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RESEARCH REPORTING SERIES

Research reports of the Office of Research and Development,
Environmental Protection Agency, have been grouped into five
series. These five broad catepories were established to
facilitate further development and application of environmental
technology. Elimination of tradicicnal grouping was consciously
planned to foster technology transfer and a maximum interface

in related fields. The five series are:

1. Environmental Health Effects Research
2, Environmental Protection Technology
3. Ecological Research

4, Environmental Monitoring

5. Socioceconomic Environmental Studles

This report has been assigned to the ENVIRONMENTAL PROTECTION
TECHNOLOGY series. This series describes research performed

to develop and demonstrate instrumentation, equipment and
methodology to repair or prevent environmental degradation from
point and non-point sources of pollution, This work provides
the new or improved technology required for the control and
treatment of pollution sources to meet environmental quality
standards.

This report has been reviewed by the 0ffice of Research and
Development. Approval does not signify that the contencs
neceasarily reflect the views and peolicies 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

The Interagency Alrcraft Noise Research Panel was established by
the Environmental Protection Agency to aid EPA in fulfilling its re-
sponsibility for coordinating the Federal noise research activities,
This report iz the first prepared by the Panel and provides an inven-
tory of current and planned Federal alrcraft noise RD&D programs. The
Federal agencies which sponsor aircraft noise RD&D are the Natlonal
Aeronautic and Space Administration, the Department of Transportation,
the Department of Defense, the National Sclence Foundation, and the
EPA. The report is organized by technical areas with each agency’s
progroms presented under the appropriate technical ares. Emphasis is
on fiscal years 1974 and 1975, but summary information on fiscal years
1973 and 1976 is also included. The Appendix containa detailed pro-
grammatic information as furnished by the Federal agencles on their
aircraft related RD&D activities.
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1, INTRODUCTION

Section 4(C)(l) of the Noise Control Act of 1972 requires that
the Administrator of the Envirommental Protection Agency coordinate
research programs of all Federal agencies. To aid the Administrator
in fulfilling this requirement, each agency must furnish to the Admin-
istrator such information as may be necessary to determine the nature,
acope, and results of the noise research programs of the agency. A
further requirement under Section 4(C)(3) is that the Administrator
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 alrcraft noise research,
the EPA Office of Research and Development has organized an interagency
Alrcraft Noise Reaearch Panel, The responsibilities of the Panel in-
clude collecting programmatic information to develop an inventory of
Federal aircraft noise research and providing the expertise to make
an assegsment of the adequacy of current programs to meet public health
and welfare goals relative to nolse as specified by the Environmental
Protection Agency.

This is an interim report prepared under the cognizance of the
Aircraft Noise Research Panel as a first step in carrying out a plan
of action to assess ailrcraft nolse related research, development and
demonstration (RD&D). The purpose of this report is to provide an
inventory of current and planned Federal aircraft nolse RD&D programs,
and it represents the initial data base upon which the assessment will

be made.

The report is organized by technical areas with each agency's
programs presented under the appropriate technical areas., Sections
1 through 9 provide an overview of chjectives and funding for the
programs with emphasis on fiscal years (FY) 1974 and 1975, Summary
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 relaoted RD&D activities.

In the future, the Aircraft Noise Research Panel will carry out
the assessment phase of its responsibilities. To accomplish this
objective the Panel will:

1. Review the public health and welfare goals and objectives
relating to noise as developed by the Environmental Frotee-

tion Agency;
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2. Establish appropriate Working Groups for specific technology
areas calling on the éxpertise available in Federal agencies
engaged In aireraft RD&D;

3. 1ldentify specific requirements 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 Croups relative to the adequacy of ongoing pro-

grams;

5. Prepare & summary report that specifies the extent to which
current programs can meet the EPA public health and welfare
gosls and objectives relative to noise and make recommenda-
tions on what should be done where the assessment indicates
that the schadule for meeting EPA goals and objectives can-
not be accomplished with current programs and plana,
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2, SUMMARY

The overall Federal activity in aireraft noise related reseatch,
development and demonatration is summarized in Table 2.1, Table 2,1
shows the technical areas under investigation, the Federal agencles
with a significant program in each technical area and nolse relevant
funding data for fiscal years 1973 through 1976, Funding data for
FY 1975 and FY 1976 are based on planned obligations.

It is noted from Table 2.1, that a significant amount of total
funding in FY 73 and FY¥ 74 1s associated with stitdles 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 invelve operational
procedures for reduced noise exposure, technology development, and
demonstration to support decision making on the question of retrofit
of the existing commercial fleet and demonstration of advanced tech-
nology for nacelle design for application on modern wide-body trang-
ports. The status of some of the NASA and DOT/FAA activities iden-
tified in Tehle 2.2 were reviewed before the United States House of
Representatives Subcommittee on Aeronautics and Space Technology
in July 1974. The testimonies presented by NASA and DOT/FAA are in-
cluded in the Appendix of this report.

The ongoing programs to provide the research and technology base
neceasary to design more quiet future generation alrcraft are aumma-
rized in Table 2.3, page 5. Major areas of investigation are propul~
sion system noise, materials, and nonmpropulsive noise {airframe sero~
dynamic noise). A parallel decrease of propulsion system noise and
airframe noise is required to reduce approach nolse of future aircraft
below FAR=36 minus 10 dB (see References 1 and 2, Section 10, for
detailed technicsl treatment of this point).

Programa to develop acceptably quiet commercial powered lift air-
eraft to reduce congestion around major cities are summarized in Table
2.4, The technical objectives 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
18 provided in Reference 1, Section 10.

Teble 2.5 summatizea program activicy and funding for rotorcraft
and vertical takeoff and landing (VIOL) alrcraft. These programs,
conducted hy NASA, have civil and military applicacions. Noise rele-
vant technology development for applicatien te supersonic cruise air-
eraft is given in Table 2.6, These programs are basic and deal with
propulaion, aerodynamics and sonic boom.
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Table 2.1

Funding in Thousands of Dollars

SUMMARY OF FUNDING BY TECHNICAL ARLA,
AGENCY, AND FISCAL YEAR

Technical Area Apeney FY 13 FY_ 4 FY 15 FY_76
Rasic Research and Nasa 10,7650 14,19 13,840 14,269
Technology poT 2,830 185 1,282 1,760

Don 1,784 1,752 793 1,112
Tetal 15,379 16,686 15,915 17,141
Powered Lift Atfrcraft NASA . 4.&06(1) 2,082 2,977 2,952
Noise Technology o 241 % - -
Teral 4,647 2,082 2,977 2,952
Retoreraf t/VIOL HASA - (2} 1,774 2,284 2,294
Noise Technology Dob 267 534 675 215
Total 267 2,309 2,959 2,569
Adr Transportation NASA 255 had 248 227
Systems Studies EPA = (h) 404 - -
Total 253 832 248 227
Supersanlc Crulss Az~  HASA 2,000 3 086 1,490 1,730
eraft Noise Technology boT 36 299 100 -
Total 2,386 2,385 1,590 1,730
Subaonie Conventionsl nasa 27,7048 25,204 6,017 2,11
Tokeoff and Landing hoT 8,176 1,899 900 -
Alrcraft Noiae Prograta
Total 35,880 27,103 6,917 2,703
General Aviation Noise  NASA got 355 448 996
Technology
CRAND TOTAL 58,894 51,751 31,054 28,318

1, The BASA funding data Included in this table for FY 71 nre based on information

supplied to EPA by NASA in December, 19731,

aren 1n not exactly the same as those for nther fiscal years listad.
2, FY 73 funding included in Powered Lift Adrcrafc Noise Technrology.

3. Some program activity inc uded here that 4a listed under Basic Resenrch apnd Toch-
nology fer other fiscal years.

4. EPA BY 74 ctotsl dincludes some Funds committed in ¥¥ 73,

The content of the breakouts by research

5, See Section 11 for an explanation of acronyms, shbreviations, ond definition of
nofse relevant program coats,

6. For FY 73, $1050K of the funds listed ware for submonic engine and nacelle tech—

nology~Quiet Engine I.
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Tabla 2,2, FUNDING GUMMARY FOR SUBSONIC CTOL AIRCRAFT NOISE PROGRAMS
~Funding Distethution, Thousands of Dollars
Area Agency Fr_7% ¥ 75 T 76
Hoise Reduction Flight HASA 3,600 1,380 -
Procedures Experimencs
Terminal Configured Vehicla HASA 2N 1,563 1,613
Dperating Systems Experiments
REFAN Program NASA 20,803 2,514 -
Advanced Acoustic Composite NASA 530 560 1,090
Nacella Program
Soutce Noiae Reduction DOT/FAA 1,899 900 -
GRAND TOTAL 27,103 6,917 2,703
Table 2.3. FPUNDING SUMMARY FOR BASIC RESEARCH AND TECHNOLOGY PROGRAMS
Funding Deeribution, Thousands of Dollars
Area Agency g 775 TY 76
Propulsion Notoo Reduction NASA 13,348 12,194 12,490
DOT/ONA% 150 1,232 1,710
DoD 563 2711 400
Total 14,661 13,697 14,600
Propulaion Syntem Integration RASA 801 1,646 1,779
Honpreopalaive Noisa DoD 212 15 125
Total 1,073 1,721 1,904
Human Reaponogt® HASA {1.,154) (1,200) (1,458)
Haterials and Sound Propa- DOT/ONA 5 50 50
gation bob 917 447 587
_Jatal [EF] %97 637
GRAND TOTAL 16,686 15,915 17,141

ADOT/PAA Funding included in Table 2,2

AMHASA allocations for luman Response studies arw shown hers for informatilonal purposecs only,
These resources are accounted for In the Pederal noiae effecte research fiscal data.{Referanca 3}




Table 2,4, FUNDING SUMMARY

FOR POWERED LIFT AIRCRAFT NOISE TECKNOLOGY

Pupding Distribution, Thousands of Dollars

Area Agency FY 74 F_75 76
Advanced Powered Lift Alrcraft NASA o 1,480 1,470
Augnentor Wing Flight Experiment NASA 160 - -
Quiet Clean Shore Haul HASA 167 840 B23
Fxperimental Engine ((CSEE)
Quiet Fropulsive Lift Research HASA 1,310 - -
Alrcraft
STOL Operating Synmtems HASA 135 657 657
Experimenta

GHAND TOTAL 2,082 2,977 1,952

Table 2.5, FUNDING SUMMAMY FOR ROTORCRAYT/VTOL NOISE TECHNOLOGY

Funding Pistribution, Thousands of Dollars
Y 74 Y 75 FY 76

Arap Agency
Advanced Rotorcraft NASA 920 1,045 1,040
Aetodynamic Technology nop 34 = _—
Total 954 1,045 1,040
Advanced VTOL Aircraft Aero- NASA (Tatal) 80 150 160
dynanic Technology
Tilt Rotor Ressarch Alrcraft NASA (Total) 274 - -
Program
Rotor Syotems Remearch Aircraft RASA 500 - -
Dop 560 875 273
Total 1,000 678 275
Rotor Syatema for RSRA NASA (Total) - 465 410
YTOL Operating Systems HASA (Total) - 624 624
Experiments
GRAND TOTAL 2,308 2,459 2,569
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Table 2.6, FUNDING SUMMARY FOR

SUPERSONIC CRUISE ATRCRAFT NOISE TECHNOLOGY

Funding Distribution, Thousands of Dollars

Area Agency FY 74 FY 75 FY 76
Propulsion Technolopy NASA 1,422 1,233 1,360
Aerodynamic Performance NASA 664 257 370
Source and Operational Sonic  DOT/FAA 299 100 -
Boom Reduction

GRARD TOTAL 2,385 1,590 1,730




A more detalled treatment. of the Federal noise relevant RD&D sum-
marized in Tables 2.1 to 2,6 18 glven Iin subsequent sections of this
repart. Program planning and several status reviews (July 1973) on the
potential of reducing noise of the current commercial fleet are includ-

ed in the Appendix.
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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 Acronautics 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.

# Noise reduction flight procedures experiments. Teo reduce
90 EPNdB approach noise footprint by at least 60% through
acheduled airlines' demonstrations of avicnlc systems for
noise abatement flight procedures.

e Terminal configured vehicles operating systems experiments,
To identify and provide proven technology and operating
techniques for advanced CTOL and RTOL aircraft for reducing
approach and landing accidents, reduclng weather minima,
increasing air traffic controller productivity and airport
and airway capacity, saving fuel by more efficient terminal
area operations, and reducing noise by operational proce-
dures dutring 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 DC-9) which account for
over 60 percent of domestic fleet operations.

s Advanced acoustic composite nacelle flisht program. To
demonstrate on a modern wide-body transport in airline
operation the application of advanced interwoven acoustic
sbsorbent and composite structural materials to an engine
which will:

® Reduce the noise footprint area of future production
wide-bedy transport aircraft by 30 percent with no
increase in alrcraft weight or fuel consumption or




alternately reduce aircraft weight and fuel. consumption
with no increase in nolse,

o Together with advanced technology engines, reduce the 90 EPNdB
noise footprint ares of advanced technology transport aircraft
to 5.2 aquare kilometers (2 square miles) with no increase in
aireraft weight or fuel consumption resulting from the na-
celle or alternately reduce aircraft weight and Euel consump-
tion together with some noise reduction,

Table 3,1 is a summary of nolse relevant funding for the subsenie
conventional takeoff and landing alrcraft nolse program. Listed in
the table are a descriptive title of the program and gross RD&D and
manpower costs for FY's 1974 through 1976, The Appendix contains more
detailed program descriptions on all programs,

Department of Transportation-Federal Aviation Administraticn

DOT/FAA has saveral 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 nolse source
prediction capability for all categories of aircraft, Projects under
the source noise prediction and reduction program and their objactives
are:

e (Core ongine noise contrsl. To provide theoretical and exper-
imental data to assist the designers in developing future
alrcraft capable of conforming to lower noise levels than are
now required by FAR Part 36. This program would more prop-
erly be liated in Section 4 but is presented here since it
cannot be easily separated from the schedule and cost data
of other programs presented in this section,

s Prediction of aircraft configuration effects. To study the
fensibility of use of aircraft configuratlon and engine place-
ment to reduce noise propagation to the ground plus develop-
ment of prediction procedures for conflgurations of practical

interest.

& Gepneral aviation aireraft. To survey and define the noise
characteristica of all general aviatlion airecraft plua develop-
ment of suitable noise prediction capabilities.

e Retrofit feasibility, To provide test data to assist in de-
termining whether certain classes of turbofan propelled alr-
planes in the current fleet can be modified for meaningful
nolse reduction in a feasible manner. The results of thia

10
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Table 1.1,

KAS/ WOLIEE RELEVANT SUDSONIC CTOL AIRCAAFT PROGRAMI
* NOISE RELEVANT PAOGRAX COSTS

{Thouasnds of Dollarva)

Nolwe Raduction FLIght
Procedurs Experimenta
cle System Fxpatimente
REFAN Program

Advancad Acoustic Cow
posits Macella Program

TY 1974 ¥Y 1975 Y 1976
Grass  Hanpowst Y Cross  Hanpower Gross  Manpowst

fascriptive Titla AiD Casts Totsl _RaP Coats Tatal R&D Conts Tatal

3140 50 3600 1050 30 1380 - - -
Tarminal Configurad Yehi- 4 n 271 1450 11 1563 1300 pRE] 1642

19545 1258 20801 1000 1514 2514 - - -
300 X 53 s00 &0 560 1000 90 1090
21199 1503 5204 4000 201} 6017 2500 203 103

ToTALS

programmatie activity were reviewed before the United States
House of Representatives Subcommittee on Aeronautics and Space

Technology July 1974.

pendix.

That testimony is included in the Ap-

Toble 3.2 givea the schedule and funding for source noige reduc~
tion programs. The Appendix contains additional information on the
direction and status of thesme projects.

11
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Table 3.2, DOT/FAA AIRCRAFT NOISE ABATEMENT--SOURCE NOISE REDUCTION
Program Schedule (July i, 1974)

FY | 3% | 74 * 75 % ] 76 * | 77 |
Program Element/Subprogram l_FY 1972 [ 1873 | 1974 I 1975 | 1976 1977
202-551
Source Noise Reduction
CTOL Alrcraft Continuing Effort
Source Noise Prediction
and Reduction
Core Engine Noise Control Award Gas Generator Award Report
l} Report' v Y
Prediction of Aircraft
Configuration Effects Award %port
{ ]
General Aviation Aircraft Avard
b |
Retrofit Feasibility
Commercial Jet Aircraft 527 g-? D'C-g ]
Executive Jet Aircraft Award
{ v |

#Fupding allocations (1008 nolse relevant) are:

FY 73-%8
FY 75-%9

,176,000; FY 74-%1,899,000;
0o,000; FY 76-No Data.
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4. BASIC RESEARCH AND TECHNOLOGY

Strict guidelines have not heen employed in listing various agency
programs under the category of Basic Regearch 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 cbjectives for each noilse relevant
gtudy being conducted by NASA are:

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

® Nonpropulsive noise, To understand and minimize, by
aerodynamic means, the undesirable effects of airframe
noise.

 Human Response., To define and quantify those properties
of aircraft nolse exposure that are responsible for
causing negative individual and community respense to
alr trangportation systems,

Funding data for programs included with each study category are

shown in Table 4,1. The Appendix contains cobjective documentation for
the programs listed in Table 4.1.

Department of Transportation-Office of Noilse Abatement

Studies relevant to alrcraft npise reduction are sponsored by the
Office of Noise Abatement within the Office for Systems Development and
Technology and by the Federal Aviation Administration within DOT, While
some FAA studies may be appropriately considered here, a consistent
treatmont of cost data requires their listing elsewhere, For this reason,
only the DOT/ONA programs are considered under Baslic Research and
Technology.

DUT /ONA sponsors one program in aireraft neise reduction, This
program is directed toward understanding, medeling, and suppressing jet
noige, The studies Included in the program are conducted under contract
and through interagenay 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




k!

Table 4.1 NASA NCISE RELEVANT BASIC RESEARCH AND TECHNOLOGY
NOISE RELEVANT PROGRAM COSTS
(Thousands of pollars)

FY 1974 FY 1975 FY 1576
Greoss Manpower Gross Manpower Gross  Manpower

Descriptive Title _R&D Costs Total R&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 42813 8733 4330 4460 8750
Noapropulsive Noise

Alrframe Aerodynamic

Nolse 408 393 80l 900 746 1646 1000 779 1779
Human Rengonsel

Acceptance of Alrcraft

Oparationa (796) (358) (1154) (842) (358) (1200) (1100) (358) (1458)

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

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

for informational purposes only. (Reference 3)
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Table 4.2 DOT/ONA JET NOISE RESFARCH PROGRAM
Project Title Contracting Contract Program Planned Obligations

Orpanization Number Manager (Thougands of Pollars)

FY73 FY74 FY?5 PY76

Modeling Jet Noise uUsc DOT~05-0000-2 G,Banerian 75 75 50 50

Nolse Reduction from
Supersonic Jet Flow Syracusge DOT~05-20094 G.Banerian 15 75 75 75
with Co~Axial Jets

Jet combustion Noise Cal. Tech, DOT~-D5~20197 G.Banerian 147 50 50 50
Effects of Nonlinearity

on Jet Nolse Propulsion uT DOT=0S~4117 G.Banerian 0 20 a ]
On the Origin of Combusge

tion Generated Noise NCSU DOT=-05-40056 G.Banerian i} 25 30 3o
High Velocity Jet Noise

Source Location and e DOT~08-30034 G.Banerian 2500 500 1l0a0Q 150f

- Reduction Program
Interagency Symposium;

Transportatidn Noisa - - G.Banertian 0 5 5 5

Acoustic Material Research MIT D0T-08-30011 G. Banerian 33 35 30 30
. Suppresaion of Mdltipla

Puta annu VPL DQT-05- 50047 G. Banerian g _ 90 22 0

GRAND TOTALS 2830 785 1282 1760
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Department of Defense

DOD has projects in several research categories.

research are summarized below:

Propulsion Noise Reduction

@ Jet Exhaust noise programs. To develop the technology

base necessary to significantly reduce aircraft
propulsion system nolse with minimum associated perfor-
mance and weight penalties.

Rotating machinery neise programs, To define the
fundamental physical mechanisms by which combustion
affects the general sound field surrounding an engine,
to aid in providing design guldelines and techniques
for modifying the combustion process for minimum
nolse levels, developing effective combustor nolse
suppression devices, and establishing criteria for
engine design, development and control,

Duct acoustics and suppression programs, To develop
computer routines to predict the effect of duct
iinings on noise propagation and to optimize a given
duct configuration for maximum noise reduction,

Propeller neise programg, To formulate and computer
progrem a comprehensive unified aercdynamic acoustic
source theory and to reduce propeller noise through
utilizing unique propeller deaigns based on noise
aource theory analysis.

Structural flespongs Programs

Objectives of projects in this area are:

To investigate the effects of high intensity sound
on alrcraft structures,

To study the effects of high 1ift device noise on
aircraft structures and the community environment,

To dampen noise in helicopters.

Sound Propagation Programs

Objectives of projects in this area are:;

General areas

of

® To analyze the generation and propagation of hultiple turbojet

exhaust nolse sources,

16



e To analyze the aerodynamic generation of nolse,
propagation, and detectability of unpowered
aircraft,

Airflow Surface Interaction Programs

objectives of the projects in this area are:

& To inveatigate the reduction of noise by liquid
vaporization,

e To investigate the dynamics of vortices and
shock waves in nonuniform media.

e To investigate the areas of boundary layer flows.
Table 4.3 is a compilation of the UOD funding distribution 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 PROGRAMS'

Funding Level, Thousands of Dollars

Descriptive Title? Ageney FY 73 FY_ 714 FY 75! FY 76
Propulsion Noise Reduction
& Jet Exhausts Alr Force 447 204 122 250
e Rotating Machinery Alir Force 297 288 75 85
Army,
Navy
# Duct Acoustics and ALy Force 10 45 65 65
Suppression Army
® Propeller Noilse Alr Force 26 26 9 -
Structural Response Programs Alr Force 178 335 302 340
Sound Propagation Programs Alr Force 580 582 145 247
Alrflow Surface Interaction Havy 246 272 - -
Alr Force - - 73 125
GRAND TOTALS 1,784 1,752 793 1,112

'All programs are 100% noise relevant.
?dee Appendix for detailed project listing and description of projects

Ipata on FY 75 and FY 76 are incomplete.
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5. POWERED LIFT AIRCRAFT NOISE TECHNOLOGY

Nolse technology activities associzted with power-generated lift
alrcraft technology programs are considered in this section. Coverage
is restricted to STOL/RTOL alrcraft for short-haul applications to meet
eivil and military transport needs.

National Aeronautics and Space Administration

The major study categories related to powered lift aircraft with
noise relevancy being conducted by NASA are as followa:

o Advanced powered 1ift aircraft aerodynamic technology.

To develop the aerodynamics and systems technology
needed to attain the integrated aerodynamic perfor-
mance, nolse, stability, control, and handling
qualities characteristics required for viable powered
1ift in civil and military aircraft designs,

® C~8 gugmentor wing flizht experiment. To validate in
flight the augmentor wing powered lift concept devel-
oped in laboratory programs as a practical means for
providing STOL capability. To assess in flight the
handling qualities of this type of aircraft, To
provide a versatile representative powered lift air-
craft for assessment of navigation and control syatems
requirements for safe terminal area operation,

® Quiet, clean, short=haul experimental engine (QCSEE) .
To design, build, and test experimental engines to
consolidate and demonstrate the technology needed
for very qulet, clean, and efficient propulsion
syatem for economically viable and environmentally
acceptable powered lift short-haul aircraft,

e Quiet propulsive 1ift technology (Advanced medium

STOL_(AMST) prototype aircraft), To obtain, through
participation in the Air Force AMST prototype programs,
propulsive 1ift flight research data on a straight-
wing externally blown flap configuration at lift
coefficients up to about 3,5,

s S5TOL operating systems experiments. 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 guldance,.
navigation, and control concepts for high-density
terminal area operation.

19
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Funding data for these Programs are given in Table 5.1. Specifie
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 Transportation-Federal Avintion Administration

The FAA participates with NASA in program activity related to powered
lift aircraft technology as noted previously in Table 5.1. Additcionally,
the FAA conducts a program on V/STOL aircraft, A descriptive title and
broad statement of objectives for this program follows:

¢ V/STOL aireraft - noise source reduction.. To identify,
evaluate, and control component noise sources inhersnt
in V/STOL systems including studies of Jet propulsion
and rotary systems and noise prediction techniques,

Table 5,2 gives the FAA identification number for the V/STOL alrcraft
noise program, the major subprogram titles, the program schedule, and funding
data as of July 1, 1974, For FY 1974 and FY 1975 contract funding is included
with other programs and is therefore listed elsewhere in this report. A more
detailed description of this program {s given in the Appendix,
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Table 5,1 NASA NOISE RELRVANT POWERED LIFT AIRCRAFT TECHNOLOGY
NOLSE RELEVANT PROGRAM COSTS
{Thousands of Dollars)

FY 1974 FY 1975 FY 1976
Grosa Manpower Groas Manpower Gross Manpower
Descriptive Title R&D Costs _Total R&D Costs__ Total _R&D Costs  Total
Advanced Powered Lift 140 170 310 900 580 1480 900 570 1470
Alrcraft Aerodynamic
Tachnology
C-8 Augmentor Wing 100 60 160 - - - - - -
Plight Experimeant
Quiet, Clean Short= 137 30 167 800 40 840 800 25 815
Naul Experimental
Engine (QCSER)
Quiet Propulsive Lift 1100 210 1310 - - - - - -
Technology
STOL Operating Systems 107 28 135 600 57 657 600 57 657
Biperimenta — — —

TOTALS 1584 498 2082 2300 677 2977 2300 652 2952
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Table 5.2, DOT/FAA PROGRAM SCHEDULE RELEVANT TO POWERED

LIFT AIRCRAFT NOLSE TECHNOLOGY
Program Element/Subprogram™ DProgram Element| FY | 7s* | 74 | 75 | 76 | 77 |
Number CY| 1972 | 1575 [ 1874 1 1875 1T 1976 T 1577
V/STOL Aircraft 202-590

Continuing Effort

Source Nolse Prediction and Reduction

Jet Propulsors

Rotary Propulsors

Award Report

4 h 4

Award Report

*Funding for FY 1973: $241,000 - 100% ncise relavant.
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6. ROTORCRAFT/VTOL NOISE TECHNOLOGY

Thig section conaiders noise relevant studies associated with
technology programs for aircraft with rotor induced 1ift and advanced
VIOL 1lift concepts, It deals primurily with VTOL alrcraft for civil
and military applications,

National Aeronautics and Space Administration

The nolse relevant rotorcraft technology programs and statementsa
of ohjectives are as follows:

® Advanced rotercraft aserodynamic technology, To determine and
improve the performance, dynamic loads, nolse, control, sta-
bility, wvibration, and handling qualities characteristics of
halicopter rotors end rotorcraft configurations in order to
permit the development of rotorcraft having substantially greater
migaion and cost effectiveness than current (1973) operational
vehicleg in military and civil usage.

® Advanced VIOL aircraft aerodynamic technology. To provide the
technology required to enable the development of viable mili-
tary and civil aircraft having effective VIOL capability to-
gether with speed, range, operating cost, and mission/operational
capabilities, approaching those of 1973 operational madium range
military and civil CTOL aircraft, This requires the development
of a thorough knowledge and understanding of the aerodynamie
performance, noise¢, control, astability characteristics, and
piloting qualities pecullar to VIOL system concepts.

® Tilt rotor research aircraft, To demonstrate advanced rotor-
eraft technology for military and civil VIOL vehicles having
twice the cruise apeed of the helicopter while retaining its
efficient hover capability.

® Rotor aystemn resedrch airerafet, To provide a unique £light
teat capability in 1976 for advanced rotor research on a wide

variety of promising new rotor concepts. To expedite improved
rotorcraft research through the use of a ppecially designed
flight test vehicle.

® Rotor systems for rotor systems research aircraft (RSRA), To

select, acquire, and evaluste on the Rotor Syastems Research
Atrceraft (RSRA), under joint development by the Army and NASA,
three practical advanced rotor systems concepts. To demonatrate
through tests of these concepts in the real flight envirenment

23
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the integrated performance, dynamics, and acoustics technology
improvements achievable.

s VTOL bperating systems experiments, To establish a technology
base leading to improved operational capability, improved VTOL
operating efficlency, and decreased environmental impact., To
support military technology requirements for assuring VTOL
operational capability with a wide variety of landing sites
and under reduced visibility conditions.

Table 6.1 provides a funding summary of the Rotoreraft/VTOL air-
craft technolopy studies with noise relevance being 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/VIOL noise technology programs and their cbjec~
tives are:

® Tip vortex effects on rotary-wing aserodvnamics. To signifi-
cantly reduce undesirable rotor blade noise signatures and
alleviate the blade-tip vortex interaction problem.

¢ (lare and noise reduction of helicopter rotor blades. To
develop various materials and compositions capable of reducing
the glint, glare, and noise from helicopter rotor blades with-
out impairing lift or increasing weight or drag.

& Unsteady aerodynamics of blade-vortex imteraction, To study
the unsteady aerodynamic mechanisms responsible for hellicopter
nolse.

¢ Investigation of noise generation on 8 hovering roter. To
define the noige field generated by a rotor.

® Analvytical studies of helicopter rotor broadband noise genera-
tion, To establlish & closed form solution for predicting the
broadband noilse intensity radiated by helicopter rotors.

® Studies in low speed flight, To investigate problems asso-
ciated with low speed flight of helicopters.

® Systems atudies of helicopter moise requirements, To establish
a new methodology for systems analysis which includes noise
criteria and to develop a new wind tunnel facility for making

24
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Table 6,1 MNASA NOISE RELEVANT ROTORCRAFT/VTOL TECHNOLOGY PROGRAMS
NOISE RELEVANT PROGRAM COSTS
{Thousands of Dollaras)

FY 1974 FY 1975 FY 1976
Groaa  Manpower Groans  Manpowar Gross  Manpower

Descripeive Title W& Lonte Total R&D Costp Total RAD Conta Total

Advanced Rotorcraft
Asrodynamics Technolopy

Helicopter Aerodynamics 265 180 463 205 95 300 200 100 300
Tilt Rotor Aerodynamica 20 10 30 70 40 110 70 40, 110
Civil Helicopter Tech, 220 50 270 280 55 335 280 50 330
Rotor Systems Technology 140 is 175 - - - - - -
Rotor Acoustics and
Aetoclasticity - - - 195 105 300 200 100 300
Advanced VTOL Aireraft 50 30 80 100 50 150 100 60 160
Aerodvnamic Technology
Tile Rotor Reaearch 250 24 274 - - - - - -
Alreraft Program
Rotor Systems Researc 500 - 500 - - - - - -
Alrerafe
Rotor Systems for RERA - - - 400 65 465 400 70 470
YIOL Operation Systema - - - 400 224 624 400 224 624

Exparimenta

TOTALS 1445 29 1774 1650 634 2284 1650 644 2294
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ugeful nolse measurements on V/STOL aircraft types.

e Tilt rotor research aireraft, To supplement funding of pro-
gram conducted by NASA In cooperation with the Air Force,

8 DRotor systems research aircraft. To supplement funding of
program being conducted by NASA in cooperation with the Air

Force.

Funding levels for DOD Rotorcraft Noise Technelogy 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 nolse relevancy that are directed toward providing
a technology base for future generation alreraft with supersonic cruise
capability are presented in this section. It is noted that many of the
programs listed under Section 4, Basgic Research and Technology, have
direct application to auperscnic cruise aircraft.

National Aeronautics and Space Administration

NASA has two programs dedicated to supersonic cruise aircraft
{SCAR) technology with noise relevancy:

# SCAR propulsion technology. To establish an expanded super-—
sonic propulsion technology base in parallel with the expansien
of other supersonic disciplinary technologies which will permit
the reduction of noise in takeoff and landing to levels leas
than the Douglas DC-10 and Lockheed 1011; reduce fuel consump-
tion rates which can make supersonic eruige aircraft signifi-
cantly more efficient; and nitric oxide emisalong at high alti-
tudes that are greatly reduced from levels possible with today's
technology.

& SCAR aerodynamic performance technology. To eatablish an ex-
panded supersonic aerodynamics technology base in parallel
with the expansion of other supersonic disciplinary technolo-
gles which will permit improvements in L/D, reductions in scnie
boom, and the transletion of technical advances into integrated
aircraft systems.

Table 7.1 18 a funding summary for the supersonic cruise aircraft
nolse technology programs., Earch program and noise related project is
listed, More detailed program descriptions are given in the Appendix.

Department of Transportation-Federal Aviation Administration

The FAA is conducting two programs relative to supersonic cruilge
aircraft noise technology. They are:

e Source sonic boom reduction, This is an effort to develop a
definition of the air and ground syatem requirements for gue~
ceasful threshold mach number operation.

27
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Table 7.1

NOTSE RELEVANT PROGRAM COSTS
{Thousandas of Dollars)

NASA NOISE RELEVANT SUPERSONIC CRUISE AIRCRAFT TECHNOLOGY STUDIES

FY 1974 FY 1975 FY 1976
Groas Manpower Grods  Manpower Grogs  Manpower
Descriptive Titles RAD Costs Total R&D Coota Total R&D Coats
Propuleion Technology
éropulaion Noise 618 330 948 843 350 1233 1000 360
Reduction Technology
Experimental Engine 410 18 428 - - - - -
Cycle Studies
Low Noipe Engine 11 - 46 - - - - -
Uinique Componanta
Agrodynamie Perfotmsnce
Integration Studies 137 90 227 - - - - -
Theory - 30 30 - - - - -
fonic Boom 137 270 407 167 90 257 280 90
TOTALS 1348 738 2086 1010 480 1490 1280 450

i

Total

1360

370

1730
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e Operational sonic boom reductien, This effort 1s to provide
prototype, digital, lightweight, inexpensive sonic boom recor-
ders and to obtain real time atmospheric data for use in long-
range threghold mach number operational feasibility studies.

Table 7.2 shows the program schedule for the source sonic boom
reduction and operational soniec boom reduction programa. The schedule
has been updated to indicate milestones and targets as of July 1, 1974,

29

e bt et i




ot

——— e =
e

Table 7.2.

DOT/FAA SOURCE SONIC BOOM REDUCTION, OPERATIONAL SONIC BOOM

REDUCTION PROGRAM SCHEDULE (JULY 1, 1974)

Supersonic boomless flight

T i S S £ 32 | TS v ] ox_| 71 1
Program Element/Subprogram ECY 1972 I 1973 1974 I 1975 1976 I 1977
202-554 Phase I  Phase Il Phase III Phase IV
Source Sonic Boom Reduction Final Trans. Systenm Final

%P @urd R$ort Fliiht RFP Award ReFort

flight; other operational

research
Phase I  Phase 11  Phase III
Ft. Worth F-111/F-8 opera- Final
tional rasearch boomless Award Report

Report Report
A 4

Rifort

programs.

Dperational Sonic Boom
educticn

Sonic boom signature proto-

type digital recording sys-
tem. Operation, maintenance

Award Delivery
| S,

Field
Test

2 Prototypes
recorders

and data colloction during

]

oporational programs

sfunding sllocations {1004 noise relevant) arae:

FY 73 - §316,000; FY 74 - $299,000;
BY 78 - $100,000; FY 76 - no funds scheduled
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8.,  AIR TRANSPORTATION SYSTEMS STUDIES

Studies considered in this section are concerned with the inter-
relation of future air transportacion needs, technology requirements,
sociceconomic and environmental factora. and aircraft/airpert interface.

National Aeronautics and Space Administration

Syatems studies being conducted by NASA that have significant

noise relevance are:

e Quiet propulsive lift transport technology systems
studiea, To identify, through aircraft definition
and transportation systems studies, the problem areas,
configurations and technology for emphasis in future
quiet propulsive lift technology programs, Including
flight research,

# Short-haul transportation systems analysis. To devel-~
op a sound technological base for future decislons re-
lating to the design, development, and operation of
short-haul transportation systems; to examine the re-
lationships between short~haul technolegy and short-
haul economics, marketa, and implementation; to iden-
tify potential viable short-haul airplane concepts and
their design and performance criteria for practical
short-haul transportation systems Including considera-
tion of market, economic, and environmental factora.

e Annlynis of future civil air trangportation systems
and concepts. To identify promising aeronautical
gystema, determine optimum characteristics, and define
tachnology roquirementa and costs associated with auch
syatems. Studies include general aviation aircraft,
CTOL, STOL, and VIOL tranamports, advanced subsonic
transonic tranaport aircraft, and advenced supersonic
trangports.

e High transonic 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 characteristica of com-
posite structures, low speed stabilicy, and control of
yaved wing for emergency maneuvers, and new engine
technology application for reduced noise.
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e Subsonic/Transonic C/RTCL transport technology systems
and designh studies. To make technology advances avail-
able for superior subsonic C/RTOL tramsport alreraft to
satiafy anticipated requirements in the 1980's; to de=-
termine the feasibility of utilizing aireraft 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 carge
in anticipation of the need for inereased air transport
of cargo.

e Subsonie/Sonie CTOL transport technoldpy propulsion
studies. To study the application of advanced tech-
nology to the improvement of future commerecial trans-
port alrcraft including consideration of economic
factors involving parameters such as aircraft drag,
propulsion efficiency, cost, and propulsion system
nolse and exhaust emissions.

