT _-_ _-_ ++ +
Research Vehicle

Prototype Tracked Air DOT ++ ++ ++ ++N
Cushion Vehicle

State of Art Car DOT 4-+ ++ 4+ +
Screech Loop-Pueblo DOT + + ++ ++

Facility

Mass Transit Dual Mode Program DOT _-_ 4-+
(General)

+ Primarily in-house

4-+ Program is not dedicated to noise, noise resource allocations indetermlnant

........... c . ._.
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INSTRUCTIONS

The objectives of this information-gathering document is to assemblo

the data necessary to describe the over-all efforts within the Federal
Governmenc dealing with noise reaearoh_ development and demonstration

programs. The results will be used as a portion of the EPA reporC to the
President and Congress on the status of Federal noise programs and co aid
in coordination of Pederal noise research efforts within Government

agencies. The process is dynamic requiring that the data base be updated
periodically to reflect changes in efforts, emphasis, expenditure of
funds or oomple¢lon of programs or pro_eccs.

The _nfoz_atlon requested on noise related programs and projects
deal with _he followlng areas:

s Program (Project) description,

• Technical goals and achievements.
• Financial and manpower resources devoted and required.

• Facilities used or required, and

• Key personnel.

The enclosed questionnaire is designed to reflect, as clearly as

possible, the type of information required, but is not intended as a

rigid format, hence, any agency forms that will furnish the requlzed
information easier than the questlonnslre should be used by all means.

Zf the questionnaire is used_ notice should be made that:

i, Additional shee_s may be used, and ere encouraged, to furnish

more details if the space provided is not adequate.

2. There is always a risk of not supplying enough Informatlon for the
desired visibility of any program (project), but there is no risk

of giving too lengthy information since this can easily he

adapted to the overall report intensity or detail.

3. If the questionnaire forms miss entire aspncts of program
information, it is encouraged! in fact necessary, _hat you add

these aspects under additional proper titles.

_. If your agency has a documented (or computer-stored) plan-

program-project outlay with the required information it is

strongly urged that it be _ncluded in the response.
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5. The program (project) information supplied should reflect

actual FY 73 funding, allocated FY 74 and projections for
FY 75 and later years.

6. For nrograms (projects) in which noise is only a part or
a consideration it is requested that information should
be given on:

A. Program (project) specifics as outlined in the

questionnaire.

B. Additional statement on the relationship of the
noise-related effort to the over-all scope of
the program (project).

7. Finally, for any desired clarification of questions on this
document, please call Dr. Eugene E. Berkau of the EPA at
202-755-0449.

The response to this questionnaire is requested by April 19, 1974.

80



Deflnitlons in Responding
to the Form Titled

"FEDERAL NOISE P_D & D PROGRAM SUMMARY"

Item Remarks

i. Program Title The formal agency title of record

2. Agency Program Number The formal number of record_ if programs
are not numbered, write tnonef.

3. Agency or Department Parent organization (e,g., DOT, DHEW).

4. Interageney Agreements Identify other agencies or departments

in Effect participating in the program and a
brief description of their tasks.

5. Subdivision Directing Organ_zatlonal element where program
Work responsibility exists (NlOSH/Physical

Agent Branch) Name of Head,

6. Other Key Personnel Additional leading personnel involved
in admlnlatratlvs or technical manage-

ment of overall program.

7. Principal Contractors Identify contractors doing work for
agency at the program (not the project)
level.

8. Technical Program Those considered environmental goals,

Goals llke quieting a specific machine by

lOdB, or improving the reliability and
senslt_vlty of needed instrumentation
systems,

9. Method of Approach Plans or Methodology for achieving
program objectives,

i0. Problem Areas Identified technical, funding, and/or
facilities problems.

ii. Total Resource

Allocatlon

• Funding The level of program funding devoted to
noise RD&D distributed with time.
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Item Remarks

• Man-Years The level of program manpower
resources devoted to noise RD&D

distributed with time.

12. Component Projects A list of descriptive titles of

those noise related projects
within this program.

13. Schedules and Hilestones Show the current schedule and mile-
stones; the "revised" column is for
future use.

14. Principal Accomplishments State achievements accomplished or
within reach.

15, Program Re_orts, etc. Confine this to those stemming from
the overall program rather than the

individual project. Include pro-

ceedings of symposia and conferences

and papQrs in the professional
literature as well as project

reports and documents.

Note: A Federal noise RD&D program includes each program in which noise

is a signlfieant (one or more projects), identifiable program
element.
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Elwir0nmcn_al Pr0Lec_toll A!%ency

FEDEI_\L NOISE I_DE,DPKOCd_\H SU,x_'L\RY

Agency or Departman_

Subdivision Diroc=ing Program/IIead's Name, TiCI_ and Address

Name, Title, Address of Program _bnager

Names and Ti_I_s of O_her Key Program l'orsonnol

I

m

Program Contract:or or Oran_ee (if.any)

Program Ti_lo Agency Program Number

Authority (e.g. ,Public Laws, Agency/ DaLe This Form is
D_par_l_icn_ Dircccivas, euc.) Filled

--l)al:e 'of Prog_'am Scat'_ Schodulod Dn_e of Program
Comple _ion.
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Chock appropriace classification(s) of p_o_ram

[] Research [] Developlncn_ [] D_monstration

[] 0psrations Rosnarch [] Other (D_scribs)
and/or Economic B_ncfi_

Program Ccnoral Objectives

Program Sp_ciflc Goals:

Planned Approach: (Attach additional sheets if necessary)

Problom Areas:
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o _iscal u_ <: I _ Irejected J
r_e'4 , P ' . ..

' _< _Y 7 FN 73 FY 7& "_' 75 .'Y 76 _Y 77 Hy 7S FY 79 I

l:undtng ' t

Han-Yo=s "---[ i -V--1 i
Program Schedules and Hllos'.ones J
(De_ailed sched_*les and milestones fm_y also be ciged and appended co Status

this response. ) , ,_._I•
_eh_4utod I Da_e I Da_o .i

Nilc s_one colll:)ie_ion'Completed ot_R_v_se_
Da_o !

J
..... , • _l

=,

wB

Component Prelects

_ec_ No. Descri_uivo/Pro.tcct Title Projec_ _nn_er

85



Principal ,_ccomplishn_nts co Date (h_cludo nccoJnplLsl_rlC!l_cs

achiev_nlencs)

P_'ogram Reports, Do=uments and Papors Publishod co Date:

(LIs_ _tems atcr£but:ed to the proBram. Compl_te bil£ogrnphlc
reference £s des£red/auchor_ l_£t_, datep a_ency, docum_L_.)
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APPENDIX C

GLOSSARY OF ACRONXMS

I. Federal Departments and Agencies

AMC - Arm y Materiel Command

BMCS - Bureau of Motor Carrier Safety/DOT

BuM - Bureau of Mines/DOI

CSRS - Cooperative State Research Servlce/USDA

DOC - Department of Commerce

DOD - Department of Defense

DOI - Department of Interior

DOL - Department of Labor

DOT - Department of Transportation

EPA - Environmental Protection Agency

FEWA - Federal Highway Adminlstratlon/DOT

NEW - Department of Health, Education, and Welfare

NUD - Department of Housing and Urban Development

_RDC - U.S, Army Mobility Equipment Research and
Development Center/DOD

NADC - Naval Air Development Center/DOD

NASA - National Aerona_tlcs and Space Administration

NBS - National Bureau of Standards/DOe

NIEHS - National Institute for Environmental Health Sciences/SEW

NINDS - National Institute of Neurological Diseases and Stroke/HEW
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NIOS_ - National Institute for Occupational Safety and Health/HEW

NSF - National Science Foundation

ONAC - Office of Noise Abatement and Control/EPA

ORD - Office of Research and Devclopment/EPA

0SHA - Occupational Safety and Health Administration/DOL

0VSR - Office of Vehicle Systems Research/gBS

RADC - Air Force Kome Air Development Center/DOO

TACOM - U.S. Army Tank Automotive Oommand/DOD

TRCOM - U.S. Army Test and Evaluation Command/DOD

TSO - Transportation Systems Center/DOT

UMTA - Urban Mass Transportation Admlnlstratlon/DOT

USDA - U.S. Department of Agriculture

WES - Army Corp of Engineer Waterway Experlme.t Statlon/DOD

IZ. Trade Associations

AAR - Association of American Railroads

ASHO - Association of State Highway Officials

HRB - Highway Research Board/OSHO

MVMA - Motor Vehicle Manufacturers Association

NFPA - National Fluid Power Association

SAE - Society of Automotive Engineers

" 88

/



Q _6 cr
J

_L



Table D-1 S_3_R¥ SURFACEVEHICLE NOISE RESEARCHCONDUCTEDBY NBS

Fiscal Year Fundin_ (_12000 _
Prior to

Funding Agone7 Title Objectives 1973 1973 1974 1975(eot_

DOT Truck Tire Noise Studies To provide a 468 100 100 200
(includeflpassenger oar eclentlflc basis
tire noise, interior/ for designing
exterior sound levels quieter tires.
from over-th_-road
trucks, and feaniblltty
of an acoustical gradin S

eystem for ttreo).

DaD Noise evaluation tests To develop a data 20
of military truck tires, base on tire noise

levels of selected

military and commer-
cial truck tires.

EPA Train Noise Study To develop a data base 25
on railroad noise
_isalom.

Nethodoloay for the Develop appropriate 10
measurement o£ noise measurement methodology
from trucks, for use by EPA in the

regulation of new
tEUCke.



NBS RESEARCH ON SURFACE TRANSPORTATION NOISE

NBS FUNDING; No current programs,

OTHER AGENCY FUNDING:

Is. Sponsoring Agency: U.S. Environmental Protection Agency/
Office of Noise Abatement and Control

ObJectlves: Develop appropriate measurement methodologies
as technical support to the EPA in their implementation of

the Noise Control Act of 1972, and, where necessary, conduct
research to provide EPA with a defensible posture as regards

to measurement methodology,

Approach: Establish and conduct meetings with an ad-hoe
task force of experts (acousticians, manufacturers and users)

in order to develop the rationale and necessary input for the

measurement methodology for medlum and heavy trucks. Conduct
field measurements to characterize tall llne and yard opera-
tions and retarder noise.

Future Plans: Conduct work where necessary and as requested
by the U.S. Environmental Protection Agency,

Accomplishments: Completed the field measurement portion
of the rall yard and llne noise characterization study.
Assembled and met with task forces in the area of interior

rapid rail transit noise and constrnctlon noise -- especially

crawler and wheeled tractors -- for the purpose of developing

the rationale and inputs for an appropriate measurement
methodology. A preliminary draft measurement methodology

resulted from each of the meetings, Assembled and met with
task force in the area of medium and heavy trucks, Developed

and appropriate measurement methodology and supporting
don_engation for medium and heavy trucks.

Publications:

Fath_ J. _I,, glomqulst, D. S., Helnen_ J, H,, and
Tarlea, M., "Measurements of Railroad Noise - Line

Operation, Yard Boundaries, and Retarders", December,

1974, Jolnt EPA/NgS report NBS 74-488, EPA550/9-74-007.
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NBS RESEARCH ON SUP_ACE TRANSPORTATION NOISE (ton't)

Lessure, W, A0, Jr,, and Quindry, T. L., "Methodology
end Supporting Documentation for Measurement oe Noise

from Medium and Heavy Trucks", NBSIR 74-517, June, 1974,

Allocations: FY-73 FY 74 FY 75(est) FY 76(est)

kS: 23 12 - -
Man-Years: 0.6 0.3

lb. Sponsoring Agency: Office of Noise Control, U.S. Department
of Transportation

Objectives: Identify and quantify the physical parameters
which affect the noise generated by surface transportation,

especially trucks and truck tires, and develop appropriate
information bases and standard_zed testing procedures which

may lead to highway noise reduction criteria, standards, and

regulations.

Approach: (i) Expand the existing data base on truck tire
noise to include both passenger car and military truck tires.

(2) Evaluate the spectral and directional characteristics of
truck tires and of their relationship to tire-nolse generation

mechanisms, (3) Establish the effect of surface roughness

on genorated noise levels by correlation studies of surface

texture (as characterized by profile spectral analysis) with
passhy noise levels for tires. (4) Prepare a report on tire

noise measurement methodology which will serve the State of
California as the basis for their regulations on allowable

noise levels permissible for truck and passenger car tires.

Futurs Plans: Conduct work as necessary and where requested

by the U.S. Department of Transportation,

Accomplishments: (i) Complete (contract) work on the
characterization of pavement maerotexture by profile spectral

analysis, (2) completed preliminary measurements and analysis
of automobile tire noise, (3) complete narrow hand analysis

and plot generation needed for the reports on appropriate
measurement methodology for tire certification testing and

the spectral and directionality characteristics of truck
tire noise whlch will be published, (4) completed the data

acquisltlon portion of a truck tire noise versus pavement
surface study, (5) developed an empirical model for the

prediction of in-servlce tire noise levels for over-the-
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NBS EESE_CN ON SURFACE TRANSPORTATION NOISE (Comet)

road vehicles based on A-welghted sound level versus time (or

distance) data for a 50 mph (80 kmh) coastby certification

test util_zlsg a single chassis vehicle, (6) completed
studies of military truck tire noise and automobile tire

pavement interaction, and (7) initiated reports on expanded

date base for truck tire noise and on measurement methodology
for tire certification.

Publications:

Leasure, W. A. Jr., at, el,, Truck Noise I Peak A-
Weighted Sound Levels Due to Truck Tires - Addendum,

Report Number OaT/TaT-72-1, July 1972, U.S. Department
of Transportation, Washington, D.C.

Corley, D. M., "Test of a Proposed Method for Vehicle

Noise Measurement" Proceedings of Noise--Con 73,
Washington, D.C,, 230-235 (Oct. 15-17, 1973).

Leasure, W. A., Jr,, "Automobile Tire Noise: A Review

of the Open Literature", Proceedings of Nolse-Con 73,
Washington, D.C., 187-195 (Oct. 15-17, 1973).

Leasure, W. A., Jr., and Mathews, D. E., "Pecos Truck

Tire Noise Study: A Summary of Results", NBSIR 74-446,
National Bureau of Standards, Washington, D.C.
(January 197_).

ieasure, W. A., Jr., Mathews, D. E., and Rinklnen, W. J.,

"Noise Evaluation Tests of Military Truck Tires",

submitted for publication as a Department of Transportation
report,

Allocations: FY 73 FY 74 .FY 75(est ) FY 76(est)

kS: lO0 i00 -
Man-Years: 2.0 2,0
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"" TECHNICAL REPORT DATA
(P/casere#d/N_Jl_rlloJt_o_J_l ' teleran,brlm_,ccJNU4rtiIx)

600/2-75-002
4, T "LF

Federal Surface Vehlcl_ No_se Research, Development _HARCI[_ 1975

and bemonRrz'a_ion Programs

FY73-FY75

Intera_ency Surface Vehicle _loise Researcll Pan_h

Inceragency Surfac_ Vehicle Norse Research Panel(RD-6B ) 1S_090

Offlc_ of Research and Development

Esvlronmental Protection Agency

Washington, D.C, 20_60

Final_ FY73 through FY75
t4.

EPA Con_acc= Eugene E. P,erkau, 202-755-O449

The Interafiency Surface Vehicle Noise Research Panel was established by the
nvlronmental Protection Agency to aid EPA in ftHftlllng it's responsibility for
coordinating the Federal noise research actlv/tLes, As i¢_ Initial ta_k, the Panel
prepared _his repor_ summarl_ing the Federal governments' surface v{_h:Lcle nOiSe

rescarcht development, and demonsgr_tton activities. The Federal agencies which spon-
sor and/or conduct _he major portion of the sucface vehicle noise RD&D are represented
on the Panel, They are the Department of Transportation, Ehe Department of

Comrneree/Nattonat Bureau of S_andards, the Dep_r¢men_ of Defense, and the EPA, Ocher
_RenP_@R _h_Ph 9_o,'3_or _tl_f_c_ V_I_ClU ]lO_.l_t_ research are _he Oepart_en_ of Agricultor_
and _he Na[ionnl Sclence Foundation. The report contains brtel descriptions and fiscal
_ata for _he agencies _ programs. Emphasis £s on ftscal years 1973 through 1975,
_lso included n_e references and bibliographies of reports and publications which
hsve resulted _rom the Federal surface vehicle RS&D activities.

D U,I_ENTI c, restart I4eld/{;r(ll_p

gcoostlcs Research proj'ect_ Federal nnise WP&D 3001
Noise (sound) Ground transpor_atlm Federal noise =oordtna_ on 1_06
Noise reduction equipr_ent Research Coordination 1306

Engine noise Ground vehicles SurEnce vehicle 1303
7nternal combustion Water vehicles Surface transportation 1903

engine Coast ruction vehtcle_
Rese rch n bnt v hcles

• _e_eral _u_R_ts

Unclassified

Release Unllmi _ed Unela_i ftod
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RESEARCH REPORTING SERIES

Research reports of the office of Research and Development, Environ-
mental Protection Agency, have been grouped into five series. These

five broad categories were established to facilitate further develop-
=ent and application of environmental technology. Elimination of

traditional grouping was consciously planned to foster technology
transfer and a maximum interface in related fields, The five series
are:

i. Environmental Health Effects Research

2. Environmental Protection Technology
3. Ecological Research

4. Environmental Monitoring
5. Socioeconomic Environmental Studies

This report has been assigned _ toe ENVIRON_NTAL }_ALTH EFFECTS

RESEARCH series. This ee_lea describes projects and studies relating
to the tolerances of _an for unhealthful substances or conditions.

This work is gene_ally assessed from a medical viewpoint, including

phyelological_d psychological studies. In addition to toxicology
and other_dlcal specialities, study areas include biomedical inst_u-
mentat_n and health research techniques utilizing animals-but always

wJA_h intended application to human health measures.

This report has been reviewed by the Office of Research and Development.
Approval does not signify that the contents necessarily reflect the

views and pollcins of the Environmental Protection Agency, nor does

mention of trade names or commercial products constitute endorsement
or recommendation for use.
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ABSTRACT

Potential effects of noise on the public health and welfare are

described, limitations and gaps in necessary knowledge of those effects

are identified as research needs, and eight categories for analyzing

noise effects research are presented. The current Federal research
programs are sun_m_rized for each of the eight categories.

The Noise Effects Research Panel through its collective knowledge
of the needs and the current research has identified specific research

areas which need additional emphasis in order to provide accurate and

thorough information on effects of noise. The Panel concluded that

the current programs need continued and in so_e instances expanded
support in order to provide necessary information on the effects of
noise. Some areas of concern which are not currently being addressed
are also identified.
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I, SUMMARY

potential effects of noise on the public health and welfare are

described, limitations and gaps in necessary knowledge of those effects
are identified as research needs, and eight categories for analyzing

noise effects research are presented. The current Federal programs
are summarized for each of the eight categories, and research needing

additional emphasis is identified.

Known or suspected effects of noise discussed included effects on

hearing, other effects which may (or may not) lead to parma.eat health

impairment, effects on behavior such as performance or annoyance,

speech and other communication interference, sleep dleturbance, social/
economic/political/legal/behavloral community responses, and effects on
animals. Cause-affect relationships, however, have been identified by

the Federal government only for hearing, annoyance, and speech interfer-
ence. The information Identified in these three areas is also discussed.

Llmitatlons in this information and lack of information in other areas

are shown and research needed to provide thorough and accurate informa-
tio_ on all effects o_ noise is identified. Such information is

necessary for setting standards for protection of public health and
_elfare, assessment of the benefits to be derived from noise reduction

in light of the costs, assurance of safe, productive work environments

end adequate eommunlcetlons, and decisions at all levels affecting the

quality of llfe. A way of earegorlzlng current and needed noise effects
research is presented. The current Federally-supported noise effects
research is summarized for each of eight categories.

Alnheugh an in-depth analyele ard assessment of the current Federal
noise effects programs is not made. the Noise Effects Research Panel

through its ¢ol_eative knowledge of the needs and the current research
has identified specific research subjects which need additional emphasis

in order to provide accurate and thorough information on effects of
noise. These include subjects not currently recelvlng enough attention

and those not currently heine addressed. It is further pointed out that

the current programs need continued and in some instances expanded

support in order to provide necessary information on effects of noise.



II. INTRODUCTION

EPA has established four noise research panels consisting of

representatives from Government departments and agencies to provide
informational exchangel a forum for interagency discussion, and advice
to aid EPA in its role as coordinator of Federal noise research in

accordance with the Noise Control Act of 1972. The panels and panel

membership reflect the major thrusts of the Federal noise research
programs as follows:

Noise Research Panel Current Agency Hembership*

Aircraft NASA, DOT, DOD, HUD, DOC, EPA

Surface Vehicles DOT, MUD, DOD, DOC(NBS). EPA

Noise Effacts_-* HEW (NINDS, NIOSH, NIGHS), DOT_ NSP,

HUD, NASA, DOD, DOL, DOC(NBS),EPA

Machinery HEW (NIOSH), DOl(Bureau of Mines),
DUD, DOL, DOC(NBS), NSF.

These panels provide the formal mechanisms for Interagency consider-
ation_ review and assessment of research in _he four technical areas.

The primary functions of the panels in their respective areas are:

- Review and assessment of the state of science and technology

relating to noise.

- Review and assessment of the status of noise research and

technology development.

- Identification of technology gaps and research needs.

- Preparation of recommendations concerning ongoing research
aetlvi_les.

Receipt and review of pertinent scientific and prograu_atlc
advice from communicating with other standing bodies and

experts in the field of noise.

Noise effects includes not only health effects of noise such as

hearing loss, but also many other known or suspected effects of noise
on the wall=being of humans and animals such _s interference with

* Glossary of _ancy Acronyms in Appandlx g.
** List of Noise Effects Panel Me.bars in Appendix C.



communication, disturbance of sleep, annoyance, and any other results of
noise exposure which can affect the quality of life. For the purposes
of this rnport and this research panel,¸ the term "noise effects" does
not include effects on structures or other inanimate objects.

A. PURPOSE AND SCOPE

This is the first report prepared by the Noise Effects Research

Panel. It will serve as an information base for developing a coordinated
national plan for research leading to needed information on the effects

of noise. Such information relating the various effects of noise to

the physical characteristics of noise exposure such as level, frequency,
and duration, as well as to the psychological content of the noise is

needed for several reasons. These cause-effect relationships provide
the necessary bases for setting standards to protect the public health

and welfare, the data for assessing the benefits of noise reduction in
light of the costs, and guidelines for personal and Government decisions

affecting the quality of llfe.

A coordinated national plan with the various involved agencies
working in cooperation can achieve the following objectives:

research funds targeted on critical problems and issues

coordinated and complementary efforts
research accompllshed in the most productive and

scientifically viable manner.

To develop such an overall plan, limitations and gaps in the current
understanding of the effects of noise must be identified. The current

programs must he examined to determine which subject areas are not being
adequately addressed. Programs and projects can then be identified for

correcting inadequacies and addressing the gaps, The agencies' sapabill-
tles for and interests in undertaking these programs and projects can

also be determined. Finally, priorities of research needs must be
established. Then a national plan for noise effects research can be

developed in a meaningful manner. To this end, the report specifically
addresses:

Effects of noise
Current Federal information on effects of noise
Limitations In the information and research needs

A way of classifying noise effects research
T1]e current Federally-supported noise effects research

Research needing additional emphasis.

The report does not consider:

The adequacy of currant research

Detailed programs and projects for addressing gaps

3
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Capabilities of various agencies for addressing research gaps
l_iorities of research needs

Development of a coordinated national plan.

This document also will be used by the Environmental Protection

Agency to satisfy Section 4(c)(3) of the Noise Control Ace of 1972.

EPA is required to report on the status and progress of Federal activities
relating to noise research and control and to assess the contribution
of such activities to the Federal Government's overall efforts to control
holes.

Activity for fiscal year (FY)1974 is emphasized, program continuation

through fiscal year 1975 is noted where possible, and funding and work
carried out during fiscal year 1973 is reported.

The data on which the report is based came from two sources, agencies'

responses to a 1972 request* from EPA on Federal noise activities, and

information supplied by the panel members in the spring o£ 1974. The
fiscal data is reported consistent with each agency's budgetary process.

As there are variations in ths way agencies report the costs for their
in-house research, exact comparisons between agencies _ fiscal data cannot

be made. A chart illustrating this problem is contained in Appendix D.

The data for FY ?5 estimated funding is incomplete for two reasons.

First, the DOn computer data base used to generate the aeeney fiscal data
did net Inolnde, FY 75estimates. Therefore, at the nOD panel member's

suggestion, the FY 75 levels have been estimated the same as FY 74.
Secondly, NSF carries out research only through unsolicited grants. Thus,

is it impossible for NSF to predict what research proposals may be receiv-
ed and funded.

Care must also be exercised in examining project and program titles

and fur_ing, Titles often do not convey the extent and kind of research
being funded and convey, no informatlbn ,of.the 8cop@ of work_ Thus.
similar titles m_y involve very different work scopes and furthermore

may not mean the sub_ect is being adequately addressed.

Conclusions and recommendations made in this report are the collec-

tive opinions of the panel members and do not necessarily represent their

agencies' pplicles.

*In December o_ i972, a questionnaire survey of Federal norse research
.and noise control activities was initiated by EEA. A contract report

was prepared from this data in October 1973 hue was not published.



B. EFFECTS OF NOISE

E_posure to noise may have various effects on the public health and

welfare. Som_ of these are well-known but the complexity of both expos-
ure and response has prevented definitive cause-effect relationships in

many areas. 0thor effects are suspected but not yet well-proven.

i. Hoarln_ Damabe

It has been well established _lat noise exposure of sufficient

intensity and duration can produce hearing damage. Hearing less result-

ing from intense noise exposure can either be temporary or permanent.

In general, it is believed that noise of brief exposure that can produce
a algnlfioant temporary hearing loss or threshold shift is capable of
producing permanent hearing loss if the noise exposure is extended in

duration or recurrence. That is, daily exposure to a noise which

produces a temporary hearing loss presents a risk of permanent hearing
loss because the @at may not be able to fully recover to its orlgina].
threshold from recurrent exposures. The exact relationship between

temporary and permanent hearing loss, however, is not ye= clearly defined.

Hearing loss which is caused by noise occurs first in the high
frequency ranges. This impacts seriously on speech understanding, and

good hearing in the higher frequencies is necessary for discriminating

the informatlon-carrylng, consonant sounds of human speech. Nearing loss
is known to result from exposures to: continuous noise in induetrlal

settings, impulsive sound, gunfire, and loud _uslc for extended periods,
the last is found especially among young People. The effect from

fluctuating, intermittent or shorter-term exposures is not completely
understood.

2. O;he K HealthEffects

The only permanent adverse effect upon health from noise exposure
that is well-establlshed is nolse-lnduced hearing loss. However, there

is evldonce, although incomplete, to indicate other effects c&n result
from exposure of sufficient Intonslty and duration. Noise can alter

the function of the endocrine, cardiovascular and neurologlc systems.
It may effect equilibrium and may produce changes such as: constriction

of blood vessels in the body and vaso-dilatiou in the brain, rie_ in

blood pressure and chan_es in heart rhythm, and change in rate of stomach
acid secretions. Noise also has been shown to produce the same physio-
logical reactions as other stressors, such as emotional stress and pain.

There is not clear evidence, however, to indicate that continued activa-

tion of any of these responses leads to irreversible changes and permanent
health effects,



3. Behavior Effects

When a task requires the use of auditory signals, noise that masks

these signals will interfere with the performance of the task. High
level continuous noise exposures appear to have potentially detri,mntal

effects on human performance, particularly vigilance tasks, information

gathering, and analytical processes. Noise may also increase the
variability of work rate and affect the accuracy of work requiring

mental concentration. Additionally, noise may he disruptive of per-

formance if the noise is high frequency, intermittent, or unexpected.
Noise throughout the audible range can, under various circumstances,

he annoying and disrupClve of activity. However, prediction of indivld-

ual annoyance due to noise is difficult, probably due to the many
psychological and social factors that contribute to individual sensitivity.

4. Sleep Interference

Noise can interfere with sleep by preventing sleep, by causlng
awakenleg,.and by changing the level or pattern of sleep. Any of these

kinds of Interference may have effects on behavior and performance during

waking hours as well as long term health effects if repeated. Survey
data indicate that sleep disturbance is often the principal reason gives

for annoyance, and some experts believe that sleep disturbance is one of
the most severe effects of noise on health.

5. Communication Interference

In additlon to the reduced understanding of speech resulting from

nolse-lnduced hearing loss, noise can interfere directly with speech
to_munlcstlons, Verbal co_muslcatloo in terms of noise level and vocal

effort is extremely difficult in backgrounds of high noise level and

tan adversely _ffaet the accuracy, frequency, and quality of verbal
exchange, This can be important in formal education in schools, eecupa-

tlonal efficiency, family llfe patterns, and quality of relaxation.

6. Co_aunlty Reaction

The preceding effects of noise all deal with various effects on

individuals, although statistical descriptors must be used to average
out individual differences in reaction or response. However, when a

community of individuals is exposed, a different kind of reaction may

take place. This reaction may take several forms such as complaints to
authorities, political action against noisy activities, reduction in
land values or soclo-aconomlc level, high proper_y turnover rates, or

changes in family recreatlonal pa_terns. _lus the consequences of

communlty response to noise can be social, political, and economic, as
. well as the collec_ive individual responses noted above. To date, only

com_unlty annoyance responses to aircraft noise have been studied

I axtanslvely and have been shown to correlate well with noise exposure.
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The number of complaints due to noise in a community, however, is small
in oomparlson to the number of people annoyed.

7. Effects on Animals

In general, noise has the same types of effects on animals as it does

on humans. Hearing loss and physiologic changes have been noted in

laboratory animals. Possible effects on farm animals include changes in
size, weight, reproductlvity, and behavior. Changes in mating behavior,
predator-prey relationships, and territorial behavior have been observed
in some wildlife species exposed to noise.

C. CURRENT FEDERAL INFORMATION ON NOISE EFFECTS

There are at present three informational documents relative to

hoalth effects from noise exposure which have been published by Federal
agencies. The first to be published was "Criteria for s Recommended

Standard...Oacupatlonal Exposure to Noise" in 1972 by the National Insti-

tute for Occupatlonal Safety and Health (NIOSH), DepartTmnt of Health,

Education and Welfare. This was in accordance with Section 20(a)(3) of

the Occupational Safety and Health Act of 1970 (29 U.S.C. 656). In 1973,
the Environmental Protection Agency published "_zbllc Health and Welfare

Criteria for Noise" in accordance with Section 5(a)(1) of the Noise Control
Act of 1972 (PL 92-574). In addition, Section 5(a)(2) of the same act

called for a document identifying environmental noise level goals. That

document, "Information on Levels of Environmental Noise Requisite to Pro-
tect the Health and Welfare with an Adequate Margin of Safety" (EPA Levels
Document) :_hloh was published in Mare|* 1974, along with the EPA Criteria

Document, are to serve as the basis for establishing standards and regula-
tions called for by the Noise Control Act.

The NIOS}| document, specifically directed to the occupational environ-
ment, presented infor_ation about various effects of noise exposure, but

infor=mtlon for support of their recomr_ended standard was available only in
the area of nolse=induced hearing loss. The EPA "Public Health end Welfare

Criteria for Noise" defines criteria as "descriptions of cause and effect
rolationehlps." _se document addressed direct effects of noise on the

physical and mental well-belng of human populations, including hearing loss

and other heal_ effects, and indirect effects such as annoyance and commu-
alcation interfereuc@, as well as noise effects onwildllfe and other animals.

Nevertheless, EPA identified only three areas for which criteria exist.
According to the EPA Levels Document,

"There are a multitude of adverse effects that can be

caused by noise which may, both directly or Indirectly,
affect public health and welfare. However, there are

only three categories of adverse relationships in which
the cause/effect relationships are adequately known and
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can be Justifiably used to identify levels of
environmental noise for protection of public

health and welfare. These are: (I) the effect

of noise on hearing, (2) the effect of noise

on the general mental state as evidenced by
annoyance, and (3) the interference of noise
with specific activities."

Although information in these three areas was presented in the EPA
Criteria Document and used in the EPA Levels Document, both documents

indicated limitations in the information. A short description of the

current Federal information in each of the three areas, as contained by
the three documents, is presented below.

i. Nolse-lnduced Hearin_ Loss

The Criteria Document produced by NIOSH for employee protection

during the work period addressed recommendations for a work place standard
to protect against hearing impairment. No attempt is made toward the

protectfon of the worker from non-audltory effects of noise exposure;

however, the producers of this document have stated that meeting proposed
criteria for the protection of auditory effects will reduce the risk of
non-auditory effects. Thus, the major aim of this document is to recom-

mend and support a work place noise exposure standard for the protection

of hearing, i.e., that the effective noise level permitted during a

normal eight hour work period should not exceed 90 dBA for the time being
and should be reduced to 85 when technologically feasible. At this time

the Department of Labor has-proposed a revised standard with the 90 dBA

eight hour exposure level and hearing conservation measures beginning
at 85 dBA. In support of the NIOSH teconuuendation, incidence of hearing
impairment was compared between noise exposed and non-nolse exposed

employee groups of comparable ages and experience.

The EPA Criteria Document presented information for predicting
permanent hearing loss resulting from exposure to continuous noise of

certain levels for eight hours a day over I0 and 40year@. The'information,

llke the NIOSH criteria, also compared noise exposed and non-noise exposed
employee groups. Further, like the NIOSN document, the EPA criteria is

based only on industrial exposures.

The EPA Levels Document used this information to identify noise

levels requisite to protect the human population from significant noise-
induced hearing loss with an adequate margin of safety. The levels
identified do not include consideration of economic and technological

feasibility and thus should not be construed as Federal standards.

In identifying its level for protection against hearing loss,

however, EPA found certain limitations in the available data. Thus, EPA

had to extrapolate from industrial exposure data to community noise as it



affects hearing, from eight hour exposure to 24 hour environmental expos-
ure, and from exposure data mainly above 80 dBA to levels below 80.

2. Community Annoyance

Although community reaction to noise may be evidenced by social or
economic measures as well as political or legal action, tileavailable

information, as reported in the EPA Criteria Document, deals mainly with
statistical surveys of annoyance. The document concluded, among other

things, that (i) "the degree of annoyance due to noise exposure expressed
by the population average for a community is highly correlated to the

magnitude of noise exposure in the community," and (2) "the numbers of

complaints about noise regls_ered with the authorities is small compared
to the number of people annoyed, or who wish to complain. However, the

number of actual complaints is highly correlated with the proportion of
people in the community who express high annoyance." The EPA Levels

Document used this available information about community annoyance to
supplement speech interference data, discussed in the next section.

3. Coum_nicatlon Interference

The EPA Criteria Document identified dace which predict fairly

accurately how noise will affect the perception of speech in =he outdoor
environment. The data represents conditions in which talker and listener

speak the same dialect and presumably hear normally. The document also
indicated that data are available in the literature to suggest a reasonable

background noise level for the design of rooms where oral co_unicatlon is
important.

The EPA Levels Document used these data to identify levels of noise

requisite to proteo_ public health and welfar_ against activity interfer-
ence with an adequaKe margin of safety, since "the prlmary effect of noise

on human health and welfare due to interference with activity comes from
its effect on speech communication." The document also identified speech

interference as one of the primary reasons for adverse community reactions

to noise and long-term annoyance. It is again important to note that the
levels thus identified to protect against activity interference do not
include consideration of economic and technological feasibility and thus
should not be construed as Federal standards.

D. RESEARCH NEEDS

Although information has been identified and/or used in _hree Federal
documents for three of the many known or suspected effects of noise, the

documents plainly pointed ou_ the limitations and deficiencies in the
available information. _a lack of necessary information on o_her effects
of noise was also discussed as well as _he lack of methodologies available

to adequately relate the noise exposures to the effects. Even though
i
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there are many gaps in today's knowledge on the effects of noise, some

states and many local governments are in the process of setting noise

limits in regulationsordinances to reduce noise. Accurate and compre-
hensive information relating noise and other contributing factors to
all its effects is needed to insure that the extent of the reductions

is appropriate, and that the reductions may be accomplished with minimum
expenditures of public and private m_ney. Such information is also

needed to assess the cost of noise reduction in light of benefits and

to provide guidelines for personal decisions affecting the quality of
llfe or corporate decisions affecting working conditions. Limitations
in or lack of needed information on the various effects of noise are
discussed below.

The research needs discussed are for information on which to base

protection of public health and welfare in the general sense. It is
important to note that in comparing these general needs with the research

conducted by the various agencies, it should be remembered that specific

agency missions dictate the research that agency conducts and supports,
and that specific research projects, while fulfilling an important agency

objective, may not be specifically directed toward fulfilling one or more

of the general needs discussed below.

I. Noise-lnduced Hearin_ Loss

The current Federal information on noise-induced hearing loss, as

presented in both the NIOSH and the EPA Criteria Document and used in

support of the NIOSH recommended standard and the EPA identified levels,
is based on several cross-sectional industrial studies that have been

criticized for various reasons. These criticisms include : insufficient

determination of daily noise exposure, problems &nor, lack of Screenlng
for evidence of ear disease, inconsistent test practices, audiological

testing in noisy areas, end audiological testing without sufficient time

for recovery from temporary hearing loss. The studies also mainly
considered continuous eight hour exposures. Thus, there is limited
information on intermittent or partial daily exposures and practically

no data on exposure to noise beyond an eight hour period. Inconclusive
information exists as to whether older people or younger ones are more

susceptible to nolse-lnduced hearing loss. Little evidence is available

on exposures to various other types of noise, such as impulalve noise,
ultrasound, and infrasound. Little is known, also, about the effects on

hearing of the combination of noise and other factors such as heat,
vibration, and ototo_ic (hearing damaging) drugs and chemicals.

2. Health Effects Other Than Hearin_ Los9

• The EPA Criteria Document identified several short-term physiological

effects which may result from noise exposure. It is known that noise can

elicit different physiological responses, but there is not clear evidence
to indicate that continued activation of these responses leads to irrever-

sible changes and permanent health effects. Adequate scientific data are

i0
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not available to confirm or refute speculations that noise may be a
contributor to circulatory difficulties or heart diseases. There are

not any well-establlshed data relating noise exposure to fatigue or
insomnia, even though it is believed that noise exposure can contribute
to these factors. Noise has been considered to be detrimental to the

recovery of hospital patients.

Although noise exposure, either alone or in conJunctlon with other

atressors, is presumed to cause general stress, neither the threshold
noise level nor duration at which stress may appear has been adequately

determined. Further, the effects of chronic nolse-produced stress are
not knawn.

Thus, soma indicators of potential effects of noise on health have
been studied and some have shown definite cause-effect relationships over

the short term. Quantitative relationships need to be determined for

many indicators of noise effects on health_ and all potential effects of
noise on health must be studled over the long term. Clear relationships
between noise exposure and its potential affects on health must be proved

or disproved, so that decisions - government, corporate, or private - may
be made on protection of health from noise.

3. Effects on Individual Behavior

Moat information available an individual behavior effects of noise

concerns either performance or annoyance. Noise is also considered as
contributing to other behavior effects such as irritability, instability,

argumentatlveness, reduction in sex drive, anxiety, and nervousness, but

quantitative evidence is lacking in these areas.

Although effects of noise on performance have been shown in the

laboratory, little work has been done in real-Ills situations. As per-
ferments effects of noise could be significant and costly in today's

econo_, there is a pressing need for field stL*dies under typical condi-
tions. The information derived is needed for determining the extent of

noise reduction that is cost-beneficlal in performance situations,

AS individual annoyance in response to noise can lead to tlm economic
or social effects or the political or legal actions discussed under

eo_munlty reaetlon, as well as to general effects on mental or physical
health, a better understanding is needed of the factors that control the

degree of annoyance of individuals. Further, as most of the available
information on nolse/annoyance relationships deal mainly with conventional
alrcraft noise, annoyance in response to other major sources of noise,

as well as new and future aircraft, needs ta be determined.

Other bahavloral effects of noise mentioned above are less clear-cut

and noise is but one of many factors which could contribute to these

II



effects. These effects, however, are serious indicators of reduction in

quality of llfe and could be slgniflcant contributors to deterioration
of mental and physical health. The relationship of noise to these effects
as well as the relative contribution of noise in combination with other

causes needs to be determined in order that government, corporate, or

prlvate decisions may be made concerning health end the quality of ilia.

4. Effects on Sleep

Disturbance of sleep by noise resulting in changes in level, patterns,
or quality of sleep, or even awakening may effect behavior during waking

hours and cause long-term health effects. Most of the available infor-
mation on effects of sleep interference, according to the EPA Crlteria

Document_ "comes from laboratory experiments that involve very few

people, and 'responses' are evaluated in terms of physiological measure-

ments such as EgG" (electroencephalogram, a measure of electrical voltages
in the brain). As it is difficult to generalize from the laboratory to
real-llfe conditions, but also very costly to study sleep in everyday

aettlngs, bot_ types of studies are needed to develop definitive relation-

ships between noise from various sources and its effects on sleep, both
in the short-term and long-term.

5. Co_unlcation Interference

The available information concerning a cause-effect relationship

for noise interference with speech represents conditions for normally

hearing young male adults speaking the same dialect, when they are in
a non-reverberant noise field, whereas the actual cause-effect relation-

ship may change wlth =any variables. The EPA Criteria Document states,
"lower noise levels would be required if the talker has imprecise speech

(poor artlculation) or if the talker and the listener speak different
dialects. Children have less precise speech than do adults, and their

relative lack of knowledge of language often makes them less able to

'hear' speech when some of the cues in the speech stream are lost. Thus,

adequate speech co_unicatlon with children requires lower noise levels
than are required for adults. One's ability to understand partlally-

nmsked or distorted speech seems to begin to deteriorate about age 30
and declines steadily thereafter. Generally, the older the listener,

the lower the background must be for nearly normal communication.., it
is known that persons with hearing losses require _re favorable speech-
to-noise ratios than de those with normal hearing." The data availmble

have no information on the reception of female Speech or on the effect

of time-varying noise on speech understanding. Quantitative data are

lacking which show how all these variables affect the relationship
between noise and interference with speech.

The available data on speech interference furthermore do not account
for the reverberant buildup of sound by reflections from the walls of a

room, and thus are not valid for design criteria. According to the EPA
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Levels Document, "Recommended values for acceptable sound levels in various

types of spaces have been suggested by a number of authors over the past

two decades. These recommendations generally have taken into consideration

such factors as speech intelligibility and subjective judgments of space
occupants. However, the final values recommended were largely the result

of judgments on the part of the authors..."

Finally, noise can interfere wlth the reception of auditory warning
signals. However, there are little data to show how loud the signal should
be in various noise fields in order to effectively perform its safety
function.

Research is needed in order to quantify design criteria which can
assure proper reception of speech and warning signals in a variety of

situations, e.g., in offices, schools, workplaces, and recreational areas,

and for a variety of human characteristics, such as poor or dialectic
speech, age, and hearing ability.

6. Community Response

Although information is available relating noise exposure fairly well

tO community annoyance and resulting complaints to authorities, the data
are based mainly on responses to conventional takeoff and landing aircraft
noise. The information needs to be expanded to include response to other

environmental noise sources, such as vertical or short takeoff and landing

aircraft, military aircraft and other vehicles, industrial planes, surface

transportation, construction equipment, home appliances, and mere. Since
annoyance has been shown to lead to complaints, not only does its relation
to these other sources of noise need to be studied, but also its relation

and the relation of noise exposure to responses such as legal or political

actions, change in land values, neighborhood stability, feeling of cow, unity,
and other social or economic measures. Studies are also needed to determine

effect on overall community health and other possible group responses.

These relatlonsblps are needed to provide input for local government decle-
ions on land-use, corporate decisions on plant location, and private
decisions on home and recreational locations, to name a few.

7. Effects on Ani_ls

Although some studies have indicated that noise affects snlnmls in the
laboratory in the same way as humans, and behavior changes resulting from
noise have been observed in some wildlife species, few quantitative cause-

effect relmtionships have been established. Relationships between noise

and changes in reproduction, weight gain, egg and milk production, for

example, should be determined so that the economic benefits of reducing
the noise exposure of domestic animals nmy be evaluated. Further, the
effect on wildlife is important for preservation of endangered species and
conservation snd thus should be determined.
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8, Meas;_e_nt

Determination of definitive, quantitative cause-effect relationships
demands accurate and reproducible measurement of both cause and effect.

_urther, the appropriate characteristics of noise must be emphasized in
terms of the various effects, but at the same time, inexpensive instru-

mentation and easily used methods must be available for characterizing
the noise environment and for enforcement.

Thus, instrun_ntation needs to be developed for monitoring noise

exposures and standard methodologies developed for characterizing
various noise environments and sources in terms of their possible
effects. To refine and support hearing loss data, audiometric instru-

mentatlon_ methodologies, and calibration procedures need.to be improved.
Finally_ a national baseline of community noise levels is needed in

order to compare various com_nitles in terms of noise levels and to

determine whether _he overall natldnal noise levels are improving or

deteriorating,

E. RESEARCH CATEGORIES

To address, ap_lyze, and make r@commendstions effectively on noise
effects research in terms of the needs identified above, a system for
classifying the research had to be devised. Such a system has been
developed by the Noise Effects Research Panel. By consensus, the Panel
identified the eight major categories outlined in Table ll-l.

14
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Table II-1

CATEGORIES OF NOISE E_FECTS RESEARGH

I. Npise-lnduced llearin_ Loss
A. Epidemlologlc
B. Human
C. Animal

D, Hochanlsms of Hearing Loss
E, Protection

II. Non-Auditor F Health Effe,crs
A. gpldemlologlc
S. Hu_
C. Animal

III. ;ndlvldual Behavior Effects
A. Annoyance
B. Performance
C. 0thez

IV, No_se Effae_s on Sleep

V. 9o_Imunication Interferenqt
A. Speech CommUnication

E. Effectiveness of Auditory
War_ing SiEnals in the
Presence of Noise

VI. 9sm_mi_ or Collecti_s Response

VII. Domestic Anlmals.and Wildlife

VIII. Measurement Methodology. and C_ltbrat_on
A, Noise Enviror_ent

B, Noise Source Characterization

C. Audiomatry
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Ill. S,UMMARY OF CURRENT PROGRAMS

The current Federal research programs and projects on affects of

noise address all bet one of the research categories identified in
Table II-i. At the present tlme there is no ongoing research reported

on the effects of noise on domestic animals and wildlife. The funding

for research in the other categories, however, is presented in Table IIl-l.
Table III-2 shews the overall effort of each agency in effects of noise,

and Table Ill-3 relates each agency's involvement in categories of

research. The following discussions summarize the current effort of the
Federal government in addressing the research needs in each category of

noise effects research. Each agency's current program is described in
Appendix D.

A. NOISE-INDUCE D HEARING LOSS

Noise has long been known as a contributor to hearing loss, and
many studies in the past few decades have attempted to establish a

definitive cause-effect relationship, particularly in the occupational
environment. However, the effects of different types of noise and

exposure patterns are still no= well understood. Variations in suscept-
ibility due to age, drugs, and envlronmen_al factors farther complicate

the problems.

The need for knowledge about nolse-lnduced hearing less is reflected
in the current fiscal data. Almost $1.4 million, over one-quarter.of the

total Federal axpendltutes on health effects of noise, was spent on
noise-lnduced hearing loss research in FY 74. Current research programs

in this area, carried out by five different agencies, are addressing
the following specific problems:

- Cross-sectional studies in various environments

(occupational, military, recreational, etc.).

- Relationships between permanent and temporary
threshold shifts.

- Susceptibility to hearing loss.

- Combination of noise and other stressors

(work, heat, vibration, e_c.).

- Combination with ototoxlc drugs, other o_otoxlc

agents, and abnormal physiology.

, - Effects on children.

- Impulse noise, intermitten_ noise, and high
intensity noise.
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Table III-I

NOISE EFFECTS RESEARCH FUNDING BY CATEGORY

(Thousands of Dollars)

Cate_or_ FY 73 FY 74 FY 75*

Nolse-Induced llearing Loss I_084 1,366 1,979
Non-Auditory Health Effects 126 294 61
Individual Behavior Effects 381 361 443

Noise Effects on Sleep 217 254 159

Communication Interference 275 316 296

Community or Collective Response 410 821 1,114
Domestic Animals and Wildlife 0 O 0

Measurement Methodology and

Calibration I_073 Ir34_ 916

TOTALS 3,566 4,756 4,968*

Table III-2

NOISE EFFECTS RESEARCH FUNDINO BY AGENCY

(Thousands of Dollars)

Agency FY 73 FY 74 FY 75*

I_W(NINDS) 526 622 1,157

HEW(NIENS) 153 258 239
HEW_NIOSE) 395 507 481
D0D 984 930 930*

NASA 1,127 1,154 I_200
HOT 50 130 50
NSF 20 0 O

DOC_NBS) 98 117 142
HUD 117 638 460

EPA 24 377 309
DOI_BuMlnes) 72 23 0

TOTALS 3',566 4,756 4,968*

*HOD FY 75 Estimated the same as FY 74

i

17



Table III-3

CURRENT AGENCY INVOLVEMENT IN RESEARCH CATEGORIES

Research

Category

Noise- Induced

Hearing Loss x x x x Ix Ix

Non-_hdi_ory

Health Effects x x x Ix

_edividu_i Behavloz

Effects x x x X x

:NoiseEffects

ion Sleep x X

ICommunication

I Interference x x I x x

ICommunityor
C_lleetive

Rmsponse x x x I x

Domestlc Animals
and Wildlife

Measurement X

Methodology and x x x a ,x

Calibration ,=

18



- permanent effects of occupational and longer
environmental exposures.

- Mechanisms of hearing loss (biochemical, physio-
logical, etc.).

- Hearing proteccion.

Funding levels for noise-induced hearing loss research are shown in
Table III-4.

Be NON-AUDITORY HEALTH EFFECTS

Many studies have been conducted which tend to indicate noise to be

a cause of numerous non-auditory health effects in humans which might

influence physical or mental health. These include: orientation and
startle reflexes, disturbed sense of balance, pain, and general stress.

One cannot rule out the possibility that noise exposure amy pose some

non-audltory health hazard if no attempt is _de to reduce individual
exposure to noise. Caution must be exercised in interpreting the results

of studies in this area, however, for controls are exceptionally difficult

to exercise. It is also extremely difficul_ to quantify the non-auditory
health effects of noise because of the following complexities and

conditions: the wide variety of conditions and mental states involved

in personal health; the complexity of the human body and the human mental
function; individual and temporal variations in susceptibility to physical
and mental health conditions; and the occurrence of noise in combination
with other stresses.

Despite many questions that cannot now be answered regarding the

non-audltory health effects of noise, Federal expenditures in this category
have been modest. Current and recent research in this category, conducted
by four different agencies, address the following problems:

- Worker safety and health.

- Susceptibility to mental and physical illness.

- Cardiovascular and other physiological changSSo

- Effects on the vestibular (sense of balance), cardiovascular

(heart and circulatory), endocrine (internally-secreting
glands), and neural systems.

- Effects on drug uptake,

• Funding levels for non-audltory health effects research are shown in
_able III-5.
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Table III-4

FEDERAL RESEARCH FUNDING FOR NOISE-INDUCED HEARING LOSS

(Thousands of Dollars)

Agency FY 73 FY 74 FY 75

_(NDIDS) 447 482 1,057
HEW_NIOSH) 224. 341 352
HEW(NIEHS) 145 192 199
DOD 248 301 301.
NSF 20 0 O
EPA 0 50 70

TOTALS 1_084 1,366 1,979"

*DOD FY 75 data estimated the samos as FY 74

Table III-5

FEDERAL RESEARCH FUNDING FOR NON-AUDITORY HEALTH EFFECTS OF NOISE

(Thousands of Dollars)

A_ency FY 73 FY 74 FY 75

]_-"d(NIEES) 8 66 40
I_NIOSH) I_ 42 21
DUD i0 0 O*
EPA O 186 a'# 0

TOTALS 126 294 61"

_OD FY 75 data estimated the saum as FY 74
**2 year project

C, II_DIVIDUALBEHAVIOR EFFECTS

Indlvldua! behavior effects are of interest in a variety of environ-
monte where adverse rofFex aotionsorbohavior may.result in accidents
or unfavorable performance, e.g., occupational, military and vehicle
handling. Various studies have indicated that noise may have negative,
neutral, or even positive effects on Imrformance.

The affects of noise on performance have been, studied in the: labora-
tory and in the actual work situatlon, wlth more emphasis on laboratory
research. C_mnerallzin8 .from the'laboratory to real life situations is
difficult since, in the laboratory, exposures are short and the novel
tasks employed cause subjects to be fairly wel_ motivated. By contrast,
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office and fahtory workers usually work below their maximum efficiency and
respond to noise in combination with other stimuli. The lack of well-

controlled field studies is still a very real problem in the evaluation of
the effects of noise on human performance.

Current research programs in thls category, conducted by five agencies,

are addressing the following specific problems:

- Annoyance factors, e.g,, loudness, noisiness, and
averelveness

- Performance capability in:

High levels of noise exposure

Environmental noise (from transportation
systems, etc.)

Occupational noise levels

Combination with other stressers (heat,
vibration, etc.) in various environments

- Startle effects on performance

- Human adaptation to noise

-' Measures of aversIvenese and annoyaece

Funding levele for research on individual behavior effects of noise are
shown in Table III-6.

D. NOIS E EFFECTS ON SLEEP

Survey data indicate that sleep disturbance is often the principal
reason given for noise annoyance,

There are indications that sleeping in noisy surroundings does produce
soma effects on sleep, either in the form of awakening, i£ the noise is loud

enough, or in the form of shifts in the stages of sleep. Usually, however,
much of our da_a comas from laboratory experiments that involve few people

and "responses" are evaluated in terms of physlologiegl measurements such

as the electroencephalogrem, whloh, maasures nervous system electrlc voltages
in the brain. Caution must therefore be exercised in drawing conclusions
regarding the effect of noise on sleep for the general population. Even
greater caution must be exercised in making references about the long-range
offee_ ef sleep disturbance since there exist very little experimental data

regarding these effects.

Two agencies reported research directed solely or primarily to noise
effects on sleep.
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Table III-6

FEDERAL RESEARCH FUNDING FOR INDIVIDUAL BEHAVIOR EFFECTS OF NOISE

(Thousands of Dollars)

Agency FY 73 FY 74 FY 75

_W('N ZOSn) 0 28 0
D0D 233 166 166.

DOT 50 0 0

EPA 0 50 135

DOC(NBS) 98 117 142

TOTALS 381 361 443*

*DOD FY 75 data estimated the sane as F¥ 74

Table lli-7

FEDERAL RESEARCN FUNDING FOR NOISE EFFECTS ON SLEEP

(Thousands of Dollars)

A_ency FY 73 FY 74 FY 75

NASA 217 234 142

EPA 0 0 17

TOTALS 217 254 159
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Current research in this category is being addressed to the following
specific problems:

- Nonawakentng effects (change in pattern and
quality of sleep)

- Sleep disturbance by aircraft noise

- Correlational analysis of foreign and domestic
scientific data on the effects of noise on human

sleep.

Funding levels reported for research directed solely or primarily to
noise effects on sleep are shown in Table III-7, Page 22,

E. COF_UNICATION .,INteRFERENCE,

Noise can interfere with speech by changing its perceived quality,
shifting its apparent location or loudness, or by making it partially or
completely inaudible.

Unfortunately, most of the available knowledge is often of limited
assistance in predicting the intelligibilityof ordinary speech which
actually consists of a complex sequence of sounds whose overall intensity
and spectral distribution are constantly varying. The intelligibility of
ordinary speech is rather complex and must often be predicted on the basis
of results with isolated words.

Current Federal research in conm_unication interference by noise, con-
ducted by four different,agencies, is addressing the following problem:

- Effects of noise on speech production

- Methods for predicting speech intelligibility
in noise

- Speech communication in special environments

- Speech discrimination in normal and pathological
. hearing groups

- Hearing aid performance in noisy environments

- Warning signals in coal mines.

Funding levels for research in communication interference by noise
...., are shown in Table llI-8.
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Table III-8

FEDERAL RESEARCH FUNDING FOR CO]_[UNICATIONSINTERFERENCE OF NOISE
(Thousands of Dollars)

Agency FY 73 FY 74 FY 75

HEW(NINDS) 79 140 I00
DOD 124 109 109"
EPA 0 59 87
DOI (BuMines) 72 8 0

TOTALS 275 316 296*

*DOD FY 75 data estimated the same as FY 54.

Table III-9

FEDERAL RESEARCH FUNDING FOR CO_UNITY OR
COLLECTIVE RESPONSE TO NOISE

(Thousands of Dollars)

Agenny FY 73 FY 74 FY 75

DO]) 32 0 O*
NASA 378 491 654
DOT 0 130 50
HUD 0 200 410

TOTALS 410 821 1,114.

*DO]) FY 75 data estimated the s_e as FY 74.
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F. CO_J_UNITY OR COLLECTIVE RESPONSE

Numerous techniques have also been devised to measure annoyance _rom

a simple scale of annoyance level to complicated cechniques involving

social surveys. _4any studies have addressed the relation between noise
and annoyance. Most of this work has been related to conventional air-

craft operations, Other noise sources exist which appear to warrant
additional consideration, ocher social and economic responses such as

political actions or change in land values also need Co be examined.

Fou_ different agencies were conducting research in comeunlty or
_ollective response in the FY 73-74 ti_e period, addressing the following

problems_

- National baseline data hank of envlronmental

noise levels-unlfied measurement system

- Community response studies

- Military operations noise.

Funding levels for research in community or collective response to
noise are shown in Table III-9, Page 24,

g. DOf_STICAN_LMALSAND WILDLIFE

Nolse produces the same general types of effects on animals as it
does on humans, namely: auditory, imsking of communication, behavioral,

and physiological. These effects have not yeC been definitely described.
No criteria have been developed for these effects.

Recent research in this category, one project concluded in FY 73,
was addressed to hearing levels of fowls. No funding data are listed
herein for that project.

H. MEASURE_ F_THODOLOGYAND CALIBRATION

Research in measutan_nt methodology and calibracion is conducted

by agencies Co support noise health effects research programs, to support
implementation of noise control legislation, and to maintain a defensible
posture regardlngmaasure_et technology.

This entails a broad range of activities involved in establiehlng

measurement systems to define the environments and determine the effects
on humans: defining measurement requirements, analysis and evaluation of

alternate methodologies, and the development of hardware, software end
procedures.
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The significance of this effort is reflected in the current fiscal

data. More than $1.2 million, 28 percent of total Federal funding on
noise effects research, was expended on research in measurement method=

ology and calibration in FY 74. Six agencies conducted research in this

category in FY 74, largely directed to t_e following problems:

- Defining the noise environment through:

Monitoring methodology
Monitoring instrumentation

- Noise source characterization - rating schemes

- Audiometry

- Characterization of vertlcal/short takeoff and

landing aircraft noise

- Portable calibration of Audlodosi_eters.

Funding levels for research in measurement methodology and calibra-
tion are shown in Table Ill-10.

Table III-lO

FEDERAL RESEARCH FUNDING FOR NOISE MEASUREMENT METHODOLOGY

AND CALIBRATION

(Thousands of Dollars)

A_enc_ FY73 FY 74 FY 75

MEW(NIOSH) 63 96 I08
DOD 337 354 354*

I17 438 50

EPA 24 32 0

D01(BuMines) 0 15 0
NASA 532 409 404

TOTAL 1,073 1,344 916"

*DOD FY 75 data estimated the same as FY 74
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IV. CONCLUSIONS

A. S[_MARY OF DISCUSSIONS

Known or suspected effects of noise include effects on hearing,

other effects which may (or may not) lead to permanent health impairment,

effects on behavior such as performance or annoyance, speech and ether
communlcatlcn interference, sleep disturbance, soclal/economic/politlcal/

legal/behavloral counnunlty responses, and effects on animals. Quantita-

tive cause-effect relationships, however, have been provisionally defined

by the Federal government only for hearing, annoyance, and speech inter-
ference. The information identified in th_se three areas is also
discussed. Limitations in this information in other areas are shown

and research needed to provide thorough and accurate information on all
effects of noise is Iden_ifled. Such information is necessary fur setting

standards for protection of public health and welfare, assessment of the

benefits to be derived from noise reduction in lisht of the costs, assur-

ance of safe, productive work environments and adequate communication,
and decisions at all levels affecting the quality of life. A way of

categorizing current and needed noise effects research is presented.
The current Federally supported noise effects research is summarized for

each of eight categories.

B. RESEARCH SUBJECTS NEEDING ADDITIONAL EMPHASIS

Although an In-depth analysis and assessment of the current Federal

noise effects programs has not been made, the Noise Effects Research
Panel through its collective knowledge of both needs and current research

has identified specific research subjects which need additional emphasls
in order to provide accurate and thorough information on effects of

noise. These include subjects not currently receiving enough attention

and those nee ourrently being addressed. They are compared for each

category with a summary of the current research (as discussed in Chapter 3)
'in Table IV-I. Since the adequacy of the current research has not been
addressed, it should not be assumed that the subjects listed under Current

research are being thoroughly covered. On the contrary, the current

programs need contlnued, and in soma instances expanded, support in order

to provide necessary information on effects of noise.

c. FtrrU_ Pm_k ACTIVI!_ES

Since the Noise Effects Research Panel has been in existence only a

short tim_, its work has just begun. In the future, it expects to
address: adequacy of current research, new starts_ agency interests and

capabilities, and _rlorltles of research needs. With these aetlvi_lea,

the panel hopes to move toward a coordinated plan for Federal noise
effects research which can direct research toward critical problems and
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issues, assure coordinated and complementary efforts, and promote

research accomplished in the most productlvs End scientifically
viable u_nnero

Prior to establishment of the panel in early 1974, the various

agencies accomplished much in gaining understandin E of the effects
of noise. The panel hopes that the overall rate of research progress

will accelerate as these agencies participate mutually in this

planning process.

Table IV-I

SU_4ARy OF NOISE EFFECTS RESEARCH NEEDS BY CATEGORY

I. Noise-Induced Eearin_ Loss

Current Research Research Needing Additional

Emphasis

I. Cress-sectional studies in I. Longitudinal studies of normal

various environments, (occu- hearing

pational, militaryj recrea-

tional, etc.) 2. Longitudinal studies of noise
exposed populations

2. Relationships between
permanent and temporary 3. Analysis of cross-sectlonal and
threshold shifts retrospective andiomet=tc data

from known occupational exposure

3. Susceptibility to hearing
loss 4. Definition and quantification of

presbycusis
4. Combination of noise and

other etrsesors (work, heat, 5. Possible hish-riek and susceptible

vibration, etc,) populations

5. Combinntion with ototoxic 6. Social and economic impact o£

drugs, other ototoxic agents, noise-lnduced heating loss
and abnormal physiology

6. Effects on children

7. Impulse, intermittent, and
high intensity noise
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Table IV-I (Cont.)

C,urrant Research Research Needing Additional
Emphasis

8. permanent effects of occupational
and longer environmental exposures

9. Mechanisms of hearing loss (bio-
chemical, physiological, etc.)

10. Hearing protection

II. Non-Audltory Health Effects

Current Research Research Needln6 Additional
Emphasis

I. Worker safety and health I. Nos-Addltory long-term health
effects

2. Susceptibility tO disease
e. Epidemlologic (physiolog-

3. cardlovascular and other ical and mental health)
physiologic changes b. Longitudinal studies on

subhuman primates
4. Effects on the vestibular,

cardlm_aac_lar, endocrine,
and neural systems 2. Health effects of impulse noise

5. E_fects on dTug _ptakn 3. Re_Ith effects of infrasound and
ultrasound

IIl. Individual Behavlmr Effects

Current Research Research Needing Addltlonal
Emphasis

lo Annoyance - loudness, i. Effects on task performance in
noisiness and avmrsiveness specific environments

2, Performance capability in: 2. Pure tone and time-varying
corrections for annoyance

a. High level exposure eval_atio_
b. Environmental noise
c. Occupational noise 3. Effects of noise in learning

- d. combination with other situations
stressors in various
environments
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Table IV-I (Cont.)

III. Individual Behavior Effects (Cont.)

Current Research Research Nesdlng Additional

Emphasis

e. Intermittent and impulse 4. Annoyance in susceptible
noise populations (e.g., hospital

environments)
3, Startle effects on performance

5. Cognitive components of annoy-
ing noise

IV, Noise Effects on Sleep

Current Research Research NeedlnE Additional
Emphasis

I. Non-awakenlng effects I. Chronic sleep interruption by
noise

2. Sleep disturbance by aircraft
noise 2. Sleep interruptions on special

populations (ill, aged, etc.)
3. Home environment

V. COmmunlcation Interference

Current Research Research Needing Additional
Emphasis

i. Effects on speech production 1. Everyday speech co_unlea¢ion
in real-life noise situations

2. Methods for predicting speech a. Various vocabularies
intelligibility in noise b. Various populatlons

(children, females,
3, Speech communication in special aged, foreign dialect,

environments hearing impaired, etc.)

4. Speech discrimination in normal 2. Criteria for speech communication
and pathological hearing groups in rooms

5. Hearing aid performence in 3. Effects of noise on speech end
noisy environments message production

4. Effectiveness of auditory warning
signals in the preeence of noise
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Tabte IV-1 (Cont.)

VI. Community Collective Response

Current Research Research heeding Additional
Emphasis

1. National baseline data bank 1. Community surveys to address
of environmental noise levels- annoyance as a function of
unified measurement system exposure patterns

2. Community response studies 2. Noise, its sociological effects
: in relation to quality of life

3. Military operations noise
3. Criteria for land use

compatibility

VII. Domestic Animals and Wildllf9

Cur,rent Research Research Needing Additional

, Emphasis ,,

I. Hearing levels of fowls I. Identification and development
of criteria with respect to
behaviorial effects of:

a. Endangered species
b. Other wildlife
c. Domestic animals

VIII. Measurement Methodology end
,Calibration

Current Research Research Needing Additional
Em_hasis ,.

I, Noise Environment I. Development of standard
methodologies

e. Monitoring methodology
b. Monitoring instrumen- 2, CharacterizaClon of noise

teflon in terms of environmental

impact

2. Source characterization- 3, Characterization of noise
noise ratln8 schemes effects of specific sources

3, Audiometry 4. Development of monitoring
instrumentation for evaluation
of complex noises
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APPENDIX A

GLOSSARY

Term Definition

Audiometry The measurement of hearing.

Auditory Relatlng to or pertaining to the sense
of hearing.

Broad-band Noise Noise whose energy is distributed over
a broad range of frequency.

Cardiovascular Pertaining to the heart and blood
vessels.

Chronic Long term continuous or frequently
repeated.

Cochlea; Coehlmar A spiral shaped cavity in the temporal
bone, resembling a snail shell, which
forms part of the inner ear and contains
the end organ of hearing; pertaining to
the cochlea.

Continuous Noise On-soles noise, the intensity of which
remains at a measurable level (which may
vary) without interruption over an
indefinite period or a specified period
of time. Loosely, nonlmpulsive noise.

Cross-secclonel Pertaining to a sample of a pmpulatlon
at a given time.

Decibel (d3) A measure on a logarithmic scale, of the
magnitude of a particular quantity (such
as sound pressure, sound power, or inten-
sity) with respect to a standard reference
value (20 micropascals for sound pressure).

dBA A unit of sound level with A-welghted
characteristics.

Endocrine Pertaining to the internally-secreting
" glands whose products are distributed via

the blood rather than through ducts.
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Epidemiologic Pertaining to studies of humans in their
natural environment.

Frequency The number of times per second that a
periodic sound repeats itself. Now

expressed in Hertz (Nz), formerly in
cycles per second (cps).

Hearing Impairment Hearing loss exceeding a designated

criterion (e.g., 25 dB hearing threshold
level, averaged from the threshold levels

at 500, I000, and 2000 Hz).

Hearing Loss Impairment of auditory sensitivity; an
elevation of a hearing threshold level.

Hearing Threshold Level The amount (in decibels) by which the

threshold of hearing for an ear (or the

average for a group) exceeds the standard

audiomotric reference zero (ISO 1964;
ANSI 1969).

Impulse Noise Noise of short duration (typically less

(Impulsive Noise) than one second) especially of high
intensity, abrupL onset and rapid decay,

and often rapidly changing spectral

composition.
NOTE: Impulse noise is characteristically

associated with such sources as explosions,

impacts, the discharge of firearms, the
passage of supersonic aircraft (sonic boom)

and many industrial processes.

Infrasound Sound with frequencies below the audible

range, traditionally below 16 Hz.

Intermittent Noise _luetuating noise whose level falls one

or more times to very low or unmeasurable
values during an exposure.

Ldn A one-number scheme for designating the
24-hour equivalent noise exposure adjusted

so that nighttime noise is given n_re

weight.
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Level In acoustics, the level of a quantity
is the logarithm of the ratio of that

quantity to a reference quantity of the
some kind, The base of the logarithm,

the reference quantity, and the kind of
level must be specified.

Longitudinal Studies Long-term surveying and monitoring of a

given group of the population.

Noise Exposure A combination of sffectlve noise level

and exposure duration.

Nolse-lnduced Permanent A permanent threshold shift (PTS)
Threshold Shift (NIPTS) caused by noise exposure, corrected

for the effect of aging.

Ototoxic Poisonous or damaging to the auditory

(hearing) organ.

Permanent Threshold Shift A permanent elevation in the hearing
threshold level.

_yslolegioal Pertaining to the functions and activities :

of a living cell, tissue or organism,

Sound Level (SL) Weighted sound pressure level, obtained

by the use of metering characteristics
and the welghtings Aj B, or C as specified
in the _erican National Standard Specifi-

cation for Sound Level Meters, _SI-Si.4-

1971. The weighting employed must be
stated.

Temporary Threshold Shift A short duration elevation in the hearing

(_S) threshold level.

Threshold of Hearlng The minimum effective sound pressure level
of an aaoustlc signal capable of exciting
the sensation of hearing in a specified

proporatlon of trials in prescribed condi-
tions of listening.

Ultrasound Sound with frequencies above the audible

range, i.e., above 16,000-20,000 Hz.

Vestibular Pertaining to the sense of balance organs
in the inner ear.

A-3



APPENDIX B

GLOSSARy OF AGENCY ACROh_

Symbols Agencies

HOC Department o£ Cowmerce

DOC(NB$) National Bureau of Standards

DOD Department of Defense

DOl Department of the Interior

EOl(BuMines) Bureau of Mines

DOL Department of Labor

DOT Department of Transportation

EPA Environmental Protection Agency

HEW Department of Health, Education,
and Welfare

H_W(NIEHS) National Institute of Environ-
mental Health Sciences

_W(NI_S) National _nstitute Of Neurolog-
ical Diseases end Stroke

}_W(NIOSH) National Institute for Occupa-

tional Safe_y and Health

HUb Depart_nt of Housing and Urban
Development

NASA National Aeronautics and Space
Administration

NSF National Science Foundation
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APPENDIX C

NOISE EFFECTS RESEARCH PANEL MEMBERS

george R. Simon (Chairman) (RE-683) 202/755-0626
Health Effects Division

Office of Research and Development
Environmental Protection Agency
Waehlngton, D.C. 20460

Jacob Beck* 202/632-4264
Division of Biological and Medical Sciences
National Science Foundation

1800 G Street, N.W.

Washington, D.C. 20550

Reginald 0. Cook 919/549-3247
Blo-Physiss Section
National Institute of Environmental IIealth

Sciences

P. 0. Box 12233

Research Triangle Park, North Carolina 27709

Stephen Cordle (RD=6SI) 202/755-0448
Noise Technology Staff

Office of Research and Development

Environmental Protection Agency
Washington, D.C. 20460

Derek Dunn 513/684-3416

Physical Agents Branch

National Institute for Occupational Safety
and Health

I014 Broadway
Cleveland, Ohio 45202

Lois Elllott 301/496-5061
Co_unisative Disorders

C6_'R,N_S
National Institutes of Health

Building 36, Room 4A23
Bethesda, Maryland 20014

Daniel Flynn 301/921-3381

Applied Acoustics Section
National Bureau of Standards

Room A149, Sound Building

Washington, D.C. 20234

_now at University of Oregon
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Gone Lyman 202/755-2370

Aeronautical Man-Vehlcle Technology Division
NASA Headquarters

Washington, D.C. 20546

Alice Surer (AW-571) 513/255-3660

Office of Noise Control Programs
Crystal Mall Building 2

1921 Jefferson Davis Highway
Arlington, Virginia 20460

Floyd Van Atta 202/961-5005
Occupational Safety and Health Administration

0.S. Department of Labor
WashlngCon, D.C. 20210

Henntng E. Von Gierke 513/255-3602

6570th Aerospace Medlcal Research Laboratory
giodynemics and Bionics Division (_L/BB)
Wrlght-Patterson AFB, Ohio 45433

John Wesler 202/426-9503
Department of Transportation

Trenspolnc Building, Room 5222
2100 Second Street, S.W.

Washington, D.C. 20590
Att: TST-53

George Winzer 202/755-0268
Mnneser _ Environmental Research
Room 4210

Department of Rousing and Urban Development
451 Seventh Street, S.W.
Washington, D.C. 20410
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APPENDIX D

DESCRIPTION OF PROGRAMS AND PROJECTS

Section Pa6e

i. NINDS D-3

i.i Noise-Induced Hearing Loss D-4

1.2 Nonauditory Health Effects D-6
1.3 Communication Interference D-7

2. NIGHS D-7

2,1 Noise-Induced'Nearing Loss D-9
2.2 Nonauditory Health Effects D-If

3. NIOSH D-13

3.1 Nolsc.-Induced Hearing Loss D-13

3.2 Nonauditory Health Effects D-17
3.3 Individual Behavior Effects D-17

3.4 Measurement Methodology and
Calibration D-19

4. DOD D-21

4.1 Noise-Induced Hearing Loss D-21

4.2 Nonauditory Health Effects D-24
4.3 Individual Behavior Effects D-24

4.4 Communication Interference D-27

4.5 Community or Collect_vo Response D-28
4.6 Measurement Msthodology and

Calibration D-30

5. NASA D-32

5.1 Noise Effects on Sleep D-32 i
p

5.2 Co_munity or Collective Response D-34 i
6. DOT D-35 !

6.1 Individual Behavior Effects D-35

6.2 Cummunity or Collective Response D-37

7. DOC/NBS D-37

8. HUD D-3S

8.1 Cor_aunity or Collective Response D-38
8.2 Measurement Methodology and Calibration D-40 }
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Section Pa__e

9. EPA D-40

9.1 Noise-lnduced Hearing Loss D-41

9.2 Nonauditory Health Effects D-41
9.3 Individual Behavior Effects D-41

9.4 Sleep Interference D-dl
9.5 Co_nunicatlon Interference D-42

9.6 Measurement Methodology and Calibration D-42

i0. DOI/BuMines D-42

i0.i Co_unication Interference D-42

10.2 Measurement Methodology and Calibration D-44

TABLES

No. Pa_e

D-l In-House Research Cost Items by Agency D-3

D-2 NINDH Research on Noise-Induced HearinH Loss D-5
D-3 NINDS Research on Communication Interference D-8

D-4 NIEHS Research on Nolse-Induced Rearing Loss D-IO

D-5 NIERS Research in NonauditoryHealth Effects D-12
D-6 NIOSH Research on Noise-lnduced Rearing Loss D-15

D-7 NIOSH Research in Nonauditory Health Effects D-18
D-8 NIOSR Research on Individual BehavlorEffects D-18

D-9 NIOSH Research in Measurement Methodology and
Calibration D-20

I)-10 DOD Research in Nolse-Induced Nearing Loss D-22
D-II DOD Research on Individual Behavior Effects D-26
D-12 DOD Research in Communication Interference D-29

D-13 DOD Research in Measurement Methodolosy
and Calibration D-30

D-14 NASA Research on Noise Effects on Sleep D-33
I)-15 NASA Research in Communit7 or Collective

Response D-33
D-16 NASA Research in Measurements D-35

D-17 DOT Research on Individual Bebavior Effects D-36

D-18 RRD Research in Co_unity or Collective

Response D-39
D-19 RUD Research in Measurement Methodology and

Calibration D-39

D-20 DOI(BuMinas) Noise Effects Research D-43
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DESCRIPTION OF pROGRAMS AND PROJECTS

This appendix presents a summary of Federal research programs and
projects in noise effects.

Program and project information is grouped according to agency end,

within each agency, according to research categories.

The fiscal data are reported for each agency consistent with its

ow_ budgetary process. As there is considerable variation among the

various agencles in such processes, comparison of funding levels cannot
be made. Table D-I illustrates thls difficulty by showing what is

included im each agenoy's f_ndlng regortlng.

The project and program titles reported convey little information

on scopes of work. Thus similar titles may have widely varylns funding
levels and may involve completely different kinds and extent of research
activities.

Table D-I

IN-HOUSE RESEARC_ COST ITEMS BY AGENCY

A_ena M
Cost Item NINDS NIEHS NIOSH DaD NASA NBS EPA RUD DOT NSF

EQUIPMENT AND
SERVICES X X X X X X X

SALARIES X X X X* X X

FRINGEBENEFITS X X X X X X X
ADMINISTRATIVE X X X X X

FACILITIES X X X X

TRAVEL X X X X X X
NO CURRENT IN-

HOUSE RESEARCH
_N NO_SE EFFECTS X X Y.

*Civilian salaries included, hut not military salaries

i. NINDS

NINDS has major research efforts on-golng in two categories, noise
induced hearlnE loss and co_mualcation interference, and plans to initiate

s major effort in a third category, nonaudltory health effects.
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i.i Noise Induced Hearln_ Loss

NINDg.has three organizational divisions which relate to nolse-lnduced

hearing loss, and ten specific projects (some in the planning phase) dealing

wlth that research category. The program-project relationship and funding
are shown in Table D-2.

Effects of Noise on People - The NINDS program, Effects of Noise on People,
is part of the directed research program in Communicative Disorders which
has as its overall goal the diagnosis, treatment, amelioration, and pre-

vention o_ coummnisatlve disorders. The thrust of the noise program is
best understood in the context of the other major program areas which

include hearlng, sensory aids for the communicatively handicapped, and

language and speech problems of children and adults.

Specific nolse-related goals include: prevention of handicapping

conditions in young children which are attributable to noise exposure;
improved understanding of the economic and social impacts of nolse-induced

hearing loss; improved understanding of the possible interactions between
health, nutrition, and noise exposure in producing nolse-lnduced hearing

loss; improved understanding of the possible effects of noise on suscept-

ibility to disease.

This noise program has recently been initiated. Through interagency

agreement in FY 74, interdisciplinary planning was initiated on the effects
of noise on children. Specifically, the National Research Council/National

Academy of Sciences Committee on Hearing, Bioncouatlcs, and Biomechanlcs

(CHABA) is reviewing existing information. NINDS will meke the review
document available to the general public. New research projects expected

to be implemented in FY 75 are: animal studies of the effects of noise on

young ears and a study of auditory responses, in noise and in quiet, of
children ranging from the very young to age six. Planned for initiation in
FY 75 is a detailed study of auditory sensitivity and discrimination among

children (8-12 year age range) who have lived in noisy environments for a

number of years and of children from quiet environments.

Another research project on noise-induced hearing loss will be initiated

in FY 76 (in FY 75, if additional funds become available). This will involve
a study of the economic and social impacts of noise-induced hearing loss and

will investigate such areas as numbers of persons experiencing nolse-lnduced
hearing loss by type of employment activity, reduction in earning potential,
reduction in retirement benefit potential, and change in patterns of activity

outside the workin E environment.

Finally_ a study of presbycusls and its relationship to noise exposure,
circulatory factors, nutrition, etc., is scheduled to be planned in FY 77
and inltiated in FY 78.
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Table D-2

NINDS RESEARCH ON NOISE-INDUCED I_ARING LOSS

Nolse-Induced Hearing Loss Pro lects _undln_
(Thousands of Dollars)

Program: Communicative

Disorders (Effects of FY 73 FY 74 FY 75

Noise on People)

i. Effects of Noise on Children ...... 0 20 0
2o Experimental Studies of Effects of

Noise on Young Ears (Primates) ..... 0 0 340
3, Auditory Responses in Quiet and

Noise Amen B Very Young Children .... 0 0 120

4o Auditory Sensitivity and Discrim-

ination Among Children Living in
Noisy Environments ........... 0 O 12O

5. Economic Impacts on Nolse-lnduced

Hearing Los_ I ............. 0 0 0
6. ITesbycusls _ . ........... 0 0 0

Laboratory of Neuro-

Otolaryngology

(Being established) ......... 0 28 15

Grants Program

i. Susceptibility to Hearing Loss . . 45 47 49
2. Causes of Deafness ......... 365 387 413

3. Auditory Communlcatlons
and Its Disorders .......... 4612 5862 5982

4. Noise Effects on Audiogram and
Cochlea ............... 37 0 0

TOTALS 447 482 1057

lln planning phase
2project funding covers work not nolse-related
and is not included in totals.
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Laboratory of Otolaryn_ology - The objectives of this program include
increased understanding of the auditory system in order to understand
the full significance of noise-induced destruction of cochlear hair cells.

to seek possible prevention of noise-lnduced hearing loss, and to seek

methods of treating persons who have already experienced noise-induced
hearing loss.

As this program is currently being established, no specific projects

have been identified. However, the funds reported are nolse-related only.

Grants Program - NINDS support of research on the effe_ts of noise exposure
has continued for a number of years through the extramural grant program.
These studies, concerning both biologic effects of noise on the auditory

system and human responses to noise, constitute a large portion of present-

ly available data.