Table 8.1 provides a funding summary 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 RELEVANT AIR TRANSPORTATION SYSTEMS
STUDIES NOISE RELEVANT PROGRAM COSTS
(Thousands of Dollars)

FY 1974 FY 1975 FY 1976
Groas Manpower Gross HManpower Gross Manpower
Deacriptive Title R&D Coats Total _RaD Costa Total R&D Costa Total
Short=Haul Transporta- 150 30 180 - - - - - -
tion Systems Analysis
Analyais of Future Civil 61 27 a3 120 48 168 120 27 147
Transportation Systems
and Concepts
High Transcnic Speed 15 1 16 80 - 80 80 - 80
Tronapert System Study
Subsonic/Transonic C/RTOL 80 30 110 - - - - - -
Transport Tech., Systems
and Design Studies
Subsonic/Sonie Tranapore 28 ] 34 - - - - - -

tation Tachnology
Propulsion Studies

TOTALS 334 94 428 200 48 248 200 27 227




Tahle 8.2 EPA AIRCRAFT NOISE SYSTEMS STUDIES
Contracting Contract Project Key Dates Amount,
Project Title Organization Number Manager Start End thousands of
dollars
Alreraft/Airport Opera- Bolt, Beranek 68-01-1835 J. Schettino 4/73 182
tions Noilse Study & Newman
Installation, Refinement Bolt, Beranek  68-01-2265 D. Gray 2/74 2175 79
and Training in Utilliza~ & Newman
tion of USAF-NEF
Alrcraft/Alvport Study: George Washing- 68-01-1834 E. Cuadra 4173 87713 110
Legal Analysis ton University
- Development of Implemen- E. H. Robbins 68-01-2266 E. Cuadra 2/74 4175 33
&~ tation Tools for Admin-
istration of Airport
Noise Regulation
TOTAL for FY 73 & 74 404
N R R Rt e
~ M‘"—'M_,— —



9. GENERAL AVIATION NOISE RETATED TECHNOLOGY

Many of the noise related programs presented in other sections of
his report have application to general aviation aircraft., In particu-
lar, the NASA programs, Basic Noise Research and Noise Technology, in-~
volve studies of propeller noise reduction. DOT/FAA also conducts
astudies relavant to general aviation aircraft; however, these are in=

cluded in Section 8 gince it is difficult to isolate this activity from
cost and program scheduling data.

National Aeronautics and Space Administration

\ The title and statement of objective of the NASA programs dedicated
apecifically to general aviation afircraft are:

® General aviation serodynamic technology. To develop
and demonstrate advanced technology for general avia=

E tion uge rhat will permit the design of future U.S.

aircraft that will be safer, more productive, and
clearly superior to foreign competition.

e Quiet, clean general aviation turbofan (QCGAT). To
identify, extend, and demonstrate the technology
applicable to small general aviatiaon turbofans to
achieve future environmental 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 HASA NOISE RELEVANT GENERAL AVIATION AIRCRAFT TECHNOLOGY STUDIES
NOISE RELEVANT PROGRAM COSTS
(Thousands of Dollara)

FY 1974
GCross Manpower
Deseriptive Title R&D Coats Total
& Aerodynamica and Crash- 65 30 95
worthiness
General Aviation 200 &0 260
Technology
Quiet, Clean General - - -
Aviation Turbofan (QCGAT)
TOTALS 265 90 355

e e
e e e e

e e

FY 1975 FY 1976
Gross  Manpower Grosa  Manpower
R&D Coatn Total RED Costas  Total
250 198 448 370 90 460
- - - 400 136 536
3
250 198 448 770 226 995

e m————
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_11. GLOSSARY OF ACRONYMS AND TERMS

AMST ~ Advanced Medium STOL Transport.

ARC - Ames Research Center,

C/RIOL - Conventional/Reduced Take 0ff and Landing.
CrOL - 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 Aviation Rule, Part 36,

FRC « Flight Research Center.

FY - Fiscal Yesr,

HITST = High Transonic Speed Transport.

JP-Fuel - Jet Petroleum Fuel

JPL = Jet Propulsion lahoratory.

L/D - Lift-Drag Ratio,

LaRC - Langley Research Center,

LeRC = Lewis Research Center.

NASA = National Aeronautics and Space Administration.
ONA = Office of Noise Abatement,

QCSEE -~ Quiet Claan Short-Haul Experimental Engine.
QSPA = Quiet Short-Haul Research Aircraft.
RD&D - Research, Development, and Demonstration,

RSRA ~ Rotor Systems Research Alrcraft.
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RTOL - Reduced Take Off and Landing.

RTOP - Research and Technology Operating Plan,
SAM = Sound Absorbing Material.

SCAR - Supersonic Cruise Aircraft.

STOL ~ Short Take Off and Landing.

USAF - United States Air Force,

V/STOL - Vertical/Short Take 0ff and Landing.

VIOL - Vertical Take Qff and Landing.

40

i

A 168 b b ke a7 i



i e

12. APPENDIX - COMPENDIUM OF AIRCRAFT NOISE RELATED
FEDERAL PROGRAM PLANNING AND PROJECT DESCRIPTIONS

This document contains detailed program planning information of
the Federal Agencies' Aireraft nolse research, development, and demone
stration activities. The information and data are presented basically
in the form submitted to EPA through the agencies' representatives on
the Adrcraft Noise Research Panel. This document can be viewed as the
acatus of programs and plans as of July, 1974,

TABLE OF CONTENTS

Page
I NASA PROGRAM DESCRIPTIONS 43
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3. DOT/ONA AIRCRAFT NOISE PROGRAMS
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I. NASA PROGRAM DESCRIPTIONS

NASA SUBSONIC CONVENTIONAL TAKEOFF
AND TANDING ATRCRAFT NOISE PROGRAMS
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NOISE REDUC?;ON FLIGHT PROCEDURES EXPERIMENTS
{768~-80) Ongoing

Program Objective

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

scheduled airlines' demonstrations of avionic systems for nolse abate-
ment flight procedures,

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

Program angets

NASA will demonstrate operational avienics and flight procedures that

can be used to reduce alrport community noise through the following
steps:

e Complete six month trunk airiine demonstration of two=-
gegment approach with & B~727 "in scheduled air-1ine
gervice - November 1973,

® Complete six-month trunk airline demonstration of two=

segment approach with a DC-8 in scheduled air-line
gservice ~ October 1974,

® Demonstrate potential of other operating techniques for
reducing acrodynamic and propulsion noise on approach
and landing - January 1976,
Program Approach

The NASA program for noise reduction has placed primary emphasis on
the two-segment approach, which offers significant benefits.

@ For reduced noise impact
® At a relatively small cost
e With the potentiazl of early implementation

Program activities are closely coordinated with the TAA and the Joint
ODT/NASA Office of Noise Abatement. They are heing managed by the

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

Two avionic system concepts are being evaluated. The main differences
between the concepta are the techniques that will be used to establish
the upper segment glide slope guldance. 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 aireraft, will cost approximately 59,000,

The program involves analysis, simulation, flight test, and in-service
evaluation in two aircraft types: the B-727, and DC-8, The applica=
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 pllots from 13 airlines at five airports. Of these, approximately

600 approaches by 58 line pilots have been made in passenger carrying
service,

Preliminary results:

e Have obtained line pilot acceptance in one airline in
cne type alrcraft:

~ Procedure has been demonstrated to be safe

- Procedure can be interfaced with today's ATC
environment

~ Avionics system provides good navigatlon accuracy
on upper segment

~ No significant increase in pilot workload
~ Passenger comfort not affected

e Two~segment approach provides approximately 60% reduction f
in the 90 EPNdB approach noise footprint area for the B-727,

Research continuing into FY 75 includes the DC-8 in-service evaluation,
investigations of the effects of operating procedures on aerodynamic |
and propulsive noise, and development of procedures that achleve maximum .

noise reduction,
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Investigations have been conducted on a preliminary evaluation of the
wake vortex behind and below jet aireraft flying a two-segment approach
in order to determine 1f any additionel hazard exists to following
alreraft.

Need and Relevancy

The NASA in cooperation with the FAA and the airlines has been involved
in developing and evaluating the operational procedures for noise re-
duction for a number of years. The landing approach studies indicated
pozentially large neise reductions could be achieved by three noise
reduction approach techniques: the two-segment approach, the energy
management of decelerating approach, and the curved ground tracts
approach, Although it was found that these flight procedures are well
within the performance capabllity of current day jet transports, they
impose mnew requirements on the pilot dutiles and worklead, on the pilot
displays, om the guidance and navigation system, on the aireraft con-
trol system, on the ATC flow of aircraft to high density runways, and
possible different wake turbulence effects. NASA decided in 1971 to
emharl on & substantial effort to develop suitable avionics for noise
abatement procedures and to obtain sufficient experlence so that they
are accepted for routine operations.

In July 1973, the Administrator of the Environmental Protection Agency
submitted a "Report to Congress on Aircraft/sirport Noise" in compli-
ance with the Noise Control Act of 1972, The purpose of the report is
to recommend ways in which the public health and welfare can be pro-
tected from excessive alreraft noise.

The following excerpts from this report reinforce the soundness of
NASA'e decision relative to the need and relevancy of procedural
methods of alrcraft nolse reduction,

"Approximately 16 million persons are presently impacted by aviation
noige in the United States, and in spite of the introduction of quieter
new aireraft, the number will continue to be of major proportion until
the mid-1980's unless aggressive action is taken."

taircraft nolse around airports ls presently & prineipal constraint on
the future growth of the alr transportation system.”

"It 1g evident that there is & need to mobilize available resources
and technology, ineluding those of providing newer and quieter air-
craft for the future, to deal with this problem in a coordinated time=
phased fashion."
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"1f nolse levels protective of the public health and welfare are to be
achieved around the Nation's ailrports in the near future, it will be
necessary to establish a Federal regulatory program which effectively
combines Federal controls on aircraft flight procedures, technology,
and noise control options available to airport operations and local
jurisdictions."

“From the foregoing, it can be seen that a number of nolse abatement
flight procedures are available for implementation. Although by them-
selves, they cannot totally resclve the noise problem, they play an
important part 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."

"“rhe main objections ‘to two-segment approaches come from ALPA pilots
and some segments of the airline industry. They desire more testing
to be certain that safety will not be degraded by the higher 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 be consistent
with the highest depree of safety upon completion and evaluation of the
cutrent 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 alrcraft noise.

TERMINAL CONFIGURED VEHICLE OPERAT ING
SYSTEMS EXPERIMENTS
(768-81) Ongoing

Program Obiective

1dentify and provide proven technology and operating techniques for
advanced CTOL and RYOL aircraft for reducing approach and landing
accidents, reducing weather winima, 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 the Air 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:
(1) solution of envirommental problems; (2) air traffie 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:

e Precision 4D flight path control by FY 1976 for

~impraved accuracy of time of arrival at runway from
18 sec, to 5 sec,

~decreased spacing between parallel runways from
5000' to 3000'.

& Steeper, curved, and decelerating landing approach -~ FY 1976,
e Automatic landings in zero visibility - FY 1977.

# Reduction of the impact of aircraft on the environment in
terms of alrcraft noise and air pollutions FY 1976,

e Landing rates in IFR which approach VRF rates - FY 1977.

& Gujdance and control capability for reduction.in separation
between aircraft on landing approach from 3 and 5 miles to
1 and 2 miles - FY 1976.

® Reduction in runway occupancy time from 55 sec. to 25 sec. =
FY 1977,

e Avionics which interface with an advanced ATC system = FY 1978.
8 Greater safety - FY 1979,

o 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 1lift capability; slower approach
and departure speeds; closer spacing without wgke vortex hazard; more
accurate position, speed, and time control; less time on the runway,
less sensitivity to wind and weather; greater speed flexibilicy; 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, 1Llater, simulation and flight evaluation will be'the primary
tools in carrying out this program.

Plans for the program include research in conjunction with the Micro-
wave Landing System (MLS), now under development by the FAA, and
applying the greater accuracy &nd relinbilicy of digital computer tech-
niques to what are presently analog avionlc systems. The MLS opens
up many opportunities for improvement in terminal area operations be=
cause the alreraft is freed from the standard one-course ILS approach,
Present aircraft instrument approach systems are net compatible with

MLS.

Flight experiments using advanced displays and performing precision
4D flight paths in a uniquely equipped B-737 aircraft will commence
late in FY 74. This research will continue heavily in FY 75 with
particular emphasis on {mproving adverse weather approach and landing
capability and safety through use of advanced displays 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 simulaticn 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, 1, 1973 Program Plan
entitled, "Terminal Configured Vehicle Program,'

Need and Relevancy

The following excerpts from The National Aviation System Policy
Summary, March 1973, which summarizes the FAA policies for the
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development of National Aviation System over the next ten years, clearly
gtate the need and relevancy of the objectives of this program:

“Thus, in consonance with National Transportation System
goals, the broad technical poals over the next ten years
can be summarized as follows:

Increase alrport capacity
Increase airway capaclty

Improve airway and airport safety
Minimize system operating costs

Minimize the impact of air transport on the
environment"

"The heart of the present alr traffic problem lies at five
high-density terminal locations where congestien and costly
delays occur during adverse weather conditions and regularly
during the peak hours, Without system improvements, the

number of terminals experiencing such congestion {s expected
to incremse to 21 by 1981.%

"of all che major ilssues, this (the impact of environmental
concerng on aviation systems development) is potentially
the most important."

"lLong range impacts of the energy problem on aviation are
still unclear, but it i1s quite probable it wiil act as a
constraint on expanded aviation service,"

These positions are supported by many others; for example, the POT Air
Traffic Control Advisory Committee and the Joint DOT/NASA Civil Avia-
tion Rescorch and Development Policy Study.

Since the problems of eafety, adverse weather, nolse, congestion, and
fuel wnstnge manifest themselves most strongly in the high density
tarminal area, this program is concentrating on the terminal ares per-
formance characteristics of civil transport aircraft. Terminal area
air traffic control is not merely a combination of procedures and
hardware, but is a complex system lovelving people, aircraft, airperts,
and airport neighbors, All elements of the system must be atudled in
relation to each other and to their environment. The terminal area

performance characteristics of aircraft are vital parameters in air
traffic control,

Tf the long=term rate of growth of air transportation continues, airplane
characteristic improvements in combination with planned FAA improvement
in the ground system have the potential benefits of:
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e TImprovement of runway operations by 50 to 150%.

® Saving an average of 750,000 gallons of fuel per
transport alrceraft per year.

e Reducing the cost of delays by %.
® Saving passenger time valued at more than $100M per year.

e 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 performance requirements), and generate solutions which will
permit more efficient terminal area operations. It Is Important that
the TCV program be 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
aveilable by the mid 1980's, they must be esgentially demonstrated by
the late 1970's. The planned schedule of TCV activitiles is designed
to accomplish chig purpase,

Safety of alrcraft occupants igs of fundamental Iimportance in an air
transportation system, Through a 60-plus year history of operations,
accidents have provided clear and sometimes not so clear indicatiens

of hazard areas. With the advent of more reliable jet engines, en
route aceidents due to piston engine failure, severe weather encounters,
and in=-flight fires as well as takeoff accidents due to engine failure
have declined as major sccident prone areas, leaving the approach and
landing phage accounting for more than half the fatal accidents. Off-
setting higher approach and landing impact speeds as a threat is the
improved structural integrity of modern aircraft and improved passenger
seat retention, Control systems are mores sophisticated, and navigation/
communication 18 exceedingly complex by 1950 standards, and decision
times for critieal 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 systams analysis will provide a rational
assessment of potential accident~prone areas in flight operstions,

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

unique facility for man-vehicle (human factors} technology development.
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The potential for signfificant reduction of approach and landing acci-
dents is considered high,

Not only 1s the activity conducted under this program relevant to our
efforts to ensure future alrplanes capabllity to meet forecast traffic
demand without adverse effect on safety and airport communities, it is
aimed at putting the .S, industry on a more competitive basis in world
markets of manufactured aircraft and aeronautical equipment.

REFAN PROGRAM
(739-14)

Program Objectives

Provide the technology to obtain a 75 percent reduction in the noise
footprint area 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 data essential
for consideration of rulemaking on epgine retrofits.

Program Targets

Major targets of the Refan Program are the following:

¢ Complete the design of the refanned JT8D engine and
acoustic nacelles for 727 and DC~9 aircraft by
July 1973,

» Verify the predicted aerodynamic and acoustic per-
formance of the refanned engine with ground engine
tests starting in Februsry 1974,

¢ Demonstrate the objective of 75 percent noise re~
duction with refanned engines and 727 aircraft
nacelles by ground tests starting in February 1975,

¢ Demonstrate the objective of 75 petcent noise reduction
by actual flight tests of a DC-9 aircraft starting
in February 1975.

e Final economic and performance data to FAA by
June 1975.
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Program Approach

The approach to accomplishing this objective is to develop modifications
for the JIBD engine that can be produced as retrofit kits, develop
nacelles with acoustic treatment for the modified engines, and demon=~
strate the noise levels and performance levels of a PC~9 airplane in
flight and a 727 propulsion system in ground tests.

The JTBD engine will be modified by replacing the existing two-stage
fan with a larger diameter single~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 wveloeity for
the same cycle temperature, The lower jet velocity will result in
decreased jet mixing noise. Acoustic treatment will be added to fan
ducts and other acoustic devices will be considered to select an opti-
mum engine nacelle, 7In the interest of minimizing the cost of the
ratrofit kit, no modificatiuns 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,
atrcraft monufacturers and airline operators. NASA inhouse effort will
be used both to manage the contracted efforts and to directly support

the program through studies and tests in NASA facllities. 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 progrem, 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 nolse has been identified as a
eritical factor limiting the growth of civil aviation. Vigorous public
reaction to the annoyance of alrcraft operations has atifled civil air
system expansion, produced costly litigations, and resulted in operational
constraints which limit airport capacity and conatrain aircraft pro-
curement, Demonstration of the refan feasibility provides a basis for
{mplementation of a refan retrofit which would reduce the noise foot~
print areas of the aircraft prineipally responsible for the high
commnity noise exposure by 75 percent, FPurthér, these same modifica-
tions ecan be introduced in the production of new 727, 737, and DC-9
aireraft to result in guleter, new aireraft,
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OBJECTIVE NO, 766-78
ADVANCED ACOUSTIC COMPOSTTE NACELLE
FLIGHT PROGRAM

Program Objective

Demonstrate on & modern wide-body transport in sirline operation the
application of advanced interwoven acoustic absorbent and composite
structural materials to an engine nacelle which will:

e Reduce the noise footprint area of future production
wide~-bady transport aircraft by 30 percent with no
increase in aircraft weight or fuel consumption or
alternatively reduce aircraft welght and fuel con-
sumption with no increase in noise.

e Together with advanced technology engines, reduce
the 90 EPNAE nolse footprint area of advanced
technology transport aircraft to 2 square miles with
no increase in aircraft weight or fuel consumption
resulting from the nacelle or alternatively reduce
aircraft velght and fuel consumption together with
some nolse reduction.

Program Targets

Recent materials and structures developments at Langley Research Center
on interwoven acoustic and composite materials offer the promise of
considerable reduction in operating costs. This program will exploit
these materials to:

® Complete nacelle concept definition studies and verify
approach by January 1976.

® Complete ground tests of an advanced technology
nacelle by early 1979,

® Certify an advanced nacelle for airline service on
a wide~bedy transport by late 1979.

e Demonatrate quiet nacelle performance in routine
airiine service by 1982,
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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 nolse suppres-
sion technique embodies a reflection prineiple in addition to atten-
uation to decrease noise transmission. This 18 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 treate
ment), lower net transmission is achieved, Tha 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 associlated drag and fuel penalties.

The project will be based on FY 1974 studies to datermine areas vhere
the application of compoeites with integrated acoustic material has

the greatest payoff with respect to welght, cost, and noise reduction,
The experimental prograsm will be carried out in two phases. The firat
phase consists of preliminary design of the engine nacelle to be tested,
The second phase will include the detail design, fabrieation, and
testing of the nacelle. The program, will: (1) evaluate various
design concepts for the integration of composite materials with nacelle
acoustic treatment in terms of initial cost, nolse reduction, weight
reduction, 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 commercial application; and (3) perfomm
ground tests, and flight tests in commercial service, of production
composite/acoustic nacelles to provide sufficient data on performance,
maintenance requirements, and maintenance costs to establish aircraft
and 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 Lewls Research Center (propulsion activities). Program eoordination
with DOT/FAA and with the airlines will be maintained and nacelle
certification will be under the direction of the FAA.
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Need and Relevancy

The ICAO World Traffic Forecagt for alr passenger demand indicates a
potential fivefold increase in air passengers by the mid 1980 pericd.
The number of air passenger seats required {s approximately double the
number now available and on order. While the world fuel crisis may in
time result In modification of this projected growth in demand for air
trangportation, the demand will certainly increase.

Market studies indicate that the bulk of this sircraft seat need will
be met by new wide-body type alreraft. 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 wide-body alrcraft certified to
meet current noise regulations., Other types of aircraft such as
advanced technology transports, S5STs, and STOLe will contribute to alr

1ift capacity but to much less extent than current type wide-body
ajreraft,

With such a fleet mix, community nolse exposure ig expected to agailn
increase 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 flight program is designed
to serve that need.
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NASA July 25, 1974 Testimony on Alrerait Noise
Programs before the House Subcommittee on
Aeronautics and Space Technology
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RESEARCH AND TECHNOLOGY FOR AIRCRAFT NOISE ABATEMENT

Statement of

J. Lloyd Jones
Deputy Associate Administrator for Aercnautics Technology
Office of Aeronautics and Space Technology

NATTONAL AERONAUTICS AND SPACE ADMINISTRATION
Before the

Subcormittee 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
refan retrofit option for civil aircraft certificated before Federal
Air Regulation Part 36 came into effect; and on the result of a meeting
on the Refan Program end 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 FAA, 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
made 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 like to note that NASA is
concerned primarily with the technological aspects of aircraft noise
abatement, The treatment of all the complex factors (economlc, social,
operational, and foreign) associated with regulation are the responsi-
bility of other branches of government, noteably DOT, FAA, EPA, and OMB.
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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_RETROFIT

As you know, NASA's part of the retrofit program is to develop and
assess the costs, effectiveness and technical feasibility assoclated
with refanning the JI8D-powered fleet, This program has been described
in detail to the Subcommittee in previous hearings. TFilgure 1 presents
the program schedule discussed with the Subcommittee at its hearings
in December of last year., All of the major milestones are being met.
The testing of refanned JTBD engines began in February as planned,

Our schedule still calls for initiacion 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. Tinal 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
beging this month.

Figure 2 shows a typlcal 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 englne plotted against englne 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
thelr astimates of the noise levels of the DC~9 and 727 aireraft. These
estimates are still under study by the Refan Project Office at the
tewls Research Center, Although the measured overall noise of the re-
fanned engine was a3 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 predicticns.

Specific fuel comsumption (SFC) is also an important factor in assesaing
retrofit options. 1In 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 further tests have been conducted,
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The baslc predicted improvement in SFC for the uninstalled refanned
engine has been achieved over most of the engine thrust range. At
maximum power the increment of improvement was less than predicted

by about two percent, Furthermore, the absolute level of SFC is higher
than predicted, This 1s thought to have resulted from the fact that
the SFC of the basic engine that was modified to provide the refan
test engine was higher than that of & new engine. Refanning, there-
fore, resulted in largely achieving the predicted incremental reduction
in SFC but not the absolute level expected, We do not know whether the
game improvement in SFC will be realized for a new engine conversion

to a refanned engine. A new engine, refanmed, is being tested this
month and we will soon have the answer to this question.

it should be noted that the tests te 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 aexperienced at the maximum power conditions., Better
SFC data for altitude eruise will be available some time after August
as a result of wind tunnel flight sinulation tests to be conducted at
the Lewlis Research Center.

Assuming we achieve our predicted values of SFC at all conditions,
the eatimated changes in block fuel due to refanning 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 J per-
cent and for others it iz decreased as much as 1 parcent., As you see,
the impact of refanning on fuel usage is estimated to be small and a
function of specific operating conditions, A refined anslysis of
specific airline operations would be required to substantiate gain or
logs for a specific operator.

A8 we have discussed with you before, the refan technology is a higher
cost technology than sound absorption material alena. The investment
coat for s retrofit of the JI3D- and JT8D-powered fleets with SAM is
estimated to be $667 million, in the 23 airport study of the Joint
DOT/NASA Office of Noise Abatement, whereas a retrofit of the JT3D-
powered aircraft with SAM and the JT8D-powered aircraft with refan is
estimated to be $2.82 billion, or more than four times as much as a
camplete SAM retrofit, These numbers are based on assumptions of in=-
flation rate and starting schedule for the SAM and refan retrofits
thaot are necessarily subject to uncercainty. In 1973 dollars, the
cost of a SAM JT3D and refan JTBD retrofit is $1.95 billion.

In additlon to the initial investment cost there are other costs
associated with a fleet retrofit that would increase the cost of the
SAM JT3D/Refan JTS8D retrofit program. The current estimate in the 22
airport analysis would indicate a total eost of about $5 billion.
These additional costs include consideration of changes in direct

65

- - o e S A e bk et e ey ST B



99

BLOCK
FUEL,
PERCENT
CHANGE

BLOCK FUEL CHANGES FOR REFANNED AIRCRAFT

+3

+2

+

-2

(55 - 60 PERCENT LOAD FACTOR)

ALTITUDE, 1000 FT,

727-100
727-200
B 3s
.
T DC-9-32
" 30
\ I I ! \
0 200 400 600 800 1000
RANGE, NAUTICAL MILES
NASA RJ75-2330

FIGURE 3 7-18-74



D VUV PP S

operating cost (DOC) over the projected life of the aireraft, "lost
productivity” resulting from the retrofitted aircraft being unable to
perform maximum range missions because of increased weight, and the
aircraft being out of sarvice during the retrofit installation.

There are sufficlent uncertainties in evaluating these additional
factors, excluding the assumed inflation rate and retrofit scheduls,
that the $5 billion cost could be over-estimated. These complex
factors are currently being discussed with DOT to develop & 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 provide data needed to these
agenecles for their deliberations regarding retrofit.

REFAN PROGRAM/REGULATORY ACTIVITY REVIEW

At our March 6, 1974 heerings before this Subcommittee, we advised

you that the Under Secretary of DOT, and the Administracors 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 thie group was held this past July 22, At this meeting, the Refan
Program progress was reviewed as well ag the results of the Joint
DOT/NASA Office of Noise Abatement study of the effects of various
retrofit and operational techniques for neise reduction at 23 alrports,
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 position on the retroe
fit NPRM. It was concluded by NASA that the Refan Program should
continue exactly as planned because of the technological advances
provided by the program, the possible use of refanned engines in
derivative rircraft, and the need for keeping the technologiecal option
for lower noise levels in the future,

THE TWO-SEGNENT APPROACH PROGRAM

I will now move on to discuss our two-segment approach activity, We
have described this program, supported by the FAA, in past testimony,
As you know, the chjective of the program ig to provide a significant
near=term reduction in the airecraft landing approach noise through the
provision of operational avionica and flight procedures that can he
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 {n~flight
evaluation with the DC-8 saircraft,

The Two=Segment Approach Program, mahaged by our Ames Regearch Center,
1s c¢losely coordinated with DOT, FAA, and EPA. Program guidance has
been provided by a Research and Technology Advisory Ad Hoc Panel on
Noise Abatement Flight Procedures, Its members came from DOT, FAA,
gircraft and avionics manufacturers, airlines, and the airline pilots’
association.

Figure 4 shows one version of the two-segment puidance equipment re-
quired in the sirplane 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 tranemitter,

Briefly, the two=segment approach technique can be described as follows.
A special airborne computer constructs a preselected 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 initjated. On an approach, the upper glide slope ia captured by

the aireraft and the deacent initiated. At about 1000 feet above ground
level the computer programs a gradual round out. Then, the lower
nominal 3° glide slope im captured and tracked ms on a conventional
approach, At an altitude of about 500 feet, the airplane is stabilized
on the 3% glide slope and goes on ts a normal landing.

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

is approximately $40,000 per sircraft for a dual installation. To

add two-sgegment guidance to an existing three-dimensional area naviga-
tion system, such as shown in Figure 5, would cost approximately $%,000
for a dual installation. For this asystem the DME need not be co=located
with the ILS glide slope transmitter, The costs noted include the

basic equipment, aircraft modification and installation, check-out spares
and training, and as noted dual installations. Dual installations,
however, may not be required.

The 727 Two=Segment 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 malfunections
were simulated. Extensive engineering flight tests and guest pilot
evaluations were conducted before initiating the in-service 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-flight
weather conditions., Pilots from 12 airlines, NASA, and the FAA were
involved.

The in~service evaluation commenced on the West Coast in April 1973,
with two-gsegment approaches being made at Los Angeles, San Francisco,
and Portland, The six-month evaluation was successfully cempleted on
October 28, 1973,

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

approaches were accomplished uneventfully by the flight crews and un-

noticed by the passengers,

Figure 6 1llustrates that the 727, using a two-segment approach, exposes
2.0 square miles of land to neoise lavels greater than 90 equivalent
preceived noise, decibels (EPNdB), compared to 5.5 for & normal approach,
a 64 percent reduction, The reduced power setting of the two-segment
approach also saves a small amount of fuel, about ten gallons for a

727. An annual saving of about 50 million gallong of fuel would accrue
if all U. S. carriers were making two-segment rather than conventional
approaches,

DC-B Two=Segment Approach Program

united Air Lines is now conducting an investigation of DC-B-61 two-
segment approaches for MASA. 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 reconmended
uppetr segment of the DC-8 two-segment approach should be 5.5° rather
than the 6° attainable with the 727, As shown in Figure 7 che bC-8
on a 5,5% two=segment approach exposes about 5.5 square miles to
greater than 90 EPNJB, compared to 11.6 for a normtl approach, a 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 eption for aircraft already equipped with an area
navigation system.
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NOISE RELIEF FROM TWO-SEGMENT APPROACH

B-727 90 EPNdB IMPACTED AREA

\ STANDARD ILS-5.5 sq mi wmee

TWO-SEGMENT-2.0 sq mi wwenann

NOISE IMPACTED AREAS

FIGURE b NASA RO74-2482 (3)

2-15-74

el

FREAE W VT SfFrey




TWO-SEGMENT APPROACH
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In August, in-service evaluation of the DC-8 two-segment approach
system will be initiated with line 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-Sepment Approach to Other Aireraft

Analytical studies by the manufacturers have established the applica-
bility of the two-segment approach to other aircraft in the civil jet
transport fleet, Figure & summarizes the neise relief that would be
expected. When these benefits are considered in proportion to the
projected operations of the fleer 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 straight-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 settling
characteristics also appeared to be sbout the same, The significance

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 use these data to help determine its position of the use of two-
gegment approaches for noilse abatement,

Summary

In summary, as of July 1, 1974, nearly 2000 two-sepgment approaches have
been conducted with 727 and DC-8 aircraft by about 170 pilots. Guest
pllots have generally started their evaluations with an apprehensive,
skeptical attitude toward the desirability, feasibility and accepta=~
bility of two-segment approaches. Typleally, a guest pilot appeared

to have the procedure in-hand by the third practice approach. With
very few exceptions, by the end of their evaluation flights there was
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APPROACH NOISE AREA REDUCTION POTENTIAL
WITH THE TWO-SEGMENT APPROACH
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FIGURE 3
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a nearly complete reversal of opinion, i,e,, from oppesed to cautious
optimism and support. Acceptance of the concept by a pilot appeared
to progresa in proportion to the number of two-segment approaches flovm.

The results of the Two-Segment Approach Program indicate that the
technique 1s an operaticnally feasible and safe technique for providing
a significant reduction in asircraff approach noise. A full underatand-
ing of the operational implications of wake turbulence for following
aircraft remains to be developed.

ATRCRAFT NOISE FROGRAM COORDINATION

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

NASA 1s continuing to worlk closely with DOT, FAA and EPA, at the staff
level, through working panels, and through the Jeoint DOT/MASA Office of
Noise Abatement, to help assure that the Government has an integrated
research and technology program directed toward the near and Ionger temm
reduction of aircraft noise.

Through the Joint Office, we have provided EPA with our mest recent
internal program plapning 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 coordimation effort,

NASA ATRCRAFT NOISE REDUCTION ACTIVITY

We believe that NASA has made and is continuing to meke progreas in the
development of technology for the reduction of ailrcraft noize. This
progress is being achieved through research on the understanding,

control and reduction of engine, aircraft and operations related nolse.
We are also vitally concerned with the reaction of people and communitles

to air transportation noise.

The Civil Aircraft Research and Development {CARD) policy study set a
general goal for the reduction of aircraft noise of 10 dB per decade.
Technologically, this goal is achievable in this decade, However, the
progpects of achieving this goal in the next decade are reduced by

the consideration of technical and practical operating coats. This situ~
ation is 1liustrated 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

10 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 efficieney. 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, aireraft noise prediction,
and human responsc 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 10, 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 intensity may be possible through the use of acoustic composite
structural material.

Conceptual deslign studies of such a nacelle were initlsted in FY 1974,
The findings from these studies will be verified through laboratory
inveatigations during FY 1975, and nacelle deaigns will be initiated
in FY 1976. We plan to complete ground tests in FY 1979,

The nacelle design will be appropriate for current wide-body tranaports
go that after completion of ground testing (including flight=-qualifica=
tion tests) the nacelle could be demonstrated in flight, The potential
value of this type of nacelle is shown in Figure 1l. An acoustic
composite nacelle applied, for example, to & future production DC-10
offers the performance potential of reducing the 90 EPNdE noise foote
print area by an estimated 307 without a change in airplane weight or
operating cost or, for the same noise performance {footprint), the
aircraft weight could be reduced by about 2700 1lbs., and 1000 1lbs. of
fuel could be saved on & transcontinental flight,

This technology, of course, is applicable to future advanced technology
transports.
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Alrframe Noilse

A relatively new area of concern is airframe noise., (ur concern stems
from the fact that noise from landing gears, wings and flaps, body
flow separation and tail surfaces is at levels about 8 to 10dB below
the current FAR-36 requirement as Lllustrated inm Figure 12, Because
future conventicnal aircraft engine noise at landing may be reduced
gsome 10 and possibly 15 EPNdB below FAR-36, airframe noise could become
the factor limiting approach noise reduction.

The objectives of our airframe nolse reduction program are to ildentify
and quantify the sources of airframe noise, and to decermine the princi-
ples and provide the data for minimizing this noise, A major part of
the work will be accomplished through model studies of components in
quiet wind tunnels and in the new Aircraft Noise Reduction Laboratory
facilities at the Langley Research Center. Flight testing will contihue
to support development of data in this eritical area. Special studies
will be made to relate alrframe nolse measurements, made at medel

scale in wind tunnels, to full=scale flight test data,

Later phases of the effort will involve studies of nolse generation

and its control as related to advanced concepts for high lift devices,
landing gears, other protuterances, and bodies and wings.

Propeller Noise Reduction

Turing testimony on General Aviation in March 1974, the Subcommittee
expressed interest in what NASA was doing to Improve propeller design
to achieve better performance and reduce noise. We are approaching
propeller noise from several aspects.

Under a grant to the University of Illinois, effort 15 being directed
toward providing practical free-propeller design criteria to optimize
planform, airfoll section, twist and camber for minimum noise and maxi-
mum efficiency, The effect of the supereritical airfoil section, on
both noise and efficiency, a&s applied to propellers, is also under
study, Flight tests of these propellers will be carried out in con=-
junction with the Advanced Technology Tight Twin (ATLIT) Program during
the gecond and third quarter of FY 1973,

Noise reduction potential and thrust efficiency of shrouded propellers
are under study., TFull scale wind tunnel tests of a modified Cessna 327
incorporating an aft propeller shroud were 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 incorporate a Hamilton Standard
"Quiet-Fan' (Q-fan) turbofan engine. Although the @-fan is expected

to be an expensive system, the noise reduction potential is great. Tull
scale wind tunnel tests of the modified airplane, in mid-1975, will
provide a basils for further studies or flight programs,

Alrcraft Noise Prediction

Our concern with the design of aireraft for minimum noise generation
or to specific noise standerds led to the establishment of an Aircraft
Noise Prediction 0ffice at our Langley Research Center this past year.
The 0ffice 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 characteristics of aircraft: new designs, alrcraft
modifications, proposed noise abatement operational procedures, as well
as the impact of future air transportation systems on airport communi-
ties,

The prediction capability will alsoc provide a basir for identifying
noise reduction technology goala and research needs related to aircraft
components, aircraft design, and airport operations, It will asaist
Federal agencies in future rulemaking and regulatory activities, airport
planners in airport development, and alrport commnities in land use
planning.

Response to Aircraft Noise

The last subject I will comment upon is human response to aircraft
noige. During the FY 1975 authorization hearings, reference was made
to such a study completed at Columbia University. 1In this research
program the range of nolse reduction proposed for retrofits for the

727 airplone waa simulated. Figure 13 summarizes the results of the
investigation. An annoyance number of 4 is very annoying. A number

of 0 is not annoying. A reduction of 6 EPNAB represents the level of
nolse reduction under the landing approach path expected for the SAM
and anticipated for the refan retrofits for the 727 airplane. From
these test results we conclude that under laboratery conditlons signifie
cant reductions in annoyance can be realized by a 6 EPNdB noise reduction,
In the Columbia study at the 1.1 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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SUBJECTS' RESPONSE TO SIMULATED AIRCRAFT OPERATIONS
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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 aireraft
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 detalled
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 alrcraft noise of various population sub-greups., This
information should provide a basis for the definition of more acceptabie
noise environments for alrport communities.

Closing

We believe that our program will provide the data hase 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
enviromment. We will continue to work clesely with the responsible
government groups, DOT, FAA and EPA to help bring into practical reali-
zation the frult of our research and technology.
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Title:

OBJECTIVE DOCUMENTATION

Propulsion Nolse Reduction

Type of Specific Objective

X Digeipline __ Study System and Experimental Program

Orpanizational Element Responsibility:

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

Statement of Specific Objective and Targets:

Objective:

To provide data and a technology base for reducing aircraft

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

i —— i —an e a2 . T —— R,

Obtain experimental and analytical data for a more
accurate understanding of noise generating mechanisms
in simple jet flowa which can be used to guide the
technolegy 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 nolse suppression
devices to 1% per 5 EPNdB. TIY 1977,

Determine the basic effects of forward velocity on
jet nolse generation end propagation. FY 1977,

Achieve &4 to 6 EPNdB reduction in fan-stage source
noise (relative to Quiet Engine I fan technology
levels) by means of aercacoustie 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 teo such suppression
treatment, FY 1977.