Several laboratories are presently conducting research on the basic

mechanisms of destruction of the cochlea (or inner ear) resulting from

exposure to noise. Procedures have been developed for using anl_als in
this work since recordings are made of the electrical responses cf cells

and histological analyses of cellular tissue can be completed. This means

that investigators have also needed to develop procedures for obtaining

"hearing tests" from these animals so that the perceptual effects of noise
damage could be studied together with the physiological effects. One

grantee has demonstrated that levels and durations of noise which do not

produce lasting impairment in behavioral response to pure tone (no lasting
effect on the "hearing test") are nevertheless sufficient to produce
considerable cellular damage to the cochlea, In addition to research on

the physiological damage incurred to the hair (or receptor) cells of the

cochlea, investigators are attempting to understand the exact process by
which this happens. For example, it is not =lear whether exclusively
mechanical factors are involved in destroyins the receptor cells or whether
biochemical or hie-electrical factors must also be considered.

Another area under investigation is the relationship between temporary

shift of the auditory threshold resulting from noise exposure and permanent

noise-lnduced hearing loss. One investigator has anticipated that measure-
mont of temporary threshold shift in human populations exposed to noise

might warn of impending permanent hearing lose, hut the usefulness of that

diagnostic strategy is now being reconsidered.

L2 Nonaudltory Health Effects

NINDS is developing a new program concerned with the effects of noise
on health. Initial emphasis, planned to begin in FY 76, will concern

increased susceptibility to disease as a result of noise exposure. This

new project will utilize all resources of the major NIH facility, located
in Bethesda, Maryland. At the present, responsibility for planning this
research rests with the Communicative Disorders program.
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1.3 Cemmunicatlons Intgrferenee

Understanding and defining the impact of noise on human communication,

with particular emphasis on speech comcsnication, is a major NINDS

objective. N]_DS is cencerned with the intelliglbilicy of everyday

speech for both normal listeners and for listeners with communicative
disorders. For this latter population, NINDS also emphasizes the objec-

tlve of ameliorating ability to understand speech in noisy environments.

Through its grants program NINDS has previously funded research on
masking and speech interference. Initiated In FY 74, by contract, is
research directed to the development of s new test for speech discrimina-

tion in noise, This work was undertaken in recognition of the limitations

of pure tone tests of auditory sensitivity (i.e., audiograms) and of most
existing "speech tests" which do not adequately measure the cognitive

aspects of understanding speech. This projectis developing an instrument

for measuring discrimination in noise of connected speech containing key
test words that vary in predictability and familiarity. Speech discrim-
ination will be measured in the presence of a competing speech message

at several slgeal-to-nolse ratios and at least two widely different signal

levels for groups of subjects with normal hearing, conductive hearing

impairnmnt, and acquired sensorineural hearing impairment.

A study of message transmission in noise is planned for initiation in
FY 79.

Project funding levels for this effort are shown in Table D-3.

2. N_.,N_

N_EHS has a major research effort tn noise-induced hearing loss and
also pursues work in nonauditory health effects,

The Noise Effects Program o£ the National Institute of Environmental
Health Sclencee is an integral facet of the Instltute's concern with the

effects of adverse environmental agents and energy mechanisms. The Noise
Effects Program is designed to make maximum use of the [nstitute's mul_l-

disciplinary makeup to facilitate the study of the effects of this
ubiquitous environmental insult.

The noise effects laboratory is Located in the Envlronmencal Biophysics
Branch where personnel with research backgrounds in auditory and acute-

physiology, acoustics and medicine forms core from which Investigations
have been and are being carried out, not only in traditional hlstepatho-

logical and electrophyslologicsl effects _f noise on the inner ear, but
have extended into teratogonic effects and pharmacologic effects and
into the underlying biochemical dysfunctions which precede hearing loss.

Other nonaudftory effects including endocrine and im_uniologtcsl disorders
. are also being studied.
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Table D-3

NINDS RESEARCH ON COMMUNICATION INTERFERENCE

Projects in Communications Interference Fundln_ Levels
(Thousands of Dollars)

Communicative Disorders

Program FY 73 PY 74 FY 75
(Effects of Noise on People)

i. Development of Test Instrument for Assessing
Speech Discrimination in Noise ......... 0 140 100

2. Message Transmission in Noise (in planning

phase) ..................... 0 0 0

Grants Program

Nolsa-lnduced Deafness: Hasklng and Speech

perception ................... 79 0 0

TOTALS 79 140 i00

D-8



Nearly all of the NIENS work is done via research animals. Fortu-

nately, the peripheral auditory systems of most _an_nals including man

are very similar. Thus research animals san be confidently utilized
for the study of the inner esr-sensorlneural losses which are the charec-
terlstlc effect of excessive noise insult.

Host hearing losses from noise are characterized by gradual deterior-

ation from repeated exposures. A major par= of the present on-golng
program is a continuing study of how these repeated exposures affect

the ear's ability to recover and what biochemical and physiological
disruptions hold the key to understanding the process.

The Institute'a interdisciplinary capabillcies have recently been

focused on the study of synergisms between noise and ocher ototomic
agents, both intramurally and extramarelly. Noise has been found to

greatly potentiate the effect of the family of smlnoglycoslde antibiotics

(neomycin. etc.). The mechanisms of this synergism is the subject of an
Investlgetion by one of cur contractors. Other ototoxlc agents studied
include salicylic acld (aspirin) and certain heavy metals including

lead and mercury.

2oi Noise-Induced Hearlnz Loss

NIEHS has one program Of studies, initiated about July 1972, on the
effects of nnlse and other ototexle agents on =he auditory and nonaudltory

systems. Five specific projects in nolse-lnduced hearing loss were in
effect on this program in the FY 73-74 period. One additional project
in noise-lnduced hearing loss was performed on a grant in FY 74 under

the agency's extramural program. Program/project relationships and
funding levels for this effort are shown in Table D-4.

Specific projects conducted in the FY 73-74 period on the NIGHS
research program include:

e A comparative investigation of the hearing loss
threshold curve for young and mature animals,

being conducted in response to evidence indicating

greater susceptibility of young cochlea to noise_
induced physiological (tissues, _uscles, cells, etc,)
and pathological _diseese) alterations, Firm
recommendations regerdlng criteria for=_xlmum noise

exposures for prevention of nolse-induced deafness
tu newborns cannot presently be made because of the

paucity of data, It appears medically prudent to
take extreme precautlon _o avoid exposing newborns
to excessive noise.

s A study of the combined effects of noise and sellcy-

lares (such as aspirin) on cochlear morphology and
the auditory threshold. Studies thus far indicate

D-9
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Table D-4

NIGHS RESEARCH ON NOISE-INDUCED HEARING LOSS

Noise-lnduced Hearin_ Loss l_oJects Fundin S Level

(Thousands of Dollars)

Program: Effects of

Noise and Other Ototoxic FY 73 FY 74 FY 75
Agents on the Auditory

and Nonauditory Systems

i. Investigation of Hearing Loss Threshold
Curve for Young vs. Mature Animals ...... 25 25 0

2. Combined Effect of Noise and

Sallcylates on Cochlear Morphology
and Audi_oryThreshold ........... 20 0 0

3. Identification of Physiological
Dysfunction in Neurosensory Hearing

Loss Induced by 0totoxic Agents ....... 0 8 29

4. Physlologica_ Study of Auditory

Fatigue (Induced by Noise) .......... 0 8 26

5. Interaction of Noise and Ototoxic

Drugs on Nearing Loss in Animale ....... 100 I00 I00

Extramural Program

i, Combined Impulse-Continuous Noise:

Auditory Effect ............... 0 51 44

TOTALS 145 192 199
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chat a profound ototoxic interaction is not taking
place, though a clinically significant interaction
is a distinct possibility.

• A study of the changes in energy utilization and
production under the influence of known ototo_ic

agents (e.g.. noise, ethacrynle acid. etc.) by
utilizing electrophyBiologica]*, biochemical, and

radioactive tracer techniques and to pinpoint the
specific mechanism by which these actions occur
in the cochlea.

• A study of auditory fatigue in which the loc_ or

nature of the physiological changes underlying
the temporary or permanent threshold shift are

being investigated, as well as the potential of
auditory fatigue by subtoxie doses of antibiotics.

• A study to determine the nature of the interaction
betwsee noise and ototoxlc drugs in experimental

animals, and to investigate the biochemical
mechanisms involved in such losses.

The following project was conducted by a grantee on the NIGHS extra-
mural program:

• A study of the effects of combined impulse and
continuous noise on hearing sensitivity and cochlear

anatom 7. The extent of noise-induced trauma from
these combined sources cannot be e_plalned by
addition of the acoustic power of the sources.

These data are a necessary prerequisite for the

ultimate establishment of damage risk criteria for
impulse-contlnuous noise comb_natlons.

2.2 .Nomauditory Health Effects

NIGHS has one current progrmawith five specific projects on
nenaudltory health effects research. Programs, projects, and funding
for this research are shown in Table I)-5.

One of the objectives o_ this NIGHS p_ogram is to investigate, through

animal models, specific physiologic mechanisms** which may be effected by
chronic noise exposure.

Electrical techniques for measuring responses

#e*Includlng endocrine (glandular) immunologic, pharmacologic

(drug)_ teratogenlc (spontaneous birth malformation),
cardiovascular (heart and circulatory), and others.
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Table D-S

NIEHS RESEARCH IN NONAUDITORY HEALTH EFFECTS

Noncudltor_.Hcalth Effects Research Projects Fundln_ Level
(Thousands of Dollars)

Program: Effects of Nolec and

Other 0tctoxlc Asents on the FY 73 FY 74 FY 75

Auditory and Normudltory Systems

i. Tsratogenlc Effects of Noise Exposure and
Deprivation .................. O I0 8

2. Effects o£ Noise on Cortlcosterone Sccretlon
in the Rat ................. 0 16 0

3. Noise Fclymorphonuslear Leukocyte Function 0 12 8

4. Noise and Ccllmedtatcd Immunity ....... 0 28 24

5, Noise in the Hospital ............ 8 O 0

TOTALS 8 66 40
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Under this program, NIEIlS is concerned with the investigation, through
studies on research animals, of effects of noise and noime-drug interaction

on physiological systems and processes other than the auditory systems.
NIEIIS pursued work on noise effects on the cardiovascular and neural

functions in animals which is directed toward determining the exact noise

levels at which effects occur, the progress of effects with time, and the

ultimate extent of functional impairment. Other systems and processes of
interest in current research include:

• A study of the effects of continuous and intermittent

noises on adrenal corticold secretion and of the long-
term effects after cessation o_ noise, Experimentation
is being conducted with rats.

• Direct study of the effects of noise of differing

duration, both constant and intermittent, on leukocyte
(white blood cell) functions such as locating and
destroying bacteria and viruses,

• An effort to replicate wurk of foreign scientists which

has shown various immunological deficiencies after

chronic nolsa exposure in experimental animals and in
human workers.

s Research to determine whether background noise levels

in gestating animal quarters have any role in producing
spontaneous birth malformations and to assess these

teratogenie effects of increased noise stimuli from a
controlled source.

_Y 73 NIEHS work on noise in hospitals has been publ_shed in the
professional literature. Results included data on noise levels found

in various types of rooms as a fuuctlon of occupancy and the relationships
between these levels and nonaudltory health effects on the hospitalized

patient.

3. NIOSR

NIOSH has a major research effort on noise-lnduced hearing loss and

also does research in three other categories: nonauditory health effects,
individual behavior effects, and measurements methodology and calibration.

3.i Nolse-Induced Hearing Loss

NIOSH involvement in nolse-lnduced hearing loss stems from the

Occupational Safety and Health Act of 1970 (Public Law 91-596) and the

Federal Coal Mine Safety and Health Act of 1969 (Public Law 91-973) which

charge the agency with undertaking research and related activities basic
to assuring safe and healthful workplace conditions. Research directives
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under this authority emphasize criteria development efforts for furnishing
new health and safety standards and acknowledge needs for more effective
techniques of hazard control. The NIOSH effort is in accordance with the

goal of identifying and characterizing adverse effects of occupational noise

exposures for purposes of defining health and safety requirements for setting

noise standards at the workplace.

NIOSH has two general research activities in nolse-lnduced hearing loss

under which eleven specific research efforts are currently being pursued.

Projects end funding levels for these are shown in Table D-6. From 50 to

60_ of NIOSH noise research manpower is given to these two general activities
with In-house studies being supplemented by grants, contracts end special

foreign currency research agreements (Public Law 480).

Items in parentheses in the following tables reflect best estimates of

NIOSH funding in FY 73, but may have been drawn from projects whose titles
differed slightly from those listed in the tables. Furthermore, there _my

be some Fy 73 funding which was missed in compiling these data because it
was funded under projects terminating in FY 73.

qccu_etional Hearin_ Loss - NIOSH has conducted numerous field surveys to
interrelate noise conditions in various industries, years of exposure to
such noise and the incidence and magnitude of hearing loss in working groups.

These data, together with that gained from controlled laboratory studies of

hearing changes caused by specific exposure variables, became a part of the
basis for a NIOSH criteria document and a suggested new occupational noise

standard for safeguarding hearing. This recommended standard is currently

under review by the Department of Labor.

The applicability of the proposed standard for coal mining is also being
considered in light o£ the results of a joint NlOSH-Bureau of Mines survey

of noise and hearlng loss in coal miners.

Special efforts currently being pursued on this program include the
following:

• Epidamiologicnl studies of hearing loss due to occupational
noise, analysis of existent data on the subject, and field

studies for development of hearing risk criteria. This

emphasizes intermittent, fluctuating, and impact noise and
exposures greeter than eight hours per day.

• Development of a coal mine audiogram data bank and analysis
of data from a hearing and noise survey of coal miners.
This work is aimed toward development of coal mine noise
standards.

• Epldemlolegical study of noise-induced hearing loss end
Vibration disease among workers using powered saws, being
pursued on a foreign currency agreement with Poland.
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Table D-6

NIOSH RESEARCH ON NOISE-INDUCED HEARING IOSS

Speclflc Nolse-Induced Hearin_ Loss Efforts I Fundin S
(Thousands of Dollars)

General Reaearch Activltiea: 1

Epldemlological Studies, Data FY 73 FY 74 FY 75

Evaluatlon and Development of
Health Criteria

i. Evaluation of Rearing Risk Due to Industrial
Noise ..................... (75) 5 79 I04

2. Short-Term Physical Agents Research: Coal

Mine Noise .................. (35) 5 1O 0

3. Effects of Noise and Vibration on Health

of Woodcutters2 ................ -.....

4. Exposure t6 Noise in the Cotton and Flax or

Textile Industry 3 ............... -.....

5. Noise and Rearing in _he Paperworklng
Industry ................... 0 0 41

General Research Ao=ivltlas: l

Experimental Studies of the Effects

of Occupational Noise on Nearing

i. Laboratory Studies of Noise-Induced Hearing
Loss ......... ............ O 87 91

2, Combined Effects of _olee, Work, and ]{ea_ on

Human Hearing ................. (24) 5 18 O

3. Aspects of Ear Tolerance to Noise ....... 50 0 0

4. Laboratory and Field Study of Impact Nolss . . 40 0 To be de-
termined

5. Damage Risk Criteria for Intermittent Noise
Exposure ................ O 56 47

6 NoiseandHeatEffectsoni;4 .... ......
7, Effects of Impulse Noises on the Auditory System O. .91 69

_TALS 224 341 352

INIOS_ does not use the terms "program" and "project" in the same sense as

this report. Thus the usa of those terms has been avoided.

2Total funding of $212,600 for the period 7/68 to 9/74
3Total funding of $ 99,400 for the period 7/71 _O 7/75

., 4Total funding of $167,000 for the period 5/72 to 4/77
5ZTojecttitles were not the same in FY 73.

i
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• Epldemlologlcal study of noise levels and hearing
acuity of exposed workers to develop safe-level

criteria for long-term exposure to steady noise.

This project is being conducted on a foreign
currency agreement with Egypt.

Experimental Studies of Occupational Noise Effects on Nearln_ - Research in
this problem area for FY 73, continuing through FY 74,and planned for FY 75
is attempting to supply evidence confirming the need for and nature of differ-

ent exposure limits to take account of certain soles conditions commonly

found in industry, e.g., repeated impact sounds as opposed to steady-stare
sounds, intermittent or variable exposures as distinct from continuous or

constant exposures, and work-shlft noise exposures lasting longer than eight
hours per day.

Other related work expected to end in FY 74 or early FY 75 involves

identification of (!) added hear'and workload effects on nolse-lnduced thresh-
old shifts, (2) factors underlying increased ear resistance to nolse-lnduced

hearing change, and (3) hearing loss and other potential hazards from indus_

trial equipment emitting ultrasonic energy.

Specific research efforts conducted in FY 73-74 include:

• Laboratory studies of occupational noise effects
including temporary and permanent hearing loss and

anatomical damage to the inner ear. The work

omphasizes impact noise, fluctuating noise and
methods of measuring hesrlng loss. Both animal

and human subject research are involved. This
project includes both in-house and contract effort.

• Evaluation of physiological, audiological, and

otologlcal data obtained from selected groups of
industrial workers to identify particular factors

which differentiate susceptible from nonsusceptlble
workers in terms of their tolerance to noise

exposure.

• Laboratory tests of humen subjects and _aasurement
of industrial noise exposures So obtain data to
aid in developing criteria for a health standard
on impact noise.

• Laboratory studies of temporary hearing threshold

shift from intermittent noise exposures in order
- to evaluate and develop damage risk criteria for

occupational exposures.
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• A study to determine the health consequences to
workers exposed to both heat and noise at the work

site and establish under controlled laboratory

conditions the auditory and circulatory interac-
tions elicited by noise and heat exposure. This

work is being performed on n foreign currency
agreement with Poland.

• Studies of changes in anatomy and physiology of

the inner ear, as well as temporary hearing loss,
due to exposure to impulse or impact noise at
high levels. This work involves animal test

subjects.

3.2 Nonaudltory llealth Effects

NIOSH has one current general research activity with the three specific
research efforts in nonaudltory health effects. 'Thegoals are to determine

whether adherence to occupational noise limits for safeguarding hearin E can
also minimize problems of performance errors or accidents, stress-related

ailments, and sick-absenteeism also reputed to be caused by high workplace
noise levels.

Funding levels for the agencyls research in nonaudltory health effects
are shown in Table D-7.

The following specific research efforts are being pursued under the

agency's program on extra-auditory effects of occupational noise:

e A study of worker safety and health in which a
comparison is made of entries in the medical,
attendance, and safety records of workers in

noisy jobe before and after the advent of a
company hearing coneervatlon program.

• Laboratory studies to examine the effects of
noise exposure at maximum permissible occupa-
tlonal levels upon visual, tactile, thermal,
vestibular, and kinesthetic senso;y fun_tlons.

3.3 ludlyldual Behavior Effects

NZOSH is coneer,ed with the behavorlal response of workers to noise.

particularly ao it .my lead to performance error and accidents.

Funding levels for research in individual behavior effects are shown
in Table D-8. These represent NIOSH-epomsored grants.
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Table D-7

NIOSHRESEARCH IN NOt{AUDITORY IIEALTll EFFECTS

Specific Non.uditory I_ealth EffectB Research

Ef£orts 1 Fundin_ Level
(_ous.nds of DollarB)

General Activity: Extra-Auditory
E£fects of Occup.tion.1 Noise FY 73 F¥ 74 F_ 75

i. Effects of a Company Hearin K Conservation

ProS_am on Nolae-Related Extra-Auditory
Disturbances in Workers ........... 0 42 0

2. Effects of Noise on Nonsuditory Senaor¥
FunctionB ond Per£ermance ......... 78 0 21

3. Effects of Noise and Heat .rid Health of

We=kers in Hera! Industry (PL-480 R_search
Agreement) .................. 30 0 0

TOTALS 108 42 21

1N_0S}| does not us_ the teE_ "p_og_m" and "pro_ect" in the s_
sense as this report° Thus thel_ use haB been avoided.

Table D-8

NIOSHRESEARCH ON INDIVIDUAL BEEAVIOR EFFECTS

Specific IndLvldu_l _e avior E£fectg

_Efertu _ Fu_din_ Level
(_ouBa.d_ of Dolla_a)

Gener_ Activity: Extra-Auditory
Effects o_ Occupational Noise 2 _ 73 _ 74 F¥ 75

1. Effect. ef Three Sound Env_ro_nt_ on
Hu_n Behavior ................ 0 8 0

2° No_e _nd Hu_. F_for_,_nce ......... 0 20 O

TOTALS 0 28 0

INIOSH doo_ not uae the ter_ "progr_._ _ nnd "p¢oJect" in the
D_ sens_ nB _his report. Thus th_l_ use ha_ been avoided.

2'II_s NIOS_| activity also includes research efforts catesorized
_a non_udltory h_alth effects in thia report°
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The following grant research projects are just complete or continuing:

• A study of the effects of three sound environments

on human behavior, designed to identify the various
conditions of a noise stimuli on performance in a

realistic work situation. This study was initiated
in recognition of the fact that: noise-lnduced

performance effects are specific to the tasks used,

and, that work requirements and work schedules of

most noise-related research projects have little
resemblance to actual work conditions.

• A study of noise and human performance, primarily

concerned with the relationship between the meaning
which may be associated with particular sounds or
noise and the effects of these sounds on human

performance. Throu_ various techniques, including

conditioning, meaning will be attached to particular
sounds. The effects of these sounds on various

types of performance tasks, which have a number of
built-ln subsidiary tasks, will be determined.

Starting in FY 76, NIOSH is planning a new study of worker accidents and

near-accidents in noisy job settings relative to implicating noise as a
contributing causal factor.

3.4 Measurement Methodoloe_ and Calibration

NIOSH conducts research to improve instrumentation, test systems and

survey methodologies to support research in industrial hearing conservation i

and occupational noise control and to improve acoustic measurement tech-

niques in general. The agency has t_wo research projects in measurement
methodology and calibration. Funding level for this effort are shown in
Table D-9. i

The following specific research efforts are underway:

• Work on the NIOSR audlometrlc measurement activity

includes the study of alternative methods of

measuring occupational hearing loss, construction

of a programmable electro-acoustlc test system,
and investlgation of mothods for automatic process-
ing of audlum_trlc data.

• The agency's current project on improved methods for
occupational noise survey includes: laboratory and

field tests on noise dosimeters, development of im-
proved methods for their usage, and development of

performanco tests for use in the NlOSH:certlfication
program.
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Table D-9

NIOSH RESEARCH IN _ASUREMENT METHODOLOGy AND CALIBRATION

Specific Measurenmnt Methodology and Calibration
Efforts _ Fundin_ Level

(Thousands of Dollars)

General Activity: Industrial Hearing
Conservation Practices, Acoustic Meas-

urements, and Occupational Noise Control FY 73 FY 74 FY 75

I. Industrial Audlometrls, Hearing Conservation
Technology and Noise Control .......... (31) 2 52 80

2. Measurement of Occupational Noise ....... (32) 2 44 28

TOTALS 63 96 108

IN_OSH does not use the terms "program" and "project" in the

same senBe as this report. Thus their use has been avoided.

2The project titles were not the same in FY 73.
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4. DO___D

DOD pursues current major research efforts in the following categcrlms:

• Noise-induced hearing loss

• Individual behavior effects

• Co_mlunieatlon interference

• Measurement methodology and calibration.

DOD also conducts current research efforts in the following categories:

• Nonauditory health effects

• Community or collective response,

4.1 Nolse-lnduced Hearing Loss

Military agencies of DOD are involved in research on nolse-lnduced

hearing loss by personnel in a wlde variety of environments, including:

• Firing of weapons

• Aeronautical operations

• Shipboard compartments.

The overall goal of this research is the conservation of bearing of
personnel by setting and adhering to exposure criteria where possible and
providing protective devices in other cases.

The Army, Navy, and Air Force each have research programs in noise-
induced hearing loss with a total of thirteen specific projects. These
are listed together with project funding levels in Table D-IO.

J

U.S. Army PTo_ram - The goals of the Army program in noise-induced hearing
loss ate to identify the causes and relationships between hearing loss and
exposure to noise in the environments of the various ermybranches and to

determine how to protect the hearing of Army personnel.

The Army prepared three technical reports in FY 73 on its work on the
relationship of hearing change to acoustic inputs which present findings

which seriously question existing theories of auditory debase risk and
could result in significant changes in theory if verified.

The following specific projects are being pursued under the Army
program of research in noise-induced hearing loss:
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Table D-10

DOD RESEARCH IN NOISE-INDUCED HEARING LOSS

Noise'Induced,,,_ea_ln_,Lvss. PrvJecte Funding Level

(Thousands of Dollars)

U.S. Army Program FY 73 FY 74 FY 75*

I° Military Performance-Traumatic Origins
of Hearing Loss ................ 0 0

2, Relationship of Rearing Change to
Acoustic Inputs ................ 62 66

3, Prevalence of Hearing Loss Within

Selected U.So Army Branches .......... 0 20
4. Hearing Conservation: Intense Acoustic

Stimulation and Noise Susceptibility in

the Military Environment ........... 46 0

U.S. Navy Program

I. Co_unloatlons: Hearing of Naval Personnel
as a Function of Noise Exposure ........ 20 0

2. study of Anatomic Changes in the Middle Ear
Associated with Nolse-lnduced Hearing Loss
and Acoustic Trauma .............. I0 19

3. Middle Ear Compliance and Its Relationship

to Milltary-Related Noise-lnduced Hearing
Loss and Acoustic Trauma ........... 8 13

4. The Incldenee of Hearing Loss Among Various
Navy Rated Personnel ............. 0 50

5. Development of Damage Risk Cr£tarla and

Habltahility Standards for Exposure to Sonar
Transmissions ................ 20 25

U.S. Air Force Program.

i. Effects of Noise on Air Force Personnel in

OpeEational Environments ........... 20 49
2. Rosearch on Permanent and Temporary Shifts in

Hearing Thresholds Produced by Exposure to
Air Force Noise ................ O 2

3. Audlto_y Responses to Acoustic Energy Experienced
in Air Force Activities ............ 24 22

4. Human Subjects for Operating Acoustic Research 38 35
TOTALS 248 301 301.

*DOD FY 75 data earl'mated the same as FY 74.
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• Analysis of causes of hearing loss, beginning with
the cochlea and proceeding to higher levels of the

nervous system. Changes in sensitivity are followed

as animal ears are exposed to high intensity pure
tones and impulses, followed by histology.

• Investigation of the prevalence of hearing lees in
selected Army branches (infantry, artillery, and

armor) and its relationship to the length of tlms
in the service.

• A study of premature hearing loss by Army troops.
This work includes an evaluation of current noise

sources and the effectiveness of protective devices

and current hearing conservation practices in the
field.

U.S. Nav_ Program - The U.S. Navy program of research in nolse-lnduced
hearing lose is directed to development of increased knowledge of the

mechanisms of anatomic change involved, to define the incidence of noise-

induced hearing loss in Navy job specialties, and to develop hearing
tonservatlon standards_for specific lob specialties. The following

specific projects are being pursued under the Navy program:

• A study of anatomic changes in the middle ear
associated with noise-induced hearing loss

and acoustic trauma. Nistologlc examinations
of temporal bones from autopsies are evaluated

for changes in the auditory nerve and organ of
cortl, results of which are then correlated with

the background of noise exposure and acoustic

tranma as well as with clinical findings
including the audiogram,

• A study correlating middle ear compliance audio-
grams and'nolse exposure historles deslgned to

provide new and productlve data regarding suscep-

tibility to nolse-lnduced hearing loss in military
personnel.

• A study of the incidence of noise-induced hearing

loss among Navy personnel working in various Navy
rated job specialties.

U.S. Air Fprce Program - The Air Force research program is directed toward
defining risks of nolse-lnduced hearing loss in Air Force environments and

for developing regulations and guidelines for hearing conservation,

The Air Force prepared a comprehensive document for establishment of
criteria for llmltlng noise levels to protect hearing of personnel and a

review document on infrasound and hearing.
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Research an effects of noise on Air Force personnel has resulted in

auditory damage rlsk criteria published in AFR 161-35 titled Hazardous Noise

Exposure. It was found that all categories of Air Force aircraft studied

contained definite degrees of auditory risk to unprotected cars according
to the newly adopted auditory risk limits.

Air Force research on temporary threshold shift for 16-hour exposures

has been submitted for publication in the professional literature, Subjects

tested showed varying response including some with an asymptote-type response
after eight hours_ some with a continued sharp rise of TTS for the entire 16

hours and a few with asymptotic effects after one-hour exposure. Data have

not been fruitful in predicting noise-induced permanent threshold shift. It
was being considered that the magnitude o_ asymptotic levels of TTS or the

rate at which the asymptote is approached may be an appropriate predictor for
noise-lnduced hearing loss.

The following specific projects are being pursued under the Air Force
program:

• A study of the hearing status of Air Force personnel
in the operational environment end development of

special tests for selection and continuance of person-

nel in career fields involving noisy environments.

• Research on permanent and temporary shi_ts in hearing

threshold produced by exposure to Air Force environments.

• An investigation of hearing loss, personal sound protec-
tive devices, infrasonic and impulsive signals, and

related subjects. The work is directed toward development

of regulations and guidelines for risk to hearing.

4.2 Nonauditor_ Health Effects

The Air Force had a single research project in FY 73 on the effects of

acoustical energy on vestibular functioning. Goals of this research were to
develop an understanding of the conditions and manner in which high intem_Ity
noise effects the equilibrium and produces disorientation and to contribute

to the d_velopment of threshold criteria for hazardous exposure to high
intensity sound.

A review paper on Air Force research on the effects of infrasound on the

vestibular system was prepared on this project.

Funding level on this project was $i0,000 in FY 73.

4.3 Individual Behavior Effect9,

I This agency's research efforts are directed toward defining and analyzing
the effects of exposure on personnel, evaluating and optimizing the performance

i
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under the exposures encountered in the military services and evaluating

protective devices for mitigating response to noise. The Army, Navy,
and Air Force each have research progrsms in this category. The current
Air Force program includes research of a more fundamental nature.

Six specific research projects were underway in the FY 73-74 period,
for which funding levels are shown in Table D-12.

The following specific project activity was pursued:

U.S. Army - The army project is directed toward developing predictive
models of noise effects on soldiers' performance and improving existing

noise criteria, including effects of long-term exposure. A new Army
Materiel Com_nd noise standard was published and the first Army-wlde

military standard on noise limits was fully coordinated and published.

U.S. Navy - Current Navy research on individual behavior effects of
noise is directed toward evaluating and optimizing human performance

under exposure to noise in submarine and aircraft environments.

Laboratory evaluations have been conducted on headsets proposed for

use by acoustic sensor operators in antlsubmarine warfare patrol and on

military noise cancelling microphones. Experiments have been conducted
on the effects of high noise levels on sonar doppler and on auditory

tracking of a signal under perceptual arrangements. The following two
specific projects are currently in'progress:

• In its work on auditory performance in submarines,

the Navy is studying the physical characteristics

of sound systems and the performance of operators.
This includes work on hearing sensitivity and

auditory vigilance by behavioral and eleotrophyslo=
logical means under various conditions of complex

auditory displays. Parameters in target detection

are to be specified and their quantitative effect
on target detection determined,

a The second project is directed to optimizing auditory
performance in naval acoustical environments and
minimizing problems arising from the many forms of
sound/man interaction, including auditory fatigue

dun to prolonged exposure to flight operation
noises. New tests and procedures are being devel-

sped and evaluated to assess man's ability to

} perform auditory tasks and otherwise enable individ-
uals to operate efficiently in naval aviation
acoustical environments.

U.S. Air Force - Air Force concerns regarding individual behavior effects

cover a wide range of intense noise environments affecting motor
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Table D-ll

DOD RESEARCH ON INDIVIDUAL BEHAVIOR EFFECTS

Projects on Individual Behavior Effect% Funding Level

(Thousands of Dollars_

U.S. Army Program FY 73 FY 74 FY 75

I. Improved Weapon Noise Exposure Criteria 62 66

U.S. Navy Program

i. Optimization of performance in Submarine 54 44

2. Optimization of Auditory performance'in
Naval Aviation 40 35

U.S. Air Force Program

I, Simultaneous Exposure to Acoustic Energy and
Other Stressors Pound in Air Force Environments 7 3

2. Whole Body Effects of Air Force Noise on People 24 18

3. Research on Intermittent Noise Effects on Air

Force Target Detection Tasks 46 0

TOTALS 233 166 166"

*FY 75 data estimated the same as FY 74
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performance, vestibular functioning, _ysiological functioning, thought
processes, and the contribution to apprehension and fatigue of personnel.

Eight years of in-house research on whole body effects of Air Force
noise environments on people were published in Air Force reports and

summarized in a paper published in the Proceedings of the International
Congress on Noise as a Public Health Problem sponsored by EPA. A study

of human performance effects of impulsive noise, randomly varied with

respect to intensity, duration and time of occurencs, has been prepared.

The following specific projects are currently under underway:

• A research study on simultaneous exposure to acoustic

energy and other stresses found in Air Force environ-
ments which combines controlled acoustic exposures

with mechanical whole body vibration of volunteers to
determine effects of the combined exposures on psycho-

motor task performance, mental or cognitive performance,
temporary threshold shlft,'and possible subjective jud E-

meats of acceptability. Single stress effects are being
compared to the measured multiple stress effects to
determine differential contributions of the respective
stress conditions.

a A study of whole body effects of Air Force noise on

people that involves investigation of numerous types
of noises and exposure conditions in which accomplish-
ment of the Air Force mission may he threatened. The

approach is to measure the effects of the many kinds
of noise (infrasound, audio frequencies, impulses) on
standard and special performance tasks, circulation

in the peripheral members, on physlological processes,
on mental tasks such as memory, and on various measures
of vestibular functioning such as equilibrium, counter-

rolling of the eyes and nystagmue. Findings are used
to establish exposure limits beyond which _ndesirable

effects may occur. Much of this work is possible only
because of the unique stimulus generators available at

the Aerospace Medical Research Laboratory.

4.4 Communication Interference

DOD research in oo_m_nlcation interference is directed toward enhanc-

ing or optimizing intelligibility of speech and signals in military
acoustical eavlron_nts. Current interests are in elf/ground and ground/

air communications and personnel communications in submarine and shipboard

Jobs requiring high levels of auditory acuity. Another goal of DOD
research in communication interference is to reevaluate criteria and

validate audiometric standards for Navy ships.
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The Navy and Air Force have current program activity related to commun-
ication interference and the Armyhas also done prior work in this category.

Funding levels for DOD research in this category are shown in Table D-12.

The following specific projects are being pursued on the current DOD
programs:

• Work on optimization of speech communication in naval

aviation involves development and evaluation of new

tests and procedures to assesslng the ability of air-
crewmen to communicate in various naval aviation

acoustical environments and the capability of air-to-

ground and ground-to-air communicating systems to

transmit intelligible speech. Investigations to date
indicate that preferred listening levels for speech of

aviators and alrcrew personnel probably represent speech

levels where maximum intelligibility can be achieved.

Preferred signal-to-noise ratios have been identified
for certain noise levels.

• A second Navy project is directed toward development
of auditory screening and acoustical tolerance standards
for submarine and shipboard personnel. Experimental

studies are being conducted to assess auditory perception
of a variety of speech materials and signal stimuli,
embedded in various background sound fields, for personnel

of differing levels of acuity. Longitudinal studies are
conducted to assess changes in hearing abilities among
submarine personnel to identify predictive indices of

hearing loss and the habituation process which enhances

operator auditory acuity. The latter is of potential
benefit in the design of training programs, auditory

aids, or acoustical characteristics of submarine environ-
_nt.

Data were collected to evaluate the proficiency of several different

speech reception tests. Four new tests of speech in noise end in quiet have
been constructed. Results of this work are published in a series of reports.

• The current Air Force project involves investigation

of the response of human subjects to pure tones, speech
and noise, Evaluations ate being made of new techniques

and instruments for measuring the auditory function of

flying personnel with or without hearing impairment,
Simulated inflight hearing tests are involved.

4.5 Community or,Collective Response

Within DUD the Air Force had, in the past, a very considerable involve-

i _ent in research on co.unity or collective response. Howevet_ the USAF had
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Table D-12

D0D RESEARCHIN COFR_UNICATIONINTERFERENCE

ProJecte in Com=_nicatlon Interference Fpndin_ Levels
(Thousands of Dollars)

U.S. Navy Program FY 73 FY 74 FY 75*

I. Optimleatlon o3 Speech Communication in
Naval Aviation 40 40

2. Development of Auditory Screening and
Acouatical Tolerance Standards for Sub-

_rine/Shipboard Personnel 30 33

3. Sound Conduction in the Ear Affecting

Military Communications 26 0

U.S. Air Force Program

I. Auseeemant of Hearing in Plying Personnel 28 36

TOTALS 124 109 109.

J *lf 75 daca estimated the same as FY 74
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only a single project, Effects of Air Force Noises on Populations Surrounding
Air Bases, active in FY 73 at a funding level of $31,600.

4.6 Measurement Methodology and Calibration

The Arn_, Navy and Air Force each have research programs in measurement

methodology. Objectives of this work are to provide specialized support of

noise health effects research through development and upgrading of measurement
systems, procedures, equipment, and faclllties. Activities pursued on these
programs include:

• Development of new measurement methodology and test
procedures and criteria

e Evaluatlon/valldation of measurement procedures

• Instrumentation development

• Development of conceptual computational procedures
and major computer software

• Developing procedures for assessing/predictlng
effects

e Establishing and operating environmental noise
data banks

• Developing instrument calibration techniques and
equipment.

• Developing equipment and procedures for evaluating
human response.

Seven current research projects are underway. Program/project relations
and funding levels for this effort are shown in Table D-13.

The following seven specific projects were underway in the FY 73-74
period:

U.S. Army Program

• The Army'B research on psychsscoustle problems in
aviation included development of a new measurement

methodology and quality control test for real-ear
sound attenuation characteristics of helmets and

a test for an advanced voice ¢omHmnlcatlon system.
A new helmet for tank crewmen wns tested and

accepted as a standard.
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Table D-13

D0D RESEARCH IN MEASUREMENT F_THODOLOGy AND CALIBRATION

Projects in Measurement Methodology

and Calibration Funding Levels

(Thousands of Dollars)

U.S. Army Program FY 73 FY 74 FY 75w

i. Research in Psychoacoustieal Problems

Medically Significant to Army Aviation , . 85 195

U.S. Navy Program

I. Airborne Noise Criteria for Ships and
Submarines ................ 69 74

U.S. Air Force Program

i. Mechanics of Noise Generation, Propagation
and Reception as Related to Air Force
Bioacouatlo Problems ........... 3 2

2. Bioacoustic Environments of USAF Aerospace
Systems ................. 92 68

3. Bioenvironmantal Nolse/Reseatch Program 43 0

4. Development and Updating of Air Force Land

Use Planning Procedure with Respect to
Aircraft Noise .............. 32 0

5, Measuremant and Analysis of Aircraft Noise

Envlron_nts for Developing New Air Force
Procedures to Forecast Noise Exposure , . 13 15

TOTALS 337 354 354*

*FY 75 data estlmated the same as FY 74
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U.S. Navy Program

• The Navy's research on noise criteria for ships and
submarines emphasizes the establishment of measurement

methods and criteria for limiting airborne noise in

ship spaces and enforceable specifications for acceptable

noise by equipments produced for use on naval vessels.
Work included obtaining and comparing _easurementa of

airborne noise in various ship compartments with measures

of performance and habitability, and the evaluation/

validation of the adequacy of measurement procedures
under actual shipboard conditions, in the laboratory,

in the field, and in equipment contractor plants.

U..S. Air Force Prosra9

• A hloenvlronmental noise research project to provide

technical procedures, data and software required to

define the high-level noise environments generated by
Air Force weapons systems, determine tl_e effect on man,
and provide such information to user groups.

This involved establishment and operation of a data
bank for storing and retrieving bioenvironmental noise

data and developing extensive mjor software to process

and extrapolate measured environmental noise data.

A wide variety of environmental and laboratory test
stimuli were also measured and analyzed, including air

bag transients, adrcraft engine noise, and speech i

samples. Equipment and procedures were developed for !
evaluating effects of noise and perfsrmance.

Special techniques and equipment were developed to
calibrate various types of acoustic instrumentation.

• A project on mechanisms of noise generation, propagatisn
and reception to provide engineering methods necessary
to compute high noise level environments (e.g., ground

runup). This work was undertaken to improve the algorithms

used to predict far-field noise levels for application in
ho_h the Bioenvironsmntal Data Handbook and the noise

exposure forecast program.

• A study of bloacoustic environments of aerospace systems
in which noise environments arc measured, analyzed, and

simulated by means of precision analog and digital
instrumentation.
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A very small noise recording system, called Micropak,

was developed to be worn by pilots for obtaining noise

data where space limitations are severe. A unique
pistonphone was developed for calibrating microphones

at infrasonic frequencies.

• The measurement of noise from numerous types of

military aircraft and analysis end processing for
use in calculatlng noise exposure forecasts. This

work was undertaken to improve the accuracy and relia-

bility of noise exposure forecast computations based
on data files which had contained only estimated data

on many aircraft systems.

• A project to develop a fully computerized computatloual

methodology to automatically plot contours of equal
exposure levels about an air base.

5. NASA

NASA conducts current major research efforts in three categories, noise

effects on sleep, com0unity or collective response, and measurement method-
ology.