Demonstrate practical (high subsonic throat Mach

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, FY 1977.

o Determine the noise generation or suppression effects
due to internal and external surfaces which guide or
control jet flows, including effects of shielding and
surface treatment. FY 1977,

o Determine the mechanisms respensible for noise emanating
from core nolse sources (combustors, struts, turbines)
and establish practical techniques for controlling these
noise sources to optimize acoustic designs of propulsion
systems. FY 1978,

e Establish the effects of the random characteristics of
the atmosphere on the propagation of aircraft noise Into
the airport community. FY 1977,

Approach:

Propulsion neise reduction aims at providing a technology base and data
for the understanding and reduction of airecraft propulsion component

and system generated noise with minimum weight, performance and econemic
penalties, The program at Lewis Research Center is directed at funda-
mental studies of turbo-machinery, jet and jet interaction., Experimental
gtudies 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 studies of
component and jet noise and the effects of atmospheric conditions of
sound propagation. The aircraft Noise Reduction Laboratory, completed
in early 1974, is the focal point for Langley In-house research and
complementary university acoustic research activities. The programs

at Ames Research Center will include wind tunnel tests to measure fore
ward velocity effects. Alreraft static and flyover nolse measurements
will be made at Filight Research Center. The Jet Propulsion Laboratory
conducts research on high temperature supersonic velocity Jjet noise

and the correlation of different noise messurement instrumentation
techniques now in use., Major milestones for Propulsion Nolse Reduction

are:

e FY 1975 - Demonstrate J-85 nolse suppresslon using a
retractable nozzle in F=106 flight tests.

s Early FY 1975 = Complete exploratory studies of noise

propagation and atmospherie attenuation using an instru-
mental tower.
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& Mid FY 1975 - Complete £light test noise measurements
on supercritical propeller design.

e FRarly FY 1976 - Conduct wind tunnel nolse tests on vari-
able pitch Q=Fan for General Aviation Aireraft,

Need and Relevancy:

Alreraft noise is a major constraint to the growth of civil aviation,
and has become a major target for environmental improvement. The
NASA noilse 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 alrcraft
operations to remain economically viable.

OBJECTIVE DOCUMENTATION
Title: Noise Footprint Pradiction

Type of Specific Objective
_X Disgecipline ___Study System and Experimental Program

Orgsnizational Element Responaibility:

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

Statement of Specifie Objectlive and Targets

Objective: To establish techniques for accurate prediction of ground
noise levels of operating and future aircraft to establish total
acoustic eharacteristics, identify parameter sensitivities, and guilde
research efforts, Specific targets are: :

# Select and construct an interim computer program
for noise contour predictions by FY 1975,

s Improve the data base capabilities of the interim
program to predict noise contours (footprint areas)
within + 40 percent accuracy (+ 1.5 dB accuracy of
noige contour). FY 1976,
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# Establish a prediction and design capability to compute
noise contours for current and proposed alrcraft systems
based on analytical modeling of individual component
noise sources., FY 1978,

Approach

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
alircraft to establish acoustic characteristics, identify parameter
sengitivities and guide research efforts.

Major milestones of the Noise Footprint prediction ressarch are:

» By FY 1975 ~ Establish interim aircraft neoise prediction
program.

a Mid FY 1975 - Establish basic analytical models for key
technical areas in source noise prediction, noise
transmigsion, and community impact,

e Tate FY 1975 - Firast results from the Integrated noise
prediction program.

Need and Relevancy

Demands imposed on jet aircraft by recent nolse regulations have em~
phasized the need for an accurate noise footprint prediction capability,
This capability 1s essential not only for evaluating the effect of
proposed nolse abatement procedures and aircraft medifications, but
also for evaluating the impact of future aircraft systems on sirport
eommunities, The prediction capability will provide a basis for es=-
tablishing noise reduction technology goals and identifying research
needs in the areas of components, aireraft designs, and airpert opera-
tfons. In addition, the prediction program will assist other federal
agencies in future rulemaking and regulatory activities, and will aid
airport communities i{n land use planning.
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OBJECTIVE DOCUMENTATION
Title: Minimization of Undesirahle Aerodynamic Phenomena

Type of Specific Objective

XX Diseipline Study System and Experimental Program

Organizational Element Responsibility

Aerodynamices & Vehlele Systems Division - Alfred Gessow

Statement of Specific Objective 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:

& Determine by January 1974 one or more aerodynamic
techniques which show promise of effectively elimi=-
nating 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 alrports for safe spacing of aircraft during
landing and takeoff.

@ 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 alreraft 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 10 dB per decade
can be achieved, The technology required for
the first 5 dB reduction to be in hand by FY 1977,

e VUsing unsteady pressure distributions measured on
wing sections in wind tunmnels, provide a means for
predicting the intensity of the buffet phenomenon
of combat aircraft cthroughout their mansuver range
by mid FY 1975, With such predictive capability,
not currently available, provide the design information
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necessary to extend the buffet boundary of combat
aircraft by approximately 100% by FY 1977 and thus
provide the potential for the development of new
aireraft with greater operational capability in
combat situations.

Approach

Aerodynamic factors that control the generation and magnitude of wake

vortex, aerodynamic noise, and aireraft buffet phenomena will be studied

to determine the means by which the detrimental effects can be reduced

or eliminated.

# The airframe noise (l.e, the noise generated by an
alrceraft in flight with its propulsion system noise
subtracted out) program effort will be concentrated
on determining the source, magnitude, and method of
reducing such nolse for large transport alrcraft in
the clean and approach (l.e., flaps and landing
extended) configurations. The individual noise
contributions of high-lift devices, separated flow
associated with the landing gear, gear-well cavity
flow, and flaps will be investigated, The program
will be conducted with LRC as the lead Center, aided
by flight research at FRC, and supporting wind tunnel

and basic research at ARC and JPL. Basic noise source

meagurements will be made in conventional and quiet
wind tunnels and anechoic chambers with simple wings
and configurations to establish the feasibility and
test techniques for these types of measurements in

inherently '"noisy" ground facilities. Afirframe noise

prediction techniques will be developed using funda-
mental noise source principals and data correlations,
Far field aerodynamic noigse measurements from flight
tests of jet transport aircraft will be compared with
predicted noise levels and corresponding measurements
from wind tunnel tests of scaled transport models for
verificaticn of the ground test techniques, Aerody-
namic design concepts for minimizing airframe noise
will then be defined from analytical prediction
techniques, developed in ground facilities and dem-
onstrated in flight tests,

¢ The wake vortex hazard alleviation program will be
conducted at ARC, LRC, and FRC and will include a

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 alleviation 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 distributions will be investigated.
Ground facility measurements to evaluate the effectiveness
of the alleviation devices include documenting the vortex-
induced rolling moment imposed on trailling aireraft
models, positioned at scaled distances up to about 1%
miles downstream of the generating alrcraft 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-going ground research
program, aercdynamlc devices or techniques which show
promise of significantly reducing the wake vortex strength
include deployment of spollers and splines, and tailored
span loading to achieve a triangular-like 1lift distribu-
tion. Plans are to intensify the ground research effort
to further vefine and develop those aerodynamic 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 iet transport for final
demonstration.

¢ The buffet program will be conducted at ARC in the
Ames transonic unitary tunnel complex and will be
supported by contractor flight studies and analyses.
Correlations will be made of measured and caleulated
buffet alleviation techniques--supercritical wings,
flaps, etc,-~will be studied., Locations of shock
waves and flow separation will be identified, and
studies of unsteady pressures and forces will be
made, Predictions of aircraft structural response
characteristics during buifet will be developed to
assess the effects of buffet on aircraft design loads,

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

Late TY 1974 - Select candidate vortex minimization devices
or concepts for flight test evaluation.

Mid FY 1975 -~ Begin flight test evaluation and demenstration
of promising vortex alleviation devices.
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Mid FY 1975 ~ Identify individual airframe noilse source
contributions on jet transport,

Mid FY 1975 =~ Develop analytical prediction techniques
for radiated aerodynamic noise from discrete
sources.

Mid FY 1975 - Develop capability to predict buffet
intensity of combat aircraft throughout
maneuver envelope.

Mid FY 1976 =~ Initiate final flight demonstration with

most effective vortex alleviation devices
on wide~-body jet transport.

Need and Relevancy

R

The persistent nature of trailing vortices generated by jet transports
creates a documented safety hazard for closely follewing aireraft and
severely curtails optimum use of our pations alrports. FAA has taken
action to deal with the problem by increasing approach and tekeoff
geparation distances to 5 miles (from 3 miles) for smaller alrcraft
following 8 wide-body aircraft, This is not a satisfactory long term
gsolution because of the greatly reduced runway utilization rate, par-
ticularly in view of the heavier jet transports and increaged traffic
volume projected for the future, Also, the increased separation
distances cause ground holding delays prior to takeoff and in-flight
holding delays prior to landing during peak traffic periods which waste
precious fuel. Additionally, a major NASA/FAA gosl aimed at relleving
air traffic congestion involves as one facet the development and
implementation of a sophisticated, accurate airport=located aireraft
tracking system to allow less separation than presently employed. This
will not be possible as long as the wake vortex hazard continues toc
define the minimum separation, The wake vortex hazard research propgram
will attempt to reduce the present 3-5 mile geparation distance to two

miles.

4 major CARD policy study goal concerns the reduction of aircraft noise
by 10 dB per decade. Toward this goal, engine quieting efforts are
achieving significant progress. However, recent measuremants of jet
transport merodynamic noise during approach (engines throttled back)
indicate that the noise level associated with the airframe is signifi~
cant (only 10 dB below the FAR PART 36 guideline), Therefore, to realize
full benefits from engine quieting efforts and to ensutre that the CARD
policy study goal can be achieved 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 transenic maneuverability of military aireraft in
the high subsonic speed range where merial combat takes place. Conse-
quently, to improve odds for victory, buffeting effects must be reduced
to widen the combat envelope of military fighters.

OBJECTIVE DOCUMENTAT ION
Title: Acceptance of Aircraft Operations

Type of Specific Objective

X Diseipline Study ___ System and Experimental Program

Organizational Element Responsibility

Aeronautical Man~Vehicle Technology Division « R. P, Whitten

Statement of Spvecific Objective and Targets

Objective: To define and quantify those properties of mircraft nofse
exposure that are responsible for causing negative individual and come
mnlty response to air transportation systems, Specific targets are
below:

¢ Devise proper methodologles for laboratory and field
studies of human response to aircraft operations,
FY 1975,

¢ Determine effects of multievent noise exposure character-
istics on human respeonse to aircraft operations. FY 1976,

& Quantify the effects of background environmental nolse
exposure op the human response to aircraft-genarated _
noise. FY 1977.

& Ascertain the effects of aircraft noise on man's speech
production/perception, TY 1977,

s BEvaluate the effects of aireraft operations on sleep,
relaxation and subsequent performance of people, TFY 1978,
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# Study the effects of low frequency nolse characteristics
generated by present and future aircraft on auditory and
nonauditory responses of people, FY 1979,

® Develop a model for reliable prediction of responses of
people to aircraft operations that will satisfy labora-
tory and field conditions. FY 1980,

Approach

Research on the psychophysiological response of humans teo aircraft
operations will be conducted primarily in the new Aircraft Noise Re-
duction Laboratery at the Langley Research Center, Soclopolitical impact
analysis of new aviation technology will be conducted by the Ames Research
Center.

s Develop a model that will scientifieally explain the
composite response of man to aircraft noise. As iden-
tified by the medel, improve and/or develop those
methods essential to the conduct ot meaningful labora=-
tory studies which simulate the impact of aircraft
operations on the community: Verify the model and the
methods developed for simulation studies by several
field studies,

s Obtain data and record it in such a manner that it ecan
be used for NASA data bank utilizatiou, and for other
federal agencies, i.e., DOT/FAA, EPA.

8 Design simulation and field studies with a view towards
correlation with specific characteristics of earlier
studies so that proper interpretation and extrapelation
of results can be made,

Need and Relevancy

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

of major importance in the development of noise control technelogy and
operational procedures for civil aviation. The physical characteriatics
of noise and its propagation are fairly well understood; however, sclen-
tific data permitting an understanding of the impact of aircraft opera-
tions and noise on the community are sparse. Comprehensive scientific
information on the psychophysiological effects of alrcraft operations

and noise is needed to assure the acceptability 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 expensive, there exists
a need to simulate the real world in a laboratory environment In auch 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 ailreraft

systems and then evaluate the degren of acceptance by the airport come

munitiea, To achieve this degree of gophistication, 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 responsges 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 nolse and impulse noise characteristies are not
characterized adequately by existing measures of human response.

Today there exists a climate of general public hostility towards large
visible technologies. A thorough understanding of this social attitude
is neceded to allow for accurate economic projections ef future aireraft
systems prior to system development. Development of such understanding
would aid in the planning process of integrating a new gystem into an
existing system,
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OBJECT IVE DOCUMENTATION

Title: Advanced Powered-Lift Alrcraft Aerodynamic Technology

Type of Specific Objective

XX Disecipline Study System and Experimental Program

Organizational Element Responsibility

Aerodynamics & Vehicle Systems Division - John M. Klineberg

Statement of Specific Objective and Targets

Objective: To develop the aerodynamics and vehicle systems technology

needed to attain the integrated aerodynamic performance, nolse, stabil-
ity, <control, and handling qualities characteristics required for
viable powered=1ift civil and military aircraft designs having overall
aireraft performance and flight characteristics compatible with opera-
tional approach CL's of about 4.5, 90 EPNdAB noise, footprint less than
1 8q. mile, and direct operating costs not more than 10% above good
CTOL transports. Specific targets are:

o AerofAcoustic Exploratory Research - Provide, by 1975,
first-order trade-off information on low-speed aerodynamic
performance and noise for augmentor wing (AW) flap systems
(including the use of break-up nozzles and thrust reversers)
and for upper surface blowing (USB) concepts,

e Cruise Drag - Provide, by 1976, first-order trade-off infor-
mation to avoid or reduce by half cruise drag penalties of
upper surface blowing systema, indicated for preliminary
analysis to be as great as 107 of total drag,

e Larpe-Scale Aero/Acoustic Verification - Verify the inte~
grated aerodynamic noise, stability and control character=
iastics of representative complete powered-lift transport
configurations 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.

e lNandling Qualities and Control Systems = Evaluate the handling
qualities requirements and promising methods of integrating
vehicle aerodynamic and propulsion controls for powered-1lift
transports to enable precise flight path and sirapeed control
during low-speed terminal-area operation. Regult will be the
definition of tentative handling qualities design criteria and
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speclfic control system concepts by 1975. Also evaluate
by 1976 a hinged plate spoiler system for Improving flight
path control and landing dispersion of a low wing loading
nonpowered-11ft STOL transport.

& Certification Criteria - Define tentative handling
qualities and performance criteria necessary to serve
as the basis for establishing airworthiness standards
and define procedurcs for demonstrating compliance
with standards, Targets for initial evaluation of
individual system concepts are:

oy

Deflected slipstream 1973
Augmentor Wing 1974
Externally blown flap 1974

Approach

The powered-1{ft STOL/RTIOL aerodynamic programs are conducted at the
Ames and Langley Research Centers, EEffort at Ames emphasizes large-
scale wing and model performance and noise tests in the 40~ x 80~foot
tunnel, primarily on the augmentor-wing and upper~surface blown flap
concepts; related contracted analytical and experimental studies; and
ground=based motion-simulator flight dynamics investipations., Langley
performance, noise and handling qualities studies are concentrated on
the upper-surface blown flap, involving use of theoretical analyses,
small-scale and large-scale wind tunnel models, static rigs, and ground-
based simulators. The specific approaches for accomplishing each of the
identified targets follow:

e Aero/Acoustic Exploratory Research - Ames, in FY 1975,
will conduet diapghostic experimental small~scale tests
in the 7~ x 10-foot tunnel and sponsor centractual
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 ghort-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 neise shielding; will investigate
fundamentals of USB noilse on a static rig with engine exhaust
directed through USB type nozzles over fleps; and will
conduct some USB performance/nolse trade~off desipgn studiles.
Langley will also complete a series of experimental
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studies to establish reliable tunnel=wall correctlons
for powered-1lift systems being experimentally investi-
gated at high-1lift conditions, and will continue powered=
l1ift theoretical studies to devise improved flow and
performance prediction methods. Ames will complete an
investigation of turbulent mixing within AW multi-
element nozzles to guide improved nozzle designs,

Cruise Drag = Langley will perform parametric small-
scale wind tunnel evaluations and analyses to

develop by FY 1976 an adequate understanding of how

to reduce cruise penalties aceruing from USB instal~
lations. Ames will complete by FY 1975 a contractual
small-scale study to develop cruise augmentor technology.

Large~Scale AerofAcoustic Verification -~ On a new
semispan swept wing powered-1lift 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~designed AW concept utilizing advanced multi-ele-
ment lobe nozzles, (2) initiate evaluation of & Boeing
ceruise augmentor coneept, and (3) initiate evaluation
of a hypermixing ejector flap concept. This research
model will be utilized for several large-scale verifi-
eation tests of dirrerent 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 Aerocommander) in
FY 1975, using the full-scale tunnel and the lunar-
landing facility (for some of the noise measurements),
A large-scale swept=-wing USB model will be investigated
in the Ames 40- x B80-foot tunnel, These large scale
investigations as a whole are required to verify the
integrated aerodynamic, propulsive, acouatic and
structural dynamice characteristics and to provide
valid data for design proposals.

Handling Qualities and Control Systems - Ames, in

FY 1975, will conduct handling=qualities investigae
tions of representative powered-lift STOL/RIOL
transports using ground-based simulators such as

the FSAA, to provide solution to problems related

to flight=path control and of the transition from
cruise to approach. Ames, also in a joint program
with the FAA, will conduct flight evaluations of a
hinged-plate spoiler system integrated into the pilot's
controls to augment flight path and roll control of a
DHC=-6 low-wing-loading nonpowered=1ift aircraft. These
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evaluations under STOL operational conditions will
investigate certification implications.

\

e Certification 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 handling-qualities and per-
formance certification standards for future STOL/RTOL
powered-11ft clvil transports., Tentative criteria
will be developed for aireraft using several of the
more promising powered-1ift concepts, contributing to
& generalized criteria applicable te all concepts.
Consideration will also be given to the development
of safe flight procedures for demonstrating compliance
with the criteria,

Need and Relevancy

The Joint DOT/NASA CLvil Aviation Remearch and Development (CARD)
Poliey Study stressed the urgent requirement to reduce aircraft noise,
to reduce congestion at airport terminals and to evaluate efficient,
quiet short-haul transportation systems #s a means towards such ends,
Only 10 percent of the Nation's airports can accommodate today’s jet
transports requiring runway lengths of 5,000 feet or longer. Aircraft
with operationally usable approach Cp's cf about 4.5 capable of opera-
ting from 2,000 foot runways could be accommodated by 75 percent of
the Nation's airports, and thereby offer tremendous congestion relief
for some currently overcrowded airports. Suech aircraft could also help
congestion relief by operating from short new runways within existing

major temminal hubs.

The achievement of this performance in aircraft having acceptable ride
qualities and noise characteristics for the general riding and airport
community public reguires the use of efficient, quiet, powered-lift to
provide useable approach lift coefficlents up to 5 with noise levels

not exceeding 90 EPNAB over a 1 sguare mile footprint. The research

and techtiology 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-density short-haul alr transportation

system,
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C-8 AUGMENTOR WING FLIGHT EXPERIMENT
(766-71) Ongoing

Program Objective

Validate in flight the augmentor-wing powered-lift concept developed in
laboratory programs as a practical means for providing short take-off
and landing capability (under 2,000 foot balanced runway length)} to al-
leviate terminal area congestion problems, Assess in flight the handling
gualities of this type of aircraft, Provide a versatile representative
powered-1ift aircraft for assessment of navipation and control systems
requirements for safe (precise control with low pilot workload) terminal
area operations foreseen for this class of aircraft,

Propram Targets

# Documentation by December 1974 of augmentor=wing
proof~of-ccncept flights to be completed by
May 1974.

e STOL operational assessment by U.S. and Canadian
test pilots to be completed by April 1974,

: 8 Development by February 1975 of definitive criteria

; for control of flight path and ailrspeed, and for roll
and yaw power for powered=1ift tramsports through
£light 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~
cept system developed by analysis and simulation.

e Confirm and extend by 1977, certification criteria
5 for powered-lift aircraft developed through piloted
4 simulation,

Initiate by November 1974, main body of STOL operating
systems experiments (supported under separate program),

3R
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Program Approach (Abbreviated Version)

A C-8A ailrcraft 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. Follewing con-
tractor check-out flights, the aircraft was delivered in August 1972

to the Ames Research Center where ailrworthiness and proof-of-concept
flights were initiated. During this phase of testing the vehicle was
further modified to include a powered clevator 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 & variable~stabils
ity Nevion aireraft to aid in planning the C-B8 flight research program,
The C-B handling-qualities experiments will begin in mid 1974 following
completion of the proof-of-concept tests and of pllot assessment of the
STOL operational characteristies of the aireraft, The main part of the
handling-qualities criteria studies will be completed by February 1975.
The STOL operating systems experiments will begin in November 1974
utilizing the C-8 augmentor-wing aireraft in a program supported under
a separate project. During the course of the latter experiments, the
C-B research aircraft will be used to evaluate flight director laws

and certification criteria for powered-lift flight,

Additional details are available in the March 23, 1973 Project Plan
entitled "C-8 Augmentor Wing Research Alrcraft and Flight Experiment."

Need and Relevancy

0AST has a responsibility to develop short-haul transport technology
for high density civil transportation., The C-8 augmentor-wing research
vehicle is the first jJet powered-lift STOL aircraft to operate, It
will therefore enable early examination of low-speed flight and opera-
tional characteristics rvepresentative of future STOL/RITOL transports,
which (with rotoreraft and jet VIOL ailrcraft) are expected to provide
the U.8. with more efficient high-density short-haul systems. Infor-
mation obtained from STOL handling qualities tests with the aircraft
will aid in verifying the results of ongoing and planned ground-based
simulator studies, and in providing the criteria to establish civil
certification requirements for such aircraft. The vehicle, being
equipped with the STOLAND avionies system, will also provide a unique
facility for scheduled general STOL transport operating-systems experi-
ments, to be carried out jointly with DOT in a separate program.
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QUIET, CLEAN, 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 quier, clean and efficient pro-
pulaion systems for economically viable and envirommentally acceptable
powered lift short~haul airecraft. Program goals translate as follows:

e 95 EPNdB noise footprint area less than 0.5 sq. mi.
(~10% of DC-10), or 500 ft. sideline = 95 EPNdB.

& Emission levels of Experimental Clean Combustor,

& Thrust to weight ratic 6 or better.

® High bypass ratio engine technology for under-the-wing
" and over~the-wing systems: composite, variable pitch,

thrust reversing, low pressure ratie fans with gear
reduction drive for low tip speed,

Program Targets

The program objectives will be met through the following steps:
e Source selection and contract award in December, 1973.
e Design layout review - June, 1974,
¢ Critical Design Review -~ January, 1975,

® Delivery of first engine to LeRC for in-houge testing in
an under-the-wing configuration in August, 1977.

e Delivery of second engine to LeRC for in«house testing
in an over~the=wing configuration in December, 1977.

Program Approach

The approach 1s a competitive procurement, single-contractor expariment-
al engine program managed by the Lewis Research Center, System defini-
tion/optimization studies of powered 1lift propulsion concepts in FY

1973 formed the hardware program basis, Two full scale engines, one

for under~the~wing installation, the second for gver-the~wing will be

109




designed, fabricated, assembled, tested, and delivered to Lewis, In-
house acoustic and aerodynamic performance testing in wing/flap system
installations will be conducted to verify system characteristics and
achievement of program goals,

OBJECTTVE DOCUMENTATICON

Title: Quiet Short-Haul Research Aircraft (QSRA)

Type of Specific Objective

X  System and Experimental Program

Organizational Element Responsibility

Transport Experimental Programs Office - William Gardner/Jack Levine

Statement of Specific Obiective and Tarpets

objective: To obtain, by means of a low-cost experimental aircraft,
quiet propulsive-lift f£light research data on an advanced propulsive=
11ft configuration at lift coefficlents greater than 4.5, 90 EPNdB foot~
print areas smaller than one square mile, and roll control power greater
than one radian 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
asseasment in achieving the same,

® Determine by the end of FY 1974 the airframe and engine
deaign requirements, schedule and cost to modify an
existing airplanc for use as a low~cost quiet, high
performance propulsive-1lift research alrcraft.

o Modify the design, fabricate and assemble by the end
of FY 1976 an existing aircraft with an advanced
propulsive-11£t system and perform ground checkout and
limited flight tests of the assembled aircraft by the
third quarter of FY 1977.

® Define by the end of FY 1976 and conduct beginning in
the third quarter of FY 1977 appropriate multi-diseci-
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pline propulsive-1lift flight experiments in areas of
general configuration, handling qualities, noise,
flight dynamics, flight control systems, information
displays, propulsion system, and operating environment,

& (Cenerate and verlify by FY 1978 the integrated total
vehicle and operating systems technology base frem which
design requirements and certification criteria can be
egtablished for practical and efficlent quiet propulw~
sive~1{ft civil and military short-haul transports,

Need and Relevancy

Future powered lift short-haul aircraft need quiet, clean, efficient
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 envirommental and operational requirements,

Approach

¥ The project will include modification of an existing aircraft inte an
advanced quiet propulsive=1ift configuration with modified existing

: engines to power the aircraft and the use of the alreraft in a flight

{ research program to achieve the previously stated object ive 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 propulsive-lift research aircraft. Each con-
tractor will conduct preliminary design of (1) a C-83 Buffalo aircraft
configured with an advanced quieted augmented jet flap (AJF) propule
sive~11ft system, and (2) & centractormselected aircraft and quiet
propulsive=1ift concept. In support of these studies, three separate

‘ engine study contracts were awerded on January 31, 1974 to General

. Electric, Allison, and AVCO Lycoming for a twoemonth 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
deslgn concept for the research aircraft will be selected by NASA. The
selection will be based on results of the contractor efforts as well

as on our own in-~house studies and considerations will be given to the
technical, schedule, and cost risks; the estimated project cost} alrcraft
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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 desipn for the aireraft and provide detailed bud-
getary and schedule estimates for detall design, airvframe modiflication,
engine integration, and contractor tests. Results of thesc 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, TFlight 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 plen that orders and integrates the experiments,
and finally, the flight research program itself., The experiments
program will be developed in cooperatien with other Government agencles
and interested industry groups and carried out by NASA as an in-house
effart,

The Ames QSRA Project Office is responsible for overall management of
the aircraft modification with support by Lewis Research Center to pro-
vide modified engines for the aircraft., The QSRA Project Office is
also responsible for management of the flight research program with
participation by the other OAST Centers.

Major milestones of the QSRA Project ara:

Contract award for aircraft preliminary January 3, 1974
design studies

Contract award for engine support January 31, 1974
astudies

Select ailrcraft 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 propulsive-lift 3rd Qtr. FY 1977
£light research program
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Initial quiet propulsive-lift flight Ath ger. Fy 1977
research results available

Technology data base avallable for use Fy 1978
in establishing design criteria and

development of civil commercisl air-

craft

Need and Relevancy

The flight research program is necessary in order to reduce the techni-
cal risk sssociated with the development by Industry of both civil and
military propulsive-1ift transports and to provide a comprehensive
technical foundation on which Govermment regulation agencies can estab-
1ish realistic criteria for certification of commercial subsecnic pro-

pulsive~1ift transport aircraft and for enroute and terminal area opera-

tions. A quiet propulsive-lift research airplane must be designed,
built and flown in a research program in order to provide verification
and demonstration of the technical base for the future design, develop-
ment, fabrication and operation of reliable, quiet and econcwmic fan-

jet propulsive-1ift transports, Powered Lift technology is a key to
community noise reduction, airport congestion relief, and improvement
of civil transport and military tactical airlift.

QBJECTIVE DOCUMENTATION

Title: AMST Prototype Aircraft (769-48)

Type of Specific Objective

X System and Experimental Program

Organizational Element Reaponsibility

Transport Experimental Programs Office -~ William Gardner/Jack Levine

Statement of Specific Objective and Targets

Objective: To obtain, through participatien in the Air Force AMST
prototype program, propulsive-1ift flight research data on straight-
wing externally blown flap configuration at lift coefficients up to
about 3,5, 90 EPNdB footprint areas greater than 11 square miles, and
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roll contrel power about % radian per second?, Specific targets are:

e Obtain by Fy 1976 flight verification of the detailed
performance predicted by NASA ground based research
data for USB and EBF propulaive-1ift aircrafc.

¢ Define by the end of FY 1974 and conduct on a none
interference basis with the Air Foree during FY
1976 to the maximum extent possible multi-discipline
flight experiments in areas of peneral configuration,
handling qualities, flight dynamics, noise, flight
control systems, information displays, propulsion
system, and operating environment,

e 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,

AEEroach

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
tegt 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 Alr 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 designs, operational procedures
and emergency conditions that may influence aircrafr configuration and/
or control systems characteristies,

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 Alr Force objective
of the evaluation of these prototypes for tactical and logistic 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 be limited. In the second
stage, following completion of the one=-year prototype evaluaticn
currently scheduled by the Air Force, NASA will assume the primary role
and will conduct additional flight research, This second atage of the
program will complete the documentation of flight characteristics and
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evaluation of handling qualities and operational techniques as related
to civil short-haul operations. Modifications to the alrecraft 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. TIn
addition teo studying integration of advanced avionics with pilot diaplay
and f£light 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 aireraft to reduce noise
generated by aero-propulsion systems to permit development of criteria
for noise certification,

Major milestomes of the AMST Prototype Aircraft Program applicable to
NASA are:

Initiate Alr Force-led flight evaluation 1st Qtr. FY 1976
of the AMST aireraft

Initial propulsive~lift flight research Mid FY 1976
results available for EBF and USB con-

figurations

initiate NASA~led flight research using Mid FY 1977

the AMST aircraft

Need and Relevancy

In considering the requirements for technology and operational date to
support development of civil and military transports with the advantages
of improved approach, landing, takeoff, climbout, and ailrport area low=
speed maneuvering capabilities, the U.S, Air Force and NASA have agreed
that the nacional 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 Propulsive«~Lift Technology programs.

The Air Force/NASA Memorandum of Understanding ot the coordination of
the Air Force and NASA propulsive~lift programs provides both for NASA
participation in the Alr Force flight testimg 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-
1ift research airplane to the extent that their performance capabilities
permit,

115

. s b s
T ERNERY NI



STOL OPERATING SYSTEMS EXPERIMENTS
(768-83) Omgoing

Program Cbjective

Establish a technology base upon which operational STOL short-haul
systems can be based with confidence in the 19782000 time period.

Regarding 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 are the most
promising from an operational and technology point of view."

Program Targets

In this joint DOT/MASA program, operating systems technology, operating
procedures, and guidance, navigation, and control concepts for high-
density terminal area operation will be demonstrated in the follewing

steps:

& Integrated digital avionics research systems (STOLAND)
available « July 1973.

& Synthesize flight paths for STOL independent of CTOL
operations = September 1974,

¢ Initiate flight experiments to provide systems
rerformance data

=~ DHC-6 June 1974
«~ Augmentor Wing C~8 - December 1974,

e Initiation of Microwave Landing System (MLS)
validation flight experiments - April 1976,

Benefits which will be demonstrated include:
& Noise ~ 90 EFNdB footprint within airport boundary.
e Weather = Low visibiliry automatic landing capability,

& Guidance Accuracy - Maximum touchdown dispersions of
+ 15 ft, laterally and + 100 ft. longitudinally.

¢ Pllot Workload -~ Reduced 30% through autemation and
displays. ‘
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Program Approach

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 avioniecs research system (STOLAND) has beecn pro-
vided by Ames Research Center. One simulator STOLAND system and two
flight systems have been fabricated. The first flight system has
success fully completed flight acceptance tests in the ARC CV-340 alr-
craft and is currently being installed in a DHC-6 Twin Otter, Flight
experiments with this aireraft will begin in June 1974, The second
flight system is being installed in the modified C-8A augmentor wing
STOL research aircraft and flight acceptance tests will be performed
in November 1973, Flight experiments with this aircraft will commence
in December 1974,

Introduction of the Microwave Landing System (MLS), now under develop-
ment by the FAA, will provide better terminal area landing guidance
than is presently available. The MLS will by used by CTOL, STOL and
VTOL aireraft. 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 wil] be conducted to define
realistic criteria for MLS proof~of=-concept evaluation and prototype
validations. The field investigations will include ground and flight
tests with the programmable STOIAND avionic system. These investiga-
tions will emphasize MLS performance for terminal area navigation and
approach and landing guidance for low visibility automatle operations,
Flight validation of the K model prototype system will be completed in
1977.

In addition to the MLS validation, operating systems experiments will
be conducted to provide information to aid in the choice of STOL termi-
nal area guidance, navigation and control system concepts and to define
operational procedures, Steep ascents and descents, tight turns 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 DHC-6
Twin Otter and the C~8A augmentor wing research aircraft. The paviga-
tion and landing aids to be used in the experiments are VOR, DME, TACAN
and MODILS (Modular Instrument Landing System).

Improved navigation and guidance will be investigated using an innovative
inertial guidance and navigation concept maling full use of digital
computer technology and redundancy management, This strapdown inertinl
reference unit (SIRU), now in the design phage, will be delivered to
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ARC in September 1974 for flight acceptance tests in the ev~-340, Flight
experiments using a STOL vehicle equipped with both STOLAND and SIRU
will begin in November 1975,

Additional details will be included in the Program Plan to be availlable
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
Alr Transportation System utilizing the capabilities of STOL ailrcraft
has the potential of reducing the projected terminal area congestion
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

S0 EPNdB footprint within the airport boundary wili allow modification
or acquisition of STOL landing facilities with reduced real estate
costs, Advanced navigation, guldance, and control systems will provide
zero visibility landing capability and maximum touchdown dispersions

of + 15 ft. laterally and + 100 fr. longitudinally. This will allow
STOL aireraft to interface with the ATC system with minimal interference
and will permit STOL vehicle operations 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 aome of the potential
problems associated with STOL navigaticn, guldance, and air trafic
control, have joilned forces in conducting a STOL Operating Experiments
Program which 1a discussed in "Final Report of the Flight Experiments
cormittee of the Joint DOT/NASA Operating Experiments Steering Group,"
dated July 21, 19872,
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OBJECTIVE DOCUMENTATION

Title: Advanced Rotoreraft Aerodynamic Technology

Type of Specific Objective

Diseipline Study ___ System aund Experimental Program

Organizational Element Respongibility

Aerodynamics & Vehicle Systems Division - John M. Klineberg

Statement of Specific Objective and Tarpets

Objectives: to determine and improve the performance, dynamic loads,
noise, control, stability, vibration, and handling qualities charac-
teristics of helicopter rotors and rotorcraft eonfipgurations in order
to permit the development of rotorcraft having substantially greater
migsion and cost effectiveness than current (1973) operational vehicles
in milicary and civil usage. Specifiec tarpets arve:

# Rotor Tip Vortices - 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 concepta, to reduce blade-vortex
impulsive noise about S EPNdB compared to conventional
square tip blades for rotors of equivalent thrust level,

a Variable=Geometry Rotor - Evaluate the perfermance and
nolse characteristics of one of the curvent RSRA system
candidates, the variable-geometry rotor concept, analyti-
celly in FY 1975 and experimentally in full~scale static
teasts in FY 1975-76.,

# Controls and Displays for Improved Handling Qualities =
Evaluate in flight the handling qualities Improvements
during curved decelerating approaches achievable with
a J=axls vector velocity command system by FY 1975, and
a non=linear control concept by FY 1976.

e Civil Helicopter Technology Assessment = Apply in FY 1973,
1973 state-of-the-art technology on & large transport
helicopter (CH~53) to provide passenger compartment acoustic/
and motion enviromment and assess suitability for feeder
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line aircraft use, and to provide civil helicopter noise
certification and community acceptance eriteria,

e Advanced Rotorcraft Design Studies ~ Define im FY 1975, to
the extent possible in modest design studies incorporating
estimated technology advancements, the broad design and
operational characteristics of large advanced compound
helicopter and tilt rotor transports which could realis-
tically he operatiomal by 1985,

» Controllable-Twist Rotor - Verify at full-scale in FY
1975 the ability of a controllable~twist rotor concept
to reduce cyeclic vibration 10 percent and improve per-
formance 2 percent, compared to 1973 operational rotor
types.

¢ TFlight Controls and Handling Qualities for Unique Military
Helicopters = Through evaluating a hierarchy of helicopter
control systems by 1976, determine the minimum augmentation
requirements for specific military low-level missions,
and develop methods of implementation to winimize the
number and complexity of hardware components, Using
moving base simulation, establish by 1975 the effeect of
gross weight up to 250,000 pounds on handling qualities
and flight-control requirements for crane helicopters.

& Design Prediction Methods = Validate existing design
predictive methods and medify them where defieiencies
exist to provide the required improved understanding
of interrelated basiec factors contributing to rotor-
craft performance, noise, dynamica, and control. The
subjects to be examined include: (1) main rotor/fuse=
lage/tail rotor flow interferences and effects by FY
1975, (2) unsteady flow conditions on rotor blades and
in the rotor wake by FY 1976, and (3) rotor hlade and
control system dynamics including feedback by FY 1977,

¢ 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 rotoreraft aerodynamie programs are conducted at the Ames and
Langley Research Centers~-in almost all cases jointly with the Army
Air Mobility R&D Laboratory located at each Center, Effort at Ames
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emphasizes larpge~scale rotor model tests in the 40- x 80-foot tunnel,
ground=based flight simulation studies, 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 small-
scale rotor model studies, the whirl tower for large- or full-secale
hover performance and nolse evaluations, and available rotorcraft for
flight=dynamics 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 pecmetric
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-1H helicopter in FY 1975, and Ames
will carry out coordinated tests of the UH-1H blades
in the 40~ x 80-ft, tunnel. Langley will conduct
flight tests to evaluate the mass~injection concept in
FY 1975=76.

¢ Variable~-Geometry Rotor - In Langley studies of the
varigble-geometry rotor (VGR), also designed for tip
vortex strength alleviation, 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 nolse tests
will be made of full-scale models in FY 1975-76 on the
whirl tower,

e Controls & Displays for Improved Handling Qualities «
The CH46 in=-flight simulator helicopter will be
utilized in FY 1975 to develop improved design and
certification eriteria for rotorcraft~-and other
VI0L aircraft-~primarily in the areas of handling
qualities and overall low-speed flight character-
istics, such as during decelerating curved approaches.
Advanced flight control systems including a l-axis
vector velocity command concept will be examined by
early FY 1975 and a non-linear control concept by
early FY 1976, Preparations will be completed for
phasing in a CH-47 in-flight simulator (made available
through the Army) having an improved research capabil-~
ity, The SH~3A helicopter will be used to fly pilot«
controlled, simulated IFR VIOL approaches while varying
the electro-optical pilot display parameters (resolution
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fleld of view, contrast, magnification factor, etc.)
for reduced pilot workload and improved safety.

Civil Helicopter Technology Assessment - The ride
quality improvements achievable frem current state-of-
the-art design of a quieted vibration-isclated cabin
in a CH-33 helicopter will be demonstrated at Langely
in FY 1975, Design studies will be 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 more promising
applications will be conducted in TY 1976-80.

~

Advanced Rotorcraft Design Studies - Ames contracted
design studies will be completed in FY 1975 to define
representative tilt-rotor and advanced helicopter
commericial aircraft design models for future short-
baul air transportation. (The studies will enable a
comparison with the characteristics of other STOL

and jet VIOL 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, £light
path, pilot workload, and passenger acceptances=~during
-pproach and landing.

Controllable=Twist Rotor - Ames, In FY 1975, will evalu-
ate the dynamics and performance of 4 large-scale con-
trollable-twist votor on a new rotor test rig (RIR)

to be developed for the 40- x 80-ft. tumnel, 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.

Flight Controls and Handlin alities for Unique Militar
Helicopters - Simulation studies will be conducted at Ames
of a number of low-level helicopter missions of interest
to the Army. A hicrarchy of control systems will be im-
vestigated during FY 1975 to establish the minimum aug-
mentation requirements and to dewelop methods of implemen-
tatlon. Emphasis will be given to minimizing the mmber
and complexity of the hardware components, minimizing the
effacts of upsets and disturbances, and on developing
techniques for decoupling centrols. 3Ry 1973, simslation
investigations will be completed to determine the effect
of gross weight up to 250,000 pounds on the handling qualities
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and flight control requirements for crane helicopters
up te the very heavy 1ift class, Simulation resultcs
will be velidated through use of flight results on &
CH-54 helicopter obtained at Langley during FY 1974,

e Design Trediction Methods = Langley will conduct ana-
lytical and experimental studies to Identify factors
contributing to the aerodynamic, dynamics and noise
characterigtics of rotors., University grants and con-
tracted studies will be continued through FY 1979 to
define wake geometry and analyticael procedures which
include wake characteristics in predieting airloads,
structural response, rotor control feedback, performance
and noise., TLangley in-house experimental studies will
be made in FY 1975-77 to better define unsteady local=-
flow and aeroelastic parameters and rotor system
dynamics. Tests will continue im FY 1975 with a highly
instrumented generalized research helicopter model in
the V/STOL tunnel to obtain a better quantitative
understanding of main rotor/fuselage/tail roter inter-
ference flows and effects. The effectiveness of &
helicopter fan-in-fin in lieu of a tail rotor will be
evaluated in the full=-gcale 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 supprese-
sion technique through FY 1976; and will develop a
method for computing tilt rotor/wing/empenage aerodynamic
interference in FY 1975-76.

a Tilt Rotor Control Systems - A simulator model of a
commerciml tilt-rotor transport will be obtained by
1976 for use in simulation studies to define handling
qualities and control system design criteria, Perti-
nent information will be obtained from coordinated
simulation and flight studies supported under the XV
15 Tilt-Rotor Research Aircraft Program (RTOP 744-28-01),

Need and Relevanc

Rotorcraft have attained wide usage by the military (35 percent of the
DOD aircraft inventory are helicopters and B85 percent of the Army in-
ventory) for application primarily in assault, medical evacuation, air-
crew rescue, aircraft retrieval and ground support misslons. There is
likewise a growing use of helicopters in the civil sector for induatrial,
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ambulance and police, and short-haul transportation applications,
Despite this wide rotorcraft usage, 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 dymamics and high vibration, bothersome noise, and
inadequate all-weather flight capability, These limitations seriously
impact mission capability, initial and operating (including maintenance)
cost, and passenger and community acceptance, The programs of this
objective are aimed at effective alleviation of the'gechuology limita~-
tions to permit the realization of rotorcraft having greater wission
and cost effectiveness for both military and civil needs. 4An indica-
tion of the relevancy of the programs to military needs 1is the fact
that about 90 percent of the programs are supported equally in funding
and manpower by NASA and the Army.

OBJECTIVE DOCUMENTATION
Title: Advanced VIOL Aircraft Aerodynamic Technology

Type of Specific Objective

; XX Discipline Study System and Experimental Program

| Organizational Element Responsibility

Aerodynamics & Vehicle Systems Division - John M. Klineberg

Statement of Specific CObjective and Targets

i Objective: To provide the technclogy required to enable the development

! of viable military and civil aircraft having effective VIOL capability

! together with speed, range, operating cost, and mission/operational
eapabllities approaching those of 1972 operational medium range military

i and civil CTOL aireraft. This requires the development of a thorough
knowledge and understanding of the aerodynamic performance, noise,
control and stability characteristies, and piloting qualities peculiar
to VIOL system concepts, Specific targets are:

e Eiector Wing VIOL Aerodynamics - In FY 1975, evaluate
the VIOL aerodynamic performance, stability, and control
of "XFV-12A ejector wing configuration. Examine by FY
1976 the performance of advanced high pressure hypermixing
VTOl, ejector-concepts in forward flight transition engines,
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Obtain by FY 1976 a preliminary evaluation of the performance
of VIOL ejectors located chordwise at the root of a low
aspect ratio combat aireraft type wing.

Lift-Fan VTOL Aerodynamics - Verify in FY 1975 through

large and smalle=scale tunnel tests that a lift-fan VTOL
transport can be configured to achieve satisfactory per-
formance, control and stability characteristics in termi~-
nal area operation,

Lift/Cruige Thrust Vectoring - Demonstrate by FY 1975

through large-scale static tests the technology for

rapid response (+ 207 thrust modulation and + 20° thrust
deflection in 0,2 gec,) lift/cruise propulsion system
thrust vectoring/modulation systems whose thrust vector
can be varied in a practical design from 0° (cruise thrust
mode), to 90° (hover lift mode) with no more than 5% thrust
loss, and to 1309 for thrust reversal/braking.

Lift/Cruise VIOL Aerodynamics - Demonstrate by FY 1976,

technology for applying basic fluid mechanic phenomena to
improve transition-flight interference effects on per-
formance, stability and control of selected military
VTOL combat type configurations through wind tunnel
evaluations of small-scale models.

S¢S VIOL Aircraft Handling Qualities - Establish by FY

1976 through simulator investigations the envelope of
acceptable approach aspects (relative headings of air-
craft, ship, and wind) for satisfactory handling quali-
ties of VIOL aircraft on Sea Contrel Ships under various
sea states and weather conditions.

Land-Based VIOL 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,

VIOL Flow Interactions = Provide predictive methoda
adequate for design needs by FY 1978 of complex flows

and their interactions (including nolse effects) typically
associated with VIOL airersft having concentrated propuls«
aion/lift system Iinlet and exhaust flows, As one aspecific
example, a satisfactory analytic method for predicting
vehicle induced 1lift accruing from lift engine propulsion
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installations in wing mounted pods will be sought in
FY 1976,

Approach

The high performance VIOL aerodynamie programs are conducted at Ames
and Langley. At Ames, the primary emphasis is on large-scale aera-
dynamic performance and acoustic studies, and on handling quality
investigations. Langley concentrates on small-scale model investiga-
tions of serodynsmic 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:

& lLjector-Wing VT0L Aerodynamics - Langley in FY 1975
will evaluate the VTOL aerodynamic performance, stabile~
ity and control of small-scale wind-tunpel and free
flight models of X¥V-124 VTOL aircraft configurationa,
and Ames will test the actual aircraft in the 40- x 80-ft,
tunnel {f provided by the Navy. Ames in FY 1975 will
continue exploratory investigation of hypermixing VTOL
ejectors, which will be extended in FY 1976 to advanced
ejectors having pressurc ratios perhaps as high as 2 to 3,
Ames in FY 1975 will investigate the feasibility of VTOL
ejectors located axially in the chordwise direction near
the root of low aspect ratio military type aircraft con-
figurations of VIOL performance in FY 1976,

@ Lift-Fan VIQL Aerodynamics ~« The characteristics of a
current technology lift-fan civil transport model and
of a military multi-mission lift/cruise fan confipura-
tion will be determined in large-scale powered model
teats on the Ames static test stand and in the 40« x 80~
ft, tunmel in ¥Y 1975, Langley in FY 1975 will complete
amall=scale model Investigations of the performance,
stability, and control of an intercenter VIOL transport
model incorporating a different wing-podemounted 1ift-
fan configuration, and of MeDonnel Douglas VIOL transport
deaign. oOn the basis of these results, Ames in FY 1976
will initiate the design of a more advanced VTOL trana-
port type model for the 40- x 80~ ft, tunnel, having
substantially less required thrust/weight than current
designs, to develop the integrated aerodynamic and acoustic

technology.
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Lift/Cruise Thrust Vectoring = Ames in FY 1975 will complete
a firgt series of small- and large-ascale gtatic tests

of 1ift/cruise fan nacelles and thrust vectoring vehicle
control systems aimed at developing technology for simple
lightweight systems that can meet the stringent requirements
for large vectoring angular ranges, fast angular and thrust
modulation, high temperatures, and acceptable interactions
of the exhauat flow with the aircraft, ground, and airstream,

Lift/Cruise VTOL Aerodynamics - Langley in FY 1975 wiil
continue wind tunnel evaluations of small-acale VPOL combat
type aircraft configurations with wing and 1lift jet rela-
tive positions varied to optimize jet interference effects
on performance, stability and control during transiticn
flight,

S¢S VIOL Alrcraft Handling Qualities - Ames will con-

tinue Iin FY 1975 and complete in FY 1976 a first series
of simulator investigations to establish the envelope
of acceptable approach parameters for satisfactory
handling qualities of VIOL aircraft under manual control
during take-off, approach, and landing on Sea Control
Shipe under severe weather conditions, Additional in-
vestigations will extend into FYy 1977,

Land-Based VIOL Aireraft Handling Qualities - Research

at Ames toward demonatrating by FY 1977 on integrated
flight contvol system for high performance VIOL trans-
port type aircreft will include in FY 1975: (1) ana~
lytical and simulation etudies of such a control system;
(2) continued X-14 flight imvestigations to extend and
refine hover control system and handling quality design
criteria determined through simulation; (3) completion
of simulation math models of advanced V/STOL transports
to support transportation systems terminal area effi-
ciency studles and; (4) initiation of s major slmulator
study on the FSAA to examine in considerable detail

how best to detect and handle syatem failures on repre=
gentative VTOL aircraft designs during eritical conversion
flight regimes (this effort will extend into FY 1977).
Reporting of the X~22 flight evaluation of VITOL curved
decelerating approaches, monitored by Langley, will be
completed.

VTOL Flow Interactions - Ames by FY 1976 will attempt to

devise satisfactory theoretical methods to prediet
induced Flows for VTOL pedded configurations. Generalized
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studies will continue through FY 1978 at Langley on
VTOL croasflow interferences, nnd‘nt Ames, on the noise
of VITOL exhaust Jets as related to turbulent mixing.

Need and Relevancy

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 VIOL ports which can be readily
located to meet transportation demnds with a minimum impact on the
community environment and with an economic advantage to both the travel-
ing public and the commnities being served. Likewlse, the DOD has a
requirement for future carrier-on-board delivery (coD) logistic and
aurveillance type VIOL alrcraft which can be operated from small Sea
Control Ships, as well as for VI'OL combat aircraft, There is consider-
able commonality in the vehicle techmology requirements for both the
eivil and military needs, The programs of this objective are orianted
to provide the vehicle aerodynamic and flight dynamics technology re-
quired to develop viable vehicles for such civil and military needs.

TILT ROTOR RESEARCH ATRCRAFT
(744-28)  Ongoing

Program Cbjective

Demonstrate advanced rotorcraft technology for military and civil VIOL
vehicles having twice the cruise speed of the helicopter while retain=
ing its afficient hover ecapability,

Program Targets

Major targets of this program include the following:
e Initiate detail design « August 1973.

o Critical design review = Aupust 1974,

e TFabricate two tilt rotor aircraft -~ Qctober 18975,

s Complete ground testing - May 1976.

@ Start flight research = June 1976,
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o Definitize advanced flight research program -
July 1977,

Program Approach

Under a joint agreement signed November 1, 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 FPhase I competitive design and analy-
sis which was the basis for the selection of & Phase II contractor,
The Bell Helicopter Company was awarded a contract on July 31, 1973,
for the design, fabrication, and flight test of two Tilt Rotor Research
Alrcrafe,

The program will be conducted on an “experimental shop" basis to empha=~
size cost and time savings as well as controlling the technical aspects
to insure the aircraft will best meet the research objectives., Prior
to first flight, a comprehensive ground test program will be conducted,
including tie-down and fullescale wind tunnel tests.

Ames' 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 at
the contractor's facility to verify fiight safety and train Army/NASA
flight personnel. NASA facilities will be used for proof-of-cancept
flight tests and definition of the advanced flight research program.

Noed and Relevancy

Helicopters have been widely accepted for both civil and military mie-
sions where efficient hover and VIOL capability are required, Thelr
application to a wide range of civil short-haul and military tactical
roles has been restricted, however, because of high dynsmic blade loads
and the losa of propulsion efficiency at higher forward flight speeds,
Noise, vibration, high maintenance costs, and poor ride qualities have
slso 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 & tilt rotor technology base. Baped
on in~house studies and analyses by NASA/Army engineers, it was concluded
that the tilterotor concept showed the greatest promise for a capability
to meet the miiitary and civil V/STOL needs anticipated in the future.
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ROTOR SYSTEMS RESEARCH AIRCRAFT
(745-79) Ongoing

Program Objective

TN AT L L SN e T e

A unigque flipht test capability in 1976 for advanced rotor regearch on
a wide variety of promising new rotor concepts.

This program will expedite improved rotorcraft research through the use
of a speciplly designed flight test vehicle, Extensive on-board instru=
mentation will provide better research data, and repeated use of the
test vehicle will enable timely and economical completion of rotor
reseatch projects.

Program Targets

Major targets of this program include the following:
o Initiate detail design - December 1973,
¢ Jritienl design review - December 1974,

¢ Fabricate two Rotor Systems Research Aireraft -

September 1575,

e Initiate contractor flight test - November 1975,
e Alreraft delivery to Government ~ December 1976,

a Initiate NASA/Army rotor research program - January 1977,

Zrogram Approach

NASA and the Army are jointly funding and managing this program under
an agreement signed November 1, 1971. A joint project office 1s located
at the Langley Research Center where the rotor research program will be
conducted. NASA/Atmy in~house and two contractor pre~design studies
were used to establish the feasibility of an advanced flight research
vehicle and to define its characteristica, the flight control system,
and the research inatrumentation systems.
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An RFP was issued, proposals were evaluated, and Sikorsky Alreraft was
awarded a contract for the design fabrication, and flight test of two
Rotor Systems Research Aireraft,

Supporting research and technelogy efforts will be conducted, as re-
quired, to support the design effort and reduce the technical risk of

the project, Wind tunnel tests will be conducted and the Flight Simue
lateor at Ames Research Center will be 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-
worthineas 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 afr«
craft are accepted by the govermment.

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 wing technology. To date, flight testa of promising
advanced concepts have been conducted by modifying an existing alreraft
or by building a new aircraft for each concept. This approach 1s time
coneuming, coatly, and often gives leas that good results.

NASA and the Army have been looking for a way to conduct adequate and
timely inveatigations 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
regearch aircraft with adequate instrumentation is needed to test ade
vanced rotor concepts and verify rotercraft supporting technology. The
Rotor Syatems Research Aircraft is plamned to fulfull this need.
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ROTOR SYSTEMS FOR RSRA
(766-79)  New Start

Program Objective

Select, acquire, and evaluate on the Rotor System Research Aircraft

(RSRA)--now being developed jointly by the Army and NASA-~-three practi-
cal advanced 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 life
{by 100%), leading to community acceptance, improved ride comfort (to
feederline alrcraft levels), and reduced direct operating cests (by
20%), Particular ocbjectives will depend in large part on the three
rotor system concepts selected, Concepts currently considered promis-

ing include the:

o Aero-acoustic rotor for reduced external acoustic noise
and increased cruise L/D

s Variahle-geometry rotor for reduced external acoustic
noise and rotor vibration and increased hover efficiency

s Composite structures rotor for reduced rotor aystem
welght

# Varisble diameter rotor for increased crulse apeed

e Controllable twist rotor for increased cruise speed
and L/D, increased hover efficiency and reduced rotor
vibration

Program Targets

The program cbjectives will be approached through the following steps:

e Initial selection of rotor systems by mid Fy 1975.

o Begin design and fabrication of first rotor system
by late FY 1975, ground tests by mid FY 1977, and flight

tegts by early FY 1978,
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# Begin design and fabrication of second rotor systenm
in mid FY 1976, ground tests by late FY 1977, and
flight teats by mid FY 1978.

s Begin design and fabrication of third rotor system
by mide FY 1977, ground tests by early FY 1979 and
flight testa by late FY 1879.

Because the program involves evaluating advanced rotor concepts on a
new flight test facility, strong supporting technology efforts will
be conducted during FY 1975-77 to aid in establishing design eriteria
for the rotor systems and guiding their development to assure 8 suce
cegsful program,

Program Approach

The technical approach will encompass four major related elements cone
ducted cooperatively with the U.S5. Army:

1. DBirect Supportive Research & Technology Activities - Thia
includes (a) evaniuation of advanced technology airfoils and
components which will likely be incorporated into selected
advanced rotor system concepts as deacribed in item 2; (b)
scale model dynamic investigations of some of the candidate
advanced rotor concepta; and (e) correlation of analytical
prediction and flight data obtained as described in item
4.

2. Advanced Rotor System Concept Definition Studies & Selec-

tion ~ Concept definition studiesa will be made under con-
tract to serve as the basis for the eventual selection of
the initial three concepts for investigation on RSRA. The
definition study contracts will document information on
concept potential, preliminary design data, development
support requirements, and cost/schedule relationahips
necessary for subsequent preparation of proposal requests
and contract award to procure the rotor systems,

3. Advanced Rotor Syntems Deaign & Procurement for RSRA -
This includes the design, fabrication and ground test of
three advanced research rotor aystems in a manner to pro-
vide flight hardware consistent with the RSRA flight
schedule, Priorities and sequencing of the hardware de~
velopment will be based in part on concept potential, on
extent of development and full-scale ground teat require-
ments, and on timeliness,
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4., Tlight Evaluations Ueilizing 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 test results, Thereupon, extensive flight
investigations will be made of each of the three research
rotor systems provided by this aystems technology program.
During the course of evaluating the three rotor systems
per se as they become available, there will be additional
flight avaluations utilizing the unique versatflity and
capability of the RSRA to study important broad heli-
copter problem areas such as: (a) contrel system tech-
nology including feed-back aystems for gust alleviation
and ride comfort, (b) rotorfairframe structural dynamic
regponae, and (¢) compound helicopter maneuver character-
isties,

Need and Relevancy

The NASA and Army are jointly developing two RSRA vehicles at a cost
of $3I to provide an efficlent, expanded and economic capability (1)
to evaluate potentially superior, advanced technolegy rotor system
concepta in flight; (2) to fnvestigate rotorcraft systems and charace
teristics 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 bage to validate many com=
plex rotorcraft design prediction methods. Development of the RSRA
vehiclea is being agressively purdgued 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 "ona shot" test vehicles, The RSRA pro-
ject is completed upon government acceptance of the aircrafr, however,
and this research program is required for utilization of the valuable
national test facilities to achieve the return on their investment in
a cooperative effort with the U.5. Army.

The firat RSRA vehicle ia scheduled to be delivered to the Langley
Reaearch 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 late FY 1977. On the basis of R&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 requirementa for design, fabrication, ground test, snd inte-
gration of a complete rotor system on RSRA will vary with different
concepta, & minimum of about two years is anticipated. Therefore, it
1s 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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development, to establish a concept priority which will allow the most
effective development of flight test hardware, and to hegin the design/
fabrication of the firat research rotor system. The provizion and
evaluation of the second and third rotor systems of this program are
timed for maximum effective utilization of the two RSRA vehicles for
all WASA/Army flight investigations requiring the vehicles,

The development of advanced rotor eystems and thelr evaluation of RSRA
contribute directly to the NASA National Goals of providing efficient
short-haul tranaport technology and establishing the technology for
superjority in military aeronsutics, The program will in addition aid
greatly in focuaing technology efforts carried out under the NASA Rotor-
craft Research and Technology Base programs which also aupport the two
National goals mentioned,
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5. NASA
SUPERSONIC CRUISE ATRCRAFT NOISE
TECHNOLOGY PROGRAMS




OBJECTIVE DOCUMENTATTION

Title: SCAR Propulsion Technology

Type of Spescific Objective

Discipline ___ Study _X System and Experimental Program

Organizational Element Responsibility

Advanced Supersonic Technology/Hypersonic Research Office ~
W.S8. Aiken, Jr.; L. Sternfield

Statement of Specific Objective and Targeta

Objective: To establish an expanded supergonic 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 less than the Douglas DC-10 and Lockheed 1011; re-
duce fuel congumption 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 poasible with
today's technology, Specific targets are:

# By the end of FY 1975, establish noise reduction potentinl
of suppressors for cognnular jets for application to
duct-heating turbofan cycle engines,

e By FY 1977, verify the potential of NOx reductions to 907
less than current engines at supersonic cruine altitudes,

e By FY 1977, verify inlet shock atabilization valve concept
operational suitability by YP-12 flight testa,

e By FY 1979, synthesize and apply an integrated propulaion
control eystem to the YF-12,

Approach

NASA'e fundomental research on aupersonic propulsion system problems

16 conducted primarily by LeRC, with contributicna from ARC in the

noise area and FRC in the area of inlet control systems, Primary
emphasis is placed on the development of engine ccmponents and propulaion
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systems which will provide high levels of propulsive efficiency with
reduced levels of noise and pollutant emissions, The secondary em-
phasis is on the development of intpgrated control systems which will
stabilize inlet shock waves and thus provide for improved propulsion
system performance and rellability,

e 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-106 and also tested
in Ames 40' x 80' wind tunnel, The sources and treat-
ment of coannular jet noise, important for applications
to duct-heating turbofan enginea, 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 nolse characteris-
tics will lead to testing of powered modela of super
sonlc eruise aircraft,

e The LeRC will continue the current in-house/contractor
clean combustor program which iz aimed at reducing
the NO, emlssions at supersonic crulge gpeeds to levels
which are only 90% of those of current subsonic air~
craft. Tests of candidate combustors will be tested
at flight conditions representative of those of long-
range supersonic cruise aircraft and these teats will
lead to the development of Low NOx combustors sulte
able for use in lowsnolge engines,

e Inlet shock stabilfzation valve concepta and digital
integrated contcol techniques will be applied by the
Tewis and Flight Research Centera to the YF~12 air-
craft. The shock stabilization syatem will be tested
in the Lewis 10' x 10' wind tunnel and 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 wind-tunnel tests of inlet
shock stabilization valve.

Mid FY 1975 - Initlate studies of sugmentor pollution.

Barly FY 1976 = Establiah noise reduction potential of
suppressors for coannular jets.
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Need and Relevancy

The SCAR Propulsion research fs for direct support of the Supersonic
Ctulse Aircraft Research program. This work is of primary relevance
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 aireraft. 1In the case of supersonic eruise alr-
craft, additfonal constraints imposed by the need to reduce terminal
area noiese (less than new widebody civil aircraft) and terminal area
and upper atmosphere pollution (ninety percent less than current
engines at high altitude crutse), while retaining cruise efficiency

for military aircraft and economic viability for civil aircraft,
present 2 set of interlocking probleme which must be addressed through
nolse suppression programs, clean combustor programs, and the initia-
tion of research on advanced low=noise engines which permit efficient
operation at both subsonic and supersonic apeeds. 1In addition, since
very precise and complex propulsion controls are required to prevent
major interactions of propulgion system components as well as potential=-
1y 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 tests.

We expect that the results of this research will provide the background

data which will lead to quieter, cleaner, &nd more efficient propulsien
systems for both military end commercial supersonic airplanes,

OBJECTIVE DOCUMENTATION

Title: Supersonic Crulse Aircraft (SCAR) Aerodynamic Performance
Technology

Type of Specific Objective

. DMacipline __ Study _X_System and Experimental Program

Organizational Flement Responsibility

Advanced Supersonic Technology/Hypersonic Research Office -
W.S5. Alken, Jr,; L. Sternfield
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Statement of Specific Objective and Targets

Objective: To establish an expanded supersonic derodynamics technology
base in parallel with the expansion of other supersonic disciplinary
technologies which will permit Improvements in L/D, reductions in sonic
boom, and the translation of technical advances into integrated air-
craft systems. Specific tarpets are:

e By FY 1977, valldation of low-speed high-1li{ft aero-
dynamic performance theories,

¢ By FY 1978, verification of thecoretical metheds for
rapid analysis of eritical design loads.

e BY FY 1979, 30% increase in L/D over present state-
of-the-art for aerodynamic configurations meeting
all propulsion system, structure, and control
syatem restraints,

® By FY 1981, 40% reduction in senic boom during cruise
conditions potentially applicable to far term ad-
vanced supersonic transpert designs.

Approach

NASA's fundamental research on supersonic aerodynamic performance is
conducted primarily by the Langley and Ames Research Centers, Primary
emphasis 1s placed upon evolving supersonic cruise aircraft concepts
which have high levels of supersonic performance, on obtaining suffi-
cient low-speed and supersonic wind tunnel data to permit optimizatien
of these concepts, and on the development of improved theoretical
methods for use in the design and analysis of both military and com-
mercial superasonic aircraft., The secondary emphasis is on the develop~
ment of a more complete understanding of the sonic boom phenomena which
are 80 critical to commercial overland supersonic flight,

¢ Integrated supersonic cruise configuration concepts
which show promise of meeting the demanding require-
mente of future long-range supersonic cruise missions
will be developed by LaRC with extensive analyses
and wind tunnel tests, Both '"near-term' concepts, which
depend on only asmall 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 areaa, will be considered. In
addition, the ARC will give consideration to unconventional
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concepts which might show future promise in an advanced
technology environment,

The purpose of the theory development program ia to
fill the voida apparent in the recent United States
58T program. Needs for improved, and more rapid,
means for pupersonic cruige aserodynamic design and
analysais methods; more valid means for predicting
eriticel wing and fuselage design loads; and methods
for analytically assesaing the low-apeed, high-1ift
aerodynamic performance were indicated during this
program. LaRC will conduct contract studies to meet
the needs for better supersonlic and loada methods
while ARC will direct a contract study to fill the
need for improved low-speed methods, The goal is

to combine the improved wethods into a unified
design and analysis method which is applicable to
most classes of supersonic aircraft.

It is generally accepted that the future market for
commercial superasonic crufse aireraft would be more
than doubled 1if the sonic boom problem could be

solved of ameliorated. The SCAR sonic boom technology
will be directed towards obtalning a better under-
standing of aonic boom pehnomena snd towards evolving
configuration concepte which have low levels of sonic
boom disturbance,

Major milestones of the SCAR Aerodynamic Performance research are:

Tarly FY 1975 - Complete Cormell University study of

sonic boom phenomena.

Mid FY 1975 = Extend contracts for improved aupersonic

londs, and low-speed theory.

Late FY 1975 = Complete transonic teats of arrow-wing

propulsion and pressure diatribution
model,

PRt el el ettt

Naed and Relevancy

The SCAR Aerodynamic Performance research ias for direct support of the
Supetacnic Cruise Alrcraft Research program. This effort is of pri-
mary relavance to the OAST facus on basic research on supersenic crulse

" sz

aircraft.
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Improved aerodynamic performance in all flight regimes is critical in
the development of superior military and commeércial airplanes. A thirty
percent inerease in L/D would provide the option for an approximate
thirty percent increase in range or payload capability, In the case
of supersonic commercial airplanes, the additional constraint of sonic
boom and the need for high levels of low-speed aerodynapic efficiency
to reduce noise, seriously complicate the merodynamic design and inte-
gration problems, In order to provide the technology for future super-
sonic cruise aircraft with either military or commercial missions,
advanced configuration concepts must be evolved, advanced thepretical
procedures for use in predicting and optimizing the aerodynamic per-
formance must be validated, and an exfensive data base must be cbtained
from wind tunnel tests of representative models. The SCAR Aerodynamic
Performance research is directed toward these needs,
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6., NASA
AIR TRANSPORTATTION
SYSTEM STUDIES




SHORT-HAUL TRANSPORTATION SYSTEMS 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-
lationships between short-haul technology and sheort-haul econemics,
markets, and implementation; identify potential viable shortxhaul
airplane concepts and their design and performance criteria for practi-
cal short-haul transportation systems including consideration of
market, economic, and environmental factors; and, perform sufficient
adircraft design to provide a realistic assesswent of technical problems
and queations regarding their design, development and operations, and
their development and operational costs., Thege data will be used to
help define the future direction of productive technical (and system
velated) activity for short-haul transportation systems. This in-
vestigation will be performed in-house and under contract.

Two contracted studies (Lockheed and Douglas) to determine the opera-
tionhal and economie viability of turbofan powered propulsive 1ift
aireraft 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
QTW/IBF propulaive 1ift and mechanical flap concepts in terms of noise
impact and operating economicse and (b) allow Douglas to determine the
impact on operating economics of the effect of combining terminal
area operations with various engine cycles to minimize community noise
impact for several propulaive lift and mechanical flap concepts.

ANALYSIS OF FUTURE CIVIL, AIR TRANSPCRTATION SYSTEMS AND CONCEPTS

The objective of this study is to provide systems analyses of future
civil air transportation systems and concepts in order to identify
promising aeronautical aystems, determine optimum characteristics, and
define tachnology requirenents and costs associated with such systems.
Studies of general aviation aircraft, CTOL, STOL, and VIOL transports,
advanced subsonic/trensonic transport aireraft, and advanced super~
sonic trapsporte will be conducted. 'Total system studies will be
carried out considering all of the interactions between aireraft, afr-
ports, alrways, comunity impact, and economicg (both within the avia-
tion industry and on.a national basis). In addition, studies of a
short term nature will be conducted in support of the aeronautical
program planning activities of ARC and QAST.
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HIGH TRANSONTIC 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 design.studies would include
fatigue and flutter characteristics of composite structures, low apeed
stability and control of yawed wing for emergency maneuvers, and new
engine technology spplications for reduced nolsze,

SUBSONIC/TRANSONIC C/RTOL TRANSPORT TECHNCLOGY
SYSTEMS AND DESIGN STUDIES

This work covers systems and design integration studies for subsonic
C/RTOL long and medium-range passenger and carge transport alrcraft.
The objective is three«fold. (1) Make technology advances available
for superior subsonic C/RTOL transport aircraft to satisfy anticipated
requirements in the 1980'a. 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-
tion; and to reduce aircraft noise and emissions without suffering
econcmic penalties, (2) Determine the feasibility of utilizing air-
craft fuels other than JP fuel for subsonic carge and passenger aire
craft as a potential partial solution to a projected shortage of petrol-
eum in the 1990'a and to identify alrcraft-technology requirements
peculiar to alternate fuels, (3) Investigate new approaches to provid-
ing more economical subsonic transport of liquid and solid cargoe in
anticipation of the need for a greatly increased air transport of

cHaTgO,

SURSONIC/SONIC CTOL TRANSPORT TECHNOLOGY PROPULSION STUDIES

NASA has initiated an effort to study the application of advanced
technology to the improvement of future commercial transport aircraft.
The resulte were resolved in terms of economic factors involving param-
eters such as aircraft drag, propulsion efficiency, cosats, and pro=-
pulsion syatem noise and exhause emissions. Detailed analyses has been
completed through in=house and contract studies and have been documentad
in NASA Gontractor Reports, Renults 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 neise and emissions
and improve the system economics.

Results of recent studies of unconventional eyecles have indicated that
to achieve low noise, variable geometry ifnlets in conjunction with
variable-area exhaust nozzles will be needed, Also, the use of high
throat Mach number inleta 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 ring-type inlets were proposed for
further study,
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OBJECTIVE DOCUMENTATION

Title: General Aviation Aerodynamle Technology

Type of Specific Objective

- XX Discipline Study System and Experimental Program

Organizational Element Responsibility

Aerodynamics & Vehicle Systems Division - Roger L, Winblade

Statement of Specific Objective and Targets

Objective: To develop and demonstrate advanced technology for general
aviation use that will permit the design of future U.S. alrcraft that
are safer, more productive and clearly superior to forelgn competition,

The following tarpets have been established to provide the advanced
capabilities and depign techniques necessary to achieve the stated
objective,

& TFlight demonstration in FY 1975 of low speed airfolls
with a 307 increase in Crp,, maintaining the same or
less cruise drag.

e Application of supercritical aserodynamic technology by
all U,S. business jet manufacturers by 1975,

® Flight demonstration by FY 1976 of pilot displays and
control systeme to improve flight path control and
landing performance with special applicstion to

pilot training

pilots who fly infrequently
landing at unfamiliar airfield
night landings

emergency condicions

e DProvide definitive design criteria, test, and evaluation
techniques by FY 1976 for aircraft that will not spin
unintentionally,

e Establish design criteris for airfoll sections and plan-
forms optimized for low noise propellers by FY 1974.
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Approach

Analytical and experimental efforts are directed toward the gepneration
of design data for safer more productive general aviation alrcrafe.
Simulators, wind tunnels and when appropriate, experimental 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 significant
factors in development and conduct of the technology programs,

e Both analytical predictions and wind tunnel testing
have been used to develop a new low speed airfoil
section, The characteristics of the new airfoil show
an increase of 30% in Cpp... 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 airfoill section. The
wing design was completed in FY 1973 with fabrication
by a general aviation manufascturer 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.

@ Supercritical 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 supercritical data requires
implementation of specific agreements under which the
necessary access to data can be 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, Discusaions are underway with the
remaining two U.S5. companies concerning similar
arrangements.

# Direct modulation of the L/D ratio has been shown to
provide significant improvements in the preciesion of
flight path control and reduction in touchdown dis-
persion when properly integrated into the pilot's
task, The successful completion in FY 1974 of the
direct drag control (plate spollers) effort to
demonstrate the feasibility of using spollers on
powered lipht airciaft is being followed by a similar
effort on direct 1ift control in FY 1975 and FY 1976.
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An aivcraft modified to incorporate the slot spoiler
Lift wodulation concept will be utilized to obtain
definitive data on effectiveness and operatiocnal
characteristies, 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 considersble experience in light
aireraft, Continuing flight verification of this and an
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,

The stall/spin problem currently is the largest
single faector in general aviation fatal accidents,
The program initiated at the Lengley Research Center
in FY 1973 to define the criteria and design techniques
for spin reaistant airplanes is intended to alleviate
that problem, Exploratory investigations will he
conducted at Langley and Ames on both aerodynamic 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 ecritical aerodynamic characteristics relative

to spin entry and recovery, Modernization of the
tail damping power factor criteria is a primary

aim of this effort, 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
monopropellant (hydrogen peroxide) thrusters and

a self contained fuel supply system is to be developed
and flight tested to demeonstrate the suftability of
this type of system for basic spin research and possible
use by manufacturers in their spin certification
tests.

Both in~house and university grant efforts are being
directed toward development of modern design criteria
for propellers, Operational and manufacturing compro-
mises have resulted in propellers that currently operate
well below the theoretical maximum efficiencies. During
FY 1975 and 76, concentration will be on application of
advanced aerodynamie theory to optimizing planforms and

airfoil sections for maximum noise, Optimized blade shapes
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will be fabricated from both conventional materilals
and composites to investigate potential benefits of the
newer manufacturing techniquas,

Need and Relevancy

The impact of general aviation on the air transportation syatems 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 intereity
travelers projected to be using general aviation by 1985, it is impera-
tive that a vigorous technology program be directed at improving the
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.5. 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 Responaibility

pavid J. Miller/Aeronautical Propulsion Division

Specific Objective

The apecific objective of this program is to identify, extend, and
demonstrate the technology applicable to small general aviation turbo-
fans to schieve future environmental requirements with economic

viability,

Targets

e Perform studies to define an experimental technology
' demonstration program, January 1976.
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s Contract award February 1976
® Critical design review June 1976

o Delivery of experimental engine for test May 1977

Need and Relevancy

The use of small aircraft has the potential to create a more wideaspread
adverse commnity reaction te jet noise and pollution than do transport
alrcraft, This is so because minor airports used by small alrcraft

are apt to be located near suburban residential areas unprotected by
conmereial/industrial buffer zoneg, Jet powered general aviation air-
craft sales are inereasing 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 atandards applicable to subsonic gas turbine engines of
less than 8000 1b thrust will enforce a more stringent set of criteris
for all engines manufactured after January 1, 1979. No current small
turbofan or turbojet engine can meet these 1979 emission standards.

Approach

program definiticn studies will be accomplished during FY 1975 as part
of the R&T Base Technology program. The studies, to be performed by
general aviation turbofan manufacturers will:

1. Analyze the spplicability of large engine technology
(nolse/pollution) to general aviation turbofans.

2. Examine other factora significant in improving the
applicability of small turbofans to general aviation.

4 program plan will be included ae part of the FY 1975 studies.

The Quiet, Clean, General Aviation Turbofan (QCCAT) 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 experimental engine, TFurther
ground testing 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 will 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 generatien of noise emanating from
aircraft, definition of noise sources and methods of reduction plus
development of guidelines for changes to the engine and aircraft
configuration required to minimize noise, Aircraft nolse source ele-
wents are identified as followa:

¢ Turbo machinery

o Jet mixing

# Combustion/case

e Propeller and rotor

& Airfiow surface interaction

& Lift augmentation

® Reciprocating engine

& Duct acoustic lining

® Aircraft configuration noise shielding
Source noise reduction research and development efforts can conven~
iently be described according to aircraft type: CTOL (transonic, sub~
sonic and supersonic) and V/STOL. The schedule of major activities
is described below and is shown in Table 1. A continuing effort to
update and add to current capabilities is planned for both CTOL arnd
V/STOL aircraft 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 nolse control can be implemented by
technologically practicable and economically reasonable repulations.