5.1 Noise E,£feets..on Sleep

The objective of NASA research in this catesory is to understand the
relationship between aircraft noise exposure and sleep interference.

The agency's work in thls area is part of an ongoing research program on
human response to noise which includes projects devoted largely to aircraft

noise ef£ects on sleep as well as other major projects in community and
collective response end measurement methodology.

NASA's project on the human response to the aeronautical environment
is directed toward understandln 8 the psychophysiologlnal effects of air-

craft noise on people and to develop a quantitative understanding of
individual response to noise exposure, This includes assessment of

subjective reactions and effects on sleep, effects on hearing, and develop-
ment Of research evaluation techniques and measurins scales. Emphasis is

placed on laboratory studies with complementary studies in con_unities
exposed _o noise and with special overflight programs where selected Juries

are exposed to noise, Studies ere concerned with responses of people
durin E both awake and sleep periods and under background nolse conditions
associated with outdoor, indoor end iufllght situations.

Laboratocy studies to evaluate noise effects on sleep are supplemented

by initial studies of sleep responses of people living in communities

exposed to commercial flight operstlon .else. studies are being conducted
in contractors _ laboratories to evaluate both awakening and nonswakenlng

effects of noise on sleep.

Funding levels for this effort are shown in Table D-14.
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Table D-14

NASA RESEARCH ON NOISE EFFECTS ON SLEEP

Project in Noise E£fecta,on Sleep Fundio_ Levels
(Thousands of Dollars)

Program: Human Response* _o Noise FY 73 FY 74 FY 75

Human response to £he Aeronautical Environment 217 254 142

TOTALS 217 254 142

*Total program includes work in community or collective

response and measurements.

Table D-15

NASA RESEARCH IN COMMUNITY OR COLLECTIVE RESPONSE

Projects in Community or Collective Responses Fundln_ Level 9
(Thousands of Dollars)

Program: Human Response to Noise FY 73 FY 74 FY 75

I. Acceptance of Aircraft Operations - Technology
Assessment 175 172 232

2. Acceptance of Aircraft Operations - Community
Noise 205 319 422

TOTALS 378 491 654
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5.2 Communlty .or Collective Response and Measurements

NASA research is conducted under ire Human Response to Noise program

whose overall goal is to develop an understanding of the relationship
between aircraft noise exposure and annoyance, e.g., to define and

quantify those properties of aircraft noise exposure that cause negative
individual and community response to air transportation systems.

Specific targets set for the NASA program arc:

• Devising proper methodologies for laboratory and
field studies of human response to aircraft oper-
ations. FY 1975.

• Determining effects of multievent noise exposure
characteristics on human response to aircraft

operations. FY 1975.

• Quantifying the effects of background environ-
mantel noise exposure on the human response to

alrcraft-genorated noise. FY 1975.

• Studying the effects of low frequency noise
characterletlcs generated by present and future

aircraft on auditory and nonauditery responses

of people. FY 1979.

• Developing a model for reliable prediction of

responses of people to aircraft operations that
will satisfy laboratory and field conditions..
PY 1980.

The NASA program includes two specific projects in comsunlty-collective
response plus project work in other categories. Program/project relation-

ships and funding levels for NASA research in this category are shown in
Table D-15 on page 34.

The following specific projects are currently underway:

• NASA has a technology assessment project for develop-

ing an underatandlng of the social effec_s of large-
scale air transportation systems and to design

technology leading to improved safety and comfort
of aircraft crew and passengers. This project includes
in-house studies of the human response to aircraft
sound stimuli. Human test subjects will be asked to

give category judgment of aircraft sounds, including
STOL signatures.
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• NASA,also has a current community noise study which
includes evaluation of: noise characteristics of

advanced VTOL and STOL aircraft; acoustic retrofit

systems for CTOL aircraft; and noise alleviation

procedures for alrcraft and airport operations.
This work will provide criteria for prediction of

community acceptance of aircraft operatlons/communlty
noise_ Emphasis will be placed on laboratory seudies

and airport-community studles/surveys which may be
supplemented by progra_mmd overflight studies. These

studies will be closely interrelated with, or in support

of, NASA project activities (STOL) and with the DOT/FAA

programs to control aircraft and airport noise. The
laboratory techniques employed range from listening

room testing with trained subject, to real-llfe
altuatlons where test environments represent the

alrport-co_unlty/home and where the test subjects

may be people plagued by aircraft noise, These efforts
efforts are su.marlzed in Table D-16

Table D-16

NASA RESEARCH IN t_.ASBREMENTS

l_e_ect_n Measurement Methodolo_ and Calibration Fundin K Level
(Thousands of Dollars)

Program: Human Response to Noise FY 73 FY 74 FY 75

Acceptance of Aircraft Operations (Characterization

of V/STOL Noise) 532 409 404

6, DO.__TT

DOT has had recent research efforts in two categories, individual behavior

effects and community or collective response.

6.1 ,Individual Behavior Effects

DOT had no project work under way in this category _n FY. 74. A program
on startle effects of sonic boom was underway in FAA in,FY 73,.conslstlng

of two specific projects. Thn U.S. Coast Guard also had foghorn aversive-

ness under investigation at NeE in FY 73. Funding levels for rheas projects
are shown in Table D-17.
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Table D-17

DOT RESEARCH ON INDIVIDUAL BEHAVIOR EFFECTS

Pro_eccs on Indlvldual Behavior,Effects Fundln_ Levels
(Thousands of Dollars)

FY 73 FY 74 F¥ 75

i. Field Study of Sonic Boom Startle
Effects 18 0 0

2. Determinants of Startle Response to
Simulated Sonic Booms 27 O 0

Foghorn Avezsiveness Study ._5 _

TOTALS 50 0 0

f
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6..2 Com_unit_ or Collective Response

DOT research in this catsgoryis concerned with providing a valid
measure of effectiveness for assessing relative benefits of alternative
means for reducing transportation-related noises. DOT is concerned with

all modes of transportation in this regard.

DOT has had a considerable program involvement in this area in the past,

The agency's program now consists of one current project in the category

which is scheduled for completion in June 1975. This consists of testing
the feasibility of a technique developed on the project to assess the relative

importance of various noises to the public, particularly transportation

noises, and to determine the validity of a "personal noise exposure index"

model for co_mmnity noise impact represents/ion. Specific research work
consists of: developing the "personal noise exposure index" model; measuring

the daily noise exposL*re of 30 to 50 individuals; correlating noise exposure,
noise sources and reported annoyance; evaluating the usefulness of the ana-

lytical z_odel and developing a plan for its refinement if the concepE is

Judged beneficial.

Two alternative approaches to measuring human response to noise have

been tested, and two separate plans developed for a national noise measure-

ment program. Results of this research are published in a series of four
Govern=eat technical re,oTto.

Funding levels for this project are $130,000 for FY 74 and $50,000 for

FY 75; about $295,000 was funded for this program prior to FY 7_.

7. DOC(NgS)

NBS has a major research effort in individual behavior effects.

NOB' objectives in noise health effects are to: establish a more con-
slstant and valid psyohophyslcal foundation for measurlng the effects of

sound on people with application to noise abatement and control; develop
new measurement procedures for obtaining psychoacoustic data snd elaborate

through emplrlcal experiments an interlocking system of technlques for
assessing human response to sound with built-ln opportunities for cross-
validation.

The NBS program in psychoacoustle mezs_rement has one current project,

titled Psychoacoustic Measurement Techniques, and funded as follows:

FY 73: $ 98,000
FY 74: $117,000

_Y 75: $142,000.

Specific NBS project activity on loudness measurement includes:
analyzing previous research on loudness, eolslnsss, and ave_siveness of
sounds; evaluating the psychoacoustlc measurement techniques as applied
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to standardizing methods for calculating the loudness, noisiness,

annoyance, etc., o_ sound; and developing new psychoacoustic measurement

technique• baaed on operational deflnitlons of behavioral responses
with the biases duo to verbal instruction minimized,

Equal aversion levels have been established for pure tones and

I/3-octavc measures_ the avers lveness of three full-octavo bands were

determined and compared with auditory-evoked potential brain wave

recordings from the subjects; the preference relaClons among various

acoustic stimuli were examined by means of a binary switching response
not Involvlng verbal descriptors. In addition, a varlabla interval
schedule was used to determine the relatlv_ aver•iveness of several

pure tone s_imull.

Extension of the work calls for establishing preference relations

among sounds of varying frequency and intensity using pure tones and
white noise; determining the relative ever•ivenees of sound of different

spectral content and cross-valldatin_ by different methodologies.

8. mm

HUD has major research efforts in two categories, community or

collective response and measurement methodology and calibration.

8.1 Co.unity or Collective Response

XUD pursuee research in community or collective response in order to
provide the ncceesary RDeD to technically support the Department's policies

and Operating program• and to provide guidance for land usage near major
noise sources. Prior HUD research has provided technical background for

the preparation of two documents, "HIID Noise Abatement Guidelines" and

"HUD Noise Assessment Guidelines" which have been widely distributed for
use in implementing the supporting Department policy.

HUD's current program o_ research on community or collective response
consists of two projects, funding levels for which are shown in Teble D-IS.
The followlng specific project work 18 being performed:

a HUD is conducting a comprehensive oatlonwide study and I

eyote_atlc evaluation of the effectiveness and impact
of the Department's noise policy and of its "Ndise
Assesamnnt Guideline." _le work Is being pursued with
a view toward their revision and improvement.

• HUD also expects to initiate a broad study of the

effects of noise on community development in FY 75.
This will include work on acoustical criteria for

various land use ordinances and bullding codes, the
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Table D-18

HUD RESEARCH IN CO_4UNITY OR COLLECTIVE RESPONSE

Projects in Community or Collective Response Funding Level

(Thousands of Dollars)
FY 73 FY 74 FY 75

i. Evaluation of HUD Nolse Policies and

Guidelines 0 200 185

2, Effects of. Noise .on Community Development 0 0 225

TOTALS 0 200 410

Table D-19

HUD RESEARCH IN MEASURE_NT METHODOLOGY AND CALIBRATION

Projects in Measurement Methodology and

and Callhration Fundln_ Level
(Thousands of Dollars)

FY 73 FY 74 FY 75

i, HID Urban Nolse Measuremen_ System I17 263 0

2, Development of Noise Attenuation Measures 0 175 50

TOTALS 117 438 50
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effects of noise on housing markets and land values,

and the noise compatibility of intra- and inter-
urban transportation with con=unity development.

8.2 Measurement Methodology and Calibration

HUD research in measurement methodology is directed toward developing

measurement systems for use in enforcing NUD departmental standards on

noise abatement and control. The agency has one program of two specific

research projects in this category as shown in Table D-19 on page 40.

Under this program HUD funded a project performed by NBS in FY 74
to develop an inexpensive portable urban noise exposure =easurn-

ment system which separates potential housing sites into "clearly
acceptable" or "clearly unacceptable" for HUD housing and to demonstrate

a measurement system for evaluating sites not clearly within either of

these categories as an alternative to acquiring needed data through a
full-scale survey.

In pursuance of HUD goals, NBS is developing an instrul.eetation

system consisting of two units, an outdoor "monitor" which is left on
the bui_dlng site and a "reader" which interrogates the monitor. The
monitor will be a self-contalned, Battery-operated unit which registers,

on internal memory, the times in any 24=hour period during which the

noise level exceeded 45, 65_ 75, and 80 dBA. Seventeen units are being

procured by HUD for field test by NB$ in cooperation with HUD field
offices. Additionally, the instruction manual developed by NBS will

be field tested.

NBS is also assisting BUD in the comprehensive evaluation of the

noise measurement systems in HUDRagional, Area and Insuring Offices
across the natlon.

9. EP___A

EPA has current _esearch efforts in slx of the eight categories of

health effects research. This includes a major research effort in

individual behavior effects plus research efforts in the following

categories:

• Noise-lnduced hearing loss

• Nenaudltory health effects

• _ndlvldual behavior effects

• Noise effects on sleep

, • Co_munlcation interference

• Measurement methodology and calibration.
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9.1 Noise-Induced Hearing Loss

Determination of effects of noise and vibration on hearing sensations
and on human performance. This included investigation of the effects on

human performance of whole body vibration combined with a random amplitude

modulated pure tone presented to the auditory system (FY 74 $25,000).

Effects of long exposure to noise On hearing threshold. Research

includes investigations to determine whether recovery from an asymptotic
auditory temporary threshold shift is independent of the duration at

which temporary threshold shift is maintained at an asymptotic level.
Exposures are made for continuous noise for 24 and 48 hours. Intermittent

exposures will be included in subsequent experiments. Other studies are
to be conducted in natural living envlronments under controlled noise

exposures of 48-60 hours (FY 74 $25,000), (FY 74 $70,000).

9.2 Nonaudltory Health Effects

Determination of nonauditory system adaptation effects to long-term

repetitive and varying noise. Studies explore the role of various stimulus,

psychological and methodological variables in the elicitation and adaptation
of nonauditory physiological system reactions to sound or noise. Peripheral
blood volume and heart rate of groups of people will be monitored where

ambient acoustic conditions are interrupted with intrusive auditory stimuli

(FY 74 $186,000-2 year study).

9,3 Individual Behavior Effects

Study of behavioral correlates of varyln S noise environments. A system-

atic review of the literature for the past five years is being made of the
effects of specified noise parameters on motor skills performance. Studies

are being conducted to evaluate the behavioral effects of specified noise

environments on motor skill tasks Of varying complexity across subjects
matched on relevant personality and motor skills characteristics (FY 74
$50,000), (n 75 $50,000).

Studies on the time varying noise effects on human responses. These

studies include the relationships between human responses and physical
parameters of noise for evaluating descriptions of environmental noise.

Verbal and non-verbal descriptors are utilized in determining and evaluating

responses (FY 75 $75,000). Vigilance performance in the presence of

unwanted intermittent noise is being studied using privies (FY 75 $10,000).

9.4 Sleep Interference

Correlational analysis of foreign and domestic scientific data on the
effects of noise on human sleep (FY 75 $17,000).
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9.5 Cowr_nlcatlon Interference

Determination of improved criteria for verbal co_unlcatlon including
schools, home and laboratory. Analyses of speech and ambient noise levels
are being made at the ear during norma_ and relaxed conversations in the

home, schools, and laboratory. Additionally, category scale ratings of

the noise environments are being condu¢ted in terms of overall rating of

the noise environment and in terms of speech eosmunicatlon (FY 74 $59,000),
(FY 75 $62,000).

Obtain more complete data on the spectrum and temporal distribution
of speech. A wide range of speakers, including male, female, adult, and

children, will be used (FY 75 $25,000).

9.9 Measurement Methodolo_Z and Calibration

EPA's program in measurement methodology included one project

titled "Instrumentation and Measurement Systems" (FY 73 $24,000),

(FY 74 $32,000). This project was directed toward development of a
personal noise exposure meter with the work being performed at NBS.

Specific project activity included an evaluation of instruments and

measurement systems for recording exposures of individuals and developing
and d_menstrating the capabilities of a measurement system which will

record the integrated level above a threshold of dSA over each one-hour
period during a 24-hour day. The system consists of a monitor worn by
the individual and a reader which interrogates the monitor.

lO. DOl(BuMinee)

Bureau of Mines has three projects in effects of noise in relation

to mine safety and health. Two projects address the problem of the

miner's ability to hear "roof talk" warning algnale while wearing hearing
protection, and the other project is the state-of-the-art in portable
eallhtation of audiodos_meters. The titles and funding are shown in
Table D-20.

i0. I Communicatlon Interference

The project '*Aspects of Noise Generation and Hearing Protection in
Underground Coal Mines" was begun in FY 72 and was completed in FY 73.

The objective of this study was to quantitatively identify the spectral

and amplitude characteristics of coal mine warning signals and assess
the feasibility of using personal ear protection to minimize noise

exposure but not impair miners' safety. A report (NTIS No. PS219087)
with the same title as the project was published in November 1972. Roof

talk warning signals and roof talk and speech discrimination with ear
protection were quant_fidd for the Pittbbur_h.coalbed. The Studylndlcated

- that ear protection iS acceptable when _here are high background noises
but that the ear protection should be removedwhen noise sources are not

present.
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Table D-20

DOI(BuMines)
NOISE EFFECTS RESEARCH

Fundin_ Levels
(Thousands of Dollars)
FY 73 FY 74 FY 75

Pro_¢ts in Co_municatlon Interference

i, Aspects of Noise Generation and Hearing
_Totection in Underground Coal Mines 1 O O

2. Study of Roof Warning Signals and the
Use of Personal Hearing Protection in
Underground Coal Mines 71 8 O :

ITo_ces in Measurement Methodology and i
Calibration i

Portable Calibration Irmtrumentatlon for
Audlodo_i_ters - Feasibility Study O 15 0

TOTALS 72 23 O F
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The project "Study of Roof Warning Signals and the Use of Personal

Bearing Protection in Underground Coal Mines" extended the previous

study of roof warning signals to other (hlgh_accident) coalbeds. It also

determined the affects of personal hearing protection on miners' safety

with a larger number nf subjects. A training course in the use of
personal hearing protection in coal mines was also devoloped.

10.2 Measurement Methodology and Calibration

The Bureau of Mines' project in this category is intended to determine
the state-of-the-art in audio acousclc couplers and the associated oleo-

_rnnic interface. The output will be a repor_ giving the state-of-thn-art

tthn specifications achievable with existing technology for a portable
calibration instrument for audio dosimetersp and s proposal for design
and fabrication of an achievable calibrator.
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APPENDIX E

PROJECT LISTING BY AGENCY

Agency Page

NINDS E-3

NIEHS E-6

NIOSH E-8

DOD E-13

NASAQ E-19

DOT g-20

NSF E-21

NBS E-23

HUD E-24

EPA E-25

USDA E-2S

DOI (BuMlnes) E-29

E-1
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TABLES

Number Pa_e

E-I National Institute of Neurological Diseases and d E-3
Stroke

E-2 National Institute of Environmental Health Sciences E-6

E-3 National Institute for Occupational Safety and Health E-8

E-4 Departmentof Defense E-13

E-5 National Aeronautics and Space Administration E-19

E-6 Department of Transportation E-20

E-7 National Science Foundation E-2[

E-8 National Bureau of Standards E-23

E-9 Department of Housing and Urban Development E-24

E-10 U.S. Environmental Protection Agency E-25

E-11 Department of Agriculture E-29

E-12 Bureau of Mines E-29
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Table E-I

RESEARCH FUNDING BY AGENCY

(page i of 3 pages)
NATIONAL INSTITUTE OF NEUROLOGICAL DISEASES AND STROKE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78 FY-79

4403-12(Grant) Susceptibility 220 45 47 49 51
to Hearing
Loss

3705-09(Grant) Causes of 2,480 365 387 413 440
Deafness

NO1 NS 03-56- Auditory (3,773) I (461)I (586_ (598)I (615)I (613] (642)'
ii (Grant) Communications

M and its Dis-

orders

Noise- NS-09983(Grant) Nolas Effects 37 37
Induced on Audlogram
Hearing and Cochlea

Lons Planned EconomiJ 150 300 300
Contract and Soclal

Impacts of
Noise Induced

Nearing Lose

NS-74-0001 Effect of 3 20

(Contract) Noise on
Children

In-House Laboratory of _ 28 15 15 20 21 21
Research Otolaryngology



Table E-.I

RESEARCH FUNDING BY AGENCY

(Page 2 of 3 pages)
NATIONAL INSTITUTE OF NEUROLOGICAL DISEASES AND STROKE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78 FY-79

Planned Work Experimental 340 550 500 600 350
Studies of

Effects of
Noise on

Young Ears
(Primates)

Planned Auditory 120 250 400 440 500

m Contract ResponsesI

in Quiet and

Noise Among
Very Young
Children

Presbyeusis 40 125 250

Planned Auditory 120 300 330
Contract Sensitivity and

Discrimination

Among Children
Living in Noisy
Environments

Non-Audi- Planned Work Effects of Noise

tory Health on Susceptibility

Effects to Disease 120 200 250 400



Table E-1

RESEARCH FUNDING BY AGENCY

(Page 3 of 3 pages)
NATIONAL INSTITUTE OF NEUROLOGICAL DISEASES AND STROKE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year
Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-T8 FY-79

NS-07908-07 Noise.lnduced 461 79
Deafness:

Maskleg &

Speech Perception

Communl- NS-74-2322 Development of 140 1OO i00 i00 i00

cation (Contract) Test Instrument
Inter- for Assessing
ference Speech Discriml-

nation in Noise

Messsse 130
Transmission in

Noise

Subtotals Nolse-lnduced Hearing Loss 447 482 1057 1756 1590 1486 1121

by Non-Audltory Health Effects 120 208 250 480
Category

Coumunleatlon Interference 79 140 i00 I00 lO0 230

TOTALS 526 622 1157 1876 1890 1836 1751

IproJeot funding covers work in other areas and is not included

21nitlated in FY-75 only if additional funds become available
3
Includes study of non-audltory effects of noise

Portion of laboratory's effort oriented towards effects of noise



Table E-2

P_ESEARCH FONDIHG BY AGENCY

(Page 1 of 2 pages)
NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year
Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78 FY-79

NIEHS-EB-002 Investigation 25 25

of Hearing
Loss Threshold

Curve for Young
versus Mature

Animsls

NIEHS-EB-O02 Combined Effect 20
of Noise and Sali-

cylates on Cochlear

Noise- Morphalogy & Auditory
Threshold

Induced

Hearing Re1 ES 969 Combined Impulse- 51 44 _4 45
Loss

Continuous Noise:

Auditory Effect

NIEHS-EB-009 Identification of 8 29 29 29 29

Phyalologlaal Dysfunction
in Neurosensory Hearing
Loss Induced by Ototoxic
Agents

NIEHS-EB-008 Physiological Study of 8 26 26 26 26
Auditory FatigUe (Induced

by Noise)



Table E-2
RESEARCH FUNDING BY AGENCY

(Page 2 of 2 pages)
NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78 FY-79

NOL-ES-2110 Interaction of 100 i00 100

Noise & Ototoxic

Drugs on Hearing
Loss in Animals

NIEHS-EB-011 Effects of Noise 16
on Corticosterone

Secretion in the
Rat

J

NIEHS-EB-OI2 Noise Polymorpho- 12 8

nuclear Leukocyte
Function

Non-

Auditory NIEHS-EB-013 Noise & Cellmediated 28 24

Health Immunity
Effects

NIEHS-ET-O03 Teratogenie Effects i0 8

of Noise Exposure
and Deprivation

NIEHS-EB-004 Noise In the 8

Hospital

Subtotals Noise-lnduced Hearing Loss 145 192 199 99 100 55
by

Category Non-Auditory Health Effects 8 66 40

TOTALS 153 258 239 99 i00 55



Table E-3

RESEARCH FUNDING BY AGENCY

(Page 1 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

(Thousands of Dollars)

Category Project Number 2 Project Title _ Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 1 FY-76

Noise- Evaluatlon 3 75 79 104

Induced of Nearing

ltearing Risk due
Loss to Industrial

Noise

Short Term Phy- 3 35 i0 0
sical Agents Re-

, search: Coalm
Mine Noise

HSM 99-72-125 Evaluation 40 0

of Industrial

Acoustic Radi-
ation above

i0 _z

HSM 99-72-32 PTS and TTS 24 0

Resulting
from Industrial

Noise Exposure

PL 480 Effects of Noise 213 X X X

Foreign Cur- and Vibration 7/68-9/74
reney Agree- on Health of
ment No. Woodcutters
05-005-3



Table E-3
RESEARCH FUNDING BY AGENCY

(Page 2 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

(Thousands of Dollars)

Category Project Number 2 Project TitlJ Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-751 FY-76

PL480 Foreign Exposure 99 X X X X X
Currency Agree- to Noise in 7/71-7/75
merit #03-002-03 the Cotton &

Flax Tex_lle

Industry

Laboratory 87 91
Studies of

Nolse-lnduced
i

Hearing Loss

Combined Effects 24 18

on Noise, Work
& Neat on Human

Nearing

HSM 99-72-131 Aspect of Ear 50 0 0
Tolerance to

Noise

NIOSH-IA-73-6 Laboratory & 40 O
Field Study of
Impact Noise

Grant (EOA) Damage Risk 56 47 41
Rol-OH000350 Criteria for

Intermittent

Noise Exposure



Table E-3
RESEARCH FUNDING BY AGENCY

(Page 3 of 5 pages)
NATIONAL INSTII"JTE FOR OCCUPATIONAL SAFETY AND NEALII{

(Thousands of Dollars)

Category Project Number _ Project Title 7 Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-751 FY-76

PL480 Foreign Noise and 167 X X X X
Currency Agree- Neat Effects 5/72-4/77
meat #05-0142 on _n

Grant (OEA) Effects of 91 69 76
1 R01 Impulse Noise

0N00364 on the Auditory
System

M
i

Noise and 41
gearing in the

Paper Worklng

Industry

Non- Extra Auditory 42
Auditory Consequence to

Health Worker Safety
Effects and Nealth

Effects of 78 21
Noise on

Non-Auditory
Sensory Func-
tions and

Performance

Health Impact New
of Industrial
Noise



Table E-3

RESEARCH FUNDING BY AGENCY

(Page 4 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

Category Project Number _ Project TltlJ Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Effects of 30

Noise and

Heat on
Health of

Workers in

Metal Industry

Individual Grant R01 Effects of g 0

Behavior 0H-00366 Three Sound

Effects Environments
I

O_ Hu_n Be-

harlot

Grant R01 Noise and 20 0

OH-00365 Human Per-
formance

Noise and New
Industrial

Accidents

Measure- Industrial J 31 52 80

ment Math- Audiometrlc

odology & & Hearing
Calibration Conservation

Technology



Table E-3

RESF._RCH FD_DING BY AGENCY

(Page 5 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

{Thousands of Dollars)

Category Project Number 2 Project TttlJ Total Prior to
Initial Year
Indicated FY-72 FY-73 FY-74 FY-75! FY-76

Measurement 3 32 44 28

of Oceupa-
Clonal

Noise

Sub- Nolse-lnduced Hearing Loss 64 224 341 352 117

totals

by Non-Auditory Health Effects 108 42 21

Category
' Individual Behavior Effects 28

Measurement Methodology and 63 96 108
Calibration

TOTALS 64 395 507 481 117

IFlgures Approximate

I
NIOSN does not use the term "Project" for thls level of research activity

_Project tltles were not the same in FY 73



Table E-4
RESEARCH _XFNDING BY AGENCY

(Page 1 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Inlt_al Year

Indicated FY-72 FY-73 FY-74 FY-75

DAOA-6Og2 (USA) Military Performance - X
Traumatic Origins of

Hearing Loss

DNOA-4956 (USA) gelatlonshlp of gearing 62 66

Change to Acoustic Inputs

DAOC-Tg28 (USA) Prevalence of gearing Loss 20

within Selected U.S. Army
Branches

t_

DAOB-7030 (USA) gearing Conservation Intense 46
Acoustic Stimulation and

Noise Susceptibility in the
Military Environment

Noise-
DN-123487 (USN) Communications: Hearing of 20Induced

Naval Personnel as a Function
gearing
Loss of Noise Exposure

DN-240004 (BEN) Study of Anatomic Changes in 10 19
Middle Ear Associated with

Nolse-lnduced Rearing Loss
and Acoustic Trauma

DN-240059 (USN) Middle Ear Compllance and 8 13
Its Relationship to Military
Related Nolse-Induced Hearing
Loss & Acoustic Trauma



Table E-4

RESEARCH FUNDING BY AGENCY

(Page 2 of 6 pages)

DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated _X-72 FY-73 FY-74 FY-75

DN-477001 (HEN) The Incidence of Hearing 50
Loss Among Various Navy
Related Personnel

DN-140504 (USN) Development of Damage Risk 20 25
Criteria and Habitability

S_andards for Exposure to
Sonar Transmissions

DF-311650 (USAF) Effects of Noise on Air 20 49
Force Personnel in

Noise - Operational Environments
Induced

Hearing DF-314140 (USAF) Research on Permanent 2

Loss and Temporary Shifts in
Hearing Threshold Produced

by Exposure to Air Force
Noise

DF-313060 (HSAF) Auditory Responses to Acoustic 24 22

Energy Experienced in Air
Force Activities

DF-317610 (USAF) Human Subjects for Operating 38 35
Acoustic Research



Table E-4

RESEARCH FUNDING BY AGENCY

(Page 3 of 5 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year
Indicated FY-72 FY-73 FY-74 FY-75

Non- DR-313120 Research on Response of Vssti- X i0

Auditory bular System to Acoustic Sti-
Health mull
Effects

DAOB-4955 (USA) Improved Weapon Noise 62 66
Exposure Criteria

DN-840511 (USN) Optimization of Perfoznnance 54 44
in Submarines

DN-040711 (USN) Optimization of Auditory 40 35
Performance in Naval

Indivi- Aviation
dual

Behavior DR-313100 (USAF) Simultaneous Exposure to X 7 3

Effects Acoustic Energy and Other
Stressors Found in the Air

Force Environments

DF_313070 (USAF) Whole-body Effects of Air X 24 18
Force Noise on People

DF-028540 (USAF) Research on Intermittent Noise X 46

Effects on Air Force Target
Detection Tasks



Table E-4

RESEARCH FUNDING BY AGENCY

(Page 4 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Inltlal Year

Indicated FY-72 FY-73 FY-74 FY-75

DAOA-6085 (USA) _Lilitary Performance: X

Auditory Perception and
Psyohophyslcs

(USA) Human Engineering Studies of X

the Head and Headgear, Helmet
Acoustics, Weight, plus Other

Factors Affecting Performance

Co_nunl- (USN) Sound Conduction in the Ear X 26

cation Affecting Military Con_municatlons
Inter-

ference DN-040713 (USN) Optlm_zatlon of Speech Communl- 40 40
cations in Naval Aviation

DN-140502 (USN) Development of Auditory Sereenlng 30 33
and Acoustical Tolsrance Standards

for Submarlne/Shipboard Personnel

DF-311640 (USAF) Assessment of Hearing in Flying 28 36
Personnel

Communl- DF-313140 (USAF) Effects of Air Force Noises on 31

Ky or Popula=ion Surrounding Air Eases
Collee-
_ive

Response

/



Table E-4
RESF_RCH FUNDING BY AGENCY

(Page 5 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-?2 FY-73 FY-74 FY-75

DAOD-6739 (USA) Research on Psycho- X 85 195
acoustical Problems

Medically Significsnt to

Army Aviation

DN-612146 (ffSN) Airborne Noise Criteria for 69 74

Ships and Submarines

DP-31_SO0 (USAF) Development and Updating of 32
t Alr Force Land Use Planning

Procedure with Respect to
Measure-. Aircraft Noise
merit

Metho- DF-316600 (USAF) Measurement and Analysis of 13 15
dology Aircraft Noise Environments

and Cali- for Developln_ New Air Force
bration Procedures to Forecast Noise

Exposure

DF-313020 (USAF) Mechanisms of Noise Generation 3 2

and Reception as Related to Air

Force Bioacous/ie Programs

DF-_I3030 (USAF) Bioseoustic Environments of USAF 92 68

Aerospace Systems



Table E-4
RgSEARCR Y_DING BY AGENCY

(Page 6 of 6 pages)
DEPARTMENT OF DEFENSE

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75

-- DFL317570 (USAF) Bioenvlronmental Nolse

Research Program 43

Noise-Induced Hearing Lose 248 30Z 301"
Sub- Non-Auditory Health Effects 10 0 0 *
totals Individual Behavior Effects 233 166 166.

by Communication Interference 124 109 109.

Category Community or Collective Response 32 0 0 *

Measurement Methodology and Calibration 337 35___4 _*

TOTALS 984 930 930*

• DOD FY 75 data estimated the same as D_ 74



Table E-5

RESEARCH FUNDING BY AGENCY

(Page 1 of 1 page)
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

(Thousands of Dollars)

Catesory Project Number Project Title Total Prior to
Initial Year

Indicated _T-73 FY-74 FY-75

Noise Effects 504-09-02 Human Response to the Acre- 217 254 142
on Sleep nautical Environment

Co_munlty or 504-29-01 Acceptance of Aircarft Opera- 173 172 232
Collective tlons-Technlcal Assessment

Respense

504-29-11 Acceptance of Aircraft Opera-

tlons-Communicy Noise 205 319 422

Measurement 504-29-11 Acceptance of Aircraft Opera- 532 409 404
MethodoloRy tlons
and Cali-
bration

Noise Effects on Sleep 217 254 142
Subtotals

by Category Community or Collective Response 378 491 654

Measurement Methodology and Calibration 532 409 404

TOTALS 1,127 1,154 1,200



Table E-6
RESEARCH FUNDING BY AGENCY

(Page i of i page)
DEPARTMENT OF TRANSPORTATION

(_lousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Work at DOC/ Foghorn Averslveness 5
NBS (USCG) Study

Individ- AM-B-73-PSY-41 Field Study of Sonic Boom X 18
ual (FAA) Startle Effects
Behavior

Effects AM-B-73-PSY-31 Determinants of Startle X 27
(FAA) Response to Simulated

Sonic Booms

O

(DOT/FAA/DOD/ Animal Response to Impul- 38 0
USAF) sire Acoustic Stimuli

Communi- Contract 036369 Measurement of Corsnunity 295 130 50
ty or (Trais No.) Noise and Associated Human

Collective (ONA) Response

Response
Subtotals Individual Behavior Effects 38 50
By Category

Community or Collective

Response 29_._5 -- 130 50

TOTALS 295 38 50 130 50



Table E-7

RESEARCH FUNDING BY AGENCY

(Page 1 of 2 pages)
NATIONAL SCIENCE FOUNDATION

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Noise - GB-36652 Noise Trauma, 20

Induced Ototoxicity and the
Rearing Ollvocochlear Bundle
Loss

8-72 Permanent Effects of X
Noise on Low and Mid

_, Frequency Hearing
J

Ol Interaction of Ototoxlc X

Drugs with Acoustic
Trauma

Nbn- Ol Effect of Noise on X

Auditory Cardiovascular

Health Changes in Non-
Response Cardiac patients in

ICD

Indlvi- GS-33216 Collaborative Research 34

dual Be- on Social Psychological
havior Reactions to Stress
Effects

GS-2405A #2 Collaborative Research 42

on Social Psychological
Reactions to Stress

I"



Table E-7

RESEARCH FUNDING BY A_ENCY

(PaEe 2 of 2 page.)
NATIONAL SCIENCE FOL_DATIOH

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year
Indicated I_'-72 PZ-73 _r'-76 _'-75 1_Z-76

GS-34329 Collaborative 39
Research on

Social Psycho-
logical REactions
to Stress

Subtotals by Nolse-Induced 20

Category Hearing Loss

Non-Audltory

Health Response

Individual Be- 115
havlor Effects

TOTALS X 115 20

t



Table E-8

RESEARCH FUNDING BY AGENCY

(Page 1 of 1 page)
NATIONAL BUREAU OF STANDARDS

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year

Iouzcated FY-72 FY-73 FY-74 FY-75 FY-76

Individual Psychoaeoustic 64 9B 117 142 140
Behavior Measurement

Effects Techniques

i



Table g-9

RESEARCH FUNDING BY AGENCY

(Page I of 1 page)
DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT

(Thousands of Dollars)

Category Project Title Total Prior to
Initial Year

Indicated FY-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78

Communl- Evaluation of HUD 200 185

ty or Noise Policies &
Collective Guidelines

Response Effects of Noise on 225

Corm,unity Development

Measure- HUDUrban Noise 117 263

ment Math- MEasurement System
odology &
Calihra- Development of Noise 175 50
tion Attenuation Measures

Subtotals Community or Collec- 200 410
by rive Response

Category Measurement Method- 117 438 50

ology & Calihratlon
TOTALS 117 638 460

/



Table E-10

RESEARCH FUNDING BY AGENCY

(Page 1 of 4 pages)
U.S. ENVIROh_TALFROTECTION AGENCY

(Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initial Year
Indleated FY-72 FY-73 FY-74 FY-75 FY-76

Noise- IAG Evaluation of Effects 25

Induced of Noise Exposure

Hearing Combined with Other
Loss Stressing Agents on

Hearing & Performance

lAG & Contract Evaluacion of Long-term 25 70

Noise Exposure on Nearing

j Differentiation between

Nolse-lnduced Hearing Loss "_

and Preshycusls

Auditory Effects from
Moderate Noise Levels

Auditory Effects from 600
Intermittent Daily
Exposures

Longitudinal Studies of
Auditory Effects From

Noise Exposure



Table E-IO

RESEARCH FUNDING BY AGENCY

(Page 2 of 4 pages)
U.S. ENVIRONMENTAL PROTECTION AGENCY

(Thousands of Dollars)

Category Project Number Project Title Total Prior to Initial
Year Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Non- Interactive Effects

Auditory of Noise and Other
Health Influences
Effects 700

Contract Studies of Non-Auditory 186"
Physiological Effects

Indlvi- IAG Behavior Correlation of

dual Varying Noise Environments 50 50
Behavior

Effects In-House Vigilance Task Performance
in Presence of Intermittent

Unwanted Noise in Primates i0

IAG Time-Varylng Effects on Human 75 1

Response I150

Effects on Task Performance

Nolse Quality of Sleep & Effects
Effects Related to Psysiological &

on Sleep Psychological Implications 150

Contract Correlation of Foreign & 17

Domestic Data on Human Sleep

* 2 Year Period



Table E-10

RESEARCH FUNDING BY AGENCY

(Page 3 of 4 pages)
U.S. ENVIRONmeNTAL PROTECTION AGENCY

(Thousands of Dollars)

Category Project Number Project Title Total Prior to Initial
Year Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Co_uni- Contract Improved Criteria for 59 62
cation Verbal Co_unication

i

Interfer- From Noise in Schools

ence and Home Environment

lAG Voice Levels & Environ- 25
mental Noise Conditions 200

that Permit Adequate

Speech Communication

Effect of Age, Speech

Level, Hearing on
Reliable Communication

Co.unity or
Collective

Response Effects of Noise on
Community Response

Related to Annoyance

Identify Environmental 200
Noise Levels for

Determining Cumulative
Dose Exposures for Different

Population Segments

Identify Sociological Effects
of Noise



Table E-10

RESEARCH FUNDING BY AGENCY

(page 4 of 4 pages)
U.S. ENVIRONMENTAL PROTECTION AGENCY

(Thousands of Dollars)

Category Project Number Project Title Total Prior to Initial

Year Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Measure- Work at Instrumentation 24 32

ment Meth- DOC(NBS) & Measurement Systems

odology & for Noise Exposure of
Calibration Individuals

Subtotals Nolse-lnduced Hearing Loss 50 70 600
By Non-Audltory Health Effects 186. 0 700

Category Individual Behavior Effects 50 135 150
Noise Effects on Sleep 17 150

Co_munlcation Interference 59 87 200
Community or Collective Response 200
Measurement Methodology & Calibration 24 32

TOTALS 24 377 309 2,000

2 Year Period



Table E-I1

RESEARCH FUNDING BY AGENCY

(Page 1 of 1 page)
DEPARTMENT OF AGRICULTURE

(Thousands of Dollars)

Category Project Number Project Tltle Total Prior to Initial
Year Indicated FY-72 FY-73 FY-74 FY-75 FY-76

Domestic 0057475 The Effect of Noise X X X X
Animals & SC-00945 Pollution on the
Wildlife Fowl

Table E-12
RESEARCH FUNDING BY AGENCY

DEPARTMENT OF THE INTERIOR

BLrREAU OF HINES

(Thousands of Dollars)

i
Category Project Number Project Title FY-73 FY-74 FY-75

Commumica- GO 122004 Aspects of Noise Generation & I 0 0

tlon Inter- Hearing Protection in Under-
ference ground Coa] Hines

GO 133026 Study of Roof Warning Signals & 71 8 0

the USe of Personal Hearing
Proteetlon in Underground Coal
Mines

Subtotals for Communication Interference 72 g 0

Measurement SO 144091 Portable Calibration Instrumentation 0 15 0

Methodology & for Audlodoslmeters--Feasibillty ,,,
Calibration Study

Agency Total 72 23 0



APPENDIX F

PROJECT LISTING BY CATEGORY

Table Category Pa_e

F-I Noise-Induced Hearing Loss F-I

F-2 Non-Audltory Health Effects F-10

F-3 Individual Behavior Effects F-13

F-4 Noise Effects on Sleep F-17

F-5 Co_munleatlon Interference F-IS

F-6 Comunlty or Collective Response F-22

F-7 Domestic Animals and Wildlife F-24
i

F-8 Measurement Methodology and Calibration F-25



Table F-I
NOIS_-INDUCED II_ARI_G LOSS

(PaSe _ of 9 Page_)

Reported Pundlng, Thousand_ of Dollars

Agency Project No+ Projec_ TrUly Total Prl- FY _Y FY FY Py _Y FY _'

o_ _o Int- 7_ 73 74 75 7_ 77 7B 79
tlal Year

lndica_vd

H_/ 4403-12 (Gr_nt) Su_ceptlbtllty to
NI_$ Jieartng Loss 220 45 47 _9 5Z

_?_5-09 (Cr_t) C_us_s o_ _ness 2,480 365 3B7 413 440

ROI NS 03856-II Auditory Communlfa- 3,7731 461 t (58b) I (598_ {61B) (613) (642) I
(Grant) clone and {_a Dt_-

T orders

NS-09983 Nol_e EfEec_B on Audl_ 36 _7

(Gra_) g_ _d Cochlea

Plnnovd Economic and Social Ir_ _ 0 150 30D 500

Contrac_ pacts o£ Notae-Znduved

tDarin 8 Loss

NS-74-0001 E_foc¢ o_ Noise on ] 20 0 0 0 0

1n-house Lahor_tocy of Otolary_lJ 28 15 I5 20 21 21

gasearoh gology

Planned work Exper_ment_l Studie_ 0 0 0 0 340 550 500 600 3f0
of Effects of Noise

on Y_ng Ears (prl_ate)

Pro_c_ _Dd_ng cover_ WOrk l_ other categort_ arid ts no_ 1_cluded f_ totals,
;Ini_ia_ed in _ 7_ only if _ddl_LonaI _unds Become available,

_Inc_udos study of n0n-auditory e£fects of _ol_e.
Por¢_o_ of laboratory_ ef£ort oriented toward no_se effects.

't r,*L .............



Table F-_

NOISE-INDUCED HFARING LOSS

(Page 2 of 9 Pages)

Reported Funding. Thousands of Dollacs

Asency Poorest No. Project Title Total Prl- FY FY FY FY FY FY FY F¥
or to InL- 72 73 74 75 76 77 78 79
_al Year

_nd[cated

HEW/ Planned work Audltory R_sponses in O 0 0 0 120 250 400 440 500

NINDS Quiet and Nols_ Among

Very Y_uns Ohildcen

Plann_d work Prosbycusls O O 0 0 O O 40 125 250

Planned work Audltory Sensitivity 120 300 330
and Di_crimlnatlon

Among Children Liv_.g

in Noisy Environments

Subtotals 2,737 447 48_ 1,057 1,756 1,590 [,486 I,I_i

NEW/z Ewluation of I[e_ring _ (75) _ 79 104 I
NIOSII Risk due to Industrial

Noise

Shor_ Tem Physical _ (35) _ 10 O
Agents Ne_oareh: Coal
Nln_ Noise

2N_OSH do_s not use _h_ _nn "project" for this level of _earch _ctiv_ty.
lp_oJec_ _i_les w_e no_ th_ same In 1_ _3,



Table F-1
NOrSE-I_UCED ]_.ARING LOSS

(page 3 of 9 pa_es)

Reported _nd_ng, Thous_nd_ of DolZa_

Asency Pro_ect No. _ Project TL_Ie 1 ToC_I Prl- Z_t _ FY _ FY F_ l'_ FY
or _o Ini- 72 73 74 75 76 77 78 79
tfa! Year
Indicated

HEW/ Nol_e and Heating £n O O 41
NI_t/ the P_pez_aork_ng

Indus _z_/

_IS_I9q-72-125 EvaZua_an of Znduscr_nl 40
._cc_u_:_,c Ead_f:lon above

10 ._llz

?. _IS_I9_-72-32 _]'$ and TTS Resu1_tnR _
_r_m Industr_Z No_e
]_xpo_ur'_

_, :_80 _- Effec_ of No£_e ancf 213 x x x
etsn Cuccency V_bra_lon on Hea1_h 7/68-
_ceement No. o_ Woodcu_ter_ 9/74
05°O05_3

4BO F_r- Exposure to Nols_ In 99
elgn Currency the Co,Con ancl Fla_ 7/71- × × x _ x
_greemcn_ No, Tex_tle Indus_ 7/75
03-002-03

L_bora_ory $_ud_es o£
Nol_e-Induc_d l_ar_g
I,os_ 87 9Z

_N_O$}I does no_ _l_e _he _em "p_'oJec_I' _or _:h_o level of reGe_rch act_vity.

i _ :



Table F-I

NOISE-INDUCED ]fEARING LOSS

(page 4 of % Pa_es)

Reported FLlndin6, 1'housand_ of Dol|ars

A6eney Project No, _ Projec_ Ti_le I Total Pri" FY _'Y P( FY I _' FY FY }_
or _o Inl- 72 73 7h 75 ?6 77 ?B ?9

tial Y_ar

Indicated

1
HEW/ combined Effects of (24) 18

NIOSH Nols_,Work and lleat on

lluman llearlng_

HSM 99-72-131 Aspects of Ear Tol_r- 50

ance _o Noise

NIOSH-LA-?3-6 Lal_oratory and Field
Study of I_pact Noise 60

Drant (OZA) Darlene Risk Sri_erla Sb 67 _l
RDIoONOO03SO for Inter_li_ten_ No_se

Exposur_

PL-_BO°For- Noise and I_eat Effects 167 x × × ×

elgn Cu_renay on Han 5/72-

_Sree_nt No, _/77
05-0142

Grant (OEA) Effect_ of I_pul_e 61 69 ?6

IS01 O11DO36_ Noi_e on the Auditory

System

Subtotals 6_ 2_4 3_I 3_2 117

_tlma_ed,

_NIOSH does no_ use the _erm 1'project" for _hls lev_1 of research activity.

IProJect tltle_ _e_e no_ _he same in FY ?3,



Table F-I

NOISE-INDUCED IIEARING LOSS

(PaKe 5 0£9 Page_)

RepOrted Fundingj Thou._ands _f Dollars

Agency project No. project Title Total Pr£- FY FY FY T_ FY FY I_ F¥
or to Ini- 72 73 74 75 76 77 7B 7g
tial Year

Indicated

I{EW/ NIEF_-EB-O02 InveBt_&ation of 1leafing 25 25
NIEI_S Loss Tilreshol_ Curve for

Young vs. _lature Anin_ls

NIE_°EB-O02 Combined Effect of Noise 20

Audit ory Threshold

RO1-ES- g69 Combined _pulse- 51 44 44 45
Co_t fnuous Ho_e;

Audit _ry EEEect

NIEND-EBoOOg Ide_tifi=at_on of Phy- B 2g 2g _9 2_

siolo_ica_ Dys_un_tion
_n Neuto_en_o_y ]]_rlns
Loss Snduced by Ototoxi¢

Asent_

NIE]_-E_-008 Phys£olo_lcal Study oE 8 26 26 26 _6
Auditory Fatisue (In-
duced by Nol_e

NOL-ES-2110 Interaction of Noise 100 100 100
a_d OCoto_fc D_us_ on
He,ring Lo_s in

Anir_n_ s ..

Subtotol_ _45 192 _99 99 100 55



T_blc F-I

NO_SE=I_DOCED HEARING LOSS

(page 6 of 9 Pages)

Reported Fundlns, Thousnnd_ of DoIlnrs

Asency projec_ No, Project Title Total Prl- FY FY FY PY PY FY FY FY
or to _nL- 72 ?3 7_ ?5 76 77 76 79

tlal Yenr

Indlcnted

DOD DAOA_60S2 HiIitary pe_£orr_nce- x

(USA) Trnu_Ic OrlgLn_ of

_Ienr£ns Losa

DNOA 4956 Relntlon_hlp o£ S_a_- 62 66

(_SA_ _ng C_l_ng_ _o Acous_Lc

Inputs

D_OC 702B Pr_v_lence _f }le_rln_ _0

(USA) Loss wlthln S_lec_ed

UoSo Army Stanches

DAOB-7030 IIenrins Con_e _vat Lon 46

(USA) _ntens_ Acoustic S_Imuo
latL_n and Nols_ St_sc_p_°

bLIL_y in _he NiIL_a_y
Snvlron_n_

O_ _2_7 Commun_ca_ _ons : _lear_n_ 20

(USN) of Naval Personnel as a
Ftmc_ion o_ Noise

_xpo_ur_

DN-24000_ S_udy o_ hn_omlc Ch_n_ I0 19

_N) in _dd_e _r A_soci_e_
wi_h Nols_olnduce_ Henr_

_n_ Los_ _nd _cou_t_c

Traum_



Table F-1
I_OISE-INI)UCEO IIF_SINC LOSS

(PaRe 7 of 9 pa_es)

Reported FtlndLllg, Thoo_nds of I)ollar_

A_ency Project No. Project Title To_al Prf- FY FY FY FY F? FY FY FY
or to Ini- 72 73 76 75 76 77 7A 79
tia_ Yoar

_od_cated

D0D 0N-240059 M_ddle Ear Campll_nce 8 1_
(gSN) and Zcs Relationship to

MLJ._tnry Related NoLse-
Induced IleorLn_ Loss

(gSN) _ng Loss Among Va_lou_
N_lvy Rela_ed Personnel

DN 160506 I)evelopmenc o_ [)armse 20 25
(_I_) Risk Criteria and _la-

bicabll£ty S_.anda_d
_or Exp_u_o _o Sonar

_r_lr_sm_s s _on_

DF-311650 Eff_c_s o_ Noise on 20 49

_USAF) Air Force Pe_6oone_
_n Op_ratlona_ EI_-
V_rO_men_8

DF-314140 Research on Fer_mnen_ 2

(USAF) and Temporary Shifts in
_ear_ng Threshold Produc-

ed by Expo_uro to Air
Force Noise



Table F-1

NOISE-INDUCED IIFARIND LOSS

(Page 8 of 9 Pages)

Reported Funding, Thousnnds of Dollnrs

Agency Project No, Project Title Total Pri- FY FY FY FI' FY FY FY FY
or to Ini- 72 73 74 75 76 77 78 79
tial Ye.r
Indic_ted

DOD DF-313060 Auditory Re.ponses to 24 22
(USAF) Acoustic Energy Ex-

perienced in Air Force
Activitie_

DF-317610 I_man Subjects for Opera- 3R 35
(USAF) tins Acoustic Research

Subtotal, 248 301 301"

NSF GB-36652 No_se Traurm, Ototox- 20

1¢£_y and the Olivocho-
=hle.r Bundle

8=72 Permanent Effects of x
Noise on Low and Mid

Frequency 1leafing

O1 Interaction of Ototoxic x
DruBs with Acoustic
Trauma

Sub_otals 20

* DOD FY 75 da_ estimated _he _ame as FY 74.



Table F-I
NOIS{_IA/DOCED HEARING LOSS

(Paa¢ 9 of 9 Pages )

Reportod 3_Indfn_, Thousands of Dn]lar_

Aboncy Project NO. project Title Total Prl- FY _' FY FY _ FY F_' TY
Mr to Int- 72 73 74 75 7_ 77 76 79
tta! Year

Indicated

EPA IAO EvahJ_ton of E_fec_s 25

of Nol_ Exposur_ Com-
bined i_Ith Ot]lor S_s_

£_ A_.nte on 6earinb°
a_d Pe_[orrnance

IAG and Evaluation o£ Long-Term _ 7_

Can_r_ct Noi_ Expo_ur_ on EI_ar-

Di£forantLat_on S_-
_w_n _oLse-lnduced

_lear_n_ Lo_ aad Pr_hy-
acu_[_

Auditory Effec_ from
Hoderato NoL_ L_vels _O0

Audlto_y Effect_ fr_,

po_ures

Longitudinal Studies o_

Auditory Ef_act_ fro_
No_se Exposure

Subtota1_ 50 70 500

Tota1_ for M_laa.

laduc_d }learln S Loa_ 2,737 54 l.OB4 1,366 1,979 2_572 1,690 1,541 1,121



Table F-2

NON-AUDITORY HEALT_I EFFECTS

(Page 1 of 3 Pages)

Reported Fundin_ Thou6ands of Dollara

Agency Project No. I Project Title _ Total Pr£- Fi' FY _'Y FyI FY FY F¥ FY
or to In1- 72 73 74 75 76 77 76 79

tlal Year
Indicated

I_W/ Extra-Auditory Effects 42
NIOSH of Nois_ of Consequeuce

to Worker Safety and
Health

Effects o_ Noi_e on 78 21

Non-Auditor y Sezlsory
Functions and p_rform- •

_ anCe /

Health Impact oE Indus- New
trial Noise

Ef£ects of Noise and 30

Ileat on Etealth of Workers

in Metal Industry

S_hto_als 108 42 21

IEsti_ted.
2NIOSH doee not use the term "project" for thLs level o_ research activity,



Table F-2
NON-_UDITORY [1F_LTll /'IFFEC'TS

(Page 2 og 5 Pages)

_eporC_d Fund£ng, ThousandB of _oll_rs

Agency ProJ_¢_ No. Project TitlQ Total Prf- FF _:y FY FY FY FY (1' FY
or _o 1hi- 72 73 74 75 76 7F ?8 79
t_al Yenr

IndLcated

I1_/ N_E]IS-EB-011 Effect:s of NoVae on 16
NIEllS Cor t _eosteron_ S_-

cr_Lon il_ _h_ RaL

NIEH.q= EB- 012 No_s_ Poly_orpho" 12 8
nuc le_r L_llko_¥ _

NI_IS-_-013 No_se and C_11m_d_- -_8 2_

_.)- a_ed _rr_un_ty

NZE_-_B-004 Noise _n t_e Hospital 8

N_E_S_=O03 Tera_ogen_c _ffec_ of 10 8

Noise Exposur_ and
Deprivation

"_ Sub_o_al_ 8 66 40

_IEW/ P1ann_d E_f_cts o_ No_se on 120 200 2511 40.')

.NINDS _ork Su_c_p_b_l£_y _o

120 200 250 &00



Table F-2
NON-AUDITORY Iff_LT]I EFFECTS

CPa,s 3 o[ 3 pages)

Reported Funding, 'fhous_mds o[ Dollars

Agency Project No. project Title Total Pri- FY FY _'Y FY FY FY ]_ FY
or to InL- 72 73 74 75 76 77 78 7_
_tal Ycar
Indicated

DaD DR-313120 Rcscarch on Response 10
Contrnct of Vestibular SyRt_m
F33615_69-C- to hcoustic Stimuli

1246 (USAF)

Subtotals 10

NSF O1 Effect of Noise on

CardLovascular Changes
an Noncardfac Patlonts

Ln ICU

EPA [nterac_ive Effects of 700
NoLse and Other In=

fluonces

Contract Studies of Non-Audltory 186 ,_

Phys_olos/cal gEfects

Subtotals 186 0 700

Totals £or Non-auditory 126 29h 61 820 200 250 400
Health EfEects

"Project funded fo= 2 year puriO_



Tabl_ F- 3

INDIVIDUAl. BE}IAVIOR ]_FF/:C.TS

(Page 1 of 4 Pngcs)

II_l_Ortcd Funding, Thollsnnds of Dollnrs

A_eucy Project No. 1 Proje=_ Title i To_l Pri- FY FY I_" F? V7 FY FY _'
or to In£- 72 73 74 ?5 7_ 77 7_ ?_
ti_1 Yenr

Indtcnted

I_EW/ C,rant ROI Effects of Thr_e 8
NIOSll 0H_00366 SoLmd Environments

on ]]uman Behavior

{;rant RO1 NoLse nnd Iluman P_r- 20
0H-00365 for_mnce

NoLse _nd Industrial Nl_lJ
,_ Accidonts

Subtotals _8

INIOSll does not us_ _h_ tern "project" for this l_v_l of rescnrch activity.

DOD _0B-_9_5 ImproVed Weapon Noise 62 66
(USA) Exposu_ Crtteria

DN 840511 Op_tm_zntion of Per- 54 44
(U_N) fonr_u=_ in Sub_ri_s

DN 0_07_1 Optim_zat_on of Audi- 40 35
(USN) tory Pe_for.mnce in

Nnvml Aviation



Table F-3

INDIVlDCAL BEEMVIOR EFFE_'S

(page 2 of 4 Pages)

Reported Funding, Thousands of Collars

Agency Project No. Project Title Total Prl- FY FY FY FY FY FY FY F7

or co In£- 72 73 74 75 76 77 78 79

t£al Year

Indicated

DOD DR-313100 S_Itaneous C_posure 7 3

(CSAF) to Acoustic Energy and

Other Stressors Pound

in Air Forc_ Env£ron-

m_nts

DF-313070 Whole-Body Effects of x 24 18

(USAF) Air Force Noise on

People

DF-C28540 Research on Intermittent x 46

Contract Noise Effects on Alr

AFOSR-1822- Force Target Detec-

69 (USAF) tfon Task.

Subtotals 233 166 1661

IDOD FY 75 data estimated the same as FY 74

DOT AH=B'73-PSY-41 Field Study of Sonic x 18

(FAA) Boom Startlo Effects

AM-B-73-PSY-31 De_et'nlinants of Startle x 27

(FAA) Response to Simulated
Sonic Boom



Table F-3

INDIVIDUAL BE;_VIOR EFF_:CTS

(pa_e 3 of 4 Pa&es)

Reported FundlnK_ Thousands of DoIJars

Agency Project No. Project T_tl_ Total _i- FY FY FY FY FY FY FY FY
or to Ini- 72 73 7_ 75 76 77 7_ 79

tlal ¥ea_
Ind|cated

DDT DOT/F_IDOD! Ani_l Response _o 38 0
AF _puls_ve Acoustic

S_£rnul£

Wor]¢ at D_CI Foghorn Aversivenes_

NSF _5-33216 Collaborative Rene_rch _4

on 5ooial Psy_ologLcnl
Re_ot_ons to StreB_

GS-2405A _ Collaboratlv_ Research 42

on 5oclal psy©hologlcal
Reactions to Sttes_

G5-34329 Collaborative Re_earch 39

on $oclal _gychological
Reactions to Strops

N_S In_house p_ychoacoustlc _easure° 9B 17 I_
_ont Teohnlquel



Table F-3

INDIVIDUAL 8EI_VIOR EFFECTS

(Fa_e 4 of 4 _ages)

R_port_d Funding_ Thousands of Doll_rs

AS_ncy ProJe=t No. project Titpe Total PrL- FY FY FY FY FY FY FY FY
or to In_° 72 73 ?4 75 7E 77 78 79

tial Year

Indicated

EPA IAG 8ehnvior_l Eorrel_tos 50 50

of Varylng Noise En-
V_ottmcntB

II_-hous_ Vigilance Task Par- IO
fo_cQ I_ p_es_nce

of Inte_Ittent _n-

wanted Noise in Pri-

L_ Tim_ varying _f_¢ts 75

on hu_n r_spons_

Effects on _ask Per- 150

fotr_an=_

Subtotals _0 135 150

Tot_l_ for _ndi- 217 3Bl 361 443 _g0

vidual Behavlor

_ffect_



Tab]e ?-4
NOISE EFFECTS ON SLEEP

(Page 1 of I Page)

Reported Funding, Thousand_ of Dollars

Agency Projec_ NEE ProJcccT£t]_ Tvcal Fr_- FY FY FY _' FY FY pY FY
cr to Ini- 72 73 74 75 76 77 78 79
tial ¥c.r

Indica_cd

_SA 504-09-02 Human Response to 217 254 14_ 150 150
the Aeronautical En-
Vironment

$ubtot.ls 21 _ 254 142 150 150

gPA Contract Quality of Sleep & O 17
EEf_cts R_1_ced to

"_ Physiolog_co_ b Psy-
eholo_ital I_p],lca-
tions

Cor_elatLon of Foreign
and Domestic Data or1

Nois_ Effects on Sleep

Sub_ot_ls O ]7

Tot_la £or Noise Effects 217 254 159 3E0 150

on Sleep



_able F_S
CO_/U_ZCA_"tON Z_EP_R_NC_

(Page 1 of" 4 p_ses)

Repo_t_d _nd_ng, Thousands of Dollars

_ency Proje¢_ _o, Prajecc Title To_l p_'l- _{ F_" FY F_" E_Y FY _'
o_ to In_- 72 13 74 75 76 77 78 79
_ial Year

N_3S _ess*, Hask].n_ and
_p_ec_l _ercep_on

_-7_-232_ _evel_ent o_ T_ _{_Q 100 _O0 100

_e_s_.ng Speech D_-_-

_ub_o_l_ 461 7_ 1_0 1_O 0 100 10_ ?30

(Z}SA) AmlL_ary _er_epcL_n
_nd PBy_hopby_.c_

_SA_ _lu_ _nB£_ee_._ _ x

FaQtars _£fea_n_ _r-
for_l_ce

m _



Table F-5

COI_UNICAT ION INT ERFERgNCE

(Pa_e 2 of 4 Pages)

Reported Fund£n[_, Tho_lsands of Dollar_

Agency Project No. Projec_ Title Total Pr_.- FY lrY FY FY FY FY FY FY
or to _ni- 72 73 74 75 75 77 78 79
tlal Year
IndLcated

DOD DN-040713 Op_ imizat ion of 40 40
_poech Cor_runica-
tlona in Naval. Av_.e-
tton

_1r5:_ DeveT.opmenf: of Audi- 30 33

Acoust £cal T,_lc r_ce
St_ndard_ fo_ Sub-

_rine/Shipboard
Pet'sonn_l

_USN_ Sound Conductton in 25
the E_r Affect_.n_ Mi_._.-
C_t'y Cor_un_.cat ton_

DF-3116_0 Assessment of Hear_.n_ 28 35
_USAF) _.n Flying Porsonnel

Subtotals 124 _f19 109 _

"_DOD FY 75 d_ta estimated the same _s 1_ 74



Tablo F-S

CO_JN ICAT ION I_ ERFENENCE

(_age 3 o£ _ Pages)

Rupor_ed Funding, Thou_and_ of Dolla_s

Agency Project No. p_oJect TL_le Total P_'_ FY FY FY FY FY FY FY FY

or ta In_ 72 73 ?4 75 75 77 78 79

tial year

11_dicated

_PA _ont tact _mpraved Crltorla 59 62
for V_rbal _onununt_

cat,on Erom NoLse in

School_ and ]iom_ En-

vlro_ents

l_I; Volce Lewl_ _nd En- _S

_ons That pe_mit

o Ad_.quate Speech Co_uni-
ca_on

Effect _ Age_ Speech 2OO

Level, IIe_rln_ on Reli-
able Co_unlcat ion

Subtot_Is 59 87 200

DOI/ _01_004 Aspects of Noise ¢,_n_r- I 0 0

_uMi_es _tion & ]learln_ pro-

tecta.on in Underground
Co_l M_nes

C,013_026 Study of Roof W_rnlng 71 8 0

Signals & the IJs_ o_

P_rson_1 ]_ring P_o-

_¢_ol's _-n Underground

C_I Mines



Table F-5
CO_UNICAT ION INT_RFERENCF.

(Page _ of 4 pages)

R_por_ed Funding, Thousand_ o_ DoLlar_

A_ncy pro}cot ,_tJ. Pro._c..ct '£_t:le To_al Pri- FY FY FY _f FY FY FY FY
or t:o In/- 7_ 73 74 7_ 76 77 78 7_
r Lal year
Ind_catnd

Sllbto_als 72 8 O

Tota_ /or Co_uni-
camion Incnr ference 461 -_75 316 296 200 100 100 _30



Tllble P-6

Co_._4uNrrY OR COLLECTIVE RESPONSE

(Page 1 of 2 Pages)

Ilel_ot'ted Fund:[ng, Tho,sllnds of Llollar_

Agency ProJecl: No, Projec_ T_.tle Total Pr[- FY FY Ff Ff FY F_" FY FY
or to In[- 72 73 74 7_ 76 ;7 7_ 79
t 1.a1. Year
Ind£eated

DOT Conl:lrzl_t Measurement: of Corr,- 295 _.30 50

036369 munity No£se and Asac-
('rra_.s No.) e_.ated Itur_n Response

Subtotals 295 130 50

NASA 504-29-O1 .Accep/:ance of ALr- 173 I72 .3. 1.60 161_
Craf_ Opcra(:Lons Tcch-

hJ rlology AssesBmen_

504-29-11 Acceptance of A£rcrafc 205 319 422 350 I50
Operations COrm_un_.ty
NoLse

Subtotals 378 491 654 5[0 510

DOI) DF 313140 Effects of A£r Porce t2 0 0

Noises on Papulation
Surround.tng Al.r Basea

Sub_otal.s _2 0 0



Table F-6

COMMUNITY OR COLLECTIVE RKSPONSE

(P_Se 2 of 2 Pages)

Reported Funding, Thousands of Dollars

Agency Project No. Project Title Total P_i- FY FY FY FY FY I_* _ FY
or to Inl- 72 7J 74 75 76 77 78 79
t£a! Year

Indleaeed

[JUD _iluatlon of :_UD 200 185

No£_ Pollclea and

_uLd_lln_s

_ffe¢_ of NoL_ on 225

Cormun_ty D_velopmen_

_Itbtot_l_ 200 410

_PA Eff_ct_ of Nois_ on

Cca*_nlty R_spon_
RelatAd _o Annoyance

Iden_flcat_on of En- 200
v_ro_men_a! No_$_

Lewl_ fo_ Det_mln_ng

Cur_la_e Do_e E_p_-
_ur_* for Different

P_pul_on S_me_ts

Sub_otat_ 200

Tota_ far Comm_n£_y
or Colle_ve R_po.8_ _95 410 821 _,I14 200 _10

.L ,



Table F-7

DO}IESTIC ANIMALS AND WILDLIFE

(Page t of i Page)

Reported l_nd_n_, Thousand._ of Dollars

Agency ProJec_ No, Project Title Total P_£- FY FY FY FY FY I'Y FY FY
or to Inl- 72 73 7t+ 75 76 77 78 79

_lal year
Indlented

DOA 0057475 The Effect of Noise x x x

SC-00945 Pollut£on on the

Fowl

i

• T



Table F-8

_IEASUREHENT HE2]IODOLOGY AND CALIBRAT]CON

(Page 1 of 4 Pages)

Reported Fundlngj Thousand.q of DoII_rs

Agency Project No? Project Title "_ Total Prl- FY FY FY FYI FY FY FY FY

or to Inl- 72 73 7L. 75 76 77 7S 79

_Lal Year

Indicated

._ IIEW/

I_TOSI! T,_u_I_rinl Aud _omet- :ll 5_ _0

_NTO,qH do_s no_ us_ _h_ [_r_ "project Ir for _Ii_ _.evel of re_e,_r_h ac_v_._y,



Table F-8
NEASUR_ENT HET}IODOLOGYAND _LIBR_TION

(Page 2 of 4 Pases)

R_ported Fundtng, Thou_nd_ of Doll4r_

Asency Project _o. pcoJecc T£Cl_ ToCnl Pr£- FY FY FY FY FY FY FY FY
or to _n£- 72 73 7_ 75 76 77 78 79
CLal Year
_nd£caced

_4/ Measurernen_ of Oc- 32 44 28
N_OSH cupacioual Noise

Subtotals 63 96 1_8

UODt I_OD-6739 Research on Psycho- x 85 [95

(USA) acoustical Froblems
_tedtcally SIsn£££o
cane co Ar_y Av_atton

DN-61214fi Atrborne NoLee CriCerte 69 7_
(USN) for Shtpa and Sub-

_r_ne_

DF 313020 Mechantame of Norse Cen_ 3 2
(USAF) eracicn and Recepcton

an Related co Air Force
Blo_cous_ _c Prosr_mo

DF 3_3030 B£oacouscie EnvironmenCe 92 68
of _AF Aerospace Systems

DF 317570 Bloenvtror_encal _oLse 4
Reaea_ch Program

IDODFY 7.5 dace eaclzne_ced the sa_ e,e F_ 74.



Table F-8

HEASilR_4ENT METIIODOLOG_ AND CALIBRATION

(Page 3 of 4 Poge.)

Reported Funding I Dollsr_

Agency Project No. Project Title Total Frl- FY FY F_ _T F"t FY FY F¥
or to Inl- 72 73 74 75 76 77 78 79

tla[ Year

Indicated

DOD UF 314500 Revelopment and Up- 32

(USAF) dstlng of Air Farce

Land Uee Planning

Procedure with _spect
to Aircraft NoiBe

UF 316600 Measurement and Analysis 13 15

(URAF) of Aircraft Noise En-

vironments for Vevelvp-
1.hE NeW A_r Force Pro-
cedures to Forecast

Noise Expoaure

_ubto_aIB 337 354 354

tDOD FY 75 data e_C_ated the same aa FY 74

I(UD Hud Urban Noise Measure- 117 263
meni: Sye eem

Development of I_o£se At- 175 50
tention Meanurea

Subi:ocale 117 438 50



Table F-8

HFASUREEE_T METI]ODOLOGY AND CALIBRATION

(Page 4 of 4 PaSes)

Reported Fundlng, Thous.nds o£ DoHars

AgQncy Project NO. Project Title Total Prl- FY FY FY FY FY F7 FY FY
or _o _nl- 72 73 74 75 78 77 78 79

tial ¥e.r

Indic.ted

_ASA 504-29-11 Characterization of 532 &09 &04

V/STOL Noisem

EPA Work at Instrumentatlon and 24 32 O

DOC/NDS Measurement Sys_ema

_o_ No_s_ E_posure of

ludlvldu.ls

DOI/ SOl&4Ogl Portable Callbration 0 15 O
BuM_nes Instrumentation for

Audlod_meters--Fe_si-

_llty Study

To_a1_ _or _easurement

_ethodology & Ca_ibra_£on 1,073 1,34_ 91_



APPENDIX G

ADDENDUM

This appendix in Included in the interest of being complete. It
contains s project Eecelved too iste to be incorporated into the report.
The project would have been considered in the measurement methodology
and calibration category. Fiscal data in the report do not reflect
the fundlng for thle project.
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Prediction and Reduction of the Noise Impact
_tthim and Adjacent to Ar_y Facilities

US Ar_y Construction Engineering Research Laboratory

Project No: 896-06-001 1 July 1974

1. _C}_ICAL OBJECTIVE: To develop methods to quantitatively predict
the noise pollution impact of Army operations, Including blasting, heir-
copter operations, ±ndustrial plants, ann transportation, on civilian
and military populations and re develop ann assess means to reduce the
noise £mpact Of such operations.

2. APPROAL_: In conjunction _rlth other Army and governmental agencies
such as the Environmental Protection Agency, the _eana to predict the
soles impact of Army activities and/or facilities wlll be created and
teated. The prediction will be a composite of all noise sources and will
form 4_equal nolotnese" contours which can be overlayed upon land use maps
to graphically expose incompatible zones. Based upon the predictions,
operntimnal and physical means to reduce the noise impact will he con-
etdored and evaluated for coat, effect upon Army operations, and effec-
tiveness in noise nLtttgation.

3. P.RO_ESS: 73 07 to 74 06. The noise prediction model for blast noise
has been completed and initially tested. Field noise measurements have
been eo_plmted on the Army inveucory for rotary wing aircraft. When ana-
lyced, this data trLll 80 into the Trt-Service Aircraft Noise Impact Pre-
diction C_puter Program and enhance the Army'o ability to predict noise
i_paet of rotary wing aircraft operations. Construction has begun on
unmanned noise mnitorimg equip=eat which will be placed in the environs
of a facility ¢o teat the noise impact prediction technique. Work has
bern Luitt_cad to quant£fy the human reaction to blast noise into terms
and units recognisable and relatable to ocher noise sources.

4. OVERALLPLM/:

a. Tha means to predict and reduce the noise impact of military fa-
cilities will be created. One physical measure will be used to rate all
of the various noise sources from the following classes:

(1) Blast melee;

(2) Fixed wlng aircraft;

(3) Rotary wing aircraft;
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(4) Mobile equipment;

(S) Fixed equipment and installations.

To the extent applicable, measures recommended by the Federal Environmen-
tal Protection Agency will he employed.

b. This work is patterned after Air Force work on the prediction
of noise impact from fixed wing aircraft. Essentially an iteration
procedure must be followed for each of the above classes of sources
(except fixed wing which the Air Force has completed) in order to de-
velop an accurate prediction method.

c. Actually there are two predictions involved; physical and psy-
choaceuetleal with the psychoacoustlcsl prediction based upon the results
of the physical prediction. Thus, in the iteraCive testing for accuracy
two specific tests must be employed; one for the overall physical pre-
diction, the other for the predicted psychoacouetlcal response of the
community.

d. The following program steps must occur within each class of
sources in order to create an accurate prediction submudel for that class.

(i) First of all, a trial noise impact model is created for the
class and a computer prediction program is created based upon the model.
Initial deficiencies in the data base are identified. These data de-
flclenedes are of two types: psychoaeoustlcal data and physical data
which include data about the source, the path, and the receiver.

(2) Documentetlon le prepared for the computer program explaining
ice ueQ. Thlm doet_entation Includes creation of a manual that informs
_acilitiee of the mnnnmr in which they are to compile operational data
_or submission into the computer program and subsequent generation of
impact contours, creation of an operations manual dealing with the use
and operation of the program, and creation of a programmers manual deal-
Ins wlch the detailed progra_descrlptlon such that other_lltary ae-
tivltlee can implement the program at various data processing centers.

(3) Computer generated results are obtained for use by the various
inatallntlon8 and for testing the accuracy of the prediction. Based
upon the prediction model and the computer presto, a manual is created
_o that the facilities are able to inteepret the computer results and
can understand the moles impact that their faeL11ty creates.

(4) Electronic Inetru_entatlon le created which monitors the phy-
elnal (acouetleal) energy arriving co various palate in space. This
meaanred energy is compared _r_th the physical prediction. Diaerepancles

the prediction dletate the need for alteratlon of the model and the
need for additional phyelcaZ data.



(5) Co_nunity surveys are conducted to assess the co.unity re-

sponse to its acoustical environment. The results of the surveys are

compared with the prediction of the casualty response, Discrepancies
in the prediction dictate the need for alteration of the model and the

need for additional psyehoacoustical data.

(6) A manual is prepared on the means to lessen adverse noise
impact.

(a) These means include a variety of methods such as scbedulln 8

changes, location of changesp orientation changes, equipment chanEes_

attenuation structures, attenuation devicesp and lend use changes.

(b) All of the mitigation methods are evaluated with respect to

the attributes of ability to reduce noise impact, cost, and impact on
Army programs.

e. AS the submodels for the various classes of sources are created

and tested they will be combined into a single overall prediction model
with its associated computer program and implementation m_nuals. These
manuals are similar in nature to the_mnuals described above but deal

with the entire prediction rather than subclass.

5. WORK TO _EACCOMPLIS_ED IN FY 75:

(1) Analysis and reduction o_ pl_sical data including:

(a) Correlation of 20j0QO blast data with 800 weather-.sund velo-
city data points. (December 1975)

(b) Reduction of rotaty wins data into raw 1/3 octave data and

into units which correlate with human re.psn,e, (April 1975)

(2) Adapt and ornate soft_arn for usins complete rotary wimS air-

craft d_ta uBin 8 the Air Force Program as a point of beginning. (Air
POrte Pto_ram only considers frequency above 50 hz - hsllcoptermay
l_eak at abo_t 25 hz_) (February 1975)

(3) Pnyehoaeoustioal tests and data analysla including:

(a) Results of rotary wins test. (December 1974)

(b) Reuulta of pilot blast noise tests, (January 1974)

(4)' UaaE manual to de_crlbe form and pre.entatlon of helicopter
data to tha c_putot from the installation will be created. (July 1975)

(5) PtoEr_ar and oporatlons documsntatlon of the blast noise

nomputQr proEr_m (non_oar portion) will be created. (February 1975)



(6) As a special consideration of mobile sources, the effects of

traffle noise to residential (barracks and family housing) structures
(quantified in distance from traffic areas will be considered using HUD
data as a base or point of beginning), (June 1975)

(7) Testing of the physlcal blast noise prediction will be imple-
mented by:

(a) Constructing measurlnS system (same as being built for EPA) -
our testing equipment will include blest monitoring capabilities while
EPA's *;/11not. (January 1975)

(b) Test of the system in the field and evaluation of monitoring
results. This will be an on-golng activity with periodic evaluations.

(8) Set up for new blast measurement to explore the effects of
different cllmate and terrain. The measurements will tske place in

FY 75. (July 1975)

(9) Initiate by contract community surveys to assess the response
to facility blast noise. (March 1975)

6. WORK TO BE ACCOMPLISHED IN FY 76:

(i) Results of laltlal social survey/community response wlch re-
spect to blast noise. (January 1977)

(2) Results of blast noise psychoecoustlcal tests. (January 1977)

(3) Ineluelon of vehlculnr and fixed sources. (All Year)

(4) Additional blast and posslble rotary-wlng measurements. (All
year, _ncludins analysis)

(5) Impl_meatatlon of blast noise and rotary wing aircraft classes
with the DOD manual (omlt vehlcle and fixed noise sources), (All Year)

(6) Continued base monltorlnE to test physical prediction. (All
Year)

(7) Prellmlnary attenuation and mltlgaClon work with respect to
blast noise _nd rotary wlng aircraft, (All Year)

, G-5



7. Fundln_ S,,_mary (Dollars in Thousands)

Ccumit- To

mant ,1_74 FY75 _76 I_77 FY78 _79 Camplete

CFY-1 CFY BFY BFY+I BFY+2 BFY+3

In- 195 175 250 250 250 250
House

Out-of- 35 75 45 45 45 80
House

Other 20 I0 85 80 80 80

250 260 380 375 375 375 450
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ABSTRACT

The Interagency Machinery Noise Research Panel was established

by the Environmental Protection Agency to ald EPA in fulfilling its

responsibility for coordinating the Federal noise research activities.

As its initial task, the Panel prepared this report summarizing the
Federal government's machinery noise research, development, and demon-

stration activities. The Federal agencies which sponsor and/or conduct

_he major portion of these actlvi_ies are represented on the panel.

They are Department of Defense, National Bureau of Standards, National
Science Foundation, Bureau of Mines, National Institute for Occupational

Safety and Health, and EPA. Department of Labor is also represented.
Other agencies which sponsor machinery noise RD&D are the Department

of Agrlculture and Consumer Product Safety Co_aulss_on° The report

, contains brief descc_p_ions and fiscal data for the agencies' activities.
5 Emphasis is on fiscal years 1973 through 1975. Also included are

references and bibliographies of reports and publications which have

i resulted from the Federal machinery noise F_&D activities.
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1.0 INTRODUCTION

EPA has established four noise research panels consisting of

representatives from Government departments and agencies to provide

informational exchange, a forum for interagsncy discussion, and advice
to aid EPA in its role as the coordinator nf Federal noise research in

accordance with the Noise Control Act of 1972. The panels and panel
membership reflect the major thrusts of the Federal noise research
programs as follows:

Noise Research Panel Current A_ency Membership*

Aircraft NASA, DOT, DOD, I_D, DOn, EPA

Surface Vehicles DOT, HUD, DOD, DOn (NBS), EPA

Noise Effects HEW (NINDS, NIOSH, NIGHS), DOT,

NSF, HUD, NASA, DOD, DOL, DOC(NBS),
EPA

Machinery** HEW (NIOSH), DOI (Bureau of

Nines), DOT, DOD, DOL, DOC,(NBS),
EPA

These panels provide the formal mechanisms for interagency consld-
eration review and assessment of research in the four technical areas.

The primary functions of the panels in their respective areas are:

Review and assessment of the state of science and technolosy

relating to noise.

- Review end assessment of the status of noise research and

technology development.

Identification of technology gaps and research needs.

Preparation of recommendations concerning ongoing research
activities.

Recommendations of noise research programs and projects and

methods for accomplishments.

For _he purposes of this report, the term '_aehinery" includes all
mechanical devices not classified as aircraft or surface vehicles.

* Glossary of Agency Acronyms in Appendix A.
** List of Machinery Panel Members in Appendix B.



l_ahlnary than umane not only induntrlal machinery, but also household
appliancne, toyed some construction equipment, electronic devices and
equipment, office maahinas_ sardeni_ and power tools, furnaces and air
eonditionorn. As the panel is concerned with noise reductiou in seneralj
this report will also deal with research on structural transmission of
nbiam and buildins acoustics, and the use of noise control materiels.

1.1 P_POSE AND SCOPZ

This le the first report prepared by the Machinery Noise Research
Panel. Zt presents a s,_ry of current Federal prestos and projects
which seek to understand and control _chinery noise. To view these
Federal e££orCe fro_ a proper perspective, the report also addresses:

= sources o£ machinery noise

_pact Of machinery noise

* pr4vaCe sector efforts in machinery noise RDSD

This report dnen not address:

tho state af teahnolosy for controlling machinery noise

neeaaneh ncede in machinery noise

adequacy of current Federal

role of the Federal Government in _chinery eclat I_D&D

This dont_ont alao will be used by the Environmental Protection
ASancy in praparins a report ca satisfy Section 4(c)(3) of the Noise
Central AaC of 1972. EPA in required to report on the status and pros-
runs og Federal activities rolatinS to noise research and control and
ca ncsoee the contribution af such nativities to the Federal Covern_eetts
overall efforts to control noise.