Core Engine Noise Control

The purpose of this project is to provide theoretical and ex-
permental data to assist the designers in developing future aircraft
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Table 1
AIRCRAPT NOISE ABATEMENT -- SOURCE NOISE REDUCLION
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capable of conforming to lower noise levels than are now required by
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 limit of effectiveness
of the current nolse contrel 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-
charge, tail pipe, and/or any other portion of the exhaust system.
Core engine noise shall be assumed to radiate only in the aft engine
quadrant and its scurces 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 or fan exhaust ducting. Core engine noise, however,
may include compressor genmerated nolse transmitted downstream through
the engine flow passages or fan generated noise enhanced by inter-
asction with the core engine noise or gas stream.

Pradiction of Aircraft Configuration Effects

The purpose of this project is to study the feasibility of use
of aireraft configuration and engine placement to reduce noise propa-
gation to the ground plus development of prediction procedures for
configurations of practical interest.

Gereral Aviation Afrcraft

Thia project covers a survey and definition of the noise charac~
teristic of all general aviation aircraft plus development of suitable
noige prediction capabilities.

Retrofit Feaaibility

e Current gggmercial Jet Alrcraft - The purpose of this project
1s 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 is, the noise abatement
methods must be technologically practicable, economically
reasonable, and appropriate for the particular type of airx-
craft, aircraft engine appliance, or certificate to which
1t will apply. The effort is directed to providing acoustical
treatment, designed to conform to specified noise reduction

163

N T L D EEEE et sttt B b el




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 Positions, Current retrofit pPrograms
fox 727 aircraft will be completed in FY 1973; 707, DC-8,

and DC-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 aiyrecraft can comply with FAR Part 36.

e Executive Jet Aireraft - 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
completiaon in FY 1976,

V/STOL

V/STOL aireraft have propuleive lift systems that are distinctly
different from conventional aircraft. Both rotary and jet propulsion
systems are being considered. It 1as 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 heing 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 1s directed to identification, evaluation and con-
trolling component nolse sources inherent in V/STOL systems. Both
jet propulsion and rotary propulsion systems will be studied. Pre~
diction techniques will be developed.

OPERATTONAL NOISE REDUCTION PROGRAMS

The objective of this program element is the determination, in-
vestigation and measurement of significant factors which affect the
tranamission of noise from its source to the airport community. Ele-
ments are idencified as follows:

# Alrcraft Operational Procedures

164



¢ 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 Propagation Measurement and Evaluation

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 improved 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 suitable for certification research,
studies of noise abatement operating procedures, long-range noise
propagation, dand community noise exposure. Certification measurement
capability objectives include commercial subsonic and supersonic
aircraft, general sviation including business jets, plus VTOL and
STOL aircrafc.

Increasing air traffic brings with it inereasing complexity in
airport noise patterns and as & 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- i
tensive measurement tasks, 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 community as a whole; to develop

methods required to predict the reaction of communities to noise
resulting from varying numbers and types of aireraft; and to develop
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Tablae 2

AIRCRAFT NOISE ABATEMENT ~- OPERATIONAL NOXSE REDUCTION, NOISE EVALUATION AND RESPONSE

Program Scheduls -~ 1972-1977

FY L 73 n ) 7 I n I
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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 follows:

® Noise exposure evaluation

¢ Community response surveys

® Subjective noise evaluation

¢ DPgychoacoustic studies

¢ 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

¢ Noine Evaluation and Commmunity Responge - The purpose of this
project is the development of accurate and comprehensive noise
evaluation criteria suitable for application to all CTOL
afreraft including business jets and also suitable for appli-
cation to V/STOL aircraft,

Psychoacouatic laboratory and field tests will be con-
ducted on response of human beings to aircraft sounds and
noige evaluation measures developed for regulatory purposea
by statiastical 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 Certification Criterian - Objectives cover development
of techniquas for noise measurement and analysis for use in
certification of all aircraft categories, refinements to FAR
Part 36 for CTOL aircraft plus development of criteria for
busineass 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 measurement
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.

SQURCE SONIC BOOM REDUCTION PROGRAMS

FAR Part 91.55 prohibits civil aircraft operations at true Elight
speeds greater than Mach 1 to prevent any sonic booms from reaching
the ground, However, it {s known that it is 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 techniques for long-
range cross-country supersonic flights at Threshold Mach Nurber {Be-
tween 1.0 and 1.3) which theoretically did not generate sonic booms
on the ground, This is Phase II of a four phase effort to develop
a definition of the air and ground system requirements for successful
supersonic Thresholds Mach Number operation. During 1974, based on
Phase II results, conduct a SR-71 (YF-12) or F-1lll transcontinental
flight at Thresheold Mach Number and not produce a sonic boom on the
ground. Define and update the system requirements for boomless super-
gsonic transcontinental flight during 1975 through 1977.

OPERATIONAL SONIC BOOM REDUCTION PROGRAMS

This effort will provide, during 1973, two prototype digital
lightweight inexpensive sonic boom recorders for future field use to
provide an improved capability te record signature data during sonic
boom test and monitoring programs. Based on prototype tests results
duting 1874, obtain production units for operational test program
during 1975. The FAA will also provide atmospheric sounding aircraft
during joint FAA, NASA, USAF, and NOAA operational programs to obtain
real-time atmospheric data (winds, turbulence, and temperature) for
use in long~range Threshold Mach Number operational feasibility
studies during 1973 through 1975, i.e., boomless transcontinental
supersonic £lights. Program schedules are in Tables 3 and 4.

Sonlc Boom Atmospheric Effects

Studies arc being conducted to 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 couditions te
provide a basis for prediction of that variability. The program will
include theoretical apnd experimental work aimed at determining sonic
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Table 3, SONIC BOOM~-SOURCE SCRIC BOOM REDUCTION, OFPERATIONAL SONIC BOOM REDUCTION
PROGRAM SCHEDILE -- 1972-1977
FY 13 74 75 76 17
Program Element/Subprogran 1972 1973 1974 1975 1976 1977
Source Sonic Boom Reduction
Phose T Phase I} Phase II] Phaae 1V
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Tabla 4

SONIC BOOM ~- SONIC BOOM EVALUATION AND RESPONSE

Program Schedule -~ 1972-1977
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boom pressure signatures associated with aircraft operations at or
near Threshold Mach Number.

Sonic Boom Criteria

A sonic boom criteria research program is currently working to
develop better technical and sociel criteria for sonic boom in accor-
dance with Public lLaw 90-411 to form definitive guidelines upon which
to base government and industry policies FEor both the design and regu-
lation of supersonic and transonic commercial aircraft. The objective
is to develop a consistent technical rationale based on the multiple
technical and social criteria found from research that will assist
in revising and updating administrative policies and decisions re-
garding certification limits and provide industry with a design window
for supersonic operations,

Sonic Boom Effects on Structures

Structural damage dug to moderate sonic booms has been primarily
centered on damage to glass, plaster and bric-a-brac. Glass breakage
is of primary ifmportance. During 1974 and 1975 this work will de-
velop sonic boom eriteria in terms of equivalent response of windows
to such natural forces as wind gusta, thunder and in terms of bullding
codes applicable to window glass installation. This program will
include flight programs, as well as simulator studies.

Test of Exiating Noise Calculation Procedures Applicability to Sonic
Boom

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 & aimple method that would apply equally well to a variety of
noises which would then be highly useful for multiple regulatory
missiona.
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STATEMENT OF FREDERICK A. MEISTER, ACTING ASSOCIATE ADMINISTRATOR
FOR POLICY DEVELOPMENT AND REVIEW, FEDERAL AVIATION ADMINISTRATION,
DEPARTMENT OF TRANSPORTATION, BEFORE . THE HOUSE COMMITTEE ON SCIENCE
AND ASTRONAUTICS, SUBCOMMITTEE ON AERONAUTICS AND SPACE TECHNOLOGY,
JULY 25, 1974, REGARDING AIRCRAFT NOISE ABATEMENT EFFORTS.

Thank you for the opportunity to appear before you today, Mr. Chairman.
I am Frederick A, Meister, FAA Acting Associate Administrator for
Policy Development and Review. Appearing with me today are Charles

R. Foster, Director of the Department of Transportation Office of
Noise Abatement, and Richard P. Skully, birector 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 promote an environment for

all Americans free from noise that' jeopardizes their health or
walfara.! The Congress further authorized and directed Federal agencies
to carry out the programs within their control in such a manpner as

to further that declared policy of the United Scatea "to the fullest
extent consistent with their guthority under Federal laws administered
by them." Seection 7(b) of the Noise Control Act diracts the Adoinis-
trator of the Federal Aviation Administration to prescribe auch regu-
lations as the FAA may find necessary to provide for the control and
abatement of aircraft noise "in order to afford present and future
relief and protection to the public health and welfare." {emphanis
added).

By statute it is the FAA which has the responsibility, after con-
sultation with the Secretary of Transportation and EPA, to preacribe
standards for measuring aircraft noise and for prescribing regulations
for the control and abatement of aircraft noise.

Mr. Chatrman, the PAA {s taking this Congressional mandate seriously
and in 1in the process of implementing an aggressive program to control
and abate airervaft noise. As evidence of our resolve to help achieve
a better environment for all Americans, steps have been taken to
double the aize of the FAA Office of Environmental Quality. 1In addi-
tion, the Administrator has recently releassed a draft PAA Five Year
Enviromeental Program which defines FAA environmental policy and
delineates a fiva-year program designated to implement-that policy.

Three parva of our overall noise abstement program relate to the
design and operation of airecrafe,

Firast is the imposition of maximum noise limits for all types of air-

eraft to insure that individual aircraft nhoise levels will not increase
as newer, more powerful aircraft typea 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. 1In 1969, the FAA promulgated Federal Avia-
tion Regulation Part 36 which put a lid on the escalation of aircraft
noise levels of new subsonic turbojet transport aircraft., 1In 1973,
Part 36 was apended to include newly produced aircraft, including those
of older designe 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 be 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-driven
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 supersenic 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 obtalning early noise relief, We have for many years been experi-
menting with takeo£f and approach procedures, passive and dynamic
preferential runway procedures, noise abatement routing, and terminal
area handling of aircraft to achieve noise control,

Nolse abatement takeoff operating procedures designed to provide maxi-
mum separation between aircraft and the communities over flown were
developed jointly by FAA and ATA and are now in wide use.

Nolse abatement approach operating procedures developed jeintly 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 baen using two-
segment approaches safely and efficiently for over one year during
YFR weather conditioms. 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. 1In fact, a major airline has conducted in-service operations
for NASA with a B=727 aircraft under VFR and IFR weather conditions.
NASA Ls 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 Propesed Rule Making seeking advice and comments
on this two-segment appreach procedure. I will give you a rundown

of the comments received to date later om.
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Another means of maximizing aircraft to ground separation distances
to provide community nolse relief is to change allowable minimum alti~-
tudes. The utilization of higher minimum altitudes as a means of
achieving noise reduction has heen implemented and is providing sig-
nificant noise relief. An Advisory Circular was published in August
1972 to deal directly with VFR flight near noise sensitive areas.

This has resulted in pilots making VFR flights near recreational and
park areas, churches, hospitals, schools, and similar areas at higher
altitudes than previously flown and permitted by regulation 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 constently to
improve the state-pof-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. We will of course continue to support
effective research to develop and demonstrate just what future reduc~
tions may be fegsible., And so, in brief, this covers that portion of
our aircraft noise abatement program relating to the design and opera-
tion of aircraft,

I would like to turn now to a discuasicn of the retrofitting of the
current commercial jet fleet to meet FAR 36 standards.

The technical development of means for quieting the present fleet haa
heen underway for more than six yeara. This joint industry-govermment
effort has resulted in the expenditure of well in excess of $100 mil-
lion. The major steps taken in this program were as follows: Eirst,
an carly NASA program provided proof of the tachnical concept of using
sound«absorbing materials in nacelles, which I shall refer to as 5AM,
to control aircraft noise; second, an FAA nacelle jet suppression and
flight teat program was conducted; third, feagibility studiea and
Flight demonstrations were made, followed by actual certification of
the Doeing 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 March 27, 1974, a Notice of Proposed Rule Making
was published which, if adopted, will provide the means of assuring
that all currently available:acoustic technology is applied to {n-
service commercial aircraft. ‘The rule would require that subsonic
turbojet aircraft, having maximum weights of 75,000 pounds or more,

to conform to Part 36 noise leveds by not later than July 1, 1978,
Behind this proposed rule ias our ceonviction that utilizing the tech-
nology of sound sbsorbing material in engine nacelles is availabile now
for providing additional, significant relief from aircraft no;se.
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Before we embarked upon this rulemsking procedure, Mr. Chairman, we
had to assure ourselves that the SAM nazcelle treatment would provide
meaningful relief, that is, we were loocking for a reduction in noige
levels which would be sufficient to significantly reduce annoyance
levels for persons living near airports, I would like 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 iz a fact that today's airport neighbors notice and appre-
ciate the reduced noise levels of the new wide bodied aireraft, These
aircraft meet the same Part 36 noise levels as the older atrcraft
would meet with the SAM retrofit,

Second, a joint FAA-Boeing Company project, which culwinated in May
1973 flyover demonstrations for members of Congress and the public

at Dulles International Airport, demonstrated that takeoff noise re-
ductions of 11 EPNdB and approach noise reductions of 15 EPNAB were
achievable using nacelles quieted with sound absorbing material 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 configuracion capable of being certificated and a B-707
without such material, that the nolse reduction was highly significant
and clearly perceivable,

Third, a NASA-sponsored approach noise study conducted by Professor
Paul N. Borsky of the Columbia University Noilse Research Unit has
concluded that significant reductions in annoyance resulted from the
use of exposure to synthesized nacelle treatments equivalent to a
JT8D-povered Boeing B~727 with the SAM treatment as compared to a stan~
dard B-727 aircraft, Professor Borsky, of Columbia's Scheool of Public
Health, College of Physicians and Surgeons, is one of the world's
leading experts in assessing community response to alrerafe noise. He
used test subjecta living in the vicinity of Kennedy International
Alrport, 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 acoustically treated B-727.
This 50% reduction was achieved with a difference of 6 EFNdB between
the two aircraft, We would anticipate a very meaningful response for
che Boeing 707 mentioned a few moments ago relative to the Dulles
flyover demonstrations.

1 would also like to point out that in addition to the SAM retrofit
it is possible to tailor appreach 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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Yext I would like to give you a rundown of the comments received on
the fleet retrofit NFRM and the two-segment approach Advance NPRM,
Nearly 600 comments were received on the retrofit NPRM, of which some
500 were from private citizens and citizen groups. The overvhelming
majority of citizens and citizen groups were for immediate promulga-
tion of the final rule. With regard to the industry, the Alr Trans-
port Association and commenting air carriers expressed total oppogi-
tion to the proposed rule as written. Particular concern was expressed
over the possibility of performance penalties and .the amount of benefit
considering the price tag. Regarding the manufacturers, the Aercapace
Industries Association of America and the Boeing Company, while not
oppoaing the rule as such, expressed little enthusiasm and support for
an immediate go ahead, while the Douglas Alrcraft Company was firm

in its opposition to the rule. The internationsl carrier community,
represented by IATA, and several foreign governments expressed oppo-
sition for several reasons. A further discussion of the international
reaction will be given a little later.

U.5. Alrport Operators, whose jurisdictions are facing a total of some
$4 billion in aircraft noise damage claims, strongly endorsed and
urged immediate adoption cf the rule. From this group we heard from
sone 25 city, county and state airport or transportation authorities
plus the airport operator dssoclations.

Private aircraft owners and operators did not, in general, support
the rule, expressed doubt that SAM would produce appreciable relief
and expressed concern over the program's expense,

He also heard from the Department of State, which expressed concern
over unilateral U.S8. action, and the Environmental 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 NFRM, the line-up was roughly the same. Private citizens, citi-
zen groups, city governments and airport operators favered adoption of
tha two-segment approach. Those opposed included ALPA, AOPA, NBAA

and the International interests. Those expressing strong reservations
weére ATA, Boeing and 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.
1 would now like to discuss these two problem areas.

The retrofit NFRM applies not only to U.5, 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 inclusion
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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 comments received
from the international community took strong exception ko the pre-
posed rule on the basis that it amounted to unilateral action in an
area which ICAO should coordipate, The Department of State expresged
concern over possible proliferation of conflicting standards affecting
international civil aviation if the United States took unilateral ac-
tion without either reaching agreement through ICAD, 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 ICAC, a number of the members of the Secretariat, Council
members and Air Navigation Commissioners. The Administrator made it
clear to Dr. Binaghl chat it was not the desire of FAA to act uni-
laterally and that we continued to support a multilateral approach.

He did not, however, commit the United 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-
cluasion in our aircraft nolse reduction actions. We are hopeful that
out actions in fthis 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 igssuing the NPRM we solicited recommendations for fimancing 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 conelugions on the shape of a final plan, some tentative
decisions have been made. First we are opposed to direct Federal fund-
ing; we believe, instead, that the users of our air transportation
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 enplanement and cargo way bill surcharges
proportionate to the aireraft modification costs for each segment of
the air 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 alrcraft 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 I represented Administra-
tor Butterfield, who was appearing before the Senate Appropriations
Subcommittee, in a meeting with Undersecretary Barnum, Administrator
Fletcher and Assistant Administrator Strelow representing Administra-
tor Train, to review our efforts, particularly with respect to the
refan program and FAA's 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 refan in our rule-
making efforts, we have considered the following factore as being of
primary significance.

Firat, the SAM modification offeras the earliest meaningful relief.
With reference to time, we believe that completion of a refan retrofit
program would be at least three years behind completion of the SAM
retrofit program,

Second, the refan program does not apply to the noisiest aircraft in
the fleet, the JT3D-powered Boeing 707 and Douglas DC-8.

Third, refan 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 JT8D-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 refan program is consaiderably more 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 $1 billion, In comparison, the combination program
of using refan for JT8D-powered aircraft and the use of SAM for
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JT3D-powered aireraft would cost approximately $2.8 billion for in-
vastment with total program cost of $5 billion., 1In terms of one air-
craft, the Boeing 727, the cost of refanning 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 refanned B-727.

The relative cost-effectiveness of the two aircraft modification pro-
grama has, as you know, been a part of our 23 U.S. alrport analysis.
This effort, begun some time ago, provides the DOT/FAA with information
needed to evaluate a wide range of aireraft and airport noise abate-
ment alternatives. We have completed the 23-airport study, and the
cost-effectiveness results have not changed substantially from those
reported to you last December on the basis of the first six alrports.

These results are presented in terms of (1) alrport neighbors subjected
ko two levels of noise exposure, (2) land areas around the 23 airports
impacted by airport noise, and (3) effective changes in the noilse ex-
posure index. All of these indicators provide the same conclusions:
first, the SAM program is significantly more cost-effective than the
potential SAM/Refan program; and, second, effectiveness will he ob-
tained earlier with the SAM program,

For example, with respect to the pecple removed from the nolse exposure
areas of NEF 30 and NEF 40, and looking forward to 1987, the end period
of the study, we find that for an expenditure of $1 billion for SAM,

we remove 125,000 of the 300,000 pecple that would be reaiding in the
NEF 40 area. For an expenditure of $5 billion for refanning the JT8D
and SAMming the JTID, 220,000 people would be removed. An additional
expenditure of $4 billion dollars for the refan/SAM program would
remove 95,000 people from the NEF 40 area. In the NEF 30 contowr, the
$1 billion SAM program will remove 600,000 of the 2,700,000 people,
whereas the $5 billion refan/SAM program will remove 1,900,000 people.

Tn brief, the results of this study are consistent with our earller
conclusion that the action proposed in our Notice of Proposed Rule
Making on March 27, 1974, will provide the earliest meaningful relief
to airport neighbors through a program which is technologically avail~
able and economically reasomable. I am submitting a detailed Informa-
tion 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 10 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 peint of diminish-
ing returns with foreseeable technology. We will continue to assgess
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developing nolse reduction technology with the idea of keeping our
regulatory program apace.

in concluding, I would like 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
1imit flight operationa and redtrict flight paths as well as to im-
pose night curfews. Airport operators are faced with ajrcraft noise
related suits invelving potential multimillion dollar judgments.

Congress recognized this serious impediment to air trangportation in-
dustry growth and the serious implications regarding the health and
welfare of the Nation's population when it passed the Noise Control
Act of 1972,

We have developed a retrofit program which offers great promise cf
the earliest relief which Congress mandated be afforded. There has
been some concern expressed by Congressional Coumittees about our
moving ahead with the retrofit rule prior to obtaining the final re-
gults of the refan test to be completed next year, We of course fully
appreciate these views, and before publishing & final rule we will
present to those committees our reasons for moving forward., We feel
confident that we will have their suppert for any action that we take
to advance our noise abatement program in & cost-effective way. Our
present posture is to continue with the regulatory process to work
toward a resolution of the diffieylt problems associated with the
proposed rule, such as the financing and international aspects. Only
when we are satisfied that we have solved these prcblems will we be
in @ position to make a final decision on the rule.

Thank you for your attention to this rather lengthy testimony, Mr.

Chairman., I and my assoclates are available to anawer any questions
you may have.
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The DOT has university grants for fundamental studies in noise sup-
pression, These gtudies are briefly deseribed with funding indicated,

1,

University of Southern California Contract
»oT-05-000-2
Title: Modeling Noilse

An extremely elaborate and quiet facility has been constructed to
isolate the jet noise sources, The elimination of upstream and
vutside 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 FY 75 FY 76
75 75 50 50

University of Syracuse New York Contract
DOT~05-20094
Title: Noise Reduction from Supersonic Jet Flow with Co-Axial Jets

The objective of this program is to study the mochanism of jet
noise¢ reduction in co-axial jets when the individual jets are op-
erating under unique conditions that lead to a strong shock forma~
tion and hence to subsonic flow conditions a small distance outside
the nozzle exit. Under these conditicns the jet noise is signifi-
cantly reduced below that condition of operation that does not form
into a atrong coalesced shock. The specific objectives will be to
(1) verify the existence of the minimum noise condition for larger
jeta and to study the scaling lawa, (2) eatablish the effects of
temperature on noise reduction for co-axial jets, and (3) study
those phenomena with 2 and 3 co~axial elements.

Funding: (Thousands of Dollars)

K73 B 74 FY 76
5 75 75
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California Institute of Technology Contract
DOT-05-20197
Title: Jet Combustlon Noise

The purpose of this study is td investipate experimentally and
theoretically the noise generated by combustion iphomogeneities
as they pass through nozzles or turbine buckets. Theoretically,
it has been ghown 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 30

Massachugsetts Institute of Technology Contract

DOT~05-30011
Title: Acoustic Material Research

The purpose of this study is to determine the characteristics of
acoustic liners in ducts that have an added mechanical inertance
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. Thia development is impor-
tant for application te 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

The University of Texas at Austin Contract ‘

DOT-05-4117
Title: Effects of Non-Linearity on Jet Noilse Propagation

The purpese of this contract is to study the non-linearity effects
in the propagation of intense noise. WNon-linearity causes an in-
creased attenuation of the noise, a spectral redistribution of
the energy, and decreased cross correlation between the source and
receiver waveforms., The question {s 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 wave analysis
inte a spherical spreading one; use of the modified analysis to
predict the propagation distortion for noise from an actual intense
jet nolse source.

Funding: {Thousands of Dollars)

Y 74 FY 75
18 20

6. North Carolina State University Contract
DOT-08-40056
Title: On the Qrigin of Combustion Generated Noise

The objective of the progyam is to present a theory capable of
explaining the observed characteristics of combustion nolse whose
validity does not hinge on the assumptions employed and on the
particular situation conaidered. Starting from the exact multi~
fluid equationa of a reacting gas mixfure, the mechonism of cou-
bustion generated noise for open and confined flames is identified.
The derivation parallels the procedure employed by Lighthill and
Curle and does not depend on aimplifying assumptions. It is shown
that the preasure fluetuation is & sum of two terma, The first is
propertional to the overall density fluctuation and the second is
4 linsar combination of the density fluctuations of the various
speciea, At present, a relinble estimate of combustion noise
cannot be made; a complete understanding of the problem first re-
dquiras the identification of the sources of the noise due to com-
bustion and scaling laws and the effects of confinement on the
propagation.

Funding: (Thousands of Dollars)

FY 74 FY 75 FY 76
25 30 25
7. General Electric Company Contract
DOT-08-30034
Title: High Velocity Jet Noise Source Location and Reduction
Program

The overall objective is to inveastigate the promising suppresaion
concepts that will result in the greatest nolse suppresaion with
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the least degradation of performance over flight speed ranpges of
interest for the potential types of engine cycles, The theoretical
understanding of these more complex nozzle concepts presents a
great challenge and is a fundamental part of the objective of this
program.

The detailed investigation of the basic phenomena which affect the
source locatioms, source strength, and noise reduction potential
of high velocity jet noise is directed towards the following pro-
gram objectives:

e Investigation of the aerodynamic and acoustic mechanisms
of various jet noise suppressors for subsonic and super-
sonic jets, including scaling effects.

s Analytical and experimental studies of the acoustic source
distribution in such suppressors, Lncluding identification
of source location, nature and strength, and noise redue-
tion potential.

e 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 predictien guide report for predicting the overall charac-
teristics of suppréssor concepts, i.e., for models, full-scale
static, and in-Elight conditions, as well as & quantitative and
qualitative analytical prediction of the phenomena involved.

The work effort in this program is organized under the following
major categories:

Task 1 - Activation of Facilities and Validation of Source
Techniques

Task 2 - Theoretical Developments and Basic Experiments
Task 3 ~ Experimental Investigation of Suppression Principles

Task 4 - Development and Evaluation of Techniques for "In-
Flight' Investigation

Tagk 5 - Investigation of "In-Flight' Aero-Acoustic Effects
on Suppressed Exhausts

Task 6 - Preparation of Noise Abatement Nozzle Prediction
Guide Report.

See Figures 14 and 15 for funding and schedule,
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8,

Virginia Polytechnic Institute Contract
DOT-05-50047
Title: Suppression of Multiple Pure Tones

This i5 a program to evaluate an advanced acoustic concept for
the suppression of multiple pure tones from supersenic 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 countevact the steepening of the waves
due to non-linearity. A detailed parametric study will be per-
formed to determine the optimum linear characteristies.
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DOD _JET EXHAUST NOISE FROGRAMS

Department of Defense Contract Fl3615-71-C-1661
Alr Force Project 3066, Task 14,
SUPERSONIC JET EXHAUST NOISE« Work Unit 02

PRESSURE MODEL 7/72 to 6/73

Bolt Beranek & Newman Inc, Funds $164,000

The overall objective of this program is to develop the technology base
necessary to significantly reduce alrcraft 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 fet nolse generation process with particular
emphasis on the Ribner/Meecham fluctuating pressure model; (b) to
determine the relative i{mportance of the varicus jet noise generation
mechanisms for the range of operating conditions typical of the R-1
system; {c) to experimentally demonstrate the asdvanced instrumentation
techniques required to verify the accuracy of the Ribner/Meecham fluce
tuating pressure model.

This program involves a comprehenaive Lnvestigation of all relevant
mechanismas of nolae generation and emphasized the interrelationships
between acoustica and engine cycles and between acoustics and exhaust
jat aerodynamics, The experimental investigation features the use of
unique transducera to relate the exhaust fluctuating aerodynamic pres-
suraa to the radiated noise. A large-acale, high temperature (3000° F)
free jet facility will be used to conduct aero/acoustic experiments.
This faeility makes it posaible to compile a comprehensive and exhaus=-
tive catalog showing the inter-relatfonship between nozrcle mean and
fluctuating aerodynamic and acoustic properties of supersonic jet
exhausts,

SUPERSONIC JET NCISE Project 3066, Task 14,
INVESTIGATION - VELOCITY MODEL Work tUnit 03
General Electric Funds $164,000

The ovarall objective of this program is to develop the tachnology to
slgnificantly reduce supersonic aircraft propulsion system nolse with
minimum associated performance and weilght penalties, Emphasis is placed
on afterburning and non-afterburning supersonic jet exhaust systems
with operating conditions typical of supersonic tramsport (SST) and
long range strategic (B~l1) aircraft propulsion systems. The apecific
technical objective of this research program is to develop a compre-
hensive mathematical model capable of providing aero/acoustic design
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data to he 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 5199,000

The overall objective of this program is to develop the technolegy to
significantly reduce supersonie aircraft propulsion system noise with
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 fet noise
generation and radimtion for the subsonic and ful ly-expanded supersonic
flow regime and to measure the necessary turbulence and acoustic param-
eters in order to verify the numerical predictions or to supply data

to the turbulence/nolse theories as necessary,

GENERAL ELECTRIC/LOCKHEED
Contract DOT=AS-20099 / AF Contracts F33615-73-C-203 1/2
Title: Supersonic Jet Noise {Analytical Model)

The overall objective of this program is to develop a fundamental under-
standing of the mechanisms of jet noise pemeration. This phase of the
work 1s limited to sound single nozzles in contrast to the complex
nozzle configurations of suppressor types, The specific technical ob-
jectives are to numerically solve the applicable turbulence and acous-
tic theories which describe jet noise generation and radiation for the
subgonic and fully-expanded supersonic flow regime and to measure the
necessary turbulence and acoustic parameters in order to verify the
numerical prediction er to supply data to the turbulence/noise theories,
- as necessary. The program comprised of an experimental and theoretical
effort to predict noise from subsonic and supersonic jets with particu-
1ar emphasis on the turbulent mixing reglon. Development of promising
optical techniques to measure necessaty turbulence spectra intensity,
and scales is also included, The objectives are intended to lead to
& unified theory of jet noise. The work will be performed in four

phases:

Phase T - Through review of competing mathematical models.
Phase II -~ Detailed investigation - relate flow field to acoustic,

Fhase ITII - Investigate effects of upstream perturbations.
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Phase TV - Correlation of all results into unified theory,

Contracts are with Lockheed Ceorgia 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 following schedule of ex-

penditure,

FE=13
DoT % 425,000
DOD/Air Force $ 125,000

JET NOISE REDUCTION FOR MILITARY
RECONNA ISSANCE/SURVEILLANCE AIR-

FY-74 FY-75
$ 625,000 $ 250,000
§ 205,000 5 60,000

Project 3066, Task 14,
Work Unit 005

CRAFT
Bell Aerospace Corporation

The objective of this program is to evaluate and experimentally demon-
strate a unique quiet propulsion concept for advanced quiet aircraft
systema, The performance and acoustic characteristics of the rotal
propulsion syatem will be assessed under this effort.

DOD AIRFLOW SURFACE INTERACTION PROCRAMS

Department of Defense DF032080

Alr Force Contract AF-AFOSR~2068-71
NOISE CONTROL BY LIQUID VAPCRIZATION 7/73 to 6/74

California Inatitute of Technology Funds §31,220

Sehool of Engineering

Strategic bombardment, tactical operations, and logistic support are
AF functions which require the use of high performance flight vehicles.
The oparation of such vehicles produces intense nolse from sources
associated with propulsion asystems, Because of a lack of a basic un-
deratanding of the physical behavior of sound and the interaction of
sound with the fluld medium it ia traveling through, rational noilse
control and svoidance ias difficult. This nolae can cause degradation
in human performance, reduced reliability of structural and equipment
subgystems and increased maintenance, The proposed research will in-
vegstigate the behavior of high intensity sound as it interacts with
1iquid droplets, Specifically, an analysis will be made of nonlinear
acoustic disturbances in a8 heterogeneous gas-liquid mixture where transition
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between the two phases constitute:z an important element of the problem.
Particular stress wil]l be givep to the wave steepening beyond the planc
of generation, to the attenuation of duct modes and 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 being conducted:

(a) Correlation of sound with hot wire neasurements 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 & wing as a shield for jet noise is
being examined experimentally.

{c) Wind noise in vehiclea. An experiment ils being con-
ducted to determine the relation between the jet flow
over a cavity and the noise generated by the flow,

(d) Model of Mach wave noise emanating from the lip of &
supersonic jet, A mathematical analysis is being made
to delineate the mechanisms of nolse generation of a
rocket nozzle,.

(e) Extended near-field concept for sonic boom alleviation.
The posasibility of delaying the tranaition of the near
field signature to the far field pressure signature is
being examined. In the area of subsonic aerodynamics the
11ft distribution and moment of wing cutting obliquely
through a aimulated trailing-vortex of another airplane
is being determined.
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Department of Defense DF032500

Alr Force Contract AF~AFOSR-2092-71
DYNAMICS OF VORTICES AND SHOCK~ Project 9781, Task 02
WAVES IN NONUNIFORM MEDTIA 7/73 to 6/74

Californis Institute of Technology Funds $40,900

School of Engineering

Alrcraft operations in all flight regimes involve vortices in flow field
and wakes, The behavior of vortices has profound influence on serody-
noamie forces and the trailing vortices are the crucial phenomenon in
the notorious aircraft wake turbulence hazard, This effort has made
significant progress in theoretical understanding of vortex motion.

The current effort will extend this work to consider the influence of
varicus nonlinearities in the equations of motien, Also, water tunnel
experiments will be performed in which the detailed structure of trail-
ing vortices behind lifting surfaces will be studied by means of a
laser doppler velocimeter. The shockwave aspects of the past research
will also be continued with an experimental investigation of focussed
shockwave propagaicion through the focal point. The shockwave effort

{s relevant to improved underatanding of super booms. It is hoped

that the experiments will suggest possible simplifications to the ana-
lytical models for focussed shockwaves,

Department of Defense DF001060

Alr Force Contract F44620-69-C-0063
THEORET ICAL AND EXPERIMENTAL Code AA
INVESTIGATIONS IN HIGH SPEED 7773 o 6/74
AERODYNAMICS Fundas $165,925

Cornell Univeriaty
Sechool of Engineering

Weapons delivery superiority requires continual refinements in aireraft
and miseiles, More complete knowledge of aerodynamics is critical to
such refinements. This ig a broad program of research in aercdynamics,
with relevance to low speed performance of tactical aircraft, aero-
dynamic noise and eonic 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-
ary layer separation and flowa with vorinble viscosity - ges dynamica,
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-uniform flow over blunt bodies and
propagation of non-linear wavea - supersonlc druag with emphasis on
analytical techniques for positioning of nacelles and stores for an-
overall optimum area-rule ghaping.
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Department of Defense DN223260

Navy Contract NOOQL4-72-C-0200
TTP VORTEX EFFECTS IN ROTARY- 7/72 to 6/73
WING AERODYNAMICS Funds 548,116

Sage Action Incorporated

To significantly reduce undesirable rotor blade noise signaturcs, and
allevinte the blade~tip vortex interaction problem, The role of the
tip vortex in rotary-wing aerodynamics will he investigated and possible
means of control of the tip vortex will be examined, 7If this explora~
tory effort is successful, an extremely useful technique will be avail-
able for solution of severe rotary-wing aerodynamic, structural, and
noise problems,

The total flowfield including the tip vortex of a model rotor hlade
will be investigated by means of '‘an advanced helium bubble flow
visualization technique. Techniques to reduce the blade vortex inter-
ference effects will be evaluated, The new idea in this research of
examining the interference of a tip vortex from a preceeding 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 DACK3720

Army Contract DAAKQZ2-72-(0-0623
GLARE AND NOISE REDUCT ION 7/72 to 6/73

OF HELICOPTER ROTOR BLADES Funds $25,000

MeCoy Electronic Corporation

To develop various materials and compositions capable of reducing the
glint, glare, and nolse from helicopter rotor blades without impairing

1ift or increasing weight or drag.

Task envisions the making of a wotking model rotor blade upon which an
acoustic surface wave will be penerated by means of metal electrode
transducer excited by the acoustic bulk-waves from plezoelectric 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 1ift while simultaneocusly reducing the
glint and glare, In addition, poseible method of noise reduction via
bow wave extension and creation of a potential gradient across the
airfoil will be ineluded in the model, but not be capable of demon-

stration.
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pepartment of Defense DAOB9173

Army Contract DA-31-124~ARC(D)~-
UNSTEADY AERODYNAMICS OF BLADE- 471  Code RB

VORTEX INTERACTION 6495«E 7/73 to 6/74
Massachusetts Institute of Funds Unknown

Technology

School of Engineering

To study the unsteady aerodynamic mechanisms respcnsible for helicopter
noise., Improved understanding of the aerodynamic noise generation of

a helicopter could lead to new methods of {mproving the aerodynamic
performance and decreasing the amount of neise generated by helicopters,
Both are of vital importance in improving the usefulness of the heli~
copter for Army miasions,

Approach = work will begin with simpler two~dimensional models and will
be extended to an exact treatment of the three~dimensional problem 1in
both steady and unsteady flow, The treatment will be concerned pri~
marily with inviacld 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
e¢xact in the sense that trye boundary locations will be accounted for
and the exsct solution will be obtained as the computational network

is refined,

Department of Defunse DAOCY091

Army Contract DAHCO4-69~0087
INVESTIGATION OF NOISE GENERATION 7/72 to 6/73

ON A HOVERING ROTOR B704=-RN-8704 Funds  Unknown

Doeing Company

To define the nolse fleld generated by a rotor. Investigation of noise
genaration of a helicopter rotor is important for the Army's effort to
make its helicopters lees noisy for more effective field operations.
This research is important to the Ammy in that it represents & leng
range effort to reduce Army aircraft detection time,

Noise level teste and vortex visualizatfon tests will be made with a
set of rotor blades mounted on a whirl tower, Smoke generation in the
blade and high speed motion picture photography will be employed for
vortex visualization testa. Near and far field acoustical data will
be collected, TFollowing data reduction, an analysis will be made of
the relative lavels and frequency discributions of rotational noise,
vortex noise and of any blade slap noise that might occur during tests.
The relative positions of swoke will be evaluated ar the points where
the noise is generated as determined from acoustical measurements,
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DOD ROTATING MACHINERY NOISE PROGRAMS

Department of Defense

Alr TForce

INSTABILITY AND NOISE GENERATION IN
ATR-BREATHING PROPULSION SYSTEMS

DF032400

Contraet F44620-71-C-0104
/73 to 6/74

Funds $37,661

Ultrasystems Incorporated

Effective weapon delivery, defense, reconnaissance, and transport
vehicles require propulsion systems with stable operating characteris-
tics and minimal noilse levels, Results obtained from this research
will aid in understanding and contrelling combustion Iinstability in
air-breathing main and auxilliary combustors, in previding 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 physi-
cal mechanlsms driving combustion instability, of mechanisms by which
combuation affects the general sound field surrounding an engine, and
of coupling between these mechanisms and combustor operating condi-
tiona. Included will be studies of the detailed phenomenological pro-
cesgesy which determine the nature of the interactions of initially
small disturbances and discrete, discernible combustion zones existing
in the combustor, Exilsting contractor chemical and fluid mechanical
computer programs will be used in conjunction with data and qualita-
tive observations obtained from laboratory experiments, Particular
emphagis will be placed on fundamental fluid mechanics and combustion
of vortex stabilized combustors, e.g., V-gutter and 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 stabilizing measures. Mechanisms by
which combustfon affects the general sound field surrounding an

engine will also be investipated and guidelines provided for modifying
the cembustion processes to obtain minimum noise levels.