Activity for fiscal year (FY) 1974 is emphasized, program continua-
tion throush FY 1975 is noted whore possible, sad £undias and work
c&rriad out dur£_ FY 1973 ie reported. The data on which the report is
bamod came frc_ two sources: ASoncion f response0 co s 1974 request
from 2PA on Fedora1 noise activities and iafonnntion supplied by the

panel ammbars in 1974. Althoush the data are currnnt as o£ the end of
1974 and fairly co.pinta, there are variations in the ways asencies
calculate the costs of overhead far choir in-house research. Thus,
comparisons bat_amu aSOnCieO t reported fiscal data ors not exact.
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The fiscal data are also incomplete. First, much of the DOD

Research Development and Demonstration (RD&D) on machinery noise

is clnsslfled for national security reasons. However, general re-

search areas and the extent of overall funding Is reported. Secondly,
NSF carries out research only through unsolicited grants. Thus, it

is impossible for NSF to predict what research proposals may be
received and funded.

Conclusions and recommendations made in this report are the
collective opinions of the panel members and do not necessarily

represent their agencles I policies.

i.2 SOURCES OF MACHINERY NOTSE

Considering the definition of machinery used in this report,

there are literally countless sources of machlnery noise to which

people are exposed. Machinery is found in almost every human environ-

ment. In general, exposures in the industrial occupational environment
are the most severe in terms of both level and duration. Examples of

some machinery nqise levels in the worst industries are shown in Table
1.1. It should be noted that these levels are only representative.

Many parameters, such as manufacturer, working materlal, size of the
machinery, etc. can affect the noise level. Appendix g, whlchmakes

no attempt to be all-lnclusive, identifies 357 machines in 20
industries.

Machinery noise else occurs in the home, in hospitals, in office

and residential buildlngs_ and in the community. Some general

categories of sources include appliances, building equipment, power
tools, and toys. Examples of these sources and their noise levels
are shown in Table 1.2.

As specified in the Section 5 of the Noise Control Act of 1972

(Public Law 92-574, 86 star. 1234), the first step toward promulgation
of noise standards for new products is identification of those products

which are major sources of nolse. On June 21, 1974, EPA designated

portable air compressors rated above 2.124 cubic meters (75 cubic feet)
per minute and medium and heavy duty trucks as major sources of noise.
The designation was based on "air compressors as the major source of

sound energy and the most widely used product among pieces of construc-
tion equipment contributing to construction site noise" (after medium
and heavy duty trucks). (gel. i)* The designation was based on
environmental noise impact and not occupational noise impact, which

is principally concerned with hearing loss.

* For references, see Section 5.0



Table I.I EXAMPLES OF INDUSTRIAL MACHINERY NOISE SOURCES

INDUST.RY TYPE SOURCE NOISE LEVEL (dBA)*

Constrt_ctlonEquIument Air Compressor 81
15.2 meters (50 feet) Jack Hammer 88

Generator 78
Pile Driver 101
Crane-Derrlek 88
Back Hoe 85
Rock Drill 98
Pusunmt tc Toole 85

Metal Working l_chlnery Drop Ha_ers III
(Operator position) Punch Pros.ca 107

Rlvetln8 Mnchlnee 117
Chipping Machines 127

Wood working Mnchlnery Planers 108
(Operator position) g.ws 111

Molder. 99
Tanoners 95

Textile Manu facturins Looms 102
Mnahinory CombinS Mnchino. 95

(Operator position) Reducing Mnchinoa 95
Bloachins, Dyins and I00
_lnishins Machinery

NOTE: Levels are only representative.

Rafnrancaa and a more co_prahanliva ,list are found in Appendices
E and F.



Table 1,2 OTHER MACHINERY NOISE SOURCES

CATEGORY TYPE SOURCE NOISE LEVEL (dBA)

Home Appliance Vacuum Cleaner 73
.985 m_ters Clothes Drier 63
(3 feet) Dish Washer 65
(Ref. 2) Shop Tools 83

SewinE Machine 73
Waste Disposal 78
Food Blender 75
E1eotrlc Can Opener 66
Air Condltloaer 58

I.C. Ensine Powered Lawn Mowers 72
Tools 15.2 meters Chain Saws 83
(50 feet) Snow Blowers 85

(Ref. 3) Lawn Edges 78
Tillers 69
Garden Tractors 75

NCTE: Levels are only representative.

b
5



1,3 D_IPACTOF MACHTNERYNOTSE

General agreement exists that hearing lose is the most severe
health effect of long term exposure to noise. EPA has estimated that
as many as 25 million American workers have been exposed to noise
potentially hazardous to their hearing. Noise from machinery sources
in industry has been shown to affect work performance, cause short term
phyelolngical changes, and interfere wlCh warning signals. (Ref. 4)

Estimates of the costs for reducing occupational noise to levels of
mars£nnl protection against hearia_ lena run into billions of dollars.
(Rof. 5) Hm_ever, these estlmatee are crude at best and little data
exist to adequately define the extent of the machinery noise problem in
the occupational environment and to assess the availability and cost of
technology for industrial noise control. The available data do
indicate that the problem is complex in terms of the vast number of
different machines in use, severe in terms of numbers of people exposed
to hazardous levels of noise, and costly in terms of available control
technology.

Although noise exposures in industrial environments ere the most
severe, machinery sources can impact sIsnlffcontly in other envlromnents.
Machinery noise may disturb sleep, annoy, interfere wlth activities, and
contribute to fatigue and irritation in residential, hoepltal, office.
or recreational envlror_ments. (Ref. 4) EPA has estimated that 13
mi11Ium people presently reside in areas where noise levels exceed those
potentially hazardous to hearing.

The vase number of machines involved, the large number of people
affected, and the costs involved in control of machinery noise would
suggest the need for a concerted Federal Involvenenc in this area.

1.4 PRZVATE SECTOR EFFOI_S IN MACHINERY NOISE P/&D

The shear -_snitudo of the noise sources and levels in industrial
machinery alone suggest thoC much research would be going on in the
private sector to develop more coat eg£eetive noise control technology.
The Machinery Noise' Research Panel felt than an indication of the RD&D
boLn S carried out by industry wan needed to determine the Federal
Government's role in machinery noise ttD&D. The panel, however, ident£-
fiad major problems of data acquisition on private sector work due to
the proprietary nature of most industry RD&Dand the large number of
fLmas. Trade asooclatians were suggested as an initial way of obtaining
an ind_eatian of machinery noise research supported by industry,



Consequently, o number of trade associations wore contacted end
a literature search was conducted for the period 1971-1974. The
details of the results are reported in Appendlcos C and D, The con_
cluslons are as follows:

Noise Abatement Research by Trade Associations - Trade associations are
not considered a source for large amounts of quantitlzed data on noise
sources, noise levels and noise treatment technology. However, most of
the associations are aware of the noise problems within their industries
and are keeping abreast of existing and new noise regulations.

Nachlnery Noise Literature Search - In e literature search which covered
the period 1971-1974, 321 publications were identified as pertinent to
machinery noise. The abstracts provided virtually no technical
information which could be used in assessing noise levels, noise
reduction techniques, or effectiveness of the application of control
technology. A distribution of over 20 industries showed that seven
industries had no publications at all sod seven industries had less
than ten each. The majority of the publications were either concentrated
in the other six industries or could not be classified. It con be con-
eluded that for most industries there is not much public reporting of

machinery noise research results.

In s,..mary, it appears chst trade associations are not conducting
much research on mnchinery noise and other industry research will most

likely be proprietary. The literature search showed chat for most
industries there were few publications in the period 1971-1974. There-
fore, there is not much ongoing private sector research which will
produce publicly available machinery noise control technology,
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2.0 DESCRIPTION OF FEDERAL MACHLNERy NOISE Rr_D

Table 2.1 shows that eight Federal agencies, including two cOmpO-
nents of DOD, are sponsoring m, chiuery noise research. The Navy by far
has the largest activity, with about a million dollars per year spent
in the machinery noise area. However, the results of this research are
classified and thus are not currently publicly available. The other
agencles T in FY 74 together spent a total of more then 2 million dollars
on machinery noise RD&D. The total Federal effort has been in the range
of 2 to 3 milllon dollars per year end appeared to peak in FY 74. A
brief description of each agencyfs actlvicles is presented below.

2.1 DEPARTMENT OF DEFENSE

The DOD research effort in machlnery noise reduction follows the
traditional methods of establishing criteria, determining the noise
producing mechanisms, and developlns techniques to reduce such noise.
This effort ia supplemented, when reduction of the source itself is not
possible, by mitigation through use of structural damping, resilient
mOunts, and the use of acoustical transmission loss and absorptive
materlals.

The major D0D effort is _n the Department of the Navyj in particular
Naval Sea Systemo Comwnd, This work addressma the quieting of ships
to avoid detection, improve sonar listening, and reduce susceptibility
of ships to acoustically actuated weapons and energy detection systems,
Other DOD efforts are conducted by the Army on various pieces of military
equipment. Various military standards: MIL-STO-740 (Ref. 6), which covers
naval machinncY; MIL-STO-1474 (Rof. 7), which covers Army I_atcrial Con_nnd
equi_onC; and MIL-D-008806B (Ref. 8), which covers Air Force equipment
aboard aircraft_ provide guidance in how to measure noise and standards
of acceptability.



Table 2,1 MACHL_ERY NOISE P/&D FUNDING BY AGENCY

(Thousands of Dollars)

I_ 73 ley 74 _ ,75
AGENCY

DOI/_remu of Mines 337 528 7301
DOO/NBS 138 264 265
HE_/N_OSH 16_ 226 138
NSF 243 356 -
EPA 60 230 100
DOD/USN3 . . .
DaD/USA 178 490 245

I

CPSC 0 70 0
USDA 0 20 92

972 2,184 1,570

I $_oJected

2This fiBure does not reflect $60.5K funded _n1_'72 for work dane im
73.

_avy funding for specific RD&Dactivities in MaehinQry Noise cannot
be reported for security reasons. However, the total effort in this
area is about $1 million each year.

2.1.1 UtS , Nav_

_n addition to the various military standards mentioned abov% noise
level requirements are frequently orated in the individual shipbuilding
apecificatious for items o£ special interest. While the Navy effort is
primarily concerned with radiated and sonar self-noise, such effort re-
sults in quieter machinery. The primeipal notes offenders are those
associated with propulsion plants. These include internal combustion
enEinns, sears, valves, and auxiliaries such as pumps, motors, generators,
eCo,

Diesel Engines - The moat serious noise produclng_aehlnery item is the
diesel engine. Noise levels in the vicinity o£ unquimted diesels as high
as 125 d_A are not uncommon. Theoe noises are caused by the exhaust,
piston impact, valves and other moving parts. Stsnif£emnt reductions
have been obtained as a result of research in _uffler dosiSu, use of
heavier engine parts, lining of intake ductim8, acoustical eladdinE and
enclosures. Because noise levels 8enerally increase prim_rily with speed
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a_ to a leaaer extant w_th increase _n bore, stroke, and u_ber of
cylindera, alawer engines are used where feasible.

_drmulln Systems - Extensive research Is being conducted on hydraulic
system nolee reduction. In eddltlan to the work on specific components
such as ptnnpe and valves, studies ere being conducted on aeoustlcal
filters, flexlble pipe connections, pipe hangers, and pips damping.
Handbooks are under development to (a) sum_rize all physical, acoustical
end usage data on flexlble pipes and hose connections, and (b) depict the
deslgn of noise reducing pipe hangers.

pneumsatlc F[nehluery - Pneumatic machlnery is quieted bya combination of
damplng and careful machining 0£ components.

Rotating Eleetrleal Haehluery - Rotating electrlcal machinery produces
noise 0£ three types: meehanlealp alr£1owand magnetic. The mechanical
noise can be reduced by careful balancing of the rotors, control of
clearances, and lubrication. Brush noise is eontrolled by using holders
of dan|ped_aterlal, proper tightening| hearing brushes, polishing of
commutators_ and correction of eccentricity of sllp rings or new.ureters.
Balancing rings are used to facilitate balancing. Air flow noise is
e_sentlally fan noise and is discussed in a following paragraph, Magnetic
nclae, whlch is caused by variations in the magnetic pathp can also be
rmduead by carn_ul balanclng.

Electronic Equfpment - GenereZly noise from electronic equipment is air-
flow related. The air flow causes vibration of internal components such
es elements on circuit boards as well as the items discussed under fen
noise. Electronic cAblneto, because of their light welsht, are quick
to resonate. Roeaermh Is umdereay to determine the proper appllcatlons
of air intake end exl_sust mufflers, quiet fans, and damplng to reduce
thin noise scarce.

Sound Path Isolators -Ideally, noise should be reduced by controlling
the aourme, the component itself. Zf thin cannot be done adequately,
there is the problem of transmission by a struetureborne path and sub-
sequent reradiatlon. Structureborne tr_nsmlssion of noise can be reduced
by the proper use of resilient mounts and mounting material. Mounts
have been developed _rma various types o£ distributed isolatlon materlals
(D]_4) and with capacities up to 4,536 kilograms (10,000 pounds). These
are ccamerclally available. Re_earch on mounts is in process to improve
the raelntancc of the materlal to deterioration from ozone and o£1 and
from very hlgh ambient temperatures. Reduction in struetuteborne paths
is also achieved through thn use of structural damping. Damplmg reduces
the amplltude o£ vibration At the resonant frequency of the structure.
Damplngmaterlals developed under Navy spmnaorehlp are also widely used
in non-Navy applications and are commerclally available. Research is
continuing to develop damplugmaterlals eultable for higher temperatures
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and heavier plate. A design handbook is being prepared for dumped
foundations.

Gas Turbines - Turbine noise results £rommany sources including
_tho rotor, motion of Cha rotor blades past the steCor
blades, and _low through the exhaust and intake ducts. Silencing has
bean achieved through the use of microbelancing of the rotor, damping
of the turbine blades, damping of the reduction sear caring, lining of
air intake, and use of splitters and septa in the air intake. In
addition, acoustioal enclosures have been developed to silence the
entire turbine. Reductions of 40 to 50 dg have been obtained in the

speech interference bands (500, 1,000, 2,000 Hz octave bands).

C_reeoors - Research is underway to investigate the noise sources
associated with ee_0resaors and the application of available noise
reduction techniques. There include investigation of pulsation dampers,
blovdown silencers, and opt+_ mounties methods.

Fans - Fans uced inventilntion systems and other equipment are
p--_cipal noise producers. Fan noise is generally tonal at the blade
passage frequency or one of its harmonica. _t is caused.by the blades
passing cleon to the _qchine structure. It nan become particularly
serious if the housing or the ventilation ductwork is excited co
renonance. Recearch is being conducted in fan blades, and knowledge
obtained £rcQ pump impeller design is being applied to quiet fan noise.

Gears - Gear hOleS is charecterlsod by broadband noise wlth a number of
discrete tones. There are the various harmonics 0£ the se_r speed,
with those correepondinB to _ltiplce of the pinion speed frequency and
the tooth contact frequency moat prominent. Factors which affect the
sencrationo£ sear noise include unbalance and eccentricity, improper
toath shape and species, helix error, improper aliSm_ent, deflection
under load, lubricant pumping, conch friction, beerier reaction, etc.
Gear noise hac been alSnificancly reduced by more precise _chinin S
(removal of burrs, groover, high cpota, etc.), care in alignment, and
aoourins the r_oval of any £oreisn arterial frc_ the lubricant.
Racoarch continues through the use of computer analysis. Further
reductions in airborne noise levels are anticipated through use of

improved damPiaS, case hardening, and the application of transmission
lees treat_nte to the housing.
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Valves - Valves are noise sources because abrupt changes in flow contours
cause inoreased turbulence levels. Valve types have beau rated in order
of increasing noise generation as follows: plug, gate, check, glebe, and
diaphrasm, The use of frictional reactive elements has greatly reduced
valve noise. Research continues through use ofmathematical modeling
to further decrease valve noise.

Pumps - A pump accelerates a mass of fluid from a region of low pressure
to higher pressure. This acceleration is accompanied by an opposing
force on the housing. If the acceleration is smooth and unlnterrupCed,
what little noise is produced is due primarily to flow interaction. An
axial flow pump moat closely approaches such conditions but its internal
components generate noise. A centrifugal pump is also an inherently
quleC design but noise is generated at blade frequencies. Piston pumps
add noise because of the gears themselves. All mechanical pumps are
subject to noise from leaks at some shaft seals. Nolse control has been
achieved by selecting the quietest usuable type pump. Research is being
conducted to determine more accurately the characteristlcsof the pump
no_ee and to develop quiet new components. In particular, impeller
design modifications for centrifugal pumps are being studied.

Noiee Criteria - Naval research is also underway to deveZop lmproved
meaaurlng techniques to simplify procedures and to permit =ssouremeet of
equipment noise im any space configuration in manufucturln8 plants. The
measurement technique will permit noise levels at the operator's position
to be determined resardlees of the environment and proximity of other
_chlnea.

2.1.2 v_v/u.s,amyI_P, DC

The Army Mobility Equipment Research and Development Center (MERDC)
at Ft. gelvoir_ VS., has oevenal noise reduction projects which are
lleted in Table 2.2. These are brlefly denarlbed below.

Portable Equipment- A 17 cubic meter per minute (C_) (600 CFM) portable
air compressor and three mobile electric generators (1,5V2 30KT/. and
60l_) are being addressed in current progrnma, The compressor project
coat $98K _n FY 73. The two larger generators were Rended at $80K in
Irf 73 with a supplement of $50K in I_ 74. Because the a_aller generator
project has Just bosun, the funding has not been dotormined. The goal
for the larger portable electric generators was to obtain a reduction
from the present 93-94 d_A at 7.6 meters (25 feet) to the middle of the
70-80 dBA range. So far, the program hoe accomplished a reduction to
76-77 dBA at 7.6 meters (25 feet). The sm_limr (I,5K_) generator
project hae already achimvcd a prototype with a holes level of 60-64
d_A at 3.05 meters (10 feet). It le said to be pnactlcnlly Inaudlbla

; at 30.5 meters (100 feet).
r
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Table 2.2 US_ MERDC MACHINERY NOISE RD&D

FY Funding ($K)

Investigator FY 73 ,FY 7_ .rf ,75

Portable Equ£pment

Compressor Noise Control Martin-Marietta 98
Laboratories and
Lord Corporation

Electric Generator Noise Con_rol gO 50

Air Conditiouer Noise Control _ In-house /'00 200 {

Equlpment Noise Survey & In-house
Evaluatlon 2

Military Standard Engines,
Manifold

Muffler ¢
Rock Drill, Crawler Mounted
22K_ Crsee-Shouel4

4.536 _strtc ton (5 ton) crane, wheeled

Cc|npressor 17 c_n (600 ef___ 2/6V-71M _ngine*
1.7 cam (60 e_m), .46 kS/C_ (6.5 pal) compressor
2122 c_m (750 c_n) c_preeeor
Mixer, _etotiller {

l_dlel ar_ saw 4 !
211 k8/cm (3000 pei),.425 can (15 efm) compressor 4
Concrete Sow
Map Printing Van

Hydraulic Noise 3 ..

TOTALS 178 450 200 '

I Funding approved for future years

2Nominal in-house funding, noc dedicated Co noise

3Work carried out relative to surface vehicles but applicable to
machinery noise. Covered in surface vehicle report. (Eel. 9)

• " 4Prior to PY 73

50perntor position only

14



Air Conditioners - A program has been initiated to reduce the noise
loyal of military standard air conditioners below the speech inter-
ference levels of MIL-STD-1474. (Ref. 7) Work will include redesign of
components, evaluation of mounting techniques, and other installation
end application methods, The goal of the program is to reduce the
noise levels of the units to approxlmaCely 55 dBA, 57 dB PSII-4, or
NC-60 (approximately equivalent levels).

E_ui?memt Noise Survey and Evaluation - MERDC has also surveyed and
partially evaluated the noise levels of a variety of other machinery
including military standard engines, roekdrill, crane-shovel, 4.536
metric ton (5 ton) crane, compressor, rotociller mixer, radial arm saw,
concrete saw, ditcher, and map printing press. The work has been
performed with mominnl in-house funding, not dedicated Co noise. The
survey was concerned with both operator noise exposure and noise levels
measured at 15,2 mater. (50 feet).

Hydraulic Equi_memt - l_l_C has had two projects on hydraulic pumps and
systems in vehicles. These projects are covered in the surface vehicle
panel report (Ref. 9) but the hydraulic equipment is identical to that
used in many industrial applications. Major efforts involved isolating
mounts and carotin S up components, but further basic work was needed.
The initial approach wan Co cry co cclect a "quiet" pump, buc it was
dacux_nnd chat chars worn no onticfaetory ccondards for measuring
p_p noise. Work was dana in conjunction with Oklahoma State University
(OSU) and the _acional Fluid Fow_r Association (_FPA) to develop a
procodu_ which has nubccquoucly bean submitted to the Intemationsl
Organisation of Standardization (ISO). As the vehicle studies prosress-
ed_ 4C became apparent chat although most pumps arc raced by their air-
bums noise luvels_ cho real problem is the *_o4sc" thac is fluidborne and
rolaanad downstroke at the honoc_ valves, and rescrvelrc. Levels reached
cha mquivalanc of ovar 200 dBA. It is interosting to note that in
eithmr cans tha noise lc mot_ adversely dependant upon the shaft speed
than cycCc_ pmsaurus but this l. more true for fluidborue noise. In
this ctudy, no cCtompt w_ made to dcvalop a "quiet" pump but rather
Co give an affcetiv8 means to trudeoff performance parameters in ardor
to _ducm uoion. Prosont work generally has boon co study the phenomenon
of noiso in hydraulic systems. This will continue in the furure along
_£ch cha development of practical moans Co reduce noise.
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2.1.3 DOD/U.g.Arm_/CE_

The U.S. Army Construction Engineer_ng Research Laboratory (CERL)
has a single project deallng with measurement methodology for construc-
tion sites. Funding was $40Kin FY 74 and _45K in FY 7.5,

Construction Noise: specification and Control

a. _ackground information and date will be compiled Into a manual for
a number of different task areas, which include the noise to be
expected from construction sites as a function of the various phases
and types of construction, known specifications and regulations
dealing wlth construction slte noise, methods to measure the noise
of construction sites, background information indicating the need
for attention to noise emitted from construction sites, information
dealing wlth the means to lessen the noise _mpacc, and info_nation
and data relating to the cost effectiveness of these noise attenua-
tion means. Specifications will be prepared which will be appro-
priate for different types of construction or localitieSo

Va_ous maaanroment methods will ha investigated for their appro-
prlatenass in tasting for compliance with standards and establishing
the noise from construction altes. EXisting methods to attenuate
noise emitted f_m construction sites, specifically alternate equip-
meat, alternate methods, and physical attenuation will be rsvlewed.

b. New methods will be developed to mitigate the noise impact o£ can-
aczuotian sitlas _r*'.th particular maphasis on the current and near
t_uCure prObl_s of military conatructimn. The cent effectiveness
_11 be detemined for the var/.ous alternative means to attenuate
the noise impact of aonatruacium sites.
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2.2 NATIONAL BURRO OF STANDARDS

NBS has research activities both in building acoustics sod in
development of measurement methodologies for sources of machinery
noise. A summary of the funding for these activities is shown in
Table 2.3.

Table 2.3
NBS MACHINERYNOISE RD_D

(In-house)

Fuodin_(_

7_3 7_4 7_
Activit_

Building Acoustics 97 144 145

M_chinery Noise Measurement Methods 41 120 120

TOTALS 138 264 265

• 5_JI_._E_L_L_L- This activlty's objectives are: I) I_prove
present methodologies for _eaauring noise isolation provided by
battlers, terrain, vegetation, and building .hells. 2) Provide tech-
niques for predicting sound propagation from exterior nolse sources
into occupied spaces. 3) Zveluato engineering data and £nfor_tlon
CO assist doalgners in providing protection against noise of exterior
origin. 4) Improve present measurement methodologies for measuring
and ¢ontrollieE noise generation and propagation between room. as
well as building equipment noise, in order to provide exsontlal,
technically reliable noise control measurement procedoreo to industry
and government.

The specific approachme will be to: i) Develop new or improved
measurement methodology for assessing noise generation end propaga-
tlon within rooms, buildings, and building equipment noise. 2) Charac-
terize the force spectra of "typical" sources of impact excitation,
such as footsteps and characterise the vibratory and acoustic response
of structural elements for specified excitations. Combine to yield
predictions of the response and radiation of floor-ceiling models
for "typical" impacC excitation. Subject results to experimental
verification. 3) Study human response to transient intrusive noises
with the objective of correlating physical measures of noise with

II 17
i



rela_ed subjective measures of acceptability or annoyance. 4) De-
velop new and earlier measurement methodologies for field measurement

of airborne noise propagation between adjacent rooms and compare and
extend by analysis and experiment.

Machinery Noise Measurement Menhods - This activity will determine the
adequacy of present measurement standards for the determination of

sound power emitted by noise sources, and develop umasurement methods
and improvements of these standards in order to reduce measurement

errors. A critical review of present American and international

measurement standards is being conducted in order to assess the ade-

quacy of these standards for the determination of sousd power emitted
by noise sources. The technical community and governmental regula-

tory agencies will be advised of the consequences of this critical

review, and changes in the measurement procedures will be suggested

as indicated, In order to gain direct familiarity with these pro-
cedures, they are belng tried using the NBS reverberation room and

anechoic chamber facilities. It is intended that by these means
both industry and govern_nt will be provided a sound technical basis

for the regulation and labeling of noise emissions from a variety
of products.

2._ NATIONAL SCIENCE FOUNDATION

NSF supports fourteen grants in various areas of machinery noise
research. Sources addressed include heat exchangers, pipelines, in-

dustrial processes, ducts, nozzles, combustion noise, diesel engines,
appliances, and machine tools. Control of the noise path is addressed

in several grants on noise propagation, transmission, and absorption.
Finally, NSF has funded a grant for computer prediction of noise

levels in manufacturing areas. Titles and funding for each project
are found in Table 2.4.

Flow-lnduce _ Vibration and Noise in Hea_ Exchangers - The friction
loss, performance, vortex shedding, plate vibration and noise genera-
tion in a tubular heat exchanger surface with slotted fins (such as

in dry cooling towers) installed in a low turbulence, subsonic wind
tunnel will be studied. The loss across the test core and the ampli-

tudes and frequencies of the vortex shedding from perforated holes,

plate vibrations and noise generated will be measured and correlated
withe theoretical mode_ as functions of the governing parameters.
These results will be used to determine the mechanisms which cause
flow-induced plate vibration and noise generation; the relationship
between the friction coefficient and the flow-induced oscillations;
the influence of perforated hole arrangements, in-llne and staggered
patterns; and the effects of physical parameters, such as the surface
and frontal porosities and the flow length to hydraullc diameter ratio,
on the flow-induced oscillations.

18



Table 2.4 NSF SPONSORED _ClIINERY NOIS_ _D_D

Reclpieut FYFuudiu_ ($K) I

_oJect Title _nstitution ?_ ?_
2

Flo_-Induced Vibration and Noise University of Michigan 55,4
in IIaat Exchansers

Cavitation D_se Sca_e Ef_ect_ Colorado Sta_e Un_versity 2
for Sudden Enlargements In Pipelines ?4,5

_Bearch _nitiation - _pact Nechnnics Pennsylv_nia State 17 _
and the _eneration of Impulsive Sound O_iversitp

B_ic and Appl_d $_udies o£ Noise Stan£o_d Oniv_rs_ty 8? _

Att_nuation of HiSh-Inten_ty Sound Syracus_ University 0 25
in a Condensing V_por

Co_bustion _e_er_e_ Noise 4 Ceo_l_ Inst£tuto o[

Controllin_ the Noise Ra_l_tedf_o_ _r_ue Uuiversity
Diesel Engines 4

Nois_ and Vibration fro_T_anspo_ta- _urdue Uniwrsity 272 _
tion Vehicles and Othe_ _lachinery

Acoustic Prop_sation in Branched Univer_ity o_ Texas 49._ ?_
Solids st Austin

Sound T_nsmissiou in B_ildinss Massschusetts _nstituta _5
of Technology

Re_ea_ch on No_le Prop_gation Nossachu_etts Institute - 152 _
o_ Tec_molo_y

Acoust_call_ Absorbent _teria_s _ pennsylvania State
Uniw_sitN

Optimum D_si_n o£ partitions for Carnegie N_lon
_£nl_o_nd Transmission 4 University

l_ediction o£ Noise _vels in Vi_sinia Polytechntcal 0 39_
Na_uf_ctu_ing Area_ Institute

T_rAES _43.8 _55,4

I_ Fuuding cannot be pred£cted fo_ F¥ ?5
_Fundin_ _o_ _4 month p_riod
_F_nd£n8 for 18 month period
_Funding in F_ 7_ for 24 month p_riod
| Znc_lde_ _o_ _i_o_ _ur_c_ V_h_c_e r_l_ted work

a NaJority of work is Sur£ace Vehicles _u_ £undin_ £s not included in th_ _ota_s°
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With these theoretical and experimental results, some guidelines
will be recommended for practical design considerations to reduce both
plate vibrations and noise. Important new spplleations will then
become feasible for automotive and marine power propulsion systems,
oemmerhial and domestic air conditioning and heating syetees and the
dry cooling tower for electric power plants.

Cav ltatlon DsmaRe Scale Effects for Sudden Enlargements in Pipelines -
The purpose of this research project is to determine the incipient
cavitation damage index for sudden enlargements of varlous dimensions
end the evaluation of the scale effects free the data taken. Further-

mere, studies will be carried out on the vibration and noise levels
for cavitation index values between the incipient end incipient damage
conditions.

Res.earch. Inlti.ation - Impact l_chanlcs and the Generation of Impulsive
Neloe - The phenomenon of hlgh speed impact between solid bodies in s
fluid medium will be examined in reference to numerous industrial

machining processes which produce dangerously high levels of repetitive,
impulsive noise. The investigation is three-pronged: 1) Noise tape
samples obtained from numerous industrial concerns using forging,

blanking, end impact extrusion processes will be exsmined with respect

to spectral content, intensity levels, rise times, and pressure dura-
tions to classify and describe impulsive sound eharscterlstice. 2) An
impact ni_lationmechnnism mill be designed and built to evaluate
the deBree to which geometric and material modifications of existing
impulslve-type meehine_y could reduce noise levels. 3) An anelytical
treatment will model and prodlst characteristics of the impact phenome-
non.

_seic and Applied Studie_ of Ngts _ - Specific work supported under
this grant will be basic research on the mechanics of tire noise,
sound generation and propagation in internal, flow _, and prcctical
applications of Ditch sequencing.

The sound transmission characteristics of high-speed internal £1ows

(piplng_ oriflcos, etc.) and the sound generation chsractcriseies of

bloo_ge elo_nto (orifices, diffusers, etc.) will be studies using
tnchelques extended from work on turbulent shear flows in similar de-
vices. The initial work will conslet mainly of rig design, construction,

and technique development.

A study of spplicstionn of the pitch sequencing concept (piecewine

frequency modulation ae used in tire tread designs) will be made in s
variety of synte_ (eawbladee_ blowers, etc,).

Attsnuatlon of _i_h-lntsnsiey Sound in Condensing Vapor - Recent experl-
mental evidence suggests that aerodynamic noise in ducts and nozzles is
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significantly reduced in the presence of smell water droplets. It Is
difficult to account for the observed reduction on the basis o£ exist-

in 8 theories of sound attenuation in condensing vapors. The proposed
research sug$ssts an additional mechanism for attenuation 0£ high-
intensity sound in a condensing vapor, This mechanism is enhanced
heat and mass transfer between the vapor liquid phases due to acoustic
streaming about the droplets at high levels. Other possible phenomena
that may account for large sound reduction In duct and nozzle flows
containing a condensing vapor will also be considered. It is hoped

to provide both an explaustlon for high sound attenuation in condensing
vapors and a means to predict the attenuation. Such a goal_ if realised,
wlll have important implications for the evaluation o£ methods to
reduce internal noise In ducts, pipelines, and turbomechinery.

Combustion Generated Nolse - A combined experimental-theoretical program
will be undertaken to isolate the origin of combustion generated noise
and to discover appropriate scaling rules associated with this noise.
Primary actentlon will be on premixed turbulent flames, although several
aspects of diffusion flame noise will also be investlgated_

The data obtained on free flames will be analyzed end compared

with theory. Correlations will be obtained for sound power output,
directionality, and spectral content. The relation between the me-
action rate fluctuations and the sound power output will be determined.
An analysis will be mode for the radiation of noise from a flame-con-
talnlng enclosure to the surroundings, The modification to sound
power output, spectral content end directionality will be compared with
free flame generated noise.

Comtrollln_ the Noise Radiated from Diesel Engines- There are two meln
sources ot noise in diesel engines: combustion n_e due to burning of
fuel and mechanical noise due to operation of the engine. Aspects of
both sources of noise will be examined. The combustion noise will be
studied by a simulation method. Here a pressure pulse will be supplied
to one cylinder from a pressure source. Both cylinder pressure-tlme
history and the pressure-time history external to the engine wlll be
measured. From these measurements the noise attenuation of the engine
wlll be determined at different frequencies using Fourier analysis.
Zt is also hoped that thle attenuation will be checked with the engine

tanning and driving a dyn_nometer. In the combuetlon noise simulation
study, the effects that structural changes in the engine have on noise
attonuation can be examined without masking fram mechanical noise. The
mechanical noise will be measured by driving the engine with an electric
motor. Using this method, certain aspects of the mechanical noise can

: be ex_mimed without masking from combustion noise.

Noise and vibration from Transportation Vehicles and Other Machinery.,"
To complement the ongoing research at the Ray W. Herric_ Laboratories
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of Purdue Unlversity_ a broad range of research projects in noise
control and acoustics will be undertaken. These include: enclosure

design, automebile engine noise source identification and reduction;
noise attenuation measurements in mufflers; tire noise generation;
appliance noise reduction; machine tool noise reductlon; barrier
design; community noise from rapid transit vehicles; end other pro-
Jects. A new addition, a seml-anechoic facility with overall dl-
menslena 9.75 X 20.12 meters, (32 X 66 feet), will be built Co accome-
date many of the new projects.

Acoustics Propagation in Branched Solids - Experimental and analytical
research will be performed on the propagation of sound through branched
and interconnected solids. The experimental research will be performed
by propagating pulses of acoustical energy at several frequencies along
solid waveguldns onto which branches will be attached at various angles
by various means. The solid waveguidns will be made long enough to
be investigated and measured without the interference from reflections.
As the work progresses, materials wlth several values of dilatatlonal
and shear sound velocities and densities will be used as branches, and
several shapes, machined or formed of such _terlale, will be inserted
as diffraction elements in the main waveguldas and in the branches.
As part of the work, effort will be applied to measuring acoustic beam
patterns in solids in order to better define the relationship between
the distribution of acoustical energy within a driven solid and the
mechanical properties, shape, and size of both the driving and driven
solids and the orientation of the former to the latter. Also, the
experimental work will include an investigation of various acoustical
resistance devices to discover which are most suitable for use as
impedance metchlng terminations for acoustical waveguldee. _le analyti-
cal research will be performed using the results of the experimental
work and will extend the theory of acoustic propagation in solids.

Sound ._caepmleoion in Bufldln_s - This research is relatively broad -*
it is expected to cover the more "conventional" aspects of sound Crane*
mission through walls, ceilings, floors, etc., and also sound propagation
through corridors, doorways,, and "open plan" landscaped areas which
are more frequently being used in office buildlngs.

Research into noise transmission between room, in buildings has
concentrated largely on the acoustic tranmalsaion properties of walls
and wall buildlngmeterlels. However, wlCh the advent of open plan
designs in both living and office spacea the problem of acoustical
rather than structural transmlssion becomes important. Even in the
traditional design of building interiors noise transmission from room
to room through openings can he an important consideration. Recently

' there has been an impetus for a better theoretical understanding of
trnnsmlsslon lose through walls. This le because of the advent of
lightweight construction and emphasis on better acoustical design.

22



One of the major purposes of this research is to apply newly de-

veloped procedures from aerospace studies to the problems of obtaining

better acoustical performance of wall structures.

A multiple purpose, semi-anechoic room will be constructed and
used for the following experiments: I) Open plan office psychoacousti-

col and acoustical measurements. 2) Measurements of acoustical absorp-
tion coefficient by reflection-correlatfon method. 3) Measurements
of footfall noise on carpet-like materials.

Research on Noise Propa_ation - The distribution of sound within build-

ings and the exterior acoustical environment of buildings will be de-
termined. In the former category, it is proposed to study sound trans-

mission through composite structures which are of interest in newer
forms of modular housing and are also used as enclosures for _chines
and other noise sources in industrial plants. In the latter category,

it is proposed to study sound transmission in corridor-like channels
which relate to the corridors in buildings and to sound transmission

in city streets. An important parameter of corridor propagation is
the sound absorption and scattering of the bounding surfaces at par-

ticular angles of incidence. A correlation technique for measuring
these reflection coefficients will be developed. Finally, research

will be performed on a "cellular" model of propagation in complex

spaces that applies to sound distributions in open plan offices, cer-
tain kinds of industrial plants, and to urban noise systems.

Acoustically Absorbent Materials - The goal of this proposed study is
to obtain a deeper understanding of the behavior of sound absorbing

meterlale through a theoretical and experimental program so that optl-
mum use can be made of these materials as dues liners to control noise

from larger air moving systems. To meet this goal, a study will be
undertaken of the behavior of acoustically absorbent material when

subjected to high intensity noise and as a function of flow over the
surface. The effectiveness of the material as a function of the angle
of incldenco at which the sound strikes the material will also be de-

termined. Another important aspect of the proposed work is the deter-

mination of tbe behavior of high intensity complex acoustic modes is

ducts in the presence of the cited conditions.

The results of this program will provide new knowledge to design

acoustically absorbent materials in optlmem geometrlc configurations
for duct liners, and slgnflcently better acoustic and aerodynamic per-
formance.

O_tlmum Desl_n of Partitions for Minimum Sound Transmlssign * The aim
of this program is to integrate recent advances in optimal structural
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design with modern approaches to theoretical architectural acoustics.
The specific objective is co develop approaches to optimal design of
partitions to minimize the transmission of sound. The acoustical
theory techniques considered will include variational methods as well
as computer oriented techniques,

Prediction of Noise Levels in Hanufscturln_ Areas - A co.purer-based
acoustical model of typical industrlsl manufacturing facilities will
be developed to enable the prediction of anise levels at apecffied
points in manufacturing areas. The program w_.llbe written such that
only a limited acOUStiCs background will be required of a user. Basic
Info_atlon on physical plant arrangements and equipment installations

are envisioned as input data. The computer will carry ouc the acoustic
computations and Site predicted noise levels using superpositlon, room
acoustics, and geometric acoustics concepts. Results will be conveyed
to the uaec In e number of different ways, depending upon the need,
computer, or computer te_ioul capability. The reliability of the pro-
gram to model indust_al noise envirouments will he field-rested in the
plants of a number of firms which have agreed to cooperate in this re-
search effort.

2.4 DEPARTMENT OF THE TNTERIOR/_JREAU OF MINES

The Bureau of Minas conducts machinery noise RD_D Co supp0rt its
mission of providing e healthful mine environment. It supports research
on several pieces of mine machinery and is atCemptlng to characterize
the noise in mines from ocher machines. Table 2.5 gives titles and
funding of these projects,

Alternate Conveyor OesiRna for Mine Machinery, - The purpose of this pro-
Ject is to design and develop a new conveyor system which can be adapted
Co existing machinery to reduce the noise from the conveyor co 90 dBA.
A proCo_ype of a quieter conveyor for a apeclflc machine used in under-
ground-coal mining will be developed.

Noise Control in Surface Minin S Facilities -- Problem D_finitton - This
prOject is intended co develop economical noise control of chutes, dem-
onstrate utility, survivability, and repairability of such measures in
the fleld and to develop screens chat are quieter and no harder to main-
talc chart existing systems, Development of the ouccessful methods would
quiet _wo of the principal sources of noise in surface facilities asso-
ciated with coal minas.

Aba_mnnt o,f Noise from PnoumaClc Rock Drills - This study will exsmlne
the use of ferrous and nonferrous dempln8 s11oys for reductloa of
noise by methods suitable for application in the mining envlreament and
will advance toward the seal of a pneumatic percussive drill with a
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Table 2.5 BUREAU OF MLNES MACHINERY NOISE RD&D

Project FY Fundlng ($K)

Project Title Number Investigator (s) 7_3 7._44 75
Alternate Conveyor Designs for H0144078 Foster-Miller 0 148.8
Mine Machinery Assoc., Inc.

Noise Control in Surface Mining ]{0133027 Bolt, Beransk,& 79.4 16.7 0
Facilities--Problem Definition Newman, Inc.

Noise Control in Surface Mining ]{0144079 Bolt, Beranek,& 0 112.4 0
Facillties--Chutes and Screens Newman, Inc.

Abatement of Noise from 07009 In-house 90.1 0 0

Pneumatic Rock Drills

Muffler for Pneumatic Drill: H022048 United States 56.6 15.1 O

I. Analysis & Design Steel Corp.
2. Analysis of Machanlcal Noise
3. Abatomenc of Machanlcel NoLee

4. Let"get Class Drill

Problem of Coal Mine Noise 03009 In-house 100.2 137.3 100
Generation and Correction

Noise Abatoment in Minln S Machinery H0122054 Ape, Bremer, 10.4 39.5 0
Conrad,&Assoe.lne.

Noise Control of Underground H0346046 Bolt, Boranek,& 0 58.7 0
IKeeel-Powered Equipment-- Newman, Inc.
Problem Definition

TOTALS 336.7 528.5 730 *

* Projected.



noise level no greater than 90 dBA, The principal accomplishments to
date have been a pcototype drill with muffler-Jacket, alloy rotational
chuck and constricted layer on 25 percent of the drill rod. The proto-
type had a noise level of 104 dBAwlth a reduction of about 9 percent
in efficiency.

Muffler for Pneumatic Drill: i. Analysls and DesiRe. 2. Anqlys%s of
Mechanical No_se. 3. Abatement of Meehanleal Noise. 4. Larger Class

Drill - This project is intended to design and deliver a prototype
muffler to attenuate the elf-exhaust noise of a 34-kg.-slass (75-pound-

class) pneumatic simper drill to 90 d BAwlth insignificant back pressure
and no icing problems; develop a kinematic model si_alatleg the moving

parts of a pneumatic drill; use this model to optimize noise abatement

designs of a drill and drill rod; and design and construct prototype
mufflers for a large drill (7.1 e_m) (250 cfm) class. To date, the pro-

Jest has resulted in four prototype mufflers whlch were designed and

fabricated for a pneumatic percussive drill of the 34-ks. (75-pound)

class and reduced the exhaust noise below 90 dBAwith no icing or back
pressure problems.

Problems of Coal Mine Noise Generation and Correction - This project
will attempt to define the noise problems in various types of mining

operational to develop and evaluate monitoring instrumentation and per-
sonal ear protective devices; and to reduce the noise levels of pneu-

mails drills. So far, this project has produced: a personal, pocket-
size audlodoaimeter that records the minerts exposure to intermittent

noise levels encmenteted and an earmuff incorporating e special inter-

com system that allows the wearer to perceive low-level sounds (up to
83 dBA) at full volume but progressively attenuates louder noises to be-

low 90 dBA. It else has demonstrated feasibility of fabricating a
noise control system durable enough for the mine env_roement and capable

of reducing the noise level of a pneumatic percussive drill from 115 to
i01 dBA at the operator's position.

Nplse AbatementlnMinlng Mach£nsz_ - This pro_eet will define the noise
sources from halters, loaders, end continuous miners and will assess In-

mine corrective measures to reduce operating exposure to noise levels of

90 dBA. The proposed measures will he then be experimentally evaluated for
effectiveness on a loader, continuous miner, and a rotary roof bolter.

The output of the project will be e report describing in detail the
three machines seleetedj the noise sources, the correstive measures

applled_ and the results from testing the modified machines in a mine
for one month.

• N_ise Control 9f UnderKround Diesel-Powered Equipment -- Problem Def_n-
Itlmn - The prnjest'a ob_eetlves are to define the magnitude of the
noise proble_ from dlesel-powered mining equipment and to evaluate
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available noise control techniques for effectiveness in reducing noise
levels to 90dBA. Hopefully, the project will validate a method co pre-
dict anticipated underground noise levels from sound power data obtained
on the ground surface. This project is a first s=ep toward reducing
noise from dlesel-pownred mining equipment.

2.5 NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

The NIOSH effort in mnchlnerynolse control RD&D is intended to
foster the development of improved control technology for reducing major
sources of industrial noise and to formulate and promote procedures for
minimizing noise problems in the work envlronmsnt. This objective is in
accordance with the Occupational Safety and IIealthAct of 1970 (Public
Law 91-596) and the Federal Coal Mine Safety and Health Act of 1969
(Public Law 91-173) which charge NIOSN with undertaking research and re-
laced activities basic to assuring safe and healthful workplace condi-
tions. In addition to assembling end preparing information on noise
control techniques and matnriels in manuals and easy-to-use guides for
coping with occupational noise problems, NIOSH also supports severdl

grants dealing with the development and demonstration of engineering
control measures for reducing major sources of machinery noise in the
textiles, wood-products and metal fabricating industries. The NIOSH
projects are summarized in Table 2.6.

Noise Control P_search in Wood Planers - These experimental studies are

aimed at reducing noise from woodworking machinery, partlculnrly wood
planers.

Coordinated Textile Industry Nolse Reduction Program - This project will
collect and develop informatlon on noise control methods in the textile
industry. Noise levels associated with typical operations will be
identified.

Punch Press Noise Reduction - Consideration will be given to all stand-

srd noise control techniques, including reduction of noise from vibra-
ting machine parts, gears, clutch and brake operations, air valve ex-
hsusts_ and punching operations. Force reduction through tool design,
use of damping mater_almufflers, isolation, enclosures, barriers, and
absorptlon as well as innovative concepts will be evaluated. The re-
sults will be prepared for utilization by smaller companies which do
not have extensive engineering capabllity.

Industrial Noise Control Manual - This activity w£11 develop a guide-

book for reducing occupstlonal noise exposure, using case-history ex-
amples of Industrlal noise control efforts.
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Table 2.6 SDR4ANY OF NIOSH SUPPORTED MACHINERY NOISE RD&D

Pundlng ($K)

Project Title Invnstl_ator (a_ FY 73 FY 74. FY 75

Punch Press Noise Reduction N.C. State Uslverslty 0 53.8

Noise Control Research in N,Co State U_Iverslty 0 51,8 38°8
Wood Planers

Coordlna_ed Textile _ndustry N.C. State University 0 120 99.5
Noise Reduntion Proeram

Industrial Noise Control Industrial Noise Services 16 0 0
Manual Inc.

Compendium of Noise IIT Research Institute
Con_m01 Materials •

ImpulsQ Noise Recordln8 In-house
Sya=oma e*

TOTALS 16 225.6 138.3

* Funding in FY 72

** Nominal in-house _ndlng



Compendium of Noise Control Materials = This activity will result in a
cross-referenced publication of published noise attenuation data for
all known building and noise control materials.

Impulse Noise Rseordin_ System - Instrumentatlon was developed to facili-
tate recording of impulse waveforms in industrial environments, using
digital recording techniques.

2.6 ENVIRONMENTAL PROTECTION AGENCY

EPA has sponsored several studies to support regulatory needs in
machinery noise. The studies have been for defining measurement method-
ologies, available technology, end cost for compliance specifically for
various pieces of construction equipment. Similar studies on pneumatic
and hydraulic drills and pavement breakers are expected to begin in
FY 75. Table 2.7 lists the studies and funding levels.

Table 2.7 EPA MACHINERY NOISE RD_D

Funding ($K)

Project Description Investi_atoE FY 73 PY 74 FY 75

Portable Air Compressor Noise Technology Bolt, Beranek 0 91 0
and Cost & Newman Inc.

Construction Noise Study Bolt,Beranek, 0 25 0
& Newman Inc.

Economic Impact of Portable Ai_ A.T. Kearney 0 50 0
Compressor Noise Emission Standards Inc.

Development of Noise Measurement Methodo- N.B,S. 60 64 0
Iogy for Portable Air Compressors

Pneumatlc and Hydraulic Drills and Pave- 0 0 1O0
meat Breakers - Technology, Costs, and
Economic Impact

TOTALS 60 230 I00

Portable Air Compressor Noise Technology and Costs - This study exam-
ined the technoloBy currently available for portable air compressors
and the attendant costs to achieve various study levels.

Construcclon Noise Study - "/hisstudy examined a series of reBulatory
approaches aimed at quieting construction sites to various study levels.
The study considered resource costs to the nation as well as the anticl-
paced effectiveness of the approach,

29



Deyelopment of Noise Measurement Methodology for Portable Air Compressors-
This study examined the correlation between far field sound measurements

and those taken in the near field. It also provides a recommended sound

power measurement procedure for determining _he near field noise levels
of portable air compressors. ..... !':':"

Pneumatic and Hydraulic Drills and Pavement Breakers-Teehnolo_y_ Costs l

and Economic Impact - This study will examine the technology available,
attendant costs for reducing the noise output to various noise levels

end the corresponding economic impact of regulating these products to
those levels.

2.7 CONSUMER PRODUCT SAFETY COMMISSION

CPSC has the primary responsibility for establishing mandatory prod-

uct safety standards, where appropriate, to reduce the unreasonable risk

of injury to consumers from consumer products. The CPSC in FY 74 sup-
ported research to develop a consistent set of product noise regulations ,

a test protocol for lawn mowers, and test methods for toys. A summary

of the project funding is shown in Table 2.8.

Table 2.8 CPSC MACHINERY NOISE RD&D

Project Title FY 74 Fundin_ ($K) *

Developing a Consistent Set of Product 20
Noise Regulations

Test Protocol for LawnmowerNoise 15

Noise Measurement Techniques for Toys 35

TOTAL 70

• Projects supported only in FY 74.

Developln_ a Consistent Set of Product Noise Re_ulatlons - This project
will assess current knowledge and recommend addltlonal research to ds-

termlne patterns of noise exposure due to usage of select products, de-
fine practical sound level measurement procedures, define hearing loss

from product use, and define potential for product noise to mask audl-

tory warnings.

Test Protocol for Lawrnnower Noise - The hazard caused by noise from lawn-

mowers will be investigated. A maximum sound level will be suggested
with methods for measurement at the operator's ear position.

30



No.lsa Measurement Techniques for Toys - This project will identify
noise-produclng toys which are potentially hazardous to children's
hearing and/or safety, develop generic test methods by which the noise
exposure due to such toys can be determined and acquire data on selec-
ted toys, Simple screening procedures will be developed for rapid ds-
termination as to whether toys require detailed laboratory testing.

2.8 ._EPART_ENTOF AGRICULTURE

USDA is funding a research project on agricultural processes
noise. It began in FY 74 and is currently in a problem definition
phase. The work is being conducted at Richard B. Russell Agricultural
Research Center, ARS, US[_, P.O. Box 5677, Athens, Georgia 30604. Tile
funding is $20,000 in FY 74 and $92,470 in FY 75.

A_b_atementand..Controlof Noise Associated with A_rleultural Processes-
The objectives are to determine the degree of noise polluCion occurring
in various types of agricultural processing plants under normal oper-
atlng conditions, determine primary vibration sources contributing to
high power level noise within processing plants, and develop and imple-
ment methods and equipment to abate and control noise levels.
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3,0 ANALYSIS OF FEDERAL MACHINERY NOISE RD&D

The current Federal research, development and demonstration

activities address a number of specific sources of machinery noise,
undertake work in building and structural transmission or noise,
and work towards better definition of the machinery noise problem
through measurements and development of more accurate and standard-
ized measurement methodology. The general funding in these areas
is presented in Table 3.1. It can be noted that the majority of
funds are spent on control technology. This observation is further
supported by the Navy's million dollar a year program, most of which
goes for source control technology. In contrast, the funds in the

building and structural category are small. It also appears that
the funds for machinery noise RD&D peaked in FY 1974. This apparent
peaking _my not be actual, however, due to the uncertainty of the
FY 1975 data.

Agencies' current involvements in the three categories of
machinery noise KD&D activities ere shown in Table 3.2. USDA and
CPSC currently are involved only in measurement or measurement,

methodology. NSF, DOD and NIOSN arc supporting research in aU
three areas, while BuMimee, NBS, and EPA are involved in two cate-
gories. The followiug diecueelone s-_rlze the current effort of
the Federal Government in addressing these categories of machinery
noise.

3.1 sotmcg NO!S_ Cg_ROLTEC_OLOCY

Five agencies have RD&D activities addressing noise control
tsahnology for machines. Table 3.3 e,,,_rizes the specific sources
addressed by each agency and the funding data (if available). NIOSH
le currently funding noise control work on maehlnee that have a
slgniflcant impact on the occupational environment. The machines
presently studied are punch presses, wood planers, and various
textile industry maehlnee. NIOSH has also funded the development
of an industrial noise control manual. Bureau of Mines supports
work on various machines tlmt affect the mine work place. Sources
addressed include conveyors, chutes and screens used in coal clean-
ing, pneumatic drills, dleael powered equipment, continuous miners,
Ioadlngmachinee, and roof boltere. The Navy supports work on
shipboard machinery because of the need for quiet ships. Although
specific activities cannot be reported for security reasons, in
general the sources addressed are diesel engines, hydraulic oyateme,
pneumatic machinery, rotating electrical machinery, electronic
equipment, gas turbines, compressors, fans, gear valves, and pumps.
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Table 3.1 sLr_4ARyBY AREA OF MACHINERY NOISE RD&D

Funding (thousand dollars)
RD&D Ares ,_FY73 FY 74 FY 75

Source Noise Control Technology 529 1,307 1,168

Building and Structural Noise 162 370 145
Transmission and Control

Measurements and Measurement 280 507 257
Nethodologles

T(EALS 971 2,184 1,570

Table 3.2 CURRENT AGENCY INVOLV_4ENT TN AREAS OF

MACHZNERY NOISE RD&D

Research Area BUMines NIOSH NSF DOD NBS EPA CPSC USDA

Source.Noise

Control Technology X X x X x

Building and
Structural Nolae x X X X
Tran_mloslon and
Control

Moasuramonts and
MeasuramQnt x x x x x x x x
Methodologles



Table 3.3 SOURCE NOISE CONTROLTEC}_OLOGY

Funding (thousand dollars)

Agency Sourc.____a PY 73 FY74 I_Y75

NIOSH Punch Press O 54
Wood Planers O 52 38
Textile Industry General O 120 IOO
Industrial Noise Control Manual 16 0 O
TO_AL " 16 225 138

BuMiees Mining M_chlnery Conveyors O 148,8 0

Surface Facilities Chutes O 112.4 O
end Screens

w Pneumatic Drills 146,7 15.1 O

Dnderground Df.esel-Powered O 58.7 O
Eqaipmenr

Continuous Miner, Loading 10.4 39,5 0
Rsehlne, Rotary Roof Bolter

TOTAL 157.-'--'_ 374,5 7301

NSF Heat Exchangers O 65 /
Pipelines 74.5 3
Zmpaet Nolse-Industrial 17_

_shlnary Processes
Basic & Applied Studies of Noise 873,s

(Tires, Internal Flows, Pitch
Sequencing)

Ducts and NozzleJ 0 25
Combuatlon Noise
Diesel Engines

Appliances, Machln_ tools, 272 _
Barrier design 6

TOTAL "T78.5 '91 -.



Table 3.3 SOURCE NOISE CONTROL TECHNOLOGY (contluued_

Funding (thousand dollars)

A_enay Source FY 73 FY 74 FY.[5

USN Diesel Engines
Hydraulic Systems
Pneuma£1cMachlnery
Rotating Electrlcal Machinery
Electronic Equipment
Gas Turbines
Compressors
Fans
Gears
Valves
Pumps

U.S. Air Conditioners O 400 200 I
o Army 17e== (600 CFM) Air Compressor 98 0 0

Electric Generators 80 50 =-

Various other military
equipment 7

HYdraulic Equipment s
Tff_ALS 17g 450 200

i_. iii_/



Table 3.3 SOURCE NOISE CONTROL TECHNOLOGy (concluded)

Funding (thousand dollars)

A_eney Source FY 73 FY 74 FY 75

EPA Construction Noise O 25 O

Portable Air Compressors O 141 0

Pneumatic and ltydraulic Equipment 0 0 100
TOTAL --O- _ 100

GRAND TOTALS 529.6 I,SOZ.5 1,168

IproJeete d

_Fundlng for two year period
3
Funding for 18 month period

4Funding in _ 72 for 24 month period

_Includes some minor Surface Vehicle related work

BMaJorlty of work iflSurface Vehlcle and funding is included in that report. (Ref. 9)

;Normal in-house funding, not dedicated to noise

#Work covered in Surface Vehicles but directly applicable to machinery noise,
Covered in surface vehicle report. (Ref, 9)



The Army has several projects which address an air compressor, three
portable electric generators, air conditioners, and various other
pieces of military equipment (see Table 2.2). EPA in its effort to
regulate major sources of noise has developed luformatlon on available
technology and coat of compliance for portable air compressors. Simi-
lar efforts on pneumatic and hydraulic equipment ere projected. NSF
supports research in a variety of areas. Currant work in mashlnery
noise will have application to several sources: heat exchangers,
pipelines, ducts and nozzles, industrial mnehialng processes, diesel
engines, combustion sources, and appliances.

3.2 BUI_DING AND STRUCTURA?.NOISE TRANSMISSION AND CON.TR.OL

Pour agencies are currently involved in different kinds of
activities in this ares. The various projects and funding are
detailed in Table 3.4. NBS has had a program for many years in
building acon_tlcs. The thrust of the current activity is to
improve both measurements and design guidelines for noise control
In buildings. The Navy effort is directed toward the need for
quiet ships. The Navy source noise control activity is supple-
mented by uea of structural damping, resilient mounts, and
acoustical transmission loss and absorptive materials. NSF sup-
ports eeveral research projects iu this category to extend the
theory of propagation of sound. These include studies of air-
horus and structural noise props_ntian in buildings and corrl-
dare, behavior of acoustically absorbent materials, design of
partitions, and transmission through branched solids. NIOSH has
supported a project to compile information on the acoustic and
ether properties of building materials and acoustical absorption
materlals.

t
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Table 3._ BUILDING & STRUCTURAL NOISE TRANSMISSION & CONTROL

Funding (thousand dollars)

Agenc_v Description I_..73 _ 74 FY 75

DOC/NBS Building AeoustleA 97 144 I_5
Program

USN P,ndleted and Platform
Noise Sound Path
Isolators

NSF Acoustic P_epagatlou 50 74 i
in Branched Solids

Sound Transmission in 15 0
Buildings

!

Research ou Noise 0 152 i 0

: Propagation

Acoustically _beorbent
F_sterlalsI

OptS{..-. Design Of
Partitions for
Minimum Sound
Tranamleslon

NIOSH Compendlum of Noise
Control Materials 3

Funding for two year period
2
Funding _n FT 72 for ewe year period

_Fundlng _n FY72
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3.3 MEAS_EMENTS AND _ASUREMENT METHODOLOGIES

All eight agencies which fund machinery noise research have
aetlvltles either to define the problems in machinery noise or
to develop or _mprove measurement techniques for assessing the noise.
NSF has funded the development of a computer-based acoustical model
of typical industrial manufacturing facilities which will enable the
prediction of noise levels at specified points in manufacturing areas
by users with limited acoustics backgrounds. Bureau of Mines has
efforts in characterizing noise and identifying problems in both
underground and surface mining facilities. NBS is developing and

improving methodologies for measuring sound power. EPA has supported
efforts to develop measurement methodologies for various noise
sources, epeclfleally air compressors. Similarly, CPSC is support-
ing the development of consistent measurement methodologies for con-
sumer produc_s in general and specifically, lawnmowers and toys.
USDA is beginning a noise control KD&D program which currently
involves measurement and problem definition. The Navy is develop-

ing improved techniques for measuring equipment noise at operators'
positions. The U. S. Army is working on measurement and control of
non_tructlon site noise. N_0SH is developing a system for recording

impulse noise. The Federal activities and projects in this category
of machinery KD&D ere listed in Table 3.5.
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Table 3.5 MACHINE,_VNOTSE MEASUREMENTS AND _Y_ASURD_NT METHODOLOGIES

Funding (Thousand dollars)

Agency ProJ,ee _ Title FY 73 F¥ 74 FY 75

NSF Prediction of Noise Levels 0 39 0
in Manufacturing Areas

BUMines Definition and Correction lO0 137 0
of Noise in Coal Mines

Noise Control in Surface 79 17 0
Mining Facilities-
Problem Definition

EPA Development of Noise 60 64 0
Measurement Methodolo-
gies for Portable Air
compressors

NBS Assessment of Measurement 41 120 120
Standards for Deter-
mlnatlon of Sound power

CPSC Developing a Consistent 0 20 0
Set of product Noise
Re_lations

Noise Measurement Teeh- 0 35 0
niques for Toys

Test Protocol for 0 15 0
Lawnmower Noise

USDA Abatement and Control of 0 20 92
: Noise Associated with

Agrloultural Processes

NIOSH Impulse Noise Recording
System * . i

USN Noise Criteria
i

i
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Table 3.5 MACHINERY NOISE MEASUREmeNTS AND MEASUR_4_NT
MET}|ODOLOGIES (continued)

Funding (thousands dollars)

Agency project Title FY,73 FY 7____ PY 75

USA Construction Equipment: 40 45
Spec_flcatlon and
Control

TOTALS 280 507 257

* Nominal tn-tlcmsn Funding
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4.0 SUMMARY AND CONCLUSIONS

There ar_literally countless sources of machinerj nols,o. Machinery
noise occurs in :e_ehome, hospltals, offlces, and the 'c_i_n_ty. :--
Generally, however, exposure to machinery noise in the occupational
envlrorn_entis the moat severe, b_chiuery noise, along with noise
from other sources, may produce hearing loss. cause annoyance,
affect job performance, and interfere with warning signals. Other
deleterious effects may also occur, but hearing loss is generally
considered the most severe. Estimates for reducing industrial noise
to levels of marglnal protection against hearing loss run into
billions of dollars. (Ref. 5)

To get a preliminary indication of the private sector efforts
in industrial machinery noise RD&D, a number of trade associations
were contacted and a literature search was conducted, Conclusions

were that trade associations were not a good source of machinery
noise reduction technology, end that most industries have little
or no on-golng machinery noise control P_D whose results will be
generally available to the public.

The Federal effort ou machinery noise RInD is being conducted
by eight agenclee: DOD, DOC/NBS, NSF, DOl/BuMinee, NIOSH, EPA,
CPSC, and USDA. The Federal effort has ranged from two to three
million dollars over the FY 1973 to 1975 time period end appeared
to peak in FY 1974. About a million of this wee allocated by the
Navy to quiet ships. Huch of that work Is elasalfled and le not
currently available to the publlc.

Noise control for sources is being addressed in the mine envi-
ronment, the industrial environment, the military environment and
others. Some research also is directed toward building and struc-
tural noise transmission and control, and other work is going on to
characterise noise envlronmente and sources,

Although an In-depth analysls has not been done, s slgnlflcsnt
part of these Federal expendlcures is directed toward establishing
applications of currently available technology for future use.
While the Federal Govermnent has machinery noiec RD&Dactivities
there is not a nntlonal policy toward Federal involvement in
n_ehlnery noise RD&D. Consequently, each agency conducts research
to support its own mission,
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APPENDIX A

GLOSSARY OF AGENCY ACRONYMS

Symbols A_enciaa

CPSC Consumer Product Safety Commission

DOE Department of Co_erea

DOE (NBS) Natlona[ Bureau of Standards

DOD Department of Defense

DOD/USN Department of the Navy

DOD/USA Departmeat of the Army

DOI Department of the InFerior

BOZ/BUMInee Bureau of Nines

BOL Department of Labor

DOT Department of Transportat ion

EPA Environmental Protection Agency

[. HEW Department of Health, Education and Welfare

HEW (NIEHS) National Institute of Bnvlronmental Health
Sciences

HEW (HINDS) National Institute of NeuroloEical D_sease8
and Stroke

HEW (NIOS}I) National Institute for Occupational Safety
and Health

HUD Department of Hous£ns and Urban Development

NASA National Aaronautlcs and Space Administration

NSF Natlonal Science Foundation

USBA Department of Agrlcultura
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APPENDL_ B

FEDERAL MACHINERYNOISE RESEARCHPANEL

Mr. Stephen R. Cordle, Chairman 202/755-0448
Noise Technology Staff (RD-681)
Office of Research and Development
Environmental Protection Agency
Washington, D. C. 20460

Captain Leeter H. Beekp USN 202/692-0872
Naval Sea Systems Commod (037)
Depart_nt of the Wavy
Washlngton_ D. C. 20362

Mr. Curtis Holmer 301/921-3381

Applied Acoustics Section
National Bureau of Standards
Room A149 Sound Building
Washington, D. C. 20254

Mr. Paul Hopler, chief 703/664-6713
Systems and COmponents Branch -1836
U. S. Army Mobility Equipment Research

And Development Center (MERDC)
Fort Belvolr, Virglnla 22060
Attention: AMXFB-HM

Dr. Morris OJalvo 202/632-5787
Divlalon of Engineering
National Scle_ce Fauodatlon

1800 G Street_ N. W., Room 340
Washington, D, C. 20550

Mr. Milford skew 202/634-1240

Department of the _nterior
Bureau of Mines
Room 9035 Columbia Plaza
Washington, D. C. 20240

55

i
L



Dr, Floyd A. Van Atta 202/961-5005
Occupational Safety and Health Administration
U. S. Department of Labor
Washington, D. C. 20210

Mr. Robert Willson 513/684-3416
Physical Agents Branch
National Institute for Occupational Safety

and Health
1014 Broadway
Cincinnati, Ohio 45202

Mr. Eugene Wyszpolekl 703/557-8292
Office of Noise Control programs (AW-571)
Environmental Protection Agency

C_ystal tmll Building 2
1921 Jefferson Davis Highway
Arliegten_ Virginia 20460
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APPENDIX C

NOISE ABATE_NT RESEARCH BY TRADE ASSOCIATIONS

Trade associations were contacted to:

• Indicate the level of active interest by trade associations
in noise abatement research.

• Indicate the type of noise abatement research being conducted
by trade associations.

• Ascertain the availability of the results of the research.

Accordingly, a llst of 58 trade associations, distributed
over 20 industries,was compiled from Reference 2. "Small"

associations, with annual budgets of less than $250,000, wure not
included, Telephone contacts were made to identify the ava_labillty
of published results of noise research. These results ere com-
piled in Table C-I. Some of the comments aye sunnuarlzed below.

• Thlrty-slx of the associations have not dane and do not
plan to do noise research.

a The research activities of 16 of tlleremaining 22 associa-
tions have been principally noise surveys of machinery,

s Only six of the remaining 22 associations indicated
activities in noise reduction, Research included

- Burner noise reduction by American Gas Association
- Quiet roua application by American Newspaper

Publishers Association

Appliance quieting by Association of Home Appliance
Manufacturers

Forging noise reduction by ForBing ZnduatryAssn.
Vehicle noise reduction by Motor Vehicle Mfr. Assn.
Machinery noise reduction by Western Wood Products Assn.

• Four of the elx asaocletloos indicated chat noise research
results are considered proprleteryand expressed concern
about releasing the informntlon to a GOVernment agency.

a The American Trucking Association data in primarily a
survey of truck noise levels. Similar, buC more extensive,
information is available from the Motor Vehicle
Manufacturers Association.
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Table C-l SUFRdARYOF INDUSTRY/ASSOCATIONS/NOISERESEARCH ACTIVITY SURVEY

SlC

,Code Industry/Assqelatlons Research Activity Publications Available

16 CONSTRUCTION

• Associated Equipment Distributors None None
615 West 22nd Street

Oak Brook, Illinols 60521
(312)654-0650

• Associated General Contractors Research Conducted None

of A_erica through State
1957 East Street, N.W. Chapters
WashinEton, D. C. 20006
(202)393-2040

• Construction Specifications Inst. None None

1717 Massachusetts Avenue_ N.W.
Washington, D. C. 20036
(202)833-2160

• Construction Industry Manufacturers Conducted a Joint TR-SAE-R4 A Study
Associations Prosramwith Farm of Noisa Induced Hear-

Suits 1700, Marine Plaza and Industrial lug Damage for Opera-
IU East Wisconsin Avenue Equipment Instl- tore of Farm and
Milwaukee, Wisconsin 53202 tute Construetlon Equipment,
(414)272-0943 1969.



Table C-I SLr_y OF INDUSTRY/ASSOCIATION/NOISE P_SF_CH ACTIVITY sURVEy (continued)

SIC

Code Industry_Assoelatlons Research Aetlvlty Pu.bll,cstlonsAveilable

20 FOOD AND KINDRED PRODUCTS

$ Csn Manufactursrs Instltnte Plan to start None

1625 Massachusetts, N.W. project on In=

Washington, D. C. 20036 plant nolss
(202)232-4677 reduction £n the

near future.

• National Conners Association None None

1133 20th Street, N. W.
Washington, P. C. 20036

(202)311-5900

• Paekaglng Machinery Manufacturers None None
Association

2000 K Street, N. W.

Washington, D. C. 20006

(202)331-8181

21 TOBACCO MANUFACTURERS

• Tobacco Institute, Inc. None No_e
1776 K Street, N. W.

Washington, D, C. 20006

(202)296-8434

22 TEXTILE MILL PRODUCTS

• American Textile Manufacturers Survey of Eqnlp- None, da_a will be used
Institute, Inc. ment Noise for OSl_ Hearings

1501 Johnston Bu£1dln8 Levels
Charlotte, N C. 28281
'704_]34-&7_



Table C-I SUMMARY OF INDUSTRY/ASSOCIATION/NOISE RESEARCH ACTIVITy SURVEY (continued)

SIC

Code Industry/Assoclatloes Research Actlvit_ Publication Available

22 (continued)

• Carpet and Rug Institute Survey of Equip- Report Available
310 Holiday Drive, Box 2048 meat Noise

Dalton, Georgia 30720
(404)278-3176

23 AFPARELAND RELATED PRODUC_S

a American Apparel Manufacturers None None
Association

1611 North Kent Street

Arlington, Virginia 22209
o (703)524-1864

a American Footwear Industries Asst. None None

1611 North Kent Street

Arlington, Virglna 22209
(703)522-8070

24 LUMBER AND WOOD PRODUCTS

• American Foreot Institute None None
1619 Massachusetts Avenue

Washington, D. C. 20036
(202)667-7807

a American Plywood Association None None
I19 A Street

Tacoma, Washington 98401

(206)272-2233

................ . M • .....................



TABLE C-I SUP_dARYOF Iq_DUSTRY/ASSOCZATIONS/NO_SERESEARCH ACTIVITy SURVEY (continued)
SIC

C,ode.. Induatry/Associat!qns Research Activity Publications Available

24 (continued)

• Natlonal Forest Products Assoc. Nonn None
1619 Nassachusetts Avenue, N.W.
Washington, D. C. 20036
(202)332-1050

• Western Wood Products Assoc. Program on None, Reports not yet
1500 Yeon Building Machinery Publlshed (1976)
Portland, Oregon 97204 Noise
(503)224-3930

• Natlonal Hardware Lumber Assoc. None None
59 East Van Buren
Chicago, Illlnols 60605
(312)427-2811

25 FURNITURE AND FIXTURES

• Natlonat Houaewnres Manufacturers None None
Asoonlatlon

1130 Merchandise Mart
Chlcagop Illlnolo 60654
(312)644-3333

26 PAPER AND ALLIED PRODUCTS

• American Paper Institute None None
260 Madison Avenue

New York, New york 10016
(212)883-8000



Table C-1 SUMMARy OF I"_DUSTRY/ASSOCT_TIONS/NOISE RESEARCH ACTIVITy SURVEY (continued)

SIC

Cod 9 Induetry/Assoeietions Research Activity Publications Available

26 (continued)

• Fiber Box Association Conducted Noise None

224 No, Hichlgan Avenue Survey

Chicago, Illinois 60604
(312)663-0250

27 PRINTING I PUBLIS.HINC AND
AI_IED PRODUCTS

a American Newspapers Publishers Survey of Na- No, information is
Association chine Noise considered

Post Office Box 598 and Potential proprietory
Easton, Pennsylvania 18042 Treatment

(215)253-6155

• Printing Industries of America, Inc. None None

Z730 North Lynn Street
Arlington, Virginia 22209
(703)527-6000

28 CHEMICAL AND ALLIED PRODUCTS

• Chemical .Special_iee Manufacturers None None
Aeaoelatlon, Inc.

1001 Connecticut Avenue, N. W.
Washington, D.C. 20036
(202)872-6100

• Oil, Chemical and Atc_Ic Workers Survey of Mech- No, considered
Union International leery Noise and proprletory

1636 Champs Street Hearing Derange
Denver, Colorado 80201
(303)266-0811



Table C-I SUMMARY OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACTIVITy SURVEY (continued)

SiC

Code Industry/Assoclatlons Research Activity Publication Available

29 PETROLEUM AND COAL PRODUCTS

$ American Gas Association Program to No, program
1515 Wilson Boulevard Reduce Burner Just Started

Arlington, Virginia 22209 Noise

(703)524-2000

m American Petroleum Institute None None

1801 K Street, N, W.

Washington, 0. C, 20006
(202)833-5600

a Bituminous Coal Research, Inc. None None

350 Hochberg Road
Honroeville. Pennsylvania 15146

(412)327-1600

30 RUBBER AND MISC_LLANEBUS PLASTIC
PRODUCTS

e Rubber Manufacturers Association None None

1901 Pennsylvania Avenue

Washington, D. C. 20006

(202)785-2602

31 LEATHER AND LEATHER q00DS

a NO Associations Identified



Table C-i SU_RY OF INDUSTRY/ASSOCiATIONS/NOISE RESEARCH ACTIVITy SURVEY (continued)
SIC

Code Industry/Asegciatlons Research Activity Publication Available

32 STONE_ CLAY AND GLASS PRODUCTS

¢ National Concrete Masonry Machinery Noise If cleared for release

Association Data by association
1800 N. Kent Street

Arlington, Virginia 22209
(703)524-0813

@ Glass Container Manufacturers None None
Institute

1800 K Street, N. W.

Washington, D. C. 20006
(202)872-1280

a Portland Cement Association Noise Surveys for Reports considered
Old Orchard Road Member Companies proprietary
Skokle, Illinois 60076

(312)g66-6200

33 PRIMARY METAL INDUSTRIES

a Aluminum Asaoclatloa None None
750 Third Avenue

New York, New York 10017
(212)972-1800

a American Iron and Steel Inatltute Survey of Noise No survey, Just
[OO0 16th Street, N.W. beginning
Washington, D. C, 20036
(202)223-9040



Table c-1 SUmmARy OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACfIVITy SURVEY (continued)
SIC

Code Industry/Assoclatlons Research Activity Publication Available

33 (continued)

a American Foundrymenfs Society Participating on None
Golf and Wolf Roads Hearing Damage

DesFlalnes, Illinois 60016 Survey

(312)824-0181

a Forging Industry Association Program on Yes - At $50. per
1211 Illumlnatlng Building Machinery Noise copy. Six (6) volumes
55 Public Square Reduction ready and six (6) not

Cleveland, Ohio 44113 ready. No reproduction

(216)781-6260 rights.

• Gray and Ductile Iron survey of No, Just started
Founders Society Machinery Noise

Cast Metals Federation Buildlng

Rocky River, Ohio 44116

(216)333-9600

a Steel Founders Society of None None
America

Cast Metals Federation Building

Rocky River, Ohio 44116
(216)333-9600

34 FABRICATED METAL PRODUCTS

• Air Conditioning and None None

Refrigeration Institute
1815 North Fort Myer Drive

Arlington, Virginia 22209
(703)524-8800



Table C-I SUMMARY OF INDUSTRY/ASSOCTATIONS/NOqSE RESEARCH ACTIVITY SURVEY (continued)
SIC

Code Industry/Assoclatlons Research Aetlvlt_ Publication Available

34 (continued)

• AmerlcanAutomobile Association None None

1712 G Street, N. W.

Washlngton, D. C. 20006
(202)222-6000

• Association of Home Equipment None

Appliance Manufacturers Noise Survey
20 North Necker Drive

Chicago, I111nois 60606

m (312)236-2921

• Farm and Industrial Equip- Survey of Hear- Yes, See CINA (SIC 16)
ment Institute ing Damage for

410 North Michigan Avenue Operators
Chicago, lllinols 60611
(312)321-1470

• Industrial Research Institute None None
_00 Park Avenue

New York, New York 10017
(212)683-7626

a _nternatlonal Snowmobile None None
Association

5205 Leesburg Pike
Falls Church, Vlrglnla 22041

(703)379-9100



Table C-i SU_RY OF INDUSTRY/ASSOCIATIONS/NOISERESEARCH ACTIVITy SURVEY (continued)
SIC

Code ,,Industry/Associatlons Research Activity Publication Available

34 (continued)

s National Association of Engine None None
and Boat Manufacturers, Inc.

537 Steamboat Road

Greenwich, Connecticut 06830
(203)661-4800

. National Association of None None
Manufacturers

1776 F Street, N. W.
Washington. D. C. 20006

o_ (202)331-3700

35 MACHINERY EXCEPT ELECTRICAL

s Machinery and Allied Products None None
Institute

1200 18th Street, N. W.
Washington, D. C. 20036
(202)331=8430

• National Machine Tool Builders None None
Association

7901 Wastpark Drive
McLean, Virginia 22101
(703)893-2900

a National Tool, Die and Precision Noise Survey Yes
Machining Association

9300 Livingston Road
Oxon Hill, Maryland 20022
(301)248-6200



Table C-I SLT_M/_Y OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACTIVITY SURVEY (continued)
SIC

Code Industry/Assoclstlon Research Activity Publication Available

35 (continued)

• Natlonal Screw Machlne Products Unknown Unknown
Association

2860 East 120th Street

Cleveland, Ohio 44120
(216)751-0909

36 ELECTRICAL AND ELECTRONIC MACHINERY

s Electronic Industries Aesoeietlon None None
2001 Eye Street, N. W,

Washington, D. C. 20006

(202)659-2200

• National Electrical Manufacturers None None
Association

155 East 44th Street

New York, New York 10017

(212)682-1500

37 TRANSPORTATION EQUIPMENT

• American Truckle E Association Truck Noise Yes
1616 p Street, N.W. Research
Washington, D. C. 20036

(202)797-4000

s AsBOelatlon of Amerlcsn Railroads Railroad Noise Yes

1920 L Street, N.W. Survey
Washington, D. C. 20036

(202)293-4000

• /



Table C-I SU_MARY OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACI'IVlTY SURVEY "(concluded)
SIC

Code Induetr_/Aseoclatlon Research Activity Publlcatlon Available

37 (continued)

• Traneportatlon Aeeaclatlon of None None
America

1101 17th Street, N, W.

Washlnston, D. C. 20036
(202)296-2470

• Motor Vehicle Manufacturers Survey of Motor Yes
Association Vehicle Noise

320 New Center Building

Detroit, Mlehiean 48202

(313)872-4311

49 UTILITIES

• American Public Power Aseoelatlon None None

2600 Virginia Avenue, N. W.
Washington, D. C. 20037

(202)333-9200

• Edleon Electric Institute None None
90 ParkA venue

New York, New York 10016

(212)986-4100

• National Association of None None

Electric Companies
1140 Connecticut Avenue, N.W.
Washington, D. C. 20036

(202)223-3460



APPENDIX D

MACHINERY NOISE LITERATURE SEARCH SUMMARy

Abstracts from "Engineering Abstracts" and "Pollution Abstracts"

covering the period of 1971-1974 relating to machinery noise were
rovlewed and their arsas of activity distributed over the 20 industries

shown in Table E-l. Abstracts which indicate apparent application

to several industries were distributed into a '_ixsd category." A
sammary of the publication distribution is given in Table D-I and the

distribution of the publications over the 21 categories is presented
in Table D-2, Briefly, the follOwing comments are given:

• Three hundred Cwenty-one publications are identified as

pertinent to machinery noise research; 161 primarily
single industry oriented and 160 are in the mixed
categoz_. The majority (223) are U.S, publications.

Ninety-elght foreign publications fr_n 19 countries
are identified.

• United States publications are distributed into 13 of
the 20 industrial categories. No publications were
identlf_ed In:

- Tobacco manufacturing
- Apparel msnufacturlng
- Furn%tura and fixtures

- Prlntlng and publishing
- Leather and leather goods

- Eleetrlenl machinery
- Transportation equipment

• The industry with the most publications is chemical and

allied products with 42 publications. Petroleum and

coal products has 26 publications, utilities has 18 and i
construction 18. Of the ii publications in primary metals,

only two are from the N.S.

• Foreign publications are primarily from Germany (28) asd
England (23). Both of these countries' publications are ]
broadly scattered throughout the categories but pockets

of concentration appear in prlmary metals and fabricated
metal products industries and in the miKed category.

71



• The review of the abstracts resulted in virtually no

quantitative technical information which could be used

in either assessing machine noise levels, noise reduction

techniques, or the effectiveness of the application o_

technology. The reports must be gathered and reviewed

before any assessment of this type can be made.

• Generic noise problems seem to be treated by several
industries. For instance:

= Valve Noise - Reduction ac=ivlty is evident

in the utilities, chemical and allied products
and in the mixed category.

- Pump Noise is treated by chemical end allied
products and in the mixed category.

- Piping System Noise reduction techniques are

used by utilities, chemical and allled pro-
ducts, petroleum and coal products and in

the mixed category.

- Combustlon Noise has literature in construction,
paper and allied products_ chemical and allied

products and in the mixed category.

For the generic noise problems, it would appear that transfer
of technology could be effective and research activities
could be defined which have relatlvely broad applicability
to several industries.
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Table D-I

SUMMARY OF PUBLICATION DISTRIBUTION

321 Publications on Machinery Noise.

161 Publications which are primarily single industry oriented,

160 Publications in mixed category applicable to several
industries.

223 U.S. publications broadly scattered except weak in primary
metals.

28 German publications broadly scattered throughout.

23 En_llsh publications broadly scattered throughout.

6 Russian publlcatlons in utility and machine noise, noise
measurement, combustion noise, health effects and
standards.

7 Japanee,e publications on fans, turbines, gears, grills
and analytical techniques,

6 Swedish publications in construction, primary metals and
fabricated metal products.

5 French publications in construction, industrial noise
SOUrCSB_ noise measurement and circulation pumps.

5 polish publications on analysis techniques, pumps and
gear noise.