Department of Defense DFD34900

Alr Force Contract AF-AFOSR~2365-72
COMBUSTION GENERATED IN 7/72 to 6/73

TURBO- PROPULSTON SYSTEMS Funds 524,200

Georgia Institute of Technolopy
School of Aerospace Engineering
For specific missions involving weapon delivery and defense, transport,
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reconnaissance and rescue, advanced efficient air-breathing and hybrid
engines are required with minimal noise emission levels to deter de-
tection and avold aircraft component damage and reduced efficiency of
and hazard to ground and flight peracnnel, Also to maintain environ-
mental pollution within tolerable 1limits it 1s mandatory that afr-
craft nolse emissions be minimized. This research on fundamental
physical mechanisma and proceases involved in combustion noise pro-
duction and transmission in primary and augmentor air-breathing com-
bustors will ald in providing guidelines and techniques for modifying
the combustion process for minimal noise output and development of
effective combustor noise suppressing devicea for these advanced en-
gines, Thias program encompasses theoretical and experimental studies
directed toward lsolating the origins and transmission of combustion
noise in turbo-propulsion combustors., Included will be studies of
various aspects of free flame, flameholder flame, and primary combustor
can combustion noilse, Sound power output, spectral content and direcw
tionality characteristice will be determined. Scaling rules will bhe
generated and compared with various thecretical approaches to the
problem. Diagnostic emission meagurements will bes made to isolate
the origin of combustion nolse, Theoretical acoustics will be used
to solve the problems of sound radiation from afterburner and primary
combustors to the surrounding atmosphere,

NOISE GENERATION BY A TRANSONIC Project 9781, Task 02,
COMPRESSOR ROW Work Unit 003
Cornzll Aeronautical Laboratory Inc.

The Air Force Is presgently and will continue to be in the foreseeable
future a large user of high subsonic jet aircraft. The principal means
of propulsion of such aircraft is the high bypass-ratio turbofan engine.
At undesirable byproduct of these engines is the generation of noise
which causes such adverse effects as degradatlion in human performance,
reduced reliability of structural and equipment subaystems, and in-
creased 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 to partially

fulfill this requirement & theoretical study of the problem of fan-

nolse generation in a high bypass-ratio turbofan engine is being made.
The main emphasis in this study is the noise aspect of the three-di-
mensional, transonic flow through a single blade row, A linear acous-
tlc theory for the case of non-lifting blades is being applied to the
problem of noise generation. An effort Ls being made to extend the
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,
University of Texas Work Unit 002

This research is concerned with investigating the behavior of high~
intensicy sound and applying the understanding gained to problems of
interest to technology such as sonic boam, propagation of intense

noise from jet englne compressors, underwater propagation, etc, This
is a theoretical and experimental effort on high-intensity sound and
its interaction with a real wed{n, The purpose of the work i{s to study
the phenomena that distinguish nonlinear acoustics from linear acous-
tics and to apply the knowicdge gained to physical problems. Specific

toplés being studied are:

(a) sStability 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) Quasi~plane-wave mode for finite-amplitude waves
in a tube. Experimental tests are being conducted
to check paat theoretical solutions,

{d) Finite-amplitude waves in relaxing wedia.

{e) Electrical tranamission-line analogs of acoustical
prapagation problems, such as progressive waves in
relaxing media, random in homogeneous, turbulent

media, or nonlinear mwedia.

Project 3066, Task 14,

SMALL TURBINE ENGINE NOISE REDUCTTION
Work Unit 00L

Garrett Corporation

The purpose of this prograw is to develop the technology base necessary
to effectively reduce the noisé signature of existing small turboprop
and turbofan engines. Although the program is primarily aimed at light
aircraft propulsion, the technology generated 1is directly applicable

to auxilliary power unit silencing. The specific technical objectives
of the effort are to accurately predict the radliated acoustic signature
and aural detectability of existing turboprop and turbofan propulsion
systems in the 80 to 1000 shaft horsepower class for turboprops and the
400 to 5000 pound thrust class for turbofans, to develop effective
methods to minimize propulsion systew aural detectabll{ty, and to
determine the engine performance and weight penalties asaociated with

the various suppression metheds.
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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 lifting surface theory for
compressible, linearized flow through a rotating
blade row.

{b) To develop approximate models for noise generation
by rotor-stator interaction,

(c) To correlate results of lifting gurface theory with
experiment.

(d) To analyze dominant nonlinear effects in the in-
viscid, three-dimensional flow through a rotating
blade row.

Department of Defense DN123475

Navy Contract NOQO14-67-0151-0029
0ffice of Naval Research 473 Subgroup

AIRCRAFT COMBUSTION GENERATED NOISE 7/73 to Cont

Princeton University Funds $64,022

Aerospace, Mech. Sei. Dept.

Within the Navy aircraft, missile and space power and propulsicon pro-
grem, thig effort offers the possibility of alleviating jet engine
noise by research on nonsteady combustion and gas dynamics phenomena.
This research makes use of past efforts on nonsteady combustion coupled
with nonateady gas dynamice as applied to aireraft 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 minimizing such nolse.

Special instrumentation will be utilized in conjunctien with an ane-
choic chamber and a cowbustion rig to conduct diagnoatic measurements
designed to elucidate sources of scund in a combustor=jet combination,
to measure effects of controlled changes and to observe relationships
batween Elow pattern and noise characteristics. Concurrent theoretical
report will involve medaling 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 DAOCA04E

Army Contract DAAJO2-72-0040
INVESTIGATION OF GEARBOX DESTGN 7/73 to 6/74
MODIFICATION FOR REDUCING NOISE, Funds $26,456

ARMY ATRCRAFT TRANSMISSION SYSTEMS
Mechanical Technology Inc.

The objective of this program is to identify practical gearbox desipn
modifications which will help alleviate the gearbox noise problem in
the CH-47 transmission. 1In addition, anmalytical methods for predicting
and reducing gearbox noise sidebands will be developed to permit design
analysis of this significant noise source,

Select component modifications, based on Contract DAAJOZ-70-0-0035, to
be investigated for noise attenuation in the CH-47 helicopter trans-
mission. Perform vibration calculations so that candidate configura-
tion is optimized from the standpoint of noise and vibration reduction.
Identify modifications having gréatest noise reduction potential, Uti-
lizing test results obtainéd under Contract DAAJO2-71-C-0020., Deter-
mine the mechanamisms producing planet~pass sidebands and then modify
exlsting computer programs accordingly to develop analytical methods

to reduce sideband amplitudes.

COMPUTERIZED PROCEDURE TO ASSESS Project 3066, Task l4,
TURBTINE ENGINE PERFORMANCE/NOTSE 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
uninstalled engine noise prediction methods applicable to current and
future gas turbine engines, (b) to develop techniques for the predie-
tion on installed engine noise levels including the effects of special
nolse reduction devices, and (c) to develop methods to assess propul-
sion performance and weight penalties as a function of noise level
reduction,

DOD _DUCT ACQUSTICS AND SUPRESSION PROGRAMS

SOUND TRANSMISSION THROUGH DUCTS Project 3066, Task 14,
Work Unit 09 (AF)

The purpose of this effort is to develop a numerical procedure to
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predict the effects of engine ducting on sound propagation. The
gpecific technical objectives of the effort are to review existing
theoretical and empirical methods for the prediction of sound propa-
gation through and radiation from ducts and to develop & 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 noise/performance trades.

Department of Defense DADC4924

Army Contract DAADOS5~72-C-0175
DEVELOPMENT OF NOISE 7/73 to 6/74

ATTENUATING SUBSTANCE Funds 519,950

Lehigh Univeraity
To develop a paint-like gubstance which will damp thin panel vibration.

A Latex substance consiating of two layers ~ & viscoelastic latex IPN
undercoating having damping capabilities at the temperature and fre-

quency range of intereat and a reinforced plastic constraining layer

which has a high modulus. Steel tests panels will be coated, evalua-
ted, and compared to commercial materials st frequent intervals. The
best paint will be recommended for Army use on material where person-
nel are expoeed,

DOD STRUCTURAL RESPONSE AND INTERIOR NOTISE PROGRAMS

Department of Defense DAOD4751

Army 7/72 to 8/73
STRUCTURAL MATERIALS WITH DAMPING Funds  Unknown
CHARACTERISTICS FOR APFLICATION TO

HELICOPTERS

U.S, Army

The objective is to produce a material that can be used to dampen nolse
in helicoptera (engine mounts, driveshafts, honeycomb linings).

Titanium-nickel alloya in the 5050 range will be fabricated and teated
to determine their yield strength and damping capacity, Acoustical
attenuation ad a function of frequency (0-20 percent) and temperature
(+60 degrees centigrade to 100 degrees centigrade) will be measured

and by alloying or heat treatment the yield strength and damping charac-
teristics will be optimized. X~ray studies will be wade to correlate
the lattice arrangement with the damping characteristics and yield
atrength.
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DOD FLIGHT AND INSTALLATION EFFECTS PROGRAMS

Department of Defense DAODB982
Army Contract DAHCO4=72-C-0040
ANALYTICAL STUDIES OF HELTICOPTER 7/73 to 6/74
ROTOR BROADBAND NOISE GENERATION Funds $33,861
1029%~-E

Sikorsky Aircraft

An analytical study will be made to establish & closed form solution
for predicting the broadband noise intensity radiated by helicopter
rotors. This research should develop techniques which will reduce the
aerodynamically generated nolse made by helicopters.

Experimental studies will be made of isolsted airfoils in an existing
acoustic~-wind tunnel. The data obtained and other existing data will
be statistically analyzed to provide an empirical equation which will
then gerve as & measure by which the validity of the theoretical equa-
tion will be examined.

Department of Defense DACD9(005
Army Contract DA~ARO(D)~31-124-
STUDIES IN LOW SPEED FLIGHT 71-G-17
10233~E 7/72 to 6/73
Georgia Institute of Technology Fundg $120,000

School of Aerospace Engineering

Investigation of problems associated with low speed flight of heli-
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 land precisely at a surface location with maximum payload. The
present vortex wake and rvotor flutter of the vehicle interferes with
ground personnel as well as reduces the payload capabllity of the
vehicle, Blade slap noise 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 ecalculating vortex wakes in the hovering per-
formance of multi-~bladed helicopter rotors, (b) the interaction of the
helicopter blade with the vertex field shed from the preceding blades
as a cause of blade slap, (d) the structural dynamic characteristics
of the rotor-blade system that givea 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 Defenase Contract DAHCO4~69-C~0086
Army 7/72 to 6/73

SYSTEMS STUDY OF HELICOPIER NOISE Funds $73,864
REQUIREMENTS 8713-E

Massachusetts Institute of Technology

School of Engineering

To establish a new methodolegy for aystems analysis which includes
noise criteria and to develop a new wind tunnel facility for making
ugeful noise measurements on V/STOL aircraft types, It is Iimportant
for the Army to reduce the nolse levela of its hellicopters so that the
missicne of surveillance, reconnaissance and target acquisition can
be performed better without giving too much warning of appreach to the
enemy. The migsion accomplishment may still be performed better if
just the right cowbination of noise reduction and performance of the
helicopter existed. The question that remains unanswered is - What

i the moat desirable combination of these parameters Ao 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 misaion performance. Experimental data on the noise
radiated by helicopter rotors in high forward speed flight will be
obtained, Emphasis will be in determining the effect of helicapter
operating conditions upon the directivity, frequency content and time
gignature of the noise,

DOD SOUND PROPAGAT ION PROGRAMS

NOISE FROM LINEAR ARRAY Project 1471, Task 02,
OF LARGE TURBOJET ENGINLS Work Unit 011
AFFIL (In-House)

The purpose of this program is to determine the interaction effects of
multiple turbojet exhause noise sources in determining the near-field
acoustic environment. Data were obtained in the form of sound pressure
levels and frequency spectra at variocus microphone locations. Analog
data were recorded on tape for later analysis.
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RADIATED NOISE FROM SATLPLANES Project 1471, Task 02,
AFFDL (In-House) Work Unit 013

The objective of this effort is to identify the noise associsted with
a powerless aircraft and to relate this noise to area and velocity
parameters of the aireraft, The flyby nolse from three sailplpnes,
Schweizer 2-32, Schweizer 2-33, and Libelle, has been recorded on tape
and one~third octave and overall bandwidth analyses chtained. The
noise levels from each of the sailplanes follows 2 sixth power of the
velocity and appear to be directly proporticna} to the turbulent area
on the wing. A test report has been prepared which presents the re-
sults obtained to date,

Department of Defense DADC9164

Army Contract DAHCO4-74-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 similar-AIRTRFT, for the purpose of finding teche
niques for reduction of such noise. The succesaful field operation
of Army helicopters is jeopardized by the nolse enviromment in three
ways, Helilcopter 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 fatigue in construction elements,
Thus, this investigation has s high degree of relevance to effective
utilization of rotorcraft since it will identify nolse sources and
describe noise propagation relative to helicopters.

DOD PROPELLER NOISE PROGRAMS

PROPELLER TECHNOLOGY Project 3066, Task 12

Significant propeller system technology sadvancement 1s an area of
major importance for V/STOL and light aircraft. The propeller tech=
nology task consists of three areas:

(a) lighweight propeller and propeller/gearbox
development;
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(b) improvement of propeller aerodynamic performance
and analytical prediction techniques;

(e) prediciion and reduction of propeller and
gearbox system noise,

More specifically, 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 performance; determining
accurate static thrust prediction methods; improving noise prediction
techniques through improved bagic noise source theory; and improving
propeller noide scaling techniques and noise reduection through utili-
zation of unique propeller designs based on noise source theory
information.

PROPELLER ACOUSTICS RESEARCH Project 3066, Task 12,

Work Unit 07

The overall objective of this program is te experimentelly determine
the noise generatien mechanisms for low tip speed propeller airfoils.
The gpecific technical objectives of the effort are: (a) to determine
the relative effects of upstream turbulence, boundary layer fluctua-
tions and vortex shedding on radiated noise, and (b) to experimentally
verify the theoretical prediction models developed under contract
F33615~ 70-0-1135 and presented in AFAPL-TR~71-55 entitled "Propeller
Noinse at Low Tip Speeds."

QUIET PROPELLER CONCEPT EVALUATION Project 3066, Task 12,

Work Unit 08

The objective of this progrem is to evaluate the noise characteristics
of various tail rotor configurations to determine the noise reduction
potential of various new designs. Variables to be investigated include
number of blades, blade to hub phasing angles and blade length,
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LOW NOISE PROPELLER TECHNOLOGY Project 3066, Task 12,
DEMONSTRAT ION Work Unit 12

The objective of this exploratory research program is to develop a
relinble design procedure for quiet propellers applicable to reconnais-
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 (b)
to produce a series of design charts that will be useful in design of
future propeller driven quiet aircraft,
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IV. NSF PROGRAMS

Note that these are not
discusaed in the main text,
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National Seience Foundation GK~- 33801

Div. of Engineering 4/72 to 4/73
AN TINVESTIGATION OF ACOUSTIC Funds $60,000
FEEDBACK FOR THE REDUCTICN 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 gsignificant 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-high-speed Schilieren or shadow
photographs. Leocal 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 Funds 517,000

OF UNSTEADY AIRFOIL THEORY
Widener College
Graduate School

This research project will investigate the pressure fluctuations on
blade surfaces of a single stage compressor. In particular it will be
clarified whether the chopping effect of blades moving at high speeds
relative to one another without the presence of low momentum flow is
the predeminant source of noise or the mere interference of blades
with flow perturbations.

Experimental tests will 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 chtained. An
integration of these results over the blade surface will give answers
a8 to the magnitude of the experienced lift fluctuations which will
then be compared with exiating theoriea,
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National Science Foundation GK-5030 A#l
Div. of Engineering 10/71 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 aerodynamic-problems associated with the sonic
inlet. Specific emphasis will be given the following: (a) A theo-
retical 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 CK=32544
Div., of Engineering 2772 to 2/73
COMBUSTTION GENERATED NOISE Funds 513,950

Georgla Inst, of Technology
School of Aerospace Engineering

A combined experimental-theoretical program will be undertaken to iso-
late the origin of combustion generated noise and to discover appropri-
ate scaling rules associated with this noise. Primary attention i{s te
be focused on premixed turbulent flames, although several aspects of
diffusion flame noise will also be investigated.

An extension of the principal investigator's original theory of com-
bustion generated noise will be attempted to ineclude 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 flomes. An analysis will also be initiated to
determine the affects of reflecting surfaces on the combustion noilge
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 i
the theory. Correlations will be obtained for sound power output,
directionality, and spectrel content. Furthermore, the relation

between the resction rate fluctuations and the sound power output will ‘
be determined. An analysis will be completed for the radiation of :
nolse from a flame-containing enclosure to the surroundings. The modi~ ‘
fication to sound power output, spectral content and directlonality

will be determined as compared with free flame penerated noise.
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National Science Feundation GK=34136X
Division of Engineering 5/72 to 3/
RANDOM VIBRATIONS OF ALMOST Funds $44,900
PERIODIC STRUCTURES

University of Illinois

School of Engin:ering

The first part of this research will consider the randem variation of
periodic units 7Trom the designed (or norm) configuration. One objec-
tive will he to determine the probability distributlon of each natural
frequency and the corresponding normal mode of the structure from the
probability disiribution of the varied geometrical apnd material param-
eters, The investigation will then be extended to the response of such
a structure to randem forcing fields, The convected frozen noise field
and convected but slowly changing noise field which have been used as
mathematical models for boundary layer turbulence will be included
among several other types of random excitation.

National Science Foundatilon GK=34126 X1
Division of Engineering 4/73 to 3/74
RANDOM VIBRATIONS OF ALMOST Funds $44,100

PERTIODIC STRUCTURES
University of TI1llinois
School of Engineering

The first part of this research will consider the random variation of
periodic unita from the designed (or norm) configuration, One objective
will be to determine the probabiliry distribution of each natural fre-
quency and corresponding normal mode of the atructure from the proba-
bility diatribution of the varied geomastrical and material parameters,
The investigation will then be extended to the response of such a
structure to random forcing fields, The convected frozen noise field
and convectad but slowly changing noise field which have been used as
mathematical medels for boundary layer turbulence will be included

among several other types of random excitation,

Thia action provides & second year of support for a continuing grant,
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National Science Foundation GK- 32585

Div, of Engineering 2/72 to 2/73
ENLARGEMENT OF ANECHOIC CHAMBER Funds $24,800
FOR NOISE RESEARCH

Syracuse University

Graduate School

An existing anecholc chamber facility (wedge-tip to wedge-tip size 12!

¥ 10" x 9') will be enlarged to 20 feet by 15 feet by 11 feet wedge-tip

to wedge«tip, The enlarged anechoic chamber facility will serve as &

more reliable tool for the noise research listed below, both because of
its greater capacity and lower effective cut-off frequency characteristics,

(a) Noise experiments in a hard room.

(b) Compressor and turbine noise,

(e} Traffic noise centrol,

(d) Effect of impulsive noise on the auditory system,
National Seience Foundation Proposal P2KO644
Div, of Engineering FY 72 - 12 months
PREDICTITION AND MEASUREMENT OF Funds 337,800

SOUND FROPAGATION IN LINED FLOW

DUCTS

University of Minnesota

The theoretical portion of this project will include the analysis of
two=dimensional steady flow in a porous wall duct and to initiate a
study of acoustic wave propagation in the same porous duct, The experi-
mental portion will iegclude the development of and the measyrement of
pressure spectrum in the porous wall ducts.,
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RESEARCH REPCRTING SERIES

Research reports of the Office of Research and Development,
Environmental Protection Agency, have been grouped into five
series., These five broad categories were established to
facilitate further development and application of environmental
technolegy. Elimination of traditional grouping was consciously
planned to foster technology transfer and a maximum interface

in related fields., The five series are:

1. Environmental Health Effects Research
2, Envirommental Protection Technology
3. Ecological Research

4, Environmental Monitoring

5. Socloeconomic Environmental Studies

This report has been assigned to the ENVIRONMENTAL FROTECTION
TECUNOLOGY series. This series describes research performed

to develop and demonstrate Inatrumentation, equipment and
methodology to repair or prevent envirommental degradation from
point and non=point sources of pollution. This work provides
the new or improved technolegy required for the control and
troatment of pollution sources to meet environmental quality
atandards.

This report haas been reviewed by the Office of Research and
Davalopment., Approval does not aignify that the contents
necasparily reflect the views and policies of the Environmental
Frotection Agency, nor doss mention of trade names or commercial
products constitute endorsement or recommendation for use,
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ABSTRACT

The Interagency Surface Vehicle Noise Research Panel was estab-
lighed by the Environmental Protection Agency to aid EPA in fulfilling
its reaponsihility for coordinating the Federal nolse research activi-
ties. As its initial task, the Panel prepared this report summarizing
the Federal governments' surface vehicle noise research, development,
and demonstration activities. The Federal agencies which sponsor and/or
conduct the major portion of the surface vehicle nojse RD&D are repre-
sented on the Panel. They are the Department of Transportation, the
Department of Commerce/National 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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1. SIMMARY

In partial fulfillment of its responsibility for coordinating
Federal nolse research, the Environmental Protection Agency has
established an Interagency 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 Housing and
Urban Development, and the Environmental Protection Agency. With the
exception of HUD these agenciles 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.
Department of Agriculture and the National Science Foundation. In
addition, this Panel has been charged with the responsibility for
addressing the Federal research supporting land use policies.

The initial task of this panel was the preparation of a report on
the Federazl Government's surface vehilecle noise RD&ED and land use related
research activities. This report, however, will only address the Federal
surface vehicle RD&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 poliecies or viewpeinta of the agencies represented.

Table 1.1 is a summary of the major surface vehicle noise research
programs being sponsered 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 fer research
programs not dedicated to noise and for DOT in-house research are not
included in any of the fiscal year data.

The DOT {s the principal Federal agency sponsoring surface vehicle
noise RD&D. These activities are primarily concerned with transportation
systems and are associated with three major programs. They are Highway
Noise Reduction, Urban Transportation System Nolse Reduction, and
Conventional Railroad and Intercity High Speed Systems. With emphasis
being control of highway noise, the majer 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




Table 1,1 SUMMARY OF THE FEDERAL SURFACE VENICLE NOISE RDE&D PROGRAMS

FISCAL YEAR FUNDING (51,000}

SPONSORING

AGENCY DESCRIPTIVE TITLE OF PROGRAM PRIOR TO 1973 1973 1974 (esc) 1975 {(2)
noT Highway Hoise Reduction 2,066 1,798 1,429 935
Urban Transportatisn System Noise (1) 56 577 (1)
Reduction Program )
Conventional Railroad & Intercity (1} (1) 150 200
High Speed Systems
TOTAL DOT 2,066 2,154 2,156 1,135
boD /ARMY Conformance with Regulatory Requirements 215 270
Vehicle Signature Reduction 160 100 95
Noise Reductlon Program for U.S. Amy 369 00 160
Construction Vehicles
TOTAL DOD/ARMY 100 684 665 160
EPA Interstate Motor Carriers 170
o Intevstate Rail Carrlers 199 -
New Medium & Heavy Duty Trucks 178
TOTAL EPA 369 178
USDA Reduction of Vehicle (snowmobile) and 25 35
Equipment Noise Lavels
The Use of Trees and Shrubs in Noilse 20
Abatement
Noise & Vibration of Off-Road Equipmenc 4 28
TOTAL USDA 4 73 39
R3F Effects of Building and Qther Boundaries on 30
Motor Vehiecle Noise
Noise and Vibratien from Transpertation 272
Vehicles and Other Machinery
TOTAL NSF 302
TOTAL FEDERAL EFFORT 52,166 $3,211 §3,374 $1,334

{1} Resources for inhouse research and noise portions of advanced transportation systems development are not included.
(2) FY 75 estimates are known to be incompleta.
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proposals. Currently, there are two NSF research grants specific to
surface vehicle noise. They are entitled "The Effects of Building and
Other Boundaries on Motor Vehicle Noise" and "Noise and Vibration from
Transportation Vehicles and Other Machinery." A third grant entitled,
"Bagic and Applied Studies of Noise," has a minor portion of the study
addressing sound generation by automotive tire dealgns.

The total Federally sponsored surface vehicle noise research
activities can be classified into the following six research categories:
highway vehicle noise contrel technology, raillway vehicle noilse control
technology, off-highway vehicle noise controel technology, noilse system
studies, noilse regulations development and enforcement, and advaneced
systems development. For noise dedicated activities, the emphasis in
the Federal efforts has been roughly equal between highway vehicle
noilse 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-highway vehicles, principally
those used in construction., Although net dedicated to nolse, there
are also major Federal programs (exclusively DOT) to develop advanced,
future mass trangportation systems which give significant attention to
noise control and have potential applications teo conventional systems.
Total resource distributions for these categories are given in Table 4.l1.
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2, INTRODUCTION

2.1 DBACKGROUND

Early in 1974 the 0ffice of Research and Development of the
Environmental Protectlon Agency invited Federal government agencies
concerned with noise pollution research to designate representatives
of their technical staff to serve as members on four noise research
panela; ajireraft, 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

Alrcraft NASA, DoT, bOD, 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 HEW/NIOSH, DOL, DDI/Bureau of
Mines, NSF, DOD, DOC/NBS,
EPA

*This panel was alsoc charged with the responsibility for the Federal
research supporting land use policiles.

These panels were convened to provide the means for interagency
coordination of research in the four technical areas., In addition to

exchange of information the functions of the panels in thefr respective
areas are:

¢ Review and assessment of the current state of technology.

4 Review and assessment of the status of research and technology
development.
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® Preparation of recommendations concerning ongoing research
activities,

o Recommendation of nolse research programs and projects, and
metheds for their accomplishments.

¢ Preparation of reports on the status and/or progress of on-
going noilse research activities.

o Recelpt and review of pertinent sclentific and programmatic
advice from communicating with other standing bodies,

The names and addresses of the Surface Vehicle Noise Research Panel
members are listed in Appendix A.

2.2 PURPOSE

Each of these panels of experts has met te charter its course of
action as a consultative body, and it was agreed that each panel would
generate a report on the Federal nolse research, development, and demon-
stration (RDA&D) activities and the nolse research neede in the specific
area of congideration by the panel. To prepare the report, the EPA
requested aach of the panel members to provide information on their
agency's noise RD&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
agency's project 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 RD&D which is directed toward control of noise problems attrib-
utable to surface vehleles or support of Federal land use policy develop-
ment. This document will be used by the Enviranmental Protection Agency
in preparing a report to satisfy Section 4(c)(3) of the Noise Control
Act of 1972, EPA 18 required to report on the status and progress of
Federal activities relating to noise research and noise control and the
contribution of such activities to the Federal Government's overall
efforts to control nolse. The panel report is a digest and analyais of
information provided by the Federal agencies involved in gurface vehicle
nolse RD&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 nolse RD&D on
surface transportation systems is being sponsored by the Department
of Transportation. Other agencies sponsoring research on surface vehicle
noise are the Department of Defense/Army, the National Science Foundation,
the Environmental Protection Agency, and the U.S, Department of Agriculture.
There were no Federal resgearch 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 was provided., Fiscal data reported is accurate as of July,
1374, but may not reflect the complete resources available for each
program or preject. This Is principally bhecause resources allocated to
salarles, equipment, and other services for in-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, but some detailed program and project planning is not
complete. Therefore, the FY 1975 resource estimates are alsc incomplete.
Although 1t is probably unavoidable to omit some related Federal activ-
ities, it is the consensus of the panel members that ne major Federal

regsearch proprams in the area of surface vehicle noilse have been over-
looked.

The program and project descriptions of the Federal surface vehicle
nolge RD&D are presented in Section 3 by agency. In Sectiun 4 the
current programs are briefly analyzed and grouped inte the categories
of specific surface vehicle nolse control technology development, noige
systems studies, research directly supporting regulations development
and enforcement and advanced transportation systems development.,

2.4 SURFACE VEHICLE NOISE SOURCES

Surface vehicles include moblile systems used in transportation,
conatruction, defense, recreation, and agriculture. These systems can
generally be classified according to three all inclusive noige source
categories. They are highway vehicle nolse, railway vehicle noise,
and off-highway vehicle noise. The relative nolse levels associated
with these sources of surface nolse are illustrated in Table 2.2,
Noise emitted from these sources, however, is derived from the compo-
nents of the geurce, the wvehicle's subsources. Table 2,3 illustrates
the contribution of the subgources to the total noise levels emitted
by diesel trucks, motorcycles, and snowmohiles.
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Tahle 2.2 COMPARISON OF TYPICAL NOISE LEVELS FOR SURFACE VEHICLES (1)

CATEGORY Average Noise lLevels (2)
{dB(A) at 15.24 Meters (50'))

HIGHWAY VEHICLES

Medium and Heavy Duty Trucks 84 (88)
Motoreycles (Highway) B2 (B8)
Utility and Maintenance Vehicles 82 (88)
Highway Buses 82 (86)
Sports Cars 75 (86)
city and School Buses 73 (85)
Light Trucks and Pickups 72 (86)
Passengers Cars (Standard) 69 (84)

RAIL VEHICLES

Loconotives 94
Passenger Trains 85
Rapid Transit a7
Trolley Cars (01d} 80
Trolley Cars (New) 66

OFFP-HIGHWAY VEHICLES

Recreational
Motorcycles 85
Snowmobiles 85
Inboard Motorboats 80
Outboard Motorboats 80

(Continued)
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Table 2.2 (Con't,)

CATEGORY Average Noise Levels (2)
(dB(AY at 15,25 Meterg (50'))
Construction
Trucks 88
Seraper 88
Pozer 87
Conecrete Mixer 85
Paver 89

(1) The average noise levels reported in Table 2.2 were obtained from
an unpublished EPA contractor réport entitled "Rationale for the
Identification of Major Noise Sources" Table A-l. The values were
originally obtained from EPA document NTID 300.13, December 31,
1971, and HUD Departmental Circular 1390.2, August 1971,

(2) Values in parentheses are typical for maximum acceleration. ALl

other values are normal cruising speeds. Variations of 54B can
be expected,
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Table 2.3 SUBSQURCES OF NOISE FOR TYPICAL SURFACE VEHICLES

Typical Noilse Levels
(dBlA) at 15.24 Meters (50'))
Diesel (1) Motorcycles (2) Snowmobiles (2)

Subsource Trucks
Engine Mechanical &

Combustion 78 78 76
Exhaust 85 86 B2
Air Intake 15 82 85
Cooling Fan 82 ~- 80
Tires 15 69 -

(95)
Track - - 72
Total a8 88 a8
(96)

V)

(2)

Values in parentheses are for trucks operating above 35 mph, source
of information: Close, W.H., DOT Truck Noise Reduction Program,

Internal DOT Description Document.

The noise levels indicated for these sources were obtained from
EPA document NTID 300,13, December 31, 1971,
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3. FEDERAL SURFACE VEHICLE NOTSE RD&D PROGRAMS

3.1 DOT SURFACE TRANSPORTATION NOISE ABATEMENT PROGRAMS

There are three major DOT nelse research programs. They are
entitled the Highway Neise Reduction Program, the Urban Transporta-
tlon Systems Noise Reduction Program, and the Conventional Railroad
and Intercity High Speed Systems., The sub-program tasks, projects
and fiscal 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 nolse reduction. Significant
nolse RD&D activities are identified in the other two programs but
generally noise 1s only one of several considerations. Many of these
latter activities are associated with the development of advanced,
future mass transportation systems. Brief descriptions of these
programs and thelr component projects are contained in the following
sections.

3.1.1 Highway Noise Reduction Fropram

Since 1970 the Department of Transportation has been actively
engaged in a multifaceted effort to reduce the impact of noise gen-
arated by heavy duty trucks and buses upon the community adjacent
to the nation's public hiphways. The results of this program to
date are numerous and further information 1s forthcoming. Pertinent
reports developed under this program are available and reflect the
degree of noilse reduction achievable through the application of the
best avatlable technclogy considering cost of compliance.

Summaty description documents {references 1,2} have been pre~
pared which set the DOT program of truck noise reduction inte per-
spective and delineate the plans for and accomplishments of the program
realized as of late 1972. Sinece that time the program has developed
according to the plan, hut with some expansion of efforts.

Quiet Truck Program - An investment of approximately $1.25 mil-
lion 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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rDeacriEtive Title
Quiet Truck Program

Exhousc/Iincake Muffloers

Truck Neolse Handbook

Censtruction Equipment
Hufflers

Engine Neise Suppore

Truck/Bus Retrofitc

basic Engine Noise
Reduction
In-Cab Noise Teats

Truck Tire Noise Study

Truck Tire Nolse Basic
Remsearch

Highway Noise Enfercement
Training & Equipment

Roadside Cnforcement
Sites

BMCS Training/Equipping

NCHRP Project III
(highway noise modela)

|

Table 3,1 SUMMARY OF DOT HLCHWAY NOISE REDUCTION PROGRAM

Fiscar Year Funding (§1,000)

Prior to

Invescipatar (g} 1973 1973
Fraightliner 1,046 100
International Harvester

Ca,
White Meotor Co,
bDonaldson Co. 15 28
Stemco Manufacturing Co.
Carbridge Collaborative 15
Vehicle Resenrch Institute
Bureau of Mines/DOI 80
Geperal Motors 450
PACCAR

Interpational Harvester
Rohr Industrics
HeDonnel-Douglas Co.
Not mpecified

In-House & - -

Natiopal Burcau of
Standords

National Bureau of 468 a0
Seandazds

Rorth Carolina Unie~
versicy

Californin Highway - 430
Patrel

Hot specified

Hot specified
3olt, Baranck, & 120 120
Newman

1674 (ost,)

1975 (esc.)*

100

245

100
150

0
100



€T

Deseriptive Title

Mognitude of Transportation
Nolse Cenoration and
Abatement

Scale Hodeling Highway
Noige

Scale Modeling Urban
Traffic Noise

Davelopment of Mighway
Reise Standards PPM-2

PPN 90-2 Troining Manual
Course

FilWA Hiphway Design
Menupl

Conatruction Equipment
Standarda

Highway Barrier
Effectivenesa

Acoustic Material
Applications

Borrier Parpmetrice

Traffic Noise Study

Community Naise Study

Passenger Car Tive Nolsa

Table 3.1 (Cont'd)

Fiacel Year Fundinpg {$1,000)

Prior to
Inveatigncor (s} 1973
Sercndipicy Ead
Ling=~Temco~Vought 79
Massachusetts Institute -
aof Technelogy
In=-house +
lolt, Baranek, & Newman -
Urban Systems -
Califormis Divisien of 57
illghways
California Division of 43
iHighways
Hole, Baranck, & Newman
In=House +
State of Maryland 43
State of Now Jersey 16
In-House and Seate -
of Celorado
TOTALS 2,066

* TY 75 estimates known to be Incamplete

+ Primary in-house funde

1973 1974 (oar.)

112 “
+ +
132 +
54 -
90 80
7 -
115

+ 50
7 37
20 20
k| +
1,798 1,429

++ Hot dedicated to surface vehicle nolse, nolse resources not available

R ek AW BARSRW AW N

1975 (est.)»

[:14]

110

[

935
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Table 3,2 SUMMARY OF DOT URBAN TRANSPORTATION SYSTEMS NOISE REDUCTION PROGRAM

Fiscal Year Funding ($1,000)

Bescripeive Title

Transit Bus Noise Reduction Potentiol

Murchase Specifications - Transit
Coaches

TRANSBUS Program
Personal Rapid Tranaic Program
Dual Mode Program

Rapid Transit Systems Noise
Environtent

Hew York City Transit System Study
Chicupo Transit Autherity Study
Other Transit Authority Study
Wheel/Rail Noime & Vibration Study
Elevoted Structures Neimsa & Vibration

In Sarvice Noiae Abatement Test &
Evalustion

New System's Specifications -
Capital Grants

State-of=-the-Art-Car
Screech Loop = Pueble Facility
TOTALS

* FY 75 eatimates known to be incomplote

+ Primary in-house funds

Investigaror{s)

WHATA

MITRE

Not apecified
Not specified
Hot specified

In-Houge

PINY

University of Illinois

Not specified

Bolt, Baraonck, & Newman
Cambridge Collakoracive

Not specified
Not specified

Rot specified

In-house

++ HNot dedicatsd to nolse, nolae rasources not availaoble

Prior to 1871

1973

26

184
146

356

1974 (est.)

1975*

22

1

125
60

120

250

§I¢ 1

1

P
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Table 3.3 SUMMARY OF DOT CONVENTIONAL RAILROAD AND
INTERCITY HIGH SPEED SYSTEMS NOISE RELATED PROGRAMS

Descrintive Title

Measurement of Rallroad

Joint DOT/AAR Railroad Noise Research
Linear Induction Motor Research Vehicle
Magnetical Levitated Research Vehicle
Tracked Air Cushion Research Vehicle

Prototype Tracked Air Cushion Vehicle

TOTALS

* FY 75 eatimates known to be incomplete
+ Primarily in-hovse funds
++ Not dedicated to noise, nolse respurces not available

Fiscal Year Funding (51,000)

Prior to 1973 1973 1974 (est,) 1975%
+ +

- - 150 200

++ ++ + ++

- - + +

+ +t + +

i+ ++ ++ +H

150 200




In the general work statement (reference 3) for the "Quiet Truck
Program” the contractoxs were obliged to establish their own contract
target nolse level limits for each of the two truck configurations to
be evaluated. Listed below is a table of pgoals preposed by sach of the
contractors {which became part of the contracts) and results of the
contract research to date.