3 Canadian publications on refinery noise and plant noise
standards.

3 Netherlands publications on refinery and power plant noise.

2 Austral lea publications on valve and fan noise.

2 Indian publicatlone on industrial noise sources,

1 Austrian publication on noise standards.
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Table D-I _R¥ OF PUBLICATION DZSTRIBUTZON (Continued)

l Bel_lan publication on plant noise control,

1 Hun_arlan publication on pump noise,

1 Zranlan publication on all cushions.

1 Nor_e_ian publication on construction equipment.

1 Swlss publication on heat exchanger noise.

I Tasmanlan publlca_Ion on water turbines.

1 Yu_oslavlnn publication on milling and grinding,
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Table D-2

MACHINERY NOISE PUBLICATION DISTRIBUTION

SIC/ Number of

Industry Publications Area of Publications

16 18 • Conezruetion site noise (5-U.S.)
Construction • Pneumatic rock drill (3 - 2-UoS., l-Norway)

Equipment • pile drivers (2 - 1-Germany, 1 - Sweden)
• General discourse (i - U.S.)

• Co_structlon equipment in general (2 - U.S.)
• Cooling systems (2 - 1-prance, 1 - Engl.nd)

• Compressors (I-U.S.)
• Pneumatic equipment (2-l-England, 1-U.S.)

20 6 a Agricultural nmehlnery(3- U.S.)

Food and • Bottle cap plant noise (I -U.S.)
Kindred • Brewery noise (I -U.S,)
Products • Agricultural noise (I -U.S.)

21 None

Tobacco
Manuf0etu=ere

22 5 s Rotating textile spindles (i -U.S.)
Textile s Textile m_chlnery noise (I -U.S,)

Mill • Textile manufacturers noise sources (1 -U,S.)
Products • Guidelines for noise control (2 oU.S.)

=. ,,,



Table D-2 HACgINERY NOISE PU_,ICATTON DISTRIBUTION (Cnntlnued)

SIC/ Number of

Industry Publications Area of Publications

23 None

Apparel

24 3 • Saws (chain) (I -U.S.)
Lumber and • Planer (2 -N.S.)
Wood Products

25 None

Furniture and
Fixtures

26 6 a Medical aspects of noise (I -U.S.)

Paper and • Stock preparation machlnery (I -U.S.)

Allied Produata a Compressors (I -U.S.)
a Gears (3 -U.S.)

27 None

Prln_ing,

Publishing



Table D-2 MACHINERY NOISE PUBLICATION DISTRIBUTION (Continued)

SIC/ Number of

Industry Publications Areas of Publication

28 42 • Valve noise (20 -17 -U.S., 2 - germany, i - Australia)

Chemical and • Piping noise (3 - U.S.)
Allied o Combustion noise (2 -U.S.)
Products • Centrifugal compressor (1 -U.S.)

• Pumps (3 -2 -U.S., I -England)

e Heat exchangers (i -Switzerland)
• Exhaust vent (1 -U.S.)

• Acoustic insulation (l -U.S.)
• Process noise (I0 -U.S.)

29 26 • Process machinery noise (2 -U.S.)

Petroleum and • Fan noise (2 - i -U.S., i -Australia)

Coal Products • Furnace and heater noise (2 -U.S.)

• Steam pipeline noise (i -U.S.)
• Stack noise (l -U.S,)
• Flare noise (I -U.S.)

• Refinery noise (I0 -7 -U.S,, 1 -Netherlands,

I -Canada, 1 -England)
• Rock noise location (I -U.S.)

• Noise in coal preparation plants (2 -U.S.)

s Noise in underground operations (3 -2 -U.S,,
i -England)

• Coal car unloading (I -U.S.)

,,, ,,

30 6 s Plant noise sOurces (2 -U.S.)

Rubber and o Processing plant noise (I -U,S.)

Plastic • Materials handling (i -U.S.)
Products • Combustion (I -England)

o Health aspects (I -U.S.S.R.)



Table D-2 _CIilNERY NOISE PUBLICATION DISTRIBUTION (Continued)

SIC/ Number of

Industry Publications Areas of Publication

31 None

Leather and
Leather Goods

32 5 • Bali-mill noise (I -U.S.)

Stone, Clay • Cement plant noise (I -Germany)
and Glass • Quarrying noise (3 -U.S.)
Products

33 II • Electric-arc steelplant (i -England)

primary • Steel plant noise (l -Germany)
Metals • Forging (3 -i -U.S., I -Germany, 1-England)

a Air conditioning (I -Germany)

• Foundry noise sources (5 -2 -Sweden, I -Germany,
1 -Englandp I -U.S.)

34 12 • Impact machines (2 -UoS.)

Fabricated • Metal forming (I -Germany)
Metal • Rivetlngmachines (2 _U.S.)

Products • Cable making machines (2 -Germany)

a Punch presses (5 -3 -U.S., 2 -Sweden)

35 3 • Milling and grinding (i -Yugoslavia)
Machinery e Spher£caltool against vibrating rod (I -U.S.)

Except Electrical • Scale models of turbomaehinery facility (i -U.S.)



Table D-2 MACIIINERY NOISE PUBLICATION DISTRIBUTION (Continued)

SIC/ Number of

Industry Publications Areas of Publication

36 None

Electrical

Machinery

37 None
Transportation

Equipment

49 18 • Fans for utility boilers (i -Japan)

Utilities o Switching room (i -U.S.S.R.)

• Power plant noise (4 -U.S.)
o Valves for steam plants (I-U.S.)
• Machinery noise sources (I -U.S.)

• Gas turbines (2 -U.S.)

a New plant noise considerations (5 -I -U.S.,
2 -Netherlands, 2 -Germany)

• Steam piping systems (3 -2 -U.S., i -England)

Mixed 27 Industrial Nelse Sources
Category • Identification end surveys (8 -2 -Germany_

2 -England, 2 -India, 2 -U.S,)

• Noise criteria (2 -U.S.)

• Plant noise control approaches (17 -13 -U.S.,
i -Canada, 1 -Germany, i -Belgium, l -France.)
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Table D-2 MACHINERY NOISE PUBLICATION DISTRIBUTION {Continued) .

SIC/ Number of
Indusery Publications Areas of Publlcetlon

Mixed 1S Noise Measurement Techniques
Category • Machines in reverberation rooms (2 -U.S.)

continued) • principles of preception and measurement (1 -France)
• Plant solse measurement techniques (2 -U,S,)
• Haehins noise measurement techniques (12 -9 -U.S,,

i -U.S.S.R.. 1 .Germany. i -France)
@ Errors in measurement Of machine noise (i -Germany)

II NOiSe Crl_erl,e and.,SC.andard,a
a Communiey _pact (4 -U,S,)

eo • Standards (7 -i-Canada, i-U.S.S.R., i-Austria,
i-Sweden. 3-U,S.)

5 Analysis Technl_ues
• Nomo_rams (I.-Germany)
• Empirical (i-Japan)
m Dynamic analysis (3 -2 -U.S,, I-Poland)

15 Equipment! Mealmnlcal
• Conveyors (i-Ce_ay)
• Compressors (7 -6-U.S.. 1-Germany)
• Gas turbines (3 -I-U.S.. 1 -Japan, 1-England)
a Lift tru_k (I -U.S,)
• power tools (i -U.S.)
S Prima mover (i -U.S.)
a Dust collectors (I -England)



Table D-2 MACHINERY NOISE PUBLICATION DISTRIBUTION (Continued)

SIC/ Number of

Industry Publications Areas of Publication

Mixed 24 Equipmen t a "Pneumatlc"

Category e Fan Noise (8 - 5-U.S., 2-Japan, 1-Germany)
(continued) • Combustion Noise (13 - 4-U.S., I-U.S.S.R., 2-Germany,

6-England)
• Noise from airflow through a grill (l-Japan)

• Exhaust noise (2-U.S.)

15 Equipment| Hydraullc
• Pumps (5 - 3-Poland, l=Rungary, 1-U.S.)
• Valves (I-U,S.)

• Piping systems (l-U.S.)
• Water turbines (l-Tasmanla)

• Oil Cushion (l-lrae)

• "Hydraulic equipment" (6 - 5-U.S., l-England)

10 Components
• Gears 46 - 4-U.S., l-Poland, 1-Japan)
e Rotor (l-England)

• Bearings (2-U.S.)
• Clutch (I-U.S.)

8 Vlbra_ion Iaolatlon
• Correlation of machine vibration and radiated noise

(1-England)

o Structural damping (I-U.S.)

• Machinery foundations (I-U.S.)
o Machine noise reduction (5 - 4-U.S., I-U.S.S.R.)
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Table D-2 MACHINERY NOISE PUBLICATION DISTRIBUTION (concluded)

SIC/ Number of

Industry Publications Areas of Publication

Mixed 16 Acoustical Treatment

Category • Ba_rlers and enclosures ( 6 - 5-U.S., l-Germany)
(continued) • D_cts and _ipes (5-U.S.)

• Fluid and electrical components (I-U.S.)
• Laminated metal composites (I-U.S.)

• Machines (5-U.S.)

Ii Heatin_a Ventilatln_ and Air Condltlnnln_
• Ai_ handllnB system (1-U.S.)
• Residential air conditioner (I-U.S.)
• Ai_ _onditloner cabinet (1-Germany)

• Chiller (2-U.S.)

• Cooling tuwer (1-Germany)
• Ci_oulatlng pump (l-Prance)

• Unducted HVAC equipment (I-U.S.)

• D_"t systems (2-_.S.)
, Fans (l-Germany)



APPENDIX E

INDUSTRIAL MACHINERY NOISE LEVELS

Machine types and noise levels were compiled by indus try in order
to identify:

• Machine types within each industry.

a Noise levels associated with each machine type.

Accordingly 357 machines, distributed over 20 industries, were
identified. Bases for the identification were:

• Department of Commerce reports of the 1972 Census of Manufec-
turers_ Reference 5. These documents formed the primary basis

of the machinery and industry distributions,

• References on machine noise (References i, 3, 4, g, 9, I0, II,

12, 13) yielded bo=h noise level data and information on

machines used by industry. Machine types of the construction
and utility industries were primarily gathered from these re-

ports.

No attempt was made to be all inclusive in identifying machinery

because much more data were readily available in some industries, such
as the fabricated metal products industry, than in others, such as the

tobacco manufacturers industry. Also, there are many species of some

generic machine types which are of various manufacture and in various

stages of useful Ilia. with varying associated noise levels. The noise
levels may also depend on the type of workplace being handled. There-

fore, a rigorous structure of the machlne-noise level-industry matrix ks
very large and beyond the scope of this effort. The machinery noise

level presented is an indlcatpr rather than as an absolute value,

A search for machinery noise data indicated that mast of the
available data is in the form of A-welghted sound pressure levels (SPL),

Little noise spectre date was found, with the exception of that In
Reference 4.

Table B-i is a summery of the machinery noise by industry. The

complete maehlne-lnduetry-nolae level matrix is given in Tables R-2 to
E-18. Table X-i is a compilation of the 51C code for each industry, the

industry, the number of machines _dent_fled w_th each industry, the num-
ber of machines for which BPL's ware availab)e, and the mean SPL for the
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machines identified. The mean SPL is intended to serve as a
indicator of the noise level of the machines in tileindustry and should
not be taken as an indicator of the noise level of the industry (which
must be related to the number of machines of each type within the in-
dustry and the typical plant acoustics).

Noise levels were identified for approximately 67 percent of
the machines. This is a relatively high value primarily because
many of tllemachines within the industries could not be readily
identified during this effort and many of those machines which were
identified were drawn from the noise measurement data base.

Mean SPL's for the machines range from 85 dgA for the leather

and leather goods industry machines to 109 dBA for the construction
industry machines. Most of the high mean SPL values (above 95 dBA)
are associated with industries in which metal forming and cutting are
the predominant operations, Noise levels of the petroleum and coal
products industry machines are primarily the noise of the machines
associated with mining operations,
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Table E-I SUMMARy OF MACHINE NOISE BY INDUSTRY Mean SPL for
Number of Number of Machines, dBA

SIC Machines Machines (2 - 5 ft.)

Code Industry Identified With SPL Date (.61-1.52 mfrs.)

16 Construction 36 19 (85)*

20 Food and Kindred Products 42 18 94

21 Tobacco Manufacturers 6 O N.A.

22 Textile Mill Products 15 IC 93

23 Apparel and Related Products Included in SIC 22

24 Lumber and Wood Products 15 ii 96

25 Furniture and Fixtures Included in SIC 24

26 Paper and Allied Products 21 9 91

27 Printing, Publlshingp & Allied Products 22 Ii 90

28 Chemieal and Allied Products 15 15 88.

29 Petroleum and Coal Products 29 7 99

30 Rubber and Misc. Plastic Products Included in SIC 28

31 Leather and Leather Goods IC 10 85

32 Stone, Clay and Class Products 12 12 91

33 Primary Metal Industries 38 38 98

15.2 meters (5C feet)



Table E-I SUMMARy OF MACHINE NOISE BY INDUSTRY (Concluded)

Mean SPL for

Number of Number of Machines, dBA
SIC Machines Machines (2 - 5 ft)

Codg. Industry Identif.led With SPL Data (.61-Io52 mira)

34 Fabricated Metal Products 41 27 99

35 Machinery Except Electric 21 17 i01

36 Electrleal & EZectronlc Machinery 13 12 99

37 Transportation Equipment 13 12 99

49 Ut_lities 8 8 95

TOTALS 357 236



Table E-2 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 16)

Overall Ref.

Industry Machine Level dBA No.

Construction Ocher Than

Building Construction Bulldozers 80* 8

Scrapers 88* 8

Trucks

(Construction) 91" 8

Pavers Self-

Propelled 89* 8

Backhoes 85* 8

Compaccers

Graders 85* 8

Frontloaders 79* 8

Shiploaders

Concrete Mixers 85* 8

Conveyors

Vibrators 76* 8

Concrete Pumps 82* 8

Rock Crushers

Cranes 83* 8

Pile Drivers i01" 8

Drop Hammers

Pneumatic Tools 85* 8

Off-Mighwey
Tractors 80* 8

87



Table E-2 IN_STI_-MACEENE-NOISE LEVEL DISTRIBUTION (Concluded)

(SIC Code 16)
Overall Ref.

InduGtry Machlne Level dBA No.

Const_ctlon Other Than

BuildlnE Construction Dragltnes

Shovels

Street Sweeper

Rock Drill 98* 8

Derrick 88* 8

Clamshell

Ripper

Pipe Layer

Roller

Trencher

ForkLift

Travel L£f_

Compressor 81"

Generator 78* 8

JnekH_nmer 88* 8

Stripping Pump

Well-Point Pump

* SPL Meaeured at 15.2 metnre (50 feet) from machine.
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Table E-3 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 20>

Overall Ref,

Industry Machine Level dBA No,

Food and Kindred Products Bottling & Packaging 93 9

Machinery

Washing & Sterilizing

Equipment

Pasteurizers

Homogenizers 93** 9

Ice Cream Freezers

! Butter & Cheese Pro-

cessing Machinery

i Dry Milk Processing
Machinery

Slicers

Choppers 92* 4

Grinders

Dicers

Mixers

Tenderizers

Ovens

Continuous Bread-

Making Equipment

Wrapplng_mehines

Bottling Equipment

Mast & Poultry Pro-

cessing Equipment

89
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Table E-3 INI_STRY-MACHINE-N01SE LEVEL DISTRIBUTION (Con_Td)

(SIC Code 20)

Overall Ref,

Industry Machine Level dBA No,

Food and Kindred Products Fruit & Vegetable

Canning Machlner_

Flour & Cralnmill

Machinery

Sugar Plant Mach-

inery

Oilseed Crushing &
Extract. Machinery

Bottle Washers &

Sterilizers 93** 9

Uncasers & Casers

Capping Machines

Packing & Packaging
Mmchlnes

Carbonators

Filling & LabQllng
Machines

MoldlngYmehlne 86* 4

Peanut Blanching
Machine 85* 4

Bottle Fillers 96** 9

Lift Truck 91"* 9

Peanut Sizing
Machine 95** 9

Salt Pulverizer 95* 9
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Table E-3 INDUSTRY-MACHINE-NOISE LEVEL DISTRI_TION (Concluded)
(SIC Code 20)

Overall Ref.

Industry Machine Level dBA No,

Foed and Kindred Products Vibrating
Conveyor 91_e 9

[ Metal Conveyor
for Bottles 94** 9

Pecan Shell Cracker I01'_ 9

Paper Container
Shear 10O** 9

Candy Cane Twister 95** 9

Wash Tank i00,* 9

Refrigeration
Compressor 10O** 9

Candy Print
Machine 99** 9

* SPL measured .61 - 1.52 meters (2 - 5 feet) from machine.
** SFL measurement distance not specified.

Table E-4 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 21)

Overall

Industry Machine Level dBA

Tobacco Manufacturers Conveyors

Dr_ets

Fans

Cutting Equipmen_

Washing Equipment

Packaging Equipmonc
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Table E-5 INI_STRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 22)

Over.ll Ref.

Industry M_ehlne Level dRA, No.

Tewtile Hill Products Cleaning & Opening

(I_cludes apparel and other Machinery

finished products, SIC 23)
Cardln 8 & Combing
Machines

Drawin 8 & Roving Frames

Splnnln 8 Frames 82* 4

Twisting Frames 83_ 4

yarn Preparing
Machines 97 e 4

Power Looms i02_ 4

Kni_tin g Machines

Bleaching, Dyeing &
Finlshln E Machinery i00 _* 4

Drying Machinery

Reducing Machines 96* 4

Reducer Transfer
Machines 89 • 4

Combing Machines 95* 4

Pin Drafters 92* 4

Preparers 90e 4

* SPLmeaaured .61 - 1.52 meters (2 - 5 feet) from machlne.

** SPLmsaouroment distance no_ specified.
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Table E-6 INDUSTRy-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 24)

Overall Ref,

Industry Machine Level dBA No.

Lumber and Wood Products Veneer & Plywood-

(Includes fuznlture & Making Machinery
Fixtures, SIC 25)

Saws 111. 4

Jolnters 88* 4

Marchers

Molders 99* 4

Mortisers

Shapers 89* 4

Tenoners 95* 4

Lathes 98. 4

Planing Machines 108. 4

SurfaclngMachines 98* 4

Drills

Barkers 91" 4

Slashers 97* 4

:: Banders 85* 4

* BPL measured .61 - 1.52 meters (2 - 5 feet) from machine.
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Table E-7 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 26)

Overall Ref.

Industry Machine Level dBA No_...L.

Paper and Allied Produces Barkers 91, 4

Chippers

Knotters

Splitters

Chipscreens

Grinders

Deckers

Digesters

Boaters

Jordans

Calenders 93* 4

Fourdriniers

Bogmaking Machines

Corrugated Box Making
Machines 97* 4

Box, Carton & Shipping

Container Making Mech. 85* 4

Toilet Roll and Napkin

Making Machines

Slashers 97* 4

Pulp Preparation Machine 82* 4

Mixers 94* 4

Paper M_chines 88* 4

Pumps 92* 4

* SPL measured .61 - 1.52 meters (2 - 5 feec) from machine.
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Table E-8 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 27)

Overall Ref.

Industry Machine Level dBA No.

Printing, Publishing & Lithographic Printing
Allied Products Presses

Newspaper Presses 92* 4

Business Form Presses

Commercial Presses

Gravure

Flexographlc

Typesettln s Machinery 81. 4

Saddle Binding Equipment

Per£ecc & Hard Case

Binding Equipment

Electrotypin E Machines

Stereoryplng Machines

Paper Cut_ing Machines

Collating Machines 90* 4

Gathering Machines

Prlnter-Slotters 98* 4

Stitchers 85* 4

Folders 94* 4

Shears 103" 4

Ink Mills 91" 4

Cleaning Tanks 87* 4

NewsprintRawlnders 85* 4

Air Ejectors 83* 4

* SPLmeasured .61 - 1.52 meters (2 - 5 feet) from machine.
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Table E-9 INDUSTRY-MACH1/NE-NOISE LEVEL DISTRIBUTION (SIC Code 28)

Overall Ref.

Industry Machine Level dBA No.

Chemical and Allied Products Ink Mills 93* 4

(Includes rubber & misc. plastic

products_ SIC 30) Pigment Mills 91" 4

Pebble Mills 80* 4

Mixers 80* 4

Drum Cleaners 78* 4

Five=Roll Mllls 97* 4

Hammer Mills 98* 4

Compounding Rolls 92* 4

Ball Mills 99* 4

Fabric Coaters 81" 4

R_wlsd_ Fabric Beaming 80* 4

Rotary Kilns 82* 4

Rubber Mills 86* 4

Tread Tubers 90* 4

Curing Presses 94* 4

* SPL measured ,61 - 1.52 meters (2 - 5 feet) from machine.
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Table E-10 INDUSTRY-MAChINE-NOISE LEVEL DISTRIBUTION (SIC Code 29)

Overall Ref.

Indus£ry, Machine Level dBA No.

Petroleum and Coal Product Rotary Drilling Sur-

face Equipment

Rotary Drilling Subsur-
face Equipment

Cable Tool Drilling

Machinery

Flowing Well Equipment

Rod Lifting Machinery

Pumping Units

Oil & Gas Separating, !
Metering & Treating

Equipment

Well _arveylng
Machinery

Crushing, Pulverizing
& Screening Machinery 86** I0

Drills Ii0.* i0

Cutting Machines 96* 12

Longwall Mining
Machines

Gathering Arm Loading
Machines 99* 12

Slusher Hoists Loading
Machines

ConCinuous Mining
Machines 97* 12

Borers

Rippers
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Table E-IO INDUSTR/-MACHINE-NOISE LEVEL DISTRIBUTION (Concluded)

Overall Ref.

lIndustry Machine Level dBA No.

Petroleum and Coal Product Shuttle Cars 93_ 12

(Loading)

Mine Cars

Flotation Machines

We_ Cyclones

Centrifugal Driers

scrubbers

Thermal Driers

Feeders

Grinding Mille

Screens

Shakers

Roof Bolter 112_ Ii

* SFL measured within .914 meters (3 feet).

** SFLmeasurement distance not specified.
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Table E-If INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 31)

Overall Ref.

Industry Machine Level dBA No.

Leather & Leather Products Fleshing Machines 89* 4

Hair Driers 88* 4

Lime Mixing Tubs 77* 4

Setting Out Machines 103. 4

Splitting Machines 85* 4

Color_ng Drums 90* 4

Plating 81" 4

Seasoning Machines 80* 4

Spraying Machines 78* 4

Measuring Machines 77* 4

* SPL measured .61 - 1.52 meters (2 - 5 feet) from machine.
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Table E-12 INDUSTRY-MAChINE-NOISE LEVEL DISTRIBUTION (SIC Coda 32)

Overall Ref.

Industry Machine Level dBA No.

Stone, Clay b Class Products Clay Crushers 92* 4

Clay Till Extrusion
Machines 82* 4

Packing Machines 86* 4

Bottle FormCng
Machines 98* 4

Hixers 93* 4

Pneumatic Chippers 84* 4

Cut Off Saws 89* 4

Stone Planers 98* 4

Cranes 84* 4

Stone Saws 99* 4

Concrete Aggregate 89*

Clay Tile K:tln
(Unloading) 97* 4

* SPLmeasurad .61 - 1.52 meters (2 - 5 feet) from machlne.
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Table E-13 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 33)

Overall Ref.

Industz_ Machine LeveldBA No.

Primary Metal Industries Grinders 90* 4

Pnem_atie Chippers 117" 4

Fumaces (Ingot Heating) 93* 4

Furnaces (Oil IIeating) 93* 4

Wood Planers 107" 4

Friction Saws 107" 4

Shake Outs 103. 4

Pneumatic Rams 84* 4

Tumblers 99* 4

Push Up Machines 99* 4

Core Blowers 116. 4

Core Draw Vibrators 108. 4

Air Hoists 108" 4

Electric Furnaces 96* 4

Sand Slingers 96* 4

Jolt Squeeze
Machines 97* 4

Crucible Heaters 81" 4

Roughing Mills 102" 4

I Levelers 90* 4

Deeoileru 116" 4

i Aneallng Furnaces 93* 4

Lectromelt Furnaces 95* 4

Open Hearth Furnaces 80* 4
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Table E-13 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (Concluded)
(SIC Code 33)

Overall Ref.

Industry Machine Level dBA No.

Primary Metal Industries Scarfing Equipment 36* 4

Bloomer Mills 90* 4

Strip Mills 97* 4

Conveyors 98* 4

Forging Hammers 109. 4

Coke Ovens 93** 1

Sinter Plants 10O** i

Blast Furnaces 93** I

Basic Oxygen Fumaces 95** I

Soaking Pits 98"* i

Rolling Mille 95** I

Continuous Picklers 95** 1

Pipe Mills 96** i

Wire Drawing 95** 1

Nall Mills 98** 1

* SPL measured .61 - 1.52 meters (2 - 5 feet) from machine.

** SPLmeasurement distance not identified.
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Table E-14 IN_JSTRY-MACMINE-N01SE LEVEL DISTRIBUTION (SIC Cede 34)

Overall Ref.

Indust_ M_chlne Level dRA No.

Fabrlca_ed. Metals Product Boring Machines 97* 4

Drilling Machines 98* 4

Gear-Cuttlng Machines 88* 4

Grinding Machines 106" 4

Polishing Machines 95* 4

Lathes 107. 4

Milling Machines 89* 4

Saws I07" 4

Broaching Machines

Planers

Shapers 93* 4

CUt Off Machines 103" 4

Tapping Machines 94" 4

Threading Machines

Automatic Chucking Lathes

Screw Machines 90* 4

Station & Transfer

Machines

Electric Discharge
Machines

Electrochemical

Machines

Honing & Lapping
Machines

Welding_Mchlnes 82* 4
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Table E-14 INDUSTRY-MACHINE-NOISE LEVEL HIST_IBUTION (Concluded)

(S_C Coda 34) Overall Ref.

Industry Machine Level dBA No.

Fabricated Metals Product Punches 98* 4

Shears 93 _ 4

Banding Machines 92* 4

Forming Machines 108. 4

Mechanical Presses i07 e 4

Bydraullc Presses

Pneumatic Presses i01. 4

_=truslen Presses

Headers & Upsetters 106. 4

Swaging Machines

Gear & Spllne Rolling
Machines 89* 4

Thread Rolling Machines 89* 4

MarklngMaehlnes

Riveting Machines 117" 4

Die Casting Machines

Impact Wrenches

Power Driven Hand

Tools 95** 4 [

Drop Hammers 111. 4

Sand Blast Machines 121. 4

Vibrators 104" 4

* SPL measured .61 - 1.52 meters (2 - 5 feet) from inachlne.

** SPL measurement distance not specified.
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Table E-15 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 35)

Overall Ref.

_mdust_ .Machine Level d_A , NO.

Maehlnar'y, _eept Electric Mtlllng Machines 89* 4

BoringMachines 97* 4

Pneumatic Presses i01" 4

Hob Grinders 89* 4

Multiple Drills 96* 4

Turret La_hes 107"

Welders 112" 4

Rivstlng Machines 125" 4

chippers 127" 4

Grinders 95* 4

_mars 94* 4

Punch Pros_ 99** 4

DrilllngMachlnee 98* 4

Gear-Cu_tlng
Machines 89* 4

Lapplns, Polishing &
BufflnS Machines

Broaching Machines

Planers

Shapers 93* 4

Tapping Maehlnes 94* 4

Saws 107" 4

Thread Machines

* SPL measure .61 - 1.52 meters (2 - 5 fee=) from machine.

** SPLmeasuzomen_ distance net specified,
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Table E-16 INDUSTK¥-_CHINE-N01SE LEVEL DISTRIBUTION (SIC Code 36)

Overall Ref.

Industry Machine Level dBA No.

Electrical and Electronic Drilling _chlnes 98* 4

Machinery
Grinding _chlnes 106. 4

Polishing Machines 95* 4

Saws 107" 4

Tapping Machines 84" 4

Threading Machines

Welding Machines 82* 4

Punches 98* 4

Shears 93* 4

Bending Machines 92* 4

pormln_ Machines 108" 4

Riveting Machines 117" 4

power Driven Hand

Tools 102"* 4

* SPL measured .61 - 1.52 meters (2 - 5 feet) from machlne.

e* SPLm_asurement distance not specified.
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Table E-17 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 37)

Overall Ref.

Industry Machine Level dBA No.

Transportation Equipment Riveting Machines 133. 4

Drills 88* 4

Saws 107. 4

Routers 86* 4

Welding Machines 82* 4

Punches 98* 4

Shears 93* 4

Bending Machines 92* 4

Forming Machines 108. 4

Mechanical Presses i01. 4

Hydraulic Presses

Pneumatic Presses I01. 4

Impact Wrenches

Power Driven Hand

Tools 95** 13

* SPL measured .61 - 1.52 meters (2 - 5 fee=) from m.chlne.

** SPL measurement distance not specified.
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Table E-18 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 49)

Overall Ref.

Indust_ Machine Level dBA No.

Utilities Fans iI0.* 3

Gas Turbines 90** 3

Oil Burners 85 _* 3

Diesel Engines iO0** 3

Rotary Blowers 120"* 3

Turbo-Alternators 85** 3

Feed Pumps 90** 3

Transformers 60-100"* 3

** Noise measurement distance not specified.

108

h:



APPENDIX F

REFERENCES (within Appendices)

i. Report No. 2671j Impact on Noise Control at the Workplace,
Bolt, Beranek and Newman_ 29 Oct. 1973.

2. Vol. I, Encyclopedia of Associations, M. Fisk Editor, Gale

Research Co., Book Tower, Detroit, Michigan.

3. Noise from Pews K Plant Equi2ment , The Institute of Mechanical

Engineers, Proceedings 1966-67, Vol. 181, Part 3C, 21-23

September 1966. (British Publication).

4. H. Karplus and G.L. Sonvallet, A Noise Survey of Manufacturln_
_ndustries, American Industrial Hygiene Association Quarterly,
Vol. 14, NO. 4, Dec. 1953.

5. Prelimlnary Report, 1972 Census of Manufacturers I Industry Series,
U.S. Department of Commerce, Social and Economic Statistics

Administration, Boreau of Census, Reports No. MC 72 (P) - 35B-2,
MC 72 (P)-35B-3, MC 72 (P)-35C-I, MC 72 (P)-35C-2, MC 72 (P) -

35C-B, MC 72 (P)-35D-I, MC 72 (P)-35D-2, MC 72 (P)-35D-3, MC 72
(P) - 35D-4, MC 72 (P)-35D-5, MC 72 (P)-35E-9, MC 72 (P)-I.

6. Annual Survey of Manufacturers, 1970-1971. Surveys also for

years 1968-1969, 1967 and 1966, U.S. Department of Commerce,
Social and Economic Statistics Administration, Bureau of Census.

7. Statistical Abstract of the United States, 1973, 94th _nnual

Edition, U.S. Department of CO_merce, Social and Economic
Statistics Administration, Bureau of the Census.

8. NTID300. i, Noise From Construction Equipment and Operations,

Building Equipment, and Home Appliances, B.S. Environmental

Protection Agency, December 31, 1971.

9. Miller, R.K.; You Can Reduce Plant Nolse, Food Engineering,
March 1973.

I0. Cannon, R.M., Nolse Pmductlon _or Equipment Operations Under-
ground, M/nlng Congress Journal, March 1972.

Ii. Zatek, J.E., Underground Noise Control: The New Challen_e
Coal Age, Detester 1971.

109



12. Lamonica, J.A., et el, Noise in Under, round Coal Mines, RI 7550,
USDI, Bureau of Mines, August 1971.

13. WilleughbyD R.A., and E. Parker, Reducln_ Pneumatl9 Tool Npise,
Plant Engineering, September 6, 1973.

110



APPENDIX G

LIST OF TABLES (within Appendices)

Table No. Titles Pase

C-I Summary of Industry/Assoclatlon/Nolse Research 58

Ae_ivlty Survey

D-I Summary of Publication Distribution 73

D-2 Machinery Noise Publication Distribution 75

E-1 Summary of Machine Noise by Industry 85

E-2 Industry-Machlne-Nolse Level Distribution 87

(SIC Code 16)

E-3 Industry-_chlne-Nolse Level Distribution 89
(SIC Code 20)

E-4 Industry-Machlne-Noise Level Distribution 91

(SIC Code 21)

E-5 Industry-Machlne-Nolse Level Distribution 92

(SIC Code 22)

E-6 Industry-Machlne-Nolse Level Distribution 93
(SIC Code 24)

E-7 Industry-Machlne-Noise Level Distribution 94
(SIC Code 26)

E-8 Industry-Machine-Noise Level Distribution 95
(SIC Code 27)

E-9 Industry-Machine-Nolse Level Distribution 96
(SIC Code 28)

E-10 Industry-Machlne-Nolse Level Distrlbutlon 97
(SiC Code 29)

E-II Industry-Machlne-Nolse Level Distribution 99
(SIC Code 31)

_-12 Industry-Machine-Noise Level Distribution 100
(SIC Code 32)

111



APPENDIX G

LIST OF TABLES (within Appendices) (Contld.)

Table No. Titles Paee

E-IS ledusgry-Hachdne-Nolse Level _istrlbutlen I01
(SiC Code 33)

E-14 Industry-Machlne-Nolse Level Distrlbutlen 103
(SIC Code 34)

E-15 Industry-Machlne-Nolse Level DistriSution 105
(SIC Cede 35)

E-16 Industry-Machlne-Nolse Level Distributlon 106
(SiC Code 36)

E-17 Indestry-Machlne-Nolse Level Distributien 107
(SZC Cede 37)

E-18 Industry-Machine-Nelse Level Distribution 108
(SIC Cede 49)

ll2



TECHNICAL REPORTDATA
/P/e_le read _¢tl_etlo_s on the re_trre be[o_ complelml]

I, REPORT NO, 12. 3, RECIPIENT'S ACCESSIO_NO.

500/2-75-008
4, TITLE AND SUBTITLE 5, REPORT DATE

Federal Machinery Noise Research, Development, and .__
Do._oestra_ion: _ 73 - _ 75 e.P_SFO_MtNSORGANIZATIONCODE

r. AUTHOR(S_ _, P_RFORMIN_ ORgANIZATiON REPORT NG

InCeragency Machinery Noise Research Panel
I, PERFORMING ORGANIZATION NAME AND ADORERS I0, PROGRAM ELEMENT NO,

Interagency Machinery Noise Research Panel (RD-6gl) IGR090
Office of Research and Development I_.CONTRACT/GRANTNO.

Environmental Protection Agency
Washington, D.C, 20460

r_, SPONSORING AC_NCY NAM_ AND AOORE_S I_, TYP_ OF 8EPO_T AND PERIOD COVERE0

Environmental Frotectlon Agency Final

Office of Research and Development |4'SPONSOR_NOAQENCYCODE
Washington, D.C. 20460

rt0. SUPPL_MENTARVND_ES
EPA Contacts: S_ephen R. Cordle 202..755-0448

Eugene E. Berkau

18.ABSTRACT Tee Incera_ency M_chlnery Noise Research Panel was establlshed by the Envl-
tonmental Ftoteetlon Agency to aid RFA in fulfilling its responslhillty for coord_natlt
Ithe Federal no_se research acclvltles, As its initial task, the Panel prepared th_s

!report summarizing the Federal government's machLeer y noise research, developmen% and
!demonstration activities. The Federal agencies which sponsor and/or conduct the major

!portion of these actlvltles ate represented on the panel. 3hey are Department of
Defense t National Bureau of Scasdarde, National Science Foundation, Bureau of Mines,
Natlonal Instltute for Occupational Safety and Health, and SPA. Department of Labor

is also represented. Other a_encles which sponsor machlnery noise RD&D are the
Department of Agriculture and Consumer Product Safety Commission. The report contains
brief descrlptlons and flscal dat_ for the agenclee' activities, Emphasis Is on
flecal _esrs 1973 through 1975. Also included are references and bibliographies of
reports and publications which have resulted from _he Federal machinery noise RD&D
aeglvit_es.

t?, KEY WORDS AND DOCUMENT ANAhMSIS

|, DESCRIPTORS b. fOENTIFIERSIOPEN ENDED TERMS ¢, COSA_I FJ¢ld/G_o_p

Acoustics Federal budgecs Federal noise RD&D 2001

Noise (sound) Compressor noise Federal noise coordlna_lln 1406
Noise reduction Gear noise Research coordination 1309
Engine noise Hacht.ery 1303
Research Construction 1301

• Research projects Industrlal equipment 1313

I_, DISTRIBUTICN STATEMENT 19, SECURITy CLASS [_H#_oefJ _I. NO. QF PAGE_
Unclassified

20. _ECURIT_ C_AbS (_p_¢) _2, pRICE

Release Unlimited Unclassified

E_A Form _0.1 (I,13) 113 "_,

I U'b' OOVERN_NT PRINTING OFFICE; t_lt,-- $p24_;254)



BIBLIOGRAPHIC DATA I I, ]_..... _a. I _"
SHEET E_A 550/9-75-023 3._©c_pient's A ..... i,,n No.

4, '1 lilt arid SubtiilL" "_. I(epot_ I);ite

FIRSTREPORTON STATUSAND PROGRESSOF NOISERESEARCH Juno 1975
ANP CONTROLPROGRAr4SIN InL PLULRAL_UVLK_MLNI 6.

7. Autliot(_) 8, PellormlnB _siinJ_aiion BeEt.

_. l'etlotmlnl_ Otllaniz_lion N_nl_ _l:,lAddress 10, I_rDject/Task/_'or_ Unit No.

U.S. EnvironmentalProtectionAgency
Officeof Noise Abatementand Control ll.Co.,,,_,/u,,n,No.
Crystal Mall #2
Washington, D.C. 20460

12, Sponsorinll OrlIanlzali_n _ame _nd Address 13, Type of Ilepor{ & Period

U.S. EnvironmentalProtectionAgency cow,tea
Officeof Noise Abatementand Control Final
CrystalMall #2 14
Washinqton_D. C. 20460

I5.Sl,pplemcntaryNoc©sBased on a preliminaryreportpreparedby theGeneralElectric
Company, InformationSystemsPrograms,14DOWilsonBlvd.,Arl.,Va.underEPA

Issuedin compliancewith Section4(c)(3)of the Noise ControlAct of 1972 (PL 92-574),
this reportdescribesFederalnoise controland researchactivitiesand establishesa
baselineof agency programinformationthatmay be used in subsequentyears to assess
progressin the FederalGovernment'snoise controlefforts. Thirty-nineFederalagencie
were requestedto submitinformationon theirnoise relatedactivitiesto EPA. Volume I

• of the reportcontains a summaryand assessmentof reportedactivitieswhich are des-
cribedboth by agencyand by the followingfunctionalareas: noise standardsand regu-
lations,noise abatement,hearingconservation,technicalassistance,and research.
VolumeII consistsof four reportsdescribingFederalagencynoise research,development,
and demonstrationprogramsin the areas of surfacevehiclenoise,aviationnoise,noise
effects,and machinerynoise. The reportsincludeprojectdescriptionsand fiscaldata
and were preparedjointlyby the membershipof four interagencyresearchpanels,formed
in 1974by EPA.
17. Key _'ordm _n_nocumenl Analysis, 17a, {)c_ciipiors

Standardsand Regulations Noise Effects
Hearing ConservationPrograms U.S. GovernmentAgencies
Noise AbatementPrograms
Technical Assistance
Research,Development,and DemonstrationPrograms
FederalNoise ResearchCoordination
MachineryNoise
AircraftNoise
SurfaceVehicleNoise

17b. ldcntili=ts/Opcn-End©d Terms

17¢. COS_',TI Fi_'ld/Group

B*A_'aHabIlUYuNLIMITEDS,=,_=., (i9. SmeurliYRepor¢)_JNCI ^__SIFIFI)CI_(This 12l. Ro. ol Pag©_2(_, Sccutll# Class ('1 his 22. l_/ice
,t'a/ge

, IINCI.A_SIFIED

onl,i.,i_'ili._si_.i:v,i._al TillsFOR_.I&lAY BE RI_PIIODUCED iJ_COMM'DC 14i_2"P?
I

/



ENVIRONMENTAL PROTECTION AGENCY
Office of Noise Abatement and Control

AW 571 POSTAGEENOFEESP^ID
£t_ViRONM£NTAL.PROTECTIOt_AGENCY

Washington, D.C, 20460
EPA-335

Official Business

B If y0ur IddreSS Is Incorrect, plaaSl ¢tll nge (in the abovu labels

tlMr offz an_l ratuttl to tllll iDovo idClt B15,

If you do r_ot (le|lr o tD ¢ontll_uo rlCllvJng t_ll tachnical report

ilrllll CHECK HERE J'l I tilar off rib|l, and tit urn _t to the
ab0VB |el(It ,$$_

II

L