Tabls 3.4 QUIET TRUCK PROGRAM NOISE CONTROL GOALS AND ACCOMPLISHMENTS

Contractor Goals* Accomplishments#
Fraightliner (1} 75-78dB({A) 72dB(A)
International (1} 75-784B(A) 77-784AB(A)

(2) 78-80dB{A) 79-80dB(A)
White Motar Co. (1) 75-784B(A) 77dB(A)

(2) 81-83dB(A) 79dB(A)

*Maximum sound level per SAE Ji66a test
{1) Enclosed engine version
(2) Unenclosed engine verslon

Two reports (references 4,5) of the many to emanate from this pro-
ject have been completed. In anticipation of the demand for public in-
formation on these efforts, technical sessions at twoe 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
reporta, Papers were presented at the Soclety of Automotive Engineers
(SAE) Naotional Weat Coast Meeting (references 6,7,8) in August of 1973,
at Noise Con 73 (references 9,10,11,12,13) in October 1973, and at Inter-
Noise 74 (reference 14).
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A number of detailed reports are presently in preparation to
delineate the specific tests, design considerations, operational
implications, and costs associated with the development of these quieted
trucks., In addition, nine trucks, as Andicated below, are currently in
field service evaluation with line haul carriers to proof test the
noise reduction concepts and verify the estimates of operational and
coat implications.

Table 3.5 FYELD SERVICE EVALUATION BY LINE HAUL CARRIERS

Contractor Number of Trucks Operator
Freightliner 1 Mid American Lines
International 4 Ryder Truck Lines
White 1 Qvernite Transport
White 3 Carolina Lines

Fnllowing approximately one year of service evaluation on each
truck, final reports will be prepared and published to document the
experience gained in line haul service of the quieted trucks as compared
to comparable production frucks, Completion of the service evaluation
will occur in July of 1974 for the first trucks and February 1975 for the
last trucks introduced into service.

Ag a further adjunct to this program, the International Harvester
econtract has been expanded to encompass fleet testing of 24 different
installationa of "demand'" fan drives. This will provide an extensive
evaluation of the duty cycle of such fan-nolse cbviation and energy sav-
ing installatiens in gervice acreoss the country. Reference 15 is a list-
ing of the 23 installations currently under test.

Exhaugt/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: (1) for new product standards;
and (2) for retrofitabllity 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 Manu-
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,
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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 soclety report,(reference 18), These tests
validated the contention that an ample supply of commercial muiflers
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 c¢ost versus performance into a new, clearer

perapective.
Table 3.6 SOUND LEVELS OF BASIC EXHAUST SYSTEMS
Sound Level dB(A)(l)
Type System NHC-250 NTC=350 6-71 8v-71 ENDT-675
Unmuffled 95 93 105 104 82
SVVTP 96.0 79.0 78.0 82.0 72.5
: SYVTP + Wye (3) §0.0
| GVVTP 80.0
: SHVTP 75.0 79.5 78.0 Bl.D 70.5
; DHVTP 81.5
i SHHTP 81.0 80.0 81.0 {2)
] DHHTP 74.0

{1) "MA" weighted sound level reference 20 micronewtons per square meter.
Meagsured at 15.24 meters (50'}).
(2) All mufflers teated exceeded back pressure limits.
(3) Wye muffler is used to join the two exhaust banks into a single
: aystem.
; Exhaust System Code “XY ABC"
; XY donoted muffler configuration; S single, D dual, V vertically

mounted, H horizontal.
ABC donotes tail pipe system, V vertical, H horizontal,

Truck Noise Handbook ~ A task order contract with Cambridge
Collahorative is belng 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
affort is nearing the publication stage and a finsl handbaok was gched-

uled for completion July 1974.

Construction Equipment Mufflers ~ A contract is presently being
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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 agreoment 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 nolse reduction components,
Bartlesville personnel also participated in propram plamning 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 noige reduction poasible throuph
optimum selection of ailr cleaner/inlet mufflers, exhaust mufflers, and
cooling system components. Contracts have been written with: General
Motors Truck and Coach Division, PACCAR (parent ecorporation including
Kenworth and Peterbilt), International Harvester, Rohr Industries
{Flexible Coach), and McDonnel-Douglas Co. (with White Motor Co. ag
subecontractor). Ten trucks and two transit coaches will be evaluated
and quieted through detailed studies. Ten other trucks will be evaluated
as to the applicabillity 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 perferm this effort. Final reports are
scheduled to be finished by mid ealendar year 1975, On the basis of the
information (reference 19) supplied to prospective bidders regarding
the tasks to be performed in thils truck and bus retrofit study, it
is evident that DOT is seeking technology answers to the problems of
typical vehicles but, in addition, is also seeking definitive studies
of vehicles known 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
be 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 vehiele, 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 gservice bulletins
pertinent to the test yehicles and to distribute these notifications
to all ownera 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-

mation by all manufaccurers to their customers.

Basic Enpine Noise Reduction - For even longer term considerations,
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DOT has initiated procurement activities to study the options availlable
in redueing 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 dollara, From this effort, it is anticipated that engine design
parameters will be developed which will previde 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-Cah 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 keeping with the authorization and
direction of the Congress as expressed in the Neoise Control Act of 1972,
DOT has carried out its program of operator nolse exposure protection
through research and development to the regulation stage,

In October of 1970 an advanced notice of proposed rule making by
the DOT Bureau of Motor Carrier Safety (BMCS) regarding sound levels in
commetrical vehicle cabs was issued. A field measurement and analysis
effort was undertaken the following summer of 1971 to ascertain interior
gound levels and to develop simplified rest procedures. Through the
cooperation of Regulay Common Carrier Conference and the American Truck-
ing Assoclations, sixtecen trucks were made available for testipng. (Due
to interest in community noise on the part of the truckers and the DOT,
the exterior nolse levels were measured as well as the interilor noise
levels of the test trucks).

Interior and exterior noilse 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 acceleration, sta-
tionary high idle (governed rpm), SAE J366a acceleration, SAE J366z decelera-
tien, 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 criteriomn of the Occupational
Safety and Health Act was proposed. Sample measurements of typical over-
the~road driver sound level exposure ware 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 studies
documented by BMCS (reference 23) and independent studies by the Motor
Vehicle Manufacturers Association (MVMA) confirmed the validity of
the compliance testing procedure relative to the desired exposure control.
On November 8, 1873, 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-service trucks and buses operated in Inter-
gtate commerce,

The BMCS has also undertaken research to relate noise and other
commerical vehicle environmental factors (vibration, heat, etc.) to
driver fatigue, ete. The results of this effort have been reported
(reference 24).

Truck Tire Noise Study - The very first ltem of surface trans-
portation noise research undertaken by the DOT Office of Neise Abatement
was a comprehensive atudy 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 noilse is speed dependent, thus it
is typically the dominant high apeed truck noise source; (2) Incerstate
highway construction progress has generated a continuing increase in
average truck speed; (3) tire noise to some degree 1s ‘dependent upon
road surface and; (4) the majority of the remaining 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 (OVSR) of the National Bureau of Standards to conduct pilot
gtudies 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
Motors, it was determined that meaningful data could he acquired using
coast-by teat procedures. With this base of understanding and experlence,
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
enmasse from NBS to DOT and the tire noige program execution was re~
directed by DOT to the Applied Acoustics Section of NBS. No significant
dioruption of the program was experienced by this transition which was
planned in anticipation of the organizational change. An excellent test
site was made available at Wallops Island, Virginia, by the National
Aeronautics and Space Administration. Test tires were provided gratis
by several trucking companies through the American Trucking Assoclations.
NBS acquired the necessary acoustic equipment, became familiar with 1its
operation and conducted initial tests at Wallops Island in 1970, Test-
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ing 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 dara document the vari-
ation of truck tire noise with: tire tread type, vehicle speed, vehicle
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 reperts derived
from this data base covering the subjects of: regulatory and use Impli-
cations, spectral and directional characteristies of truck tire noise,
and implications of the data in regards to the mechanisms of tire noise
generation. In addition, evaluatlon tests of candidate tires for stan-
dard military procurement wers 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 findings of this program to date
served as input data for the EPA propnsed Interstate Motor Carrier Nelse
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 27302 and
27503 of the California Motor Vehicle Code (reference 34) and possible
future tire nolse regulations to be written by EPA.

Truck Tire Noise Basic Research - While the above tire noise cfforts
have quantified the important factors pertaining to selective use of
tires, road surface implications and regulatory implications, the matter
of gpecific tire noise generation 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 Unlversity (NCSU) to undertake a theoretical and experi-
mental study of tire noise generation. Through the first twe years of
this grant, tire vibration (as opposed to air pumping or other turbulent
aercdynamic phenomena) has been identified as a major neise source
mechanism in many truck tires, Subsequent tasks have been planned which
are necesgary for the design of quiet tires. These tasks are: 1aolation
of tire vibration and sound sources through coherence function analysis
of tire sound, vibration, and read surface roughness signals; road sur-
face roughness meagurement and modeling; and tire analytical vibration
and noise models. A status report (reference 15) through August 1973

i{s available from NCSU.

Highway Noise Enforcement Training and Equipment - In the vardious
aspects of the DOT program of truck noilse reduction, numerous procedures
of sound measurement and data presentation have been employed. The DOT
has electad Lo use one common base of testing rhroughout this program
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te ensure complete communications with the varicus 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 {s 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 J366a plus 3dB recorded at microphone locations other than that
prescribed by J366a. The average difference in lewels recorded 4,57
meters (15') to either side of the SAE microphone location was 0. The
average difference in levels recorded 9.14 meters (30') to either slde
of the SAE microphone location was 0 to 0.5dB 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
sarves to substantilate the validity of the SAE teat procedure as a
measure of maximum vehicle noise'". Subsequent to that study in 1971

no data has been generated which would change the conclusions as to
validity of J166 within a nominal +2dB tolerance. Higher test speeds
would be detrimental to the process of rellably determining maximum
truck noise (exclusive of tire noise),

As noted above, DOT is presently preparing a report on tire noise
regulatory implications which will endeavor te provide supporting infor-
mation for California standards to be developed on truck and automobile
tire noise. In this effort leading up to the preparation eof 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", 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
nolse control measures, DOT undertock 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 iIn develeoping and enforcing specific new product
and in=service vehicle noise regulations. The DOT also offered to make
available basic instrumentation for the states to use in such enforce-
ment programs which the states would undertake following completion
of the DOT/CHP coursea,

A total of 212 state and local officials attended the training
courses at the Sacramento, California Academy of the CHP. A few repre-

sentatives of the Environmental Protection Agency also attended, as did
other DOT officials and a few industry officials,
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The course material and the audie/visual training alds provided each
attendee aye contained in references 38 through 41. The object of the
program was multifold, however, ane primary objective was to determine if
a well structured program, conducted by personnel possessing extensive
background and experilence 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)
indicates, the program was an overvhelming succegs. The examination scores
were raised from an average of 64.5% at entrance to 91.3%Z upon completion
of the course. This report has been edited to preserve anonimity of the
attendees thus permitting public disclosure of the program results.

Roadside Enforcement Sites - Further, in regards to measurcment
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 the summer of
1974 will provide pertinent data for this activity leading to the develop-
ment of initial compliance regulations to be written by the DOT 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 continually
upgrade enforcement techniques, thus permitting 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 1973, in-house and contrac-
tor efforts will provide expanded training of Bureau of Motor Carrier
Safery (MBCS) inspectors for enforcement of the In-Cab Noise Regulation
and Interstate Motor Carrier lNolse Regulation. In addition, equipment to
supplement that presently available for BMCS inspectors will he provided,

National Cooperative Highway Research Program (NCHRP) Project 11T -
Dating back to fiscal year 1970 the DOT Federal Highway Administration
(FHWA) has supported the NCHRP Project III for the development of infor-
mation pertaining to highway noise and its assoclated problems. This is
a jointly funded effort with the Association of State Highway Officials
through the Highway Research Boasrd and has, to date, produced three per=
tinent reports, NCHRP Reperts 78, 117, and 144, Each report addresses
the propesition 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 0ffice of the Secretary of Transportation in 1970, Serendipity
Incorporated developed a sophistlcated highway noise model which took
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inte account many factora as specific inputs which have been averaged
in the succeeding NCHRP models. Reference 43 is the highway noise
volume of the serles of reports resulting from this study of the
magnitude of the transportation noise problem. References 44, 45 and

46 document the computer program as refined and used by DOT Trans-
portation Systems Center {T5C) and the short approximate method developed
in-house at DOT/TSC. On-going effort has been directed towards updating
these models and providing programs for different computers to accept
either the NCHRP 117 model {computerization performed by the Michigan
State Highway Department} or the DOT-Transportation System Center

Model.

Scale Modeling Highway and Urban Traffic Noise - In many eircum-
stances the topography is of such a complex nature as to invalidate

the generalized assumptions used in computer modeling, hence, the use
of gmall scale physical models has been applied on two DOT contracts.
In 1969 a contract was written with Ling-Temeo-Vought (LTV) Lo study
the scale modeling problem of complex highway interchanges and to
develop the sound source and measurcment methodology to permit reliable
small scale modeling. Corporate organizational problems resulted in
the transfer of numerous key personnel away from the project, con-
sequently, adequate final reports have not been prepared documenting
this 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 Hiphway Noise Standards PPM 90-2 — Section 136(b)
of the 1970 Federal Aid to Highway Act specified that the DOT/FHWA
promulgate by July 1, 1972, standards for highway noise levels, com-
patible with different land uses. Accordingly on April 26, 1972, the
DOT Federal Highway Administration issued an advanced copy of its
Policy and Procedures Memorandum FPM 90-2 entitled Interim Nolse
Standards Procedures for Implementing 109 (i) of Title 23 United States
Code., This was updated in February 8, 1873, by final version PPM 00~2
entitled Noise Standards and Procedures (refarence 47). The develop-
ment of these standards was performed primarily in~house with the assis-
tance of congultants in the employ of the DOT and under the auspices
of the Assoclation of State Highway officials.

PPM 90-2 Training Manual and Course — To assist in the understanding
and implementation of PPM 90-2 the FHWA made provisions for preparing
a one-week training course in the fundsmentals and abatement af highway
traffic noise., This course was prepared under contract by Bolt, Beranek
and Newman (BBN) and initial courses were given under the leadership of
BEN. Subsequently the same course is belng made available through
the Federal Highway Administration Regional Structure and 1s 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 testbook for
training courses.

The Highway Noise Standards and the training course are directed to
those location, site, and design aspects of highway constructien which
are pertinent to the control of vehicular noise as it exists an today's
highways. The computer programs mentioned above are based on empirical
measurements on today's highways of today's vehicular noise levels, but
adjustments to reflect vehicular nolse control can be made in these pro-

grams.

FHWA Highway Design Manual and 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 lighways regarding the establish-
ment of feasible nolse levels for constructlon and maintenance equipment
utilized for highway construction.

Highway Barriers: Effectiveness, Acoustic Materials, Parametriecs -
A varlety of Federal Highway Contracts and state research projects under
the Mighway Trust Fund allocation for Highway I'lanning and Research are,
and have been, underway relating to design features of highways to abate
existing highway nolse. The state of California has completed a project
relating to traffie noise near highways and the effects of design and
environmental variahles, 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 highway noise barriers and within tunnels,
In addition, the DOT/TSC under the DOT, Office of the Secretary has con=
ducted in-house theoretical studies and is preparing a field measurement
program to evaluate the effectiveness of highway barriers relative to
the line source of noise generated by a stream of heavy flowing traffic.

Traffic and Community Neise Studies - The state of Maryland has
undertaken a project relating to highway design and abatement of traffic
noise and the state of New Jersey has undertaken a program of community

nolse measurements.

Passenger Car Tire Nolse - Other activities involving the Western
Region Federal Highway Administration field force and the state of
Colorado pertain to the noise generated by passenger car tires on various
road surfaces. The design implications of tire/roadway interaction have
been discussed above in the truck noilse reduction program. While the
problem 1as somewhat different, the results of the truck and passenger
car tire research have been carefully coordinated and integrated 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 Transportatien Systems Nolse Reduction Program

Tranait Bus Noise Reduction Potential ~ Within the broad area
of mass trangportation vehicles and systems development, numerous
activities are underway relating to advancing the state-of-the-art of
nolse contrel. As mentioned previously, two tranalt coaches are in~
cluded within the DOT Truck/Bus Retrofits programs and, in addition,
a demonstration project by the Washington Metropelitan Area Transit
Authority (WMATA)} completed in 1972 demonstrated that significant
noise reduction could be achieved in current "new look" transit coaches
by the applieation of noise control engineering, The WMATA "quick and
dirty" demonstration program illustrated the need to work on engine,
exhaust, intake, and cooling system aspects of coaches to achieve
noise reduction. The demonstraticn 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 te more closely examine the
test procedures and specification for community and passenger noise
levels associated with transit coaches, The DOT Urban Mass Transpor-
tation Administration (UMTA) provides capital grants covering some B8Q%X
of all transit coach purchases. This contract with MITRE Corporation
is being conducted in conjunction with the Society of Automotive
Engineers Bus Noise Subcommittee,

TRANSBUS Program ~ 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 Interior and
exterior noigse level specifications. This program is presently in the
acceptance test and evaluation phase of the demonstrator transit coaches
produced by three suppliers: Rohr, Ine,, 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 1is not
known since nolse is but one of many integrated specifications for
the project. However, the attainment of the seventy-five dBA exterior
maximum noise goal will do much to forward the state—of-the-art and is i
considered by the DOT as a significant activity in the nolse abatement

area.

Personal Rapid Tranait (PRT) Propram — Other systems development
and exploratory efforts in the area of personal rapld transit systems
(PRT's} also Include noise related activities as a part of the advanced
work necessary to determine the applicability of such systems for future
urban transportation needs. Contracts with Uniflow and Pullman Standard,
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for example, include noise oriented activities related to rail 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 specifications for systems implementation.
Estimates as to the specific cost of the noise related portions of these
contracts are not provided since the segregation of nolse from other de-
sign and evaluation tasks cannot be readily performed.

Dual Mode Program - Another activity ia 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 ineludes,
among other thinpgs, environmental compatibility; hence, a low level of
in-house consultation and contractor effort In the noise area is included
to assure nolse compatibility of such systems.

Rapid Transit Systems Noise = In the area of rall rapid transit
a concerted effort has been mounted to address the problems of nelse 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 (MBTA) Lines were used as sub-
jects 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 City Transit Authority (NYCTA) and
Chicago Transit Authority (CTA) properties respectively (along the linmes
of the study previously conducted by TSC/DOT of the MBTA). Request for
proposals have been issued for similar studies of the Cleveland,
Philadelphia, and San Francisce rapid transgit systems.

Wheel/Rall and Elevated Structures Noise and Vibration - Contracts
have been let for studies of (1) the development of wheel/rail noise and
vibration control technology and (2) the development of track and elevated
gtructure 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 evatuation of state-of-the-art noise controel 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-service test and evaluation pro-
gram has as its overall oblectives 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 future
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 through the cost and abatement documentation similar
to that mentioned previously for the MBTA, NYCTA, and the CTA studies.
Thus an integrated time phased program is well underway for the assess-
ment of noise impact of existing rapid rail transit systems, and the
means are at hand to begin to identify and resolve environmental
incompatibilities.

New Svystems Specifications: Capital Grantg - In additien te the
research and demonstration program activities, very important improve-
ments and advancements are being made as a result of progressive systems
specifications being drawn for new transit systems which are being
deyeloped 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 apecifications cannot be 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 Pueble High Speed Test Center will add to
the body of information permitting continuous improvement in rapid
transit nolse control.

3.1.3 Conventional Railroad and High Speed Ground Inter-City Trans-
portation 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 list of priorities in the DOT (as measured by the
frequency or number of community complaints and/or legal actiens taken).
The conventional rail network is contracting rather than expanding, and
much of the land use adjacent to conventional rail lines has long been
egtablighed and has acclimated to the noise of conventional railroads.
Due to the desire of railroads to have uniformity of control and in ze-
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 accelerated
program of in-house measurements of railroad noise to explore the
: magnitude of the problem and the means by which measurements and/or

enforcement procedures could be developed, A number of measurements
in the fleld were made of conventlonal and high speed trains between
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Washington and New York and New York and Boston which encompass cenven-
ticnal freight, coenventional passenger, Metroline 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.” 1In addition,
an exploratory research program utlilizing a load cell facility was under-
taken to acquire baseline information on locomotive noise as a function
of throttle position and fan operating cycle. Measurements of property
line and speclfic source nolse emissions were made during a one-week
period in the Argentine yards of the Atchisen, lopeka, and Santa Fe
Railroad in Kansas City. EIxtensive data were acquired reflecting the
property Line noise levels as a function of noise sbiree and operating
mode. These data were acquired in a cooperative venture to support the
EPA standards settinpg responsibility under Section 17 of the Noise Control
Act and will be published shortly (refarence 51),

Joint DOT/Association of American Raillroads (AAR) Noise Research ~
Currently underway is a rallroad noise research program in cooperation
with the Association of American Railroads. This program will investigate
locomotive noise characteristics under various operating modes with the
prime objective being the development of simple, hut effective, locomotive
nolse 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 noilse standards,
Finally within the program, the demonstration of the effectiveness of

retarder noise barriers is plunned.

The above raillread noise research program will be initiated in FY 1974
and will carry through FY 1975 and portions of FY 1976. From thie study it
1s expected that simple and reliable test techniques for evaluating rail-
road/locomotive noise, identification of individual sources of locomotive
noise, identification of site variables pertinent to the measurement
of locomotive/rail car nolse, and demonstration of railrcad retarder
barrieras to abate the excessive noise of these facilities will be accom-
plished, Cooperation on the part of the nation's railroads is anticipaced
through 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 nolse further and the means by which

such reductions, if required, can be made.

High Speed Inter-City Dedicated Guideway Transportation Systems -
Also viithin the DOT program of exploratory research and demonstration are
aetivities associated with high speed intercity dedicated guideway type
of transportation systems. Within these engineering demonstration efforts
are = nunher of nolse specifications and specific nolse abatement tasks.
For example, the Linear Induction Motor Resesrch Vehicle, which is = steel
wheel rail/linear induction motor propelled test vehicle operating at the
Pueblo High~Speed Test Site, is being subjected to evaluation of noise
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sources with emphasis on rail wheel noise and 1f feasible, exploratien
of linear induction motor and reaction rail noise generation. In
conjunction with the Faderal Republic of Germany and their high-

gpeed 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 alr cushion vehicle
(PTACY) will provide additional information on the noise generation of
alr movers for such vehicle, cushions, and once again linear induction
motor components. Noige specifications previously set for the PTACV
have been factoted into the design. Evaluation and, 1f 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 nolse research programs identified within the
DOD are thoae sponsored by the U.S, Army Tank Automotive Command (TACOM)
and the U.S. Army Mobility Equipment Research and Development Center
MERDCY. 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 Materlel Command under the
Tank and Automotive Technology Effort and are classified within the DOD
as Exploratory Development Projects. The MERDC program is entitled
"Noise Reduction Program for U.S. Army Construction Equipment" and
includes mobile and stationary construction equipment. However, this
report will only describe the portion of the program concerned with
construction vehicles. The stationary construction equipment congidered
in the MERDC Program 1s addressed In the Fedaral Machinery Noise Panel
Report entitled "Federal Machinery Noise Research, Development, and
Demonstration Programs: FY73-FY75." Coples of this teport are avallable
from EPA. The projects associasted with these programs are listed in
Tables 3.7, 3.8, and 3.9, The substance of the programs is also briefly
described in Seections 3.2.1 and 3.2.2.
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Table 3.7 SUMMARY OF DOD/TACOM CONFORMANCE WITH REGULATORY REQUIREMENTS PROGRAM

Descriptive Title of Task

TACOM Noise Measurements, Standards
and Coordination

Congtruction of an Anecholc Test Facility
For Vehicle and Vehicle Components

Noise Measurement Test of Military
Fleet Vehicles

Isolation and Measurement of Component
Noise Emiassions of a M813 5-ton Cargo
Truck

TACOM/DOT Noise Measurements of Non-
Directional Cross Country & New
Milicary Tires

Purchase of Sound and Vibration
Measurement and Analysis Equipment

Noilse Reduction of an M813 5-ton Carge
Truck

Modification of a Mobile Laboratory Van

Investipator

In-House

Eckel Corporation

In-House

Cummins Engine Company

National Bureau of Standards

In-Houze

H. L. Blachford, Inc.

PSI, INC,

TOTALS

Fiscal Year Funding ($1,000)

1973 1974 1975

30 120

90
53
9
20

15 13
23
32

215 270 -
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Table 3.8 SUMMARY OF DOD/TACOM VEHICLE SIGNATURE PROGRAM

Descriprive Title

Nolse Signature Measurement

Program

TACOM Analygis of Armored

Reconnaissance Scout
Vehicle Contractor Program
to Reduce Exhause System
Noise, Neoilge Reduction of
the M561 GAMA Goat, &
Information Dissemination

Vehicle Noise Specifications

and Field Tests of Hat~7(

and M520 Coer Pilot Vehicles

Military Vehicle Track

Modelling Noise and
Vibration Study

Computer Correlation of

Vehicle Datectability

Fiscal Year Funding ($1,000)

Investigator(s) Prior to 1973 1973 197%4(est) 1975
In-House 100 50
In-House 50
In-House 37
Bolt, Baranek & 28
Newman
Bolt, Baranek & 30
Newman

TOTALS 100 100 93
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Table 3.9 SUMMARY OF DOD/MERDC NOISE REDUCTION PROGRAM FOR U,S. ARMY CONSTRUCTION YEMICLES

Degeriptive Title

0ff-Road Vehicle Hoine Survey
Operator Nolse Exposure

Exteriar Noige

Nolse Specification/Standard

Development

Vehicla Noise Control

p7 Crawler Tracter

6% Rough Terrain Forklift
Truck

198 Reugh Terrain Forklift
Truck

830 ¥3 Wheeler Tracter

6K Warchouse Ferklift

Conponent Nolae Control/Contral

Cemponents
Hydraulic Noise
Accoustical Materialw

Fisen) Year Fundi 1,800
Investipator 16714 1974 1575
In~liouse and Dayten T.
Brown, Inc.* 44 +
In-louse#* + + +
In-louse + + +
Tatal {44) +) (+
Caterpillar Tractor Co. 130
and In-House
Dayten T. Browm, Inc. 75 30
and In-House
i, L, Blachford, Inc. 75 30
and In-licuse
Kamperpan Associates, Lne. 60 80
and Ip-liouse
Allis~Chalmers 140 65
Takal {280) (260) (145)
Oklahoma State Univereity 20 40 10
Dayten T. Brewn, Inc. 25 5
and H. L. Blochford
Total (45) {40} (15}
GRAND TOTAL 369 300 160

Subcontract to Kampertan Assoclates, Ine.
Alio in conjunction with the "Vehicle Nolse Control Prugram'

Not dedicated to nolse



3,2,1 TACOM Surface Vehicle Nolse Reduction 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 nolse stan-
dards, Both interior and near field exterior noise emissions are con-
gidered. The following standards are among those that are addressed:

Table 3.10 SUMMARY OF MILITARY AND COMMERCIAL NOISE STANDARDS

Portion of the Vehicle Affected

Title Source Int, Ext. Nondetectabilicy
MIL STD 1474 Army X X X
(MI) Noise
) Limits for Army
i Materiai
; TB 251 Army X
Public Law Federal X X

92-574 Noise
Control Act
of 1972

MIL H 46855 Army X
Human Engr
Request for
Military Systems

MIL STD 1472 Army X
Human Engr
Design Criteria

EPA Proposed Federal X
Standards

Faderal Motor Faderal X
Carrier Safety
Regulation

Occupational Federal X
Safety & Health
Act (DSHA)

BT oL e o P T TR AT T e

35

. - . e g i P 1 Y

g A e i e © % e e

i



The Conformance with Regulatory Requirements Program was initiated in FY 73.
The following represents a distribution of tha resources by tasks and the
work accomplished:

TACOM Noise Memsurements, Standards and Coordination — This in~house
project consisted of a number of tasks. TFor example an Army Materiel
Command (AMC) Working Group on noise formulated Military Standard (MIL STD)
1474 (reference 52)., Existing military vehicle noise test data were com-
plled 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 noilse
reduction cost estimates on M551, M746, M123, M578, and M1l4 vehicles.
Cooperative efforts were undertaken with other TACOM agenciles to establish
the following ranking of vehicles requiring measurement of interior and
exterior noise emigsion,

(1) M™35A2 Cargo Truck (6) M561 Gama Goat

(2) MB18 Tractor Truck (7) M746 Heavy Equipment Trans-
porter

(3) MB13 Cargo Truck (8) M520 Cargo Goer

(4} ™MB17 Dump Truck (9) MS559 Tanker Goer

(5) M151A1 Jeep (10) M553 Wreaker Coer

In addition, TACOM transferred $10,000 to the U.§S. Army Test and
Evaluation Command {TECOM) at the Aberdeen Proving Ground (APG) for n
MIL STD 1474 interior and exterior noise measurement of 3 new samples
each of M151A2 and M561 vehicles (this was a "pigpy back" measurement
on a vehicle product nssurance test). Resources for thig effort were
increased to $100,000 in FY 74. Emphasis was in assisting in revisions
to MIL STD 1474, support of measurement and suppression of nolse on
several types of high mobility tactical vehicles, and coordination of
contract efforts.

Anechoic Tegt Facility Construction - This project resulted from
the transfer of 5$165,000 from another TACOM Division for truck engine
noise reduction work (DA Project 1G563621DG07)., The effort was as follows:
& §90,000 contract was awarded Eckel Corporation for the construction of
a gemi~aecheic test facllity. Nolse measurements on vehicles, engines
and transmissions may be accomplished in this facility which will
accomodate vehicle sizes up to and including the S5~ton M809 series
truck, $75,000 was utilized for noise measurement equipment for the
chamber.

Nolse Measurement Test of Military Fleet Vehicles - A TECOM noisge
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measurement teat of military fleet vehicles was initiated in FY 74 using
MIL STD 1474 test criteria, The test location was the Aberdeen Proving
Ground. Five vehlcles, each of seven typec, were tested. The types
were M151A1, M561, M35A2, M33A2C, MBLR, MB13, and MBl7, The testing was
complated in July 1974,

Igolation and Measurement of Component Noige Emissions of an
MB813 S5-ton Cargo Truck ~ This contract with Cummins Engine Company
was initiated in July 1973 and was designed to isolate and measure com-—
ponent noise emlssion on one M813 5-ton cargoe truck. The testing was
completed in August 1973,

TACOM/DOT Noise Measurement of Non-Directional Cross/Ceuntry
(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 53) was published.

Purchase of Sound and Vibration Measurement and Analysis
Equipment - This equipment was purchased for in-house use in FY 1973 and
FY 1974.

Noise Reduction of an MB813 5-ton Cargo Truck - A contract was
let with H. L, Blachford, Ine., for the pericd of September 1973 to
June 1974 to reduce the interior and exterior noise levels of an M813
S-ton cargo truck to conform with MIL STD 1474 criteria and to provide
data on cost versus noise reduction achieved, A report (reference 57)
has been published on this work.

Modification of a Mobile Laboratory Van - A contract was nego-
riated with PSI, Ipc., to faeilitate installation of new noise measurement
equipment in the TACOM mobile laboratory van. The centract duration was
December 1973 to July 1974.

Vehicle 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 classi~
fled signature program. Noise signatures were measured on the following
military vehicles:

Tracked Wheeled Alrcraft
M60 M151A2 UHLHY
M551 M35A2 CH46
M113A1 MB13 T33
M1l4 M561 cl30
M57B GAZ59
M109 ZIL157

* PT76
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A TACOM report (reference 56) was published, Previously obtained
data on combat vehilcles were analyzed to determine the attenuvation of
various frequencies of the noise signatures with distance. Transcription
of vehicle noise data tapes were transmitted to the Naval Air Develop-
ment Center (NADC), the U.S. Alr Force Rome Air Development Center {(RADC),
the U,S5. Army Mobility Equipment Research and Development Center (MERDC),
and the Army Crop of Engineer's Waterway Experiment Station (WES).

TACOM Analvsis of the Armored Reconnailssance Scout Vehicle (ARSV)
Contractor Program to Reduce Exhaust System Noise, Noise Reduction of
the M561 GAMA Goat, and Information Dissemination - The™ARSV (XMBOQ)
contractor tests of the plans for reducing exhausc system noise were
reviewed and recommendations transmitted to the project manager., Evalua-
tion and reduction of noise sources on the M561 Gama Goat was partially
accomplished (continued in FY 74). As the Research and Engineering
Directorate's prime proponent for noise reduction, information was
disseminated to and technical 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 te vehicle specifications and per-
forming noise field tests on HET-70 and M520 Goer pilot vehicle.

Military Vehicle Track Modelling Noise and Vibration Study -
This contract is with Bolt, Beranek, and Newman {BBN) of Chiecago and
involves the reduced scale modelling of a combat vehicle track to
determine the contribution of various track and suspension components

to vehicle nolse.

Computer Correlation of Vehicle Detectability — 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 Objectives of the TACOM Program - For the period of FY 75-78,
the DOD/TACOM noise research program objectives can be sumnarized as

follows:

1, Continue TECOM-APG Vehicle Noise Measurement Program.

2. Ipolate and measure component nolse on all offending vehicles
measured in the Conformance with Regulatory Requirements Program.

3, Conduct cost effective noise reduction work con offending
components measured in the Vehicle Signature Program.

4. Continue liaison with other government and commercial crgani-
zations involved in noise standards and noise reduction.
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5. Continue work with Army Vehicle Project Managers and engineers
on new vehlcles under development and on vehicle product
improvement programs.

6. Investigate computer modeling techniques for prediction of

component noise contribution te the total vehicle noise
output and for prediction of vehicle aural security distances.

3.2,2 MERDC Noise Reduction Program for U.5. Army Construction Vehicles

Off-Road Vehicle Noise Survey

Operator Noise Exposure - To evaluate the average noise reduction
requirements of much of MERDC construction equipment, a nolse exposure
monitoxing program was initiated. This noise program required evaluation
of several instrumentation systems to measure average noise levels., These
systems included tape recordings analyzed by digital computer, analysis
of noise on site with a statistical distribution analyzer, and analysis
with commercially available nolse 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 noilse level
to be lower than that determined by simple sound level (reference 67) over
a short interval {reference 69,74).

Exterior Noige - Exterior nolse measurements were made on U.5. Army
construction vehicles at Ft. Belvoir, Virginia. Measurements were
made at 15.24 meters (50') in accordance with SAE criteria (reference 70}.
In addition similar measurements were made in conjunction with the
'"Yehicle Noise Control Program."

Noise Specification/Standard Development - An informal evaluation
and study of noise standards and criteria was carried cut over a period
of time in conjunction with other government agenciea and industry
groups. Primary criterion that had to be met was the noise exposure
criterion of the Army Surgeon General (i,e., no soldier should he ex-
posed to more than an average of 85dB(A) over an 8 hour period). This
eriterion dietated the need to evaluate the energy average of the
machine noise reaching the operator's ear. This evaluation was rather
difficult because the average, normal, or typical uge of the equipment
was not defined. To overcome this problem, a baseline noise exposure
monitoring program was carried out as described in the "Operatar Noise
Exposure" project above. The results of these studies were Incorporated
in MIL STD 1474A to be publighed in March 1975 (reference 71). This
standard will present design guidelines for implementing usage standards
such as the Army Surgeon General Criterion and the OSHA noise regulations.
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Vehicle Noise Contral

D7 Crawler Tractor = An initial effort was made te determine the
major problems that would be anticipated in requiring a low nolse polluting
vehicle and what were the practical limitations. In 1972, a contract was
awarded to Caterpillar Tractor Co. to study a milirary version of the D7
crawler tractor with the following goala:

1. Measure the variation of noise on production line vehicles
and develop baseline data.

2. Determine each major source of noise and estahlish the noise
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 S0dB(A).

5, Provide a feasibility study of reducing the noilse to 90dB(A)
in the operator's compartment while the vehicle is moving.

6. Reduce the noilse level to the lowest pessible level.

7. Develop practical means of reducing the noise level effect
resulting from the addition of rollover protective structures

(ROPS).

This report provided a voluminous amount of information (reference
72), thus, only a summary of the results is provided here.

The major noiae sources identified in the study were engine block,
fan, exhaust, hydraulic pump, drive train, power train, and track., In
addition to nolse reduction work on the engine, exhaust, fan, and
hydraulic syatem, work was performed on the overall machine configuration
to block off the nolse. Two major areas considered were the engine and
operator compartments. The end result was that the noige level was
reduced substantially from 99 to 91dB{A)., This was a relatively gimple
package in respect tc 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
which fould not be adequately addressed were the hydrauiics and track.

The overall result (reference 73) was a package for retrofit of
the bagie vehicle noise but ¢id little for track noise. The level did

not meet the goal of 90dN(A), let alone the Surgeon General 's criterion
of B5dB(A), and cost would have been several thousand dollars. As a
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result, it was felt that retrofit of these machines in the field would
not be appropriate,

6K Rough Terrain Forklift Truck —= The program on the 6000 1lb.
capacity (6K) truck was awarded under a time and materials contract to
Dayton T, Brown, Inc. The contractor was to proceed step by step as
directed by the MERDC. The initial noise level of the vehicle was 99dB(A)
at high idle (HI), and after initial noise reduction modifications were
accomplished, the HI noise level was about 88dB(A)., From this con-
figuration several additional noise reduction methods were sought, and
the initial modifications were reworked to make them more practical.
The dominant nolse source at this point was the fan, since its complete
removal reduced the overall noise level to 86dB(A) and no other source
was as significant, In accordance with previous findings, major emphasis
was placed on a new shroud system. This, In conjunction with additional
absorption material in the engine compartment, reduced the overall noise
level to B7dB(A) st HI (reference 73).

10K Rough Terrain Forklift Truck — The 10,000 lb. capacity
(10K forklift noise control program was awarded as a fixed
price level-of-effort contract to H. L. Blachford, Inc. Blachford was te
proceed without knowledge of the work of the 6000 1lb. capacity forklift
program contractor. The initial HI noise level for this vehicle was
102dB(A) but this was reduced to 91dB(A) using similar treatments as
with the 6K vehiele., In addition, a shield was placed behind and to
the side of the operator, providing an additional 4dB(A) reduction to
87dB(A) (references 68,80).

The average noise levels of both of the 6K and 10K forklifts in
typical cperation were within the 85dB(A) requirement. Since these two
items of equipment are relatively large materials handling vehicles
and are similar to construction vehicles, particularly loaders, it is
felt that almost any item of wheeled equipment can be reduced to a safe
average noise level.

830 MB Wheeler Tractor - The 830 MB noilge control program was
initiated in January 1974 to reduce the operator noise of the tractor
to B5dB(A) average. In conjunction with other efforts in the Vehicle
Noise Control Program, a methodology for conducting similar programs is
being developed, The 830 MB Wheeler Tractor study and the status and
regults of the Vehicle Noise Control Program are reviewed in reference
75, The 830 MB Wheeler Tractor program 1s to be completed fn 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 85dB(A), and to evaluate the feasi-
bility of reducing the noise level to 85dB(A) maximum. Engineering is
to be completed by FY 1976.
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Component Neoise Control/Control Components

Hydraulic Noise - One of the more difficult problems is the reduction
of hydraulic noise. Major efforts were involved in isolating mounts and
covering up components, 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 conjunction with Oklahoma State Uni-
versity (OSU) and the Natlonal Fluid Power Assoclation (NFPA) to develop
a procedure which has subsequently been submitted to the International
Organization of Standardization (IS0). As the vehicle studies progressed,
it became apparent that although most pumps are rated as to the amount of
noise they emit to the air, the real problem is the amount of "noise"
that 1s fluidborne and is released downstream at the hoses, valves, and
reservoirs. Levels reached the equivalent of over 200dB(A). It is inter-
esting to note that in either case the noise is more adversely dependent
upon the shaft speed than system pressure, but this is more true for
fluidborne noise. In this study, no attempt was made to develop 2 '"quiet"
pump but rather to give an effective means to tradeoff performancea 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 along 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 equipment has special problems of temperature
extremes, long periods of non-usage, and limited cleaning facilities.
Some difficulty was experienced In obtaining data on materials relating
to the effects of solar radiation, impregnation with dust and oil mist,
steam~cleaning battery acid, ete.

A series of teats were developed to simulate field conditions and
thege were put in typical sequence. Tor example, one test related to
placing oil on a material exposaed to high temperature and steam-cleaned.
Test procedures are given in reference 78.

3.3 EPA SURFACE VEHICLE NOLSE RD&D PROGRAMS

3.3.1 Support of Regulations Development

The surface vehicle noise RD&D spensored by the EPA 1s principally
associared with the development of surface transportation regulations
specified in the Noise Control Act of 1872, Specifically, the EPA re-
search has supported the development of regulations for control of noise
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from interstate motor carriers, interstarte rail carriers, and new

mediuvm and heavy duty trucks. A sumrary of the EPA research on surface
vehicle noise is presented in Table 3.11. The details of these activities
are described below,

Interatate Motor Carriers - A contract effort with Wyle Laboratories
was undertaken in June 1973 to conduct a cost and technology assesament
of the motor carrier industry with regard to nolse abatement applications.
The contractor was to review all major noise emitting operations of
interstate motor carrlers and describe them. This description was to
include, but not be limited to, a characterization of the noise profile,
an estimate of the number of people impacted by the noilse, and on assess-
ment of how these people are impacted. In degeribing the technology
available to retrofit interstate motor carriers for compliance with
varying degrees of noise control, cost estimates were made of cach level
of neise control achieved., Finnl reports (references B82,83) 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 obtained
through the basic ordering agreement procedure for direct analysls work
on the dockets submitted during the development of the interstate motor
carrier regulation. Ne specific reparts were produced but the output
from thig effort was recorded in memorandums on a continuing basils dur-
ing the peried of the contract and has been incorporated in the EPA
background document (reference 84) for the iInterstate motor carrier
noise regulation, Value of the basic ordering agreement for this effort
was $30,000.

Intergtate Rail Larriers - Bolt, Beranek & Newman was awarded a
contract to assess the tecluology and cost of retrofit of the interstate
rail carrier fleet for compliance with varioug neise control levels as
determined by the avallability of technology. This contract included
an assessment of available technology and the cost incurred to apply
those specific elements of availablec technology., Alse, this contract
luvolved an analysis of the impact on the population from railroad
noige and the projected incremental changes in that impact as a result
of technology application to railroad neise 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 B5) prepared by EPA and made available
to the public at the time of the publication of the proposed raillroad
regulation, This contract effort is now complete and the level of
funding was $134,000.

As a result of additional requirements to refine the daca base
in gupport of the proposed rail carrier regulation, BBN was contracted
through a basic ordering agreement to do additional specific work on the
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Table 3.11 SUMMARY OF EPA SURFACE VEHICLE NOISE RESEARCH ACTIVITIES

Descriptive Title

Interstate Motor Carriers
Interstate Rail Carriers

o ‘
# New Medium and Heavy Duty
Trucks

Investigators
Wyle, BBN

BBN & NBS

HWyle, BBN, A. T. Kearney
& NBS

TOTALS

(1) Ne FY 75 fiscal data available

Total Fiscal Year Funding ($1,000)

1973 1974 19751
170
199
178
369 178

L



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 B85) published in
support of proposed raill carrier regulation. The amount of this con-
tract effort was $40,000,

The National Bureau of Standards through an interagency agreement
conducted a series of studies on railroad nolse emission levels and
has published a joint EPA/NBS teport (reference 86) an the results of
their study. The level of funding for this study was $25,000.

New Medium and Heavy Duty Trueks - Wyle Laboratories was contracted
te conduct an initial assessment of the cost and technology required to
produce new trucks having various 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 te 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 detalled
lock 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 nolse
control on the industry and to form a basis for the Federal regulatory
action. This contract was completed in January 1974. The amount
of thia contract effort was $110,000,

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 a
result of various noise control strategies. Thils contract has been
completed. The resources required for this contract were $§41,000, The
results of the BBN and A, T. Kearney studies have been combined and
{ncluded in the EPA background decument (reference 88) for the proposed
medium and heavy truck noise regulation.

The National Bureau of Standards was asked, through interagency
agreement, to assess measurement methodologiea which had highest
potential for use in a noise contrel regulation for medium and heavy
duty trucks. The final report (reference 89) of this study has been
completed and is available from either NBS or EPA. The mmount of
regources for this study was 5$10,000.
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3.4 USDA SURFACE VEHICLE NOISE RDS&D PROGRAMS

Surface vehicle nolse RD&D activities are sponsored by the USDA
Forest Service and Cooperative State Research Service, Thelr programs are
gummarized in Table 3,12 and are briefly described below,

3.4.1 Forest Service Programs

The broad mission and objective of the Forest Service is to manage
and enhance the value of National Forests for the benefit of al} U.S.
eitlzens, Forest Service Research is undertaken to develep the knowledge
and technolegies required to aceomplish this mission for all of America's
forests and related lands. The Forest Service nolse abatement programs
are directed to improving both our living and working environments (a} by
aeffectively using trees and shrubs in the reductien of outdoor nolees and
(b)Y by systematic development efforts directed toward reducing vehicle and
equipment noise levels., Accordingly the Forest Service has undertaken the
following two programs.

se 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 determine means for controlling intrusive noise by combining
trees and shrubs with land-forms or other solid barriers. The combinad
use of solid barriers and plant material provide a usable and practical
approach for reducing noilse levels under a number of conditions. This
study will develop guidelines for intrusive noise control. Additional
studies of this type are not planned following completion of the current
series of investigations. References 90, 91, and 92 are tecent publi-
cations.

Reduction of Vehicle and Equipment Noise Levels - This program
is being carried out at the Equipment Development Center, San Dimas,
California, with current expenditures of: FY 74, $25,000, and FY 75,
$39,000, Equipment development efforts are directed toward reducing
the noise level of equipment used in and sbout 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 sbout this level in the future.
Special equipment for this program is currently available at the San
Dimas Equipment Davelopment Center. Referencea 93 and 94 are recent

publications.
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Table 3.12 SUMMARY OF USDA SURFACE VEHICLE NOISE RD&D PROGRAMS

Desceriptive Title

Use of Trees and Shrubs in
Noise Abatement

Reduction of Vehiele and
Equipment Neise Levels

Noige and Vibratien of Off-
Road Equipment (1)

(1> Values in parentheses are total resources for the project,
Other values are the Federal contribution to the study.

Investigator

Univ,

of Nebraska

In-House

Univ,

TOTALS

af Illinois

Figeal Year Funding (51,000)

1573 1974 1979
20
25 39
4(29) 28(58)
4 73 39
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3,4.2 Cooperative State Research Service Program (CSRS)

Regsearch on nolse is supported as individual seientists or engineers
submit projects that are approved by CSRS. The Director of the Agricul-
tural Experiment Station, the Administrative-Technical Representative of
Forestry Schools whare the research is located is responsible for allo-
cations of C5RS administered formula funds to approved projects. Grant
funds are allotted to projects generated again by university sclentists.

The CSRS program for nolse 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 nolse research project pertinent to surface vehicle noise is
entitled, "Noise and Vibration of 0ff-Road Equipment". The study is
being conducted at the University of Illinois, Urbana and extends from
1-7-70 to 3-6-73.

3.5 NSF SURFACE VEHICLE NOISE RESEARCH

NSF sponsors research based upon the merits of unsolicited pro—
posala., 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 aound generation by tire automotive tread patterns
under controlled laboratory situations. The cbjective will be to deter-
mine the amplitude and phasing of the directicnal sound generation from
single tread configurations, with a view towards using this information
in a superposition analysis of more complex patterns eventually leading

to quieter system designs,

Since the emphasis in this work 1s in noise from internal flows,
the resource allocations have not been included in the Federally sponsored

surface vehicle RDA&D.

Effects of Building and other Boundaries cn Motor Vehicle Noise -
The goal of the investigation 1s 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 modela in an anechoic chamber, supplemented by field studies.
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Table 3.13

Descriptive Title

Basic and Apglied Studies
on Noise(l

Effects of Buildings and
Other Boundaries on Motor
Vehicle Noise

Noise and Vibration from
Transportation Vehicles
and Other Machinery

SUMMARY OF NSF SURFACE

Investipators

Stanford Univ.

UCLA

Purdue Univ,

TOTALS

VEHICLE NOISE STUDIES

Fiscal Year Funding ($1,000}
1573 1974 1975

(87)

30

272

302

(1) Only minor portions of this study are related to

surface vehicle noise.

in parentheses are not included in the totals.

Therefore, the total resources



Noise and Vibration from Transportation Vehicles and Other Machinery -
To complement the ongoing research at the Ray W, Herrick Laboratories of
Purdue University, a broad range of research projects in noise control and
accoustics will be undertaken, These Include: enclosure design, auto-
mobile engine noise source identification and reduction, nolse attenuation
measurements in mufflers, tire nolse generation, appliance noise reduction,
machine tool noige reduction, barrier design, community noise from rapid
transit vehicles, and other projects. A new addition, a semi-anechoic
facility will be built to accommodate many of the new projects. It has
been aspumed that the prineipal activities in this effort will relate to
surface vehicle noise and therefore have included all of the identified
resource commitments in the Federal surface vehicle nolse RDED category.

3,6 NBS SURFACE VEHICLE NOISE RD&D

There is currently no surface vehicle nolse RDSD being sponsored
by the NBS, However, NBS does conduct research on surface vehicle
nolse 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 agentles rTesource
allocations for surface vehicle noise RD&D,
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Table 3.14 SUMMARY OF NBS SURFACE VEHICLE RD&D SPONSORED THROUGH INTERAGENCY AGREEMENTS

Sponsoring
Agency

DOT

DoD

EPA

Descriptive Title

Truek Tire Noise Studies (1)

Noise Evaluation Tests of
Military Truck Tires
Train loise Study
Methodoelogy for the

Measurcement of Noise
from Trucks

TOTALS

Fiscal Year Funding ($1,000)
Prior ot 1973 1973 1974 1975
468 100 100 200
20
25
10
4568 125 130 200

(1) Includes interior/exterior truck noise and automobile tire noise.




4. ANALYSIS OF THE FEDERAL SURFACE VEMICLE NOLSE RDSD 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 activities which are
addressing specific sources or systems of surface vehicle noise, From
such an analysis, the emphasis iIn the current Federal efforts can be
ascertained. Section 4 provides a brief analysis to identlfy the surface
vehicle sources or systems which 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
generally be classified according to three, all inclusive noise source
categories. These ave highway vehicle nolse, railway vehicle noise,
and off-highway vehicle noise. Highway vehicle noise sources include
trucks, buses, passenger cars, motorcycles., Railway sources encompass
conventional and highspeed or rapid transit railroad systems. Off-high-
way vehicles inelude comstruction and agricultural equipment, snowmobiles,
and motorboats.

In addition to the development of noise control technology for
individual sourees, there are other Federal research acrivities dedicated
to nolse. They are those associated with the characterization and/or
contral of collective or area noise sources such as highways, construction
sites, and railway yards, and with the development and enforcement ef
standards and regulations. Federal research in these areas can be
classified as those concerned 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 systems. Although not
dedicated te noise, these programs can have a major impact on the coptrol
of surface vehicle nolse. 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 4.1 is a summary of the Federal resource commitments for
RDAD programs addressing highway vehicle, railway vehicles and off-highway
vehicles nolse control technology development, surface vehicle noise
systems studies, and regulations and enforcement. Federal allocations
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Table 4.1

Noise

Category

Highway Vehicle
Technology

Railway Vehicle
Technology

Off-Highway Vehicle
Technology

Noise Systems
Studies

Regulations and
Enfaorcement

Advance Systems

*FY 75 estimates known to be incomplete

SUMMARY OF FEDERAL SURFACE VEHICLE NOISE RD&D ACTIVITIES

Agency
poT

DoT

noT
DOD/ARMY
USDA

Dor
NSF
USDA

poT
EPA
DOD/ARMY

por

TOTAL

TOTAL

TOTAL

TOTAL

TOTAL

TOTAL

Flscal Year Fundin 1,000
Prior to est 1975%
1,708 802 727 695
- 330 250
- 50
100 469 395 160
- 4 53 39
100 473 498 199
301 350 857 310
- - 302 -
- - 20 -
301 350 1,179 alo
57 672 272 130
- 369 178 -
- 215 270 -
57 1,256 720 130

Noise resource allocations

2,166 j,2n 3,374

not available

1,334
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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 relare to more than one category.
In thase cases, the programs have been identified with resources
assigned to the category of greatest emphasis, However, the programs
are also listed in the other pertinent categories if appropriate.

4,1 HIGHWAY VEHICLE NOISE CONTROL TECHNOLOGY RD&D

Table 4.2 contains a listing of Federal RD&D activities asscciated
with the development of contrel technology for highway noise sources.
The primary emphasis in these efforts is truck noise, although major
efforts are indicated for control of bus noise. The majority of the
Federal efforts are those sponsored by DOT and address all of the
major component sources of truck nolse, TFuture emphasis in control
of truck noise is in truck tires and engine mechanical and combustion
noise.

4,2 RAILWAY VEHICLE NOISE CONTROL TECHNOLOGY RD&D

The Federal RD&D programs directed toward the development of noise
control technelogy for railway noise gources are listed in Tahle 4.3,
While only one technology development pregram has been identified
specifically for conventional rail vehicles, several major programs
have been identified for rapid transit systems. DOT ia the only agency
sponsoring noise control RD&D for railway vehicles.

4.3 OFF-HIGHWAY VEHICLE NOISE CONTROL TECHNOLOGY RD&D

The Federal RD&D programs directed toward the development of noise
control technelogy fer off-highway vehicle noise sources are ligted in
Table 4.4. These efforts address tracked and wheeled military combat
and construction vehicles, snowmobiles, and conventional diesel-engine-
powered construction equipment and are sponsered by DOD/ARMY, USDA, and
DOT. Although not identified specifically, there 1s evidence that pon/
Navy sponsors some noige control technology RD&D in this category,
prineipally for watercraft, However, much of the DOl sponacred noise
control RDSED is classified and therefore not presently available for
general use, Much of the noise control technology being developed for
off-highway vehicles will have potential applicatiens to the similar
highway vehicles and vice-versa.
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4.2 FEDERAL CONTROL TECHNOLOGY RD&D PROGRAMS FOR HIGHWAY NOISE SOURCES

Table
Sponsoring Fiscal Year Funding ($1,000)
Noise Sources Degeriptive Title of Propram Agency  Prior to 1873 1973 1974(est) 1975%
Trucks Quiet Truck Program noT 1,046 100 100 -
Truck/Bus Retrofit DoT 450 72 -
Exhaust/Intake Mufflers DoT 75 28 - -
Truck Noise Handbook DoT 15 20 -
Basic Engine Noise Reduction poT 245 245
Truck Tire Noise Study DOT 468 100 180 200
Truck Tire Noise Basic Research DOT 119 - 150 250
Engine Noise Support bor 80 40 -
Vehicle Signature Program Don/ ARMY
(See Table 4.4)
&
Busges Truck/Bus Retrofit {see above) DOT
Transit Bus Noise Reduction DOT 26
Potential
Transhus Program (Advanced pOT + ++ 4+ ++
System)
Passenger Cars Passenger Car Tire Nolse poT K} +
Basic and Applied Studies of NSF
Noise (See Table 3.13)
4
TOTAL 1,708 BO2 727 695

* FY 75 estimates known to be incomplete

+ Primarily inhouse effort
+4# Program is not dedicated to noise resource allocations not available.
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Table 4,3 FEDERAL CONTROL TECHNOLOGY RD&D PROGRAMS FOR RAILWAY NOISE SOURCES

Fiscal Year Funding ($1,000)
Sponsoring Prior to

Noise Sources Descriptive Title of Program Agency 18973 1973 1974(est) 1975%
Conventional Joint DOT/AAR Noise Regearch pOT {(Noise Systems Study,Table 4.5)
Railway
Rapid Transit Wheel/Rail Noise & Vibration DOT - 184
Study
Elevated Structures Noise and noT - 148
Vibration
In service Noise Abatement poT - - 250

Test and Evaluation

TOTALS 330 250

* FY 75 estimates are known to be incomplete
+ In-House
++ Programs not dedicated to noise; nolse resource allocations not available




Table 4.4 FEDERAL CONTROL TECHNOLOGY RD&D PROGRAMS FOR OFF-HIGHWAY VEHICLE NOISE SOURCES
Fiscal Year Funding (51,000)
Sponsoring Prior to

*
Descriptive Title of Progranm Agency Noise Sources 1973 1973 1974(est) 1975
Vehicle Signature Reduction TOD/ARMY Tracked Combat Vehicle 100 100 95
Wheeled Combat Vehicle
Noise Reduction Program for non/ARMY Construction Vehicles 369 300 160
U.8. Army Construction
Vehicles
Reduction of Vehlele & USDA Snowmobile
Equipment Noise Levels Engine Cooling Fans 25 39
Exhaust
Noise and Vibration of Off- USDA Farm Equipment 4 28
. Road Equipment (see Table
@ 3.12)
Conatruction Equipment DOT Construction Vehiclesg 50
Mufflers
TOTALS 100 473 498 199

*FY¥ 75 estimates are known to be incomplete
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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 multifaceted, They can encompass
development and testing of noisemeasurkment wmethods, characterization
of nolse generated and noise systems, modeling of noise, identification
of noilse control methods, and RD&D of nolse control technology. Since
these studies are of a broad nature, the results can have many applica-
tions, However, portions of those studies which have gpecific nnise
source control technology development and demonstration objectives are
identified with the appropriate individual noise sources In previous
sections.

Table 4.5 is a listing of the known Federal noise studies of surface
vehicle systema, These relate primarily to highways and rapid transit
systens,

4.5 NOISE REGULATION AND ENFORCEMENT RESEARCH PROGRAMS

These research programe have been identified by the Federal agencies
as direcr support to the development of speclfic standards and regula-
tiona ond the enforcement of regulations, While each study generally
addresses a specific objective, collectively the projects encompass a
broad range of subjects (i.¢., measurements of source and area noilse levels
development of measurement methodoclogles, training, state~of-the art
technolegy, copital grants, etc.). However, the programs can be grouped
by their relationship to highway, railway, or off-highway noise control.
The identified Federal reaearch projects relating to the development and
enforcement of surface vehicle regulations are listed in Table 4.6.

The emphasis in the current Federal efforts has been In support of high-
way nolge regulations and enforcement.

4.6 ADVANCED SURFACE VERICLE SYSTEMS DEVELOPMENT PROGRAMS

A number of Federal RDAD programs have been identified which relate

| to the development of advanced or future surface vehicle systemg. These

: programs partain exclusively to rransportation syatems and nong aré

% dedicated to nolge. Consequently, resource allocatione for tlie noise

§ portions of the programs could not be readily ascertained. Wowever,
where specific noime related tasks or objectives were idnnz}fied. they

i have been described in the appropriate sectlons on dedicatéd noise

’ RD&D. Generally, however, the programs dre of a very copprehensive

: nature and noise is considered principally as a designt?ztcification.

| Table 4.7 La a 1liating of the advanced surface transpn tation systems

5 RD&D programs. The emphasis is on future mass transii systems and all
are sponsored by DOT.
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Table 4,5 YEDERAL STSTEMS STUDIES QF SURPACE VERICLE NOISE
Fincal Year Fundin 1,000

Ates of Study  Descriptive Titls of Program Sponaoring Agency Prior to 1873 1773 1374{eay)  1373%
Sucface Trans= Magnituds of Transportation Noise noT (1) - - -
portation General 5 Potential Abatement
Effocts of Buildings and Othar NSF a0
Boundariea on Hotor Vehicla Noise
Noise and Vibrotion from Trans= NSF 272
portation Vehicles & Other Machinery
Highway HCHRP Project III notT 120 120 180
Scale Modeling Higlway Noiss 0T 7% - -
Scale Modeling Uthan Traffic Nolse DoT - 112 - -
Parrier Parametrica DOT + + 50 +
FHWA Highwoy Dewign Manual Dot - 54 - -
Highway Barrier Effactivence3 DOT &3 7 - -
Traffic Nolse Study poT 43 37 37 -
Comsunity Nofse Study DaT 18 20 20 -
Acoustic Materials Applicatioma DoT - - 115 110
The Use of Trees and Shrubs in USDA - - 20 -
Nolsa Abateagnt
Railvsys Jotnt DOT/AAR Nolse Research 1y - - 130 00
Rapid Transit Systea Nolse Environment Dot +
New York City Trangit Systea Study Dot 125
Chicago Tranait Authotity Studica DT 40
Other Tranait Authority Studies T 120
TOTALS 301 50 1,18 o

4+ Primarily in-house
* FT 75 eoticatas known to ba incosplets
(1) Sue Table 3.1
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Table 4.6 FEDERAL RESEARCH PROGRAMS IDENTIFIED WITH NOISE STANDARDS AND REGULATIONS ENFORCEMENT

Fiscal Year Funding ($1,000)

Sponsoring Prior to
Program Area Descriptive Title of Program Apency 1973 1573 1974(est) 1975%
Highway In Cab Noise Tests DOT - -
Highway Noise Enforcement Training noT - 450 70 -
and Equipment
Roadside Enforcement Sites DoT - - 100 50
BMCS Training/Equipping DOT
Development of Highway Noise bot + + +
Standards PPM 90-2
PPM 90-2 Training Manual & Course noT - 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/ARMY - 215 270 -
Requirements
Railway New System Speecifications - bOT ++ H ++ ++
Capital Grants
Measurement of Railroad Noise DOT
Interstate Rail Carrier EPA 199
Regulatlon
Off-Highway Construction Equipment Standards poT 57 90 80 80
TOTALS 57 1,256 720 130

+ Primarily in-house
++ Program ls not dedicated to noise, noise resource allocations indeterminate
* FY 75 estlmates known to he fncomplete
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Table 4.7 FEDERAL RD&D OF ADVANCED SURFACE VEHICLE SYSTEMS: TRANSPORTATION

TFiscal Year Funding ($1.000)
Sponsoring Prior to

Type of System Descriptive Title of Program Agency 1973 1973 1974 1975%
Bus Transbus Program DoT + +H ++ ++
Rapid Transit Personal Rapid Transit (PRT) DoT ++ ++ ++ +
Program
Linear Induction Motor Dot ++ had ++ +
Research Vehicle
Magnetical Levitated DoT + +
Regearch Vehicle
Tracked Alr Cushion DOT ++ + ++ +
Research Vehicle
Prototype Tracked Alr pOT + 4+ +H ++
Cushion Vehicle
State of Art Car DOT ++ + -+ +
Screech Loop~Pueblo DoT + + ++ ++
Facility
Mass Transit Dual Mode Program DOT + +
{General)

+ Primarily in-house
++ Program ia not dedicated to noise, noise resource allocations indeterminant
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Room Al49 Sound Building
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Arlington, Va. 20460
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INFORMATION REQUESTED BY

EPA ON THE FEDERAI NOISE
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INSTRUCTIONS

The objectives of this Information-gathering document Is to assepmble
the data necessary to describe the over-all efforts within the Federal
Government dealing with neoise research, development and demenstration
programs. The results will be uged as a portlon of the EPA report to the
President and Congress on the status of Federal noise programs and to aid
in coordination of Federal noise research efforts within Government
agencies, The process ia dynamic requiring that the data base be updated
periodically to reflect changes in efforts, emphasis, expenditure of
fundg or completion of programs or projects.

The information requested on noilse related programs and projects
deal with the following areas:

Program (Project) description,

Technical goals and achievements.

Finaneial and manpower resources devoted and required.
Facilities used or required, and

Key personnel.

The enclosed questionnaire 1s designed to reflect, as clearly as
poasible, the type of information required, but is not intended as a
rigid formar, hence, any agency forms that will furnish the required
information easier than the questionnaire should be used by all means.
If the questionnaire is used, notice ghould be made that:

1. Additional sheeta may be used, and are encouraged, to furnish
more details 1f the space provided is not adequate.

2. There 18 alwaya a risk of not supplying enough information for the
desired visibility of any pregram (project), but there is no risk
of giving too lengthy information since this can easily be
adapted to the overall report intensiry or detail.

3. If the questionnaire forms miss entire aspects of program
information, it is encouraged, in fact necessary, that you add
these aspects under additional proper titles.

4, If your agency has a documented (or computer-stored) plan-

program~project outlay with the required information it is
strongly urged that it be included in the response.
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The program (project) information supplied should reflect
actual FY 73 funding, allocated FY 74 and prejections for
FY 75 and later years,

For nrograms (projects) in which noise i1s 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
noige-related effort to the over-all scope of
the program (project).

Finally, for any desired clarification of questions on this
document, please call Dr, Eugene E, Berkau of the EPA at
202-755-0449.

response to this questionnaire is requested by April 19, 1974,

B0
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1.

2l

3.
4.

5.

6I

8.

9.

10.

[ —

11,

Definitions in Responding

to the Form Titled

"PEDERAL NOISE RD & D PROGRAM SUMMARY"

Item
Program Title
Agency Program Number
Agency or Department
Interagency Agreements

in Effect

Subdiviaion Directing
Work

Other Key Personnel

Principal Contractors

Technical Program
Goals

Method of Approach
Problem Areas
Total Resource

Allocation

8 Funding

Remarks
The formal agency title of record

The formal number of record; 1f programs
are not numbered, write ‘none'.

Parent organization (e,g., DOT, DHEW).

Identify other agencies or departments
participatring in the program and a
brief description of their tasks.

Organizational element where program
responsibility exists (NIOSH/Physical
Agent Branch) Name of Head,

Additional leading personnel involved
in administrative or technical manage-
ment of overall program.

Identify contractors doing work for
agency at the program (not the project)
level,

Those considered environmental goals,
like quieting a apecific machine by
10dB, or improving the reliability and
sengitivity of needed instrumentation
systems,

Plans or Methodology for achieving
program objectives,

Identified technical, funding, and/or
facilities problems,

The level of program funding devoted to

nolse RD&D distributed with time.
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Item

# Man-Years

12. Component Projects

13. Schedules and Milestenes

14. Principal Accomplishments

15, Program Reports, ete,

Remarks

The le¥el of program manpower
resources devoted to noise RD&D
digtributed with time.

A list of descriptive titles of
those noige related projects
within this program.

Show the current schedule and mile-
stones; the "revised" column is for
future use.

State achievements accomplished or
within reach.

Confine this to those stemming from
the overall program rather than the
individual project. Include pro-
ceedings of symposia and conferences
and papers in the professional
literature as well as project
reports and documents.

Note: A Federal nolse RDAD program includes each program in which noise
is a gignificant (one or more projects), identifiable program

element.

82

o m————— - o i o i . —



Office of Rescarch mmd BDevelopmoent
FEDERAL NOISE RDED PROGRAMN SUMMARY

Ageney or Department

Subdivisfion Directing Program/MNead's Name, Title and Address

Name, Tirle, Address of Program Manager

LEAD AGENCY

Names and Titles of Other Key Program Personnel

Environmental Protection Azcncy ]

Coopevating Agency or Deopartment snd fubdivisicn {if any}
Program Contractor or Grantee (if any)
Program Title Agency Program Number |
Authority {e.g.,Publiec laws, Agency/ Date This TForm is
Department Directives, eic.) Filled
Date of Program Start Scheduled Mate of Pregram
Completion.
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Check appropriate classilleation(s) of progran

D Operations Research
and/or Economic DBenclic

[ Research [7] Dbevelopment [] bemenseration
[:] Other (Duscribe)

Program General Objecrtives

Propram Specific Goals:

Planned Approach: (Attach additional sheets 1Lf

Problem Arcas:

necessary)
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Prlnc@pal Accomplishrients to Dace (Include aceomplishinents
relative to program goals or actnined from combined project.
achievements

Program Reports, Documenits and Papers Published co Date:
{List ftems attributed to the program., Complete billographic
reference is desived/author, title, date, agency, document.)
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I. Federal
AMC
BMCS
BuM
CSRS
poc
DOD
DOT
DOL
DOT
EPA
FHWA
HEW
HUD

MERDC

NADC
NASA
NBS
NIEHS

NINDS

AFPENDIX C

GLOSSARY OF ACRONYMS

Departments and Agencies

Army Materiel Command

Bureau of Motor Carrier Safety/DOT

Bureau of Mines/DOI

Cooperative State Research Service/USDA
Department of Commerce

Department of Defense

Department of Interior

Department of Labor

Department of Transportation

Environmental Protection Agency

Federal Highway Administration/DOT
Department of Health, Education, and Welfare
Department of Housing and Urban Development

1.8, Army Mobility Equipment Research and
Development Center/DOD

Naval Alr Development Center/DOD
Natienal Aeronautics and Space Adminlstration
Naticnal Bureau of Standards/DOC

Naticnal Institute for Environmental Health Sciences/HEW

National Institute of Neurological Diseases and Stroke/HEW
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II.

NIOSH - National Institute for Occupational Safety and Health/UEW

NSF ~ National Science Foundation

ONAC =~ Office of Noise Abatement and Control/EPA

ORD ~ 0ffice of Research and Development/EPA

O0SHA - Occupational Safety and Health Administration/RDOL
QVSR - Office of Vehicle Systems Research/NBS

RADC - Air Force Rome Alr Development Center/DOD

TACOM =~ U.S. Army Tank Automotive Command/DOD

TECOM ~ U.S. Army Test and Evaluation Command/DOD

TSC ~ Transportation Systems Center/DOT

UMTA = Urban Mass Transportation Administration/DOT

USDA - U.8. Department of Agriculture

WES

Army Corp of Engineer Waterway Experiment Station/DOD

Trade Associations

AAR -~ Agsociation of American Rallroads
ASHO -~ Assoclation of State Highway Officials
HRB ~ Highway Research Beard/OSHO

MVMA +~ Motor Vehicle Manufacturers Association

NFPA - National Fluld Power Association

SAE - Speciety of Automotive Engineers
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Funding Apency
DOT

DOD

EPA
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Table D-1 SUMMARY SURFACE VEHICLE NOISE RESEARCH CONDUCTED BY NBS

Title

Truck Tire Noise Studien
(includen pasaengexr car
tire noise, interior/
exterior sound levela
from over~the-road
trucks, and feasibility
of an acouatical grading
system fox tiras).

Noise evaluation tests
of military truck tires,

Train Noiae Study

Methodology for the
measurement of noise
from trucks.

Fiscal Year Funding ($1,000)

Pricor to
Objectives 1973 1973 1974 1975(eat)
To provide a 468 100 100 200

scientific basis
for designing
quieter tirea.

To develop a data
base on tire noise
levels of selectad
military and commer-
cial truck tires.

To develop a data base
on railroad noise
emisaion,

Develop appropriate
uweasurement nethodology
for use by EPA in the
regulation of new
trucks.

20

25
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NBS RESEARCH ON SURFACE TRANSPORTATION NOISE

NBS FURDING: No current programs,
OTHER AGENCY FUNDING:

la. Sponsoring Agency: U.S. Environmental Protection Agency/
Office of Noise Abatement and Control

Objectives: Develop appropriate measurement methodologiles
as technical support to the EPA in their implementation of
the Noise Control Aet of 1972, and, where necessary, conduct
regearch to provide EPA with a defensible posture as regards
to measurement methodology.

Approach: Establish and conduct meetings with an ad-hoc

task force of experts (acousticians, manufacturers and users)
in order to develop the rationale and necessary input for the
megsurement methodology for medfum and heavy trucks. Conduct
field measurements to characterize rail lipe and yard opera-
tiong and retarder noise,

Future Plans! Conduct work where necessary and as requested
by the U,8. Environmental Protection Agency.

Actomplishments: Completed the field measurement portion

of the rail yard and line noise characterization study.
Assembled and met with task forces in the area of interior
rapid rail transit noige and construction noise —- especlally
crawler and wheeled tractors -- for the purpose of develeping
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 Supperting
documentation for medium and heavy trucks.

Publicatiens:

Fath, J. M., Blomquist, D. 5., Heinen, J. M,, and
Tarica, M., "Measurements of Railroad Nolse ~ Line
Operation, Yard Boundaries, and Retarders", December,
1974, Joint EPA/NBS report NBES 74-4B8, EPA 550/9-74-007.
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1b.

NBS RESEARCH ON SURFACE TRANSPORTATLON NOISE (Con't)

Leasure, W. A., Jr., and Quindry, T. L., "Methodolopy
and Supporting Documentation for Measurement of Noise
from Medium and Heavy Trucks", NBSIR 74-517, June, 1974,

Allocations: FY-73 FY 74 FY 75(est) FY 76(est)
k$: 23 12 - -
Man-Years: 0.6 0.3 - -
Spongsoring Apgency: Office of Noise Control, U.S. Department

of Transportation

Objectives: Identify and quantify the physical parameters
which affect the noise generated by surface transportatioen,
especially trucks and truck tires, and develop appropriate
information bases and standardized testing procedures which
may lead to highway noise reduction criteria, standards, and

regulations.

Approach: (1) Expand the existing data base on truck tire
noise to Include both passenger car and military truck tires.
(2) Evaluate the spectral and directional characteristica of
truck tires and of their relationship to tire-noise generation
mechanisms, (3) Establish the effect of surface roughness
on generated noise levels by correlation studies of surface
texture (as characterized by profile spectral analysis) with
passby 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
nolse levels permissible for truck and passenger car tires.

Future Plans: Conduct work as necessary and where requested
by the U,5, Department of Transportation.

Accomplishments: (1) Complete (contract) work on the
characterization of pavement macrotexture by profile spectrsl
analysis, (2) completed preliminary measurements and analysis
of automobile tire noise, (3) complete narrow band analysis
and plot generation needed for the reports ot appropriate
measurement methodology for tire certification testing and
the spectral and directionality characteristics of truck

tire noise which will be published, (4) completed the data
acquisition portion of a truck tire nolse versus pavement
surface study, (5) developed an empirical model for the
prediction of in-gervice tire noise levels fox over—the-
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NBS RESEARCH ON SURFACE TRANSPORTATION NOISE (Con't)

road vehicles based on A-weighted sound level versus time (or
distance) data for a 50 mph (80 kmh) coastby certification
test utilizing a single chassis vehicle, (6) completed
studies of military eruck tire noise and automebile tire
pavement interaction, and (7) initiated reports on expanded
data base for truck tire nolse and on measurement methodology
for tire certification.

Publications:

Leasure, W. A. Jr., et. al,, Truck Noise I Peak A-
Waighted Sound Levels Due to Truck Tires - Addendum,
Report Number O0ST/TST-72-1, July 1372, U.S. Department
of Transportation, Washingten, D.C.

Corley, D. M., "Test of a Proposed Method for Vehicle
Nolse Measurement' Proceedings of Noise—Con 73,
Washington, D.C.,, 230-235 (0ct, 15-17, 1973},

Leasure, W. A., Jr., "Autompbile Tire Noise: A Review
of the Open Literature', Proceedings of Nelise-Con 73,
Washington, P.C., 187-195 (Oct. 15-17, 1973},

Leasure, W. A,, Jr., and Mathews, D, E., "Pecos Truck
Tire Neise Study: A Summary of Results", NBSIR 74-446,
National Bureau of Standards, Washington, D.C.

{January 1974).

Leasure, W. A., Jr., Mathews, D. E., and Rinkinen, W. J.,
"Noise Evaluation Testas of Military Truck Tires",
submitted for publication as a Department of Transportation

report,
Allocations: FY 73 FY_74 FY 75{est) FY 76(est)
k§: 100 100 - -
Man~Years: 2,0 2,0 - -
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RESEARCH REPORTING SERIES

Research reports of the 0fflce of Research and Development, Environ-
mental Protection Agency, have been grouped into five series. These
five broad categories were established to facilitate further develop-
mwent and application of envirenmental technology. Elimination of
traditional grouping was consciously planned to foster technology
transfer and a maximum interface Iin related flelds., The five series

are:

1. Environmental Health Effects Research
2. Environmental Protection Technology
3., Ecological Research

4, Environmental Monitoring

5. Socloeconomic Environmental Studies

This report has been assigned to tne ENVIRONMENTAL HEALTH EFFECTS
RESEARCH series. This series describes projects and studies relating
to the tolerances of man for unhealthful substances or conditions.
This work 1s gengrally assessed from a medical viewpoint, Including
phyaiological and psychological studies. In addition to toxicology
and other imedical specialities, study areas include biomedical instru-
mentaticn and health research techniques urilizing animals-but always
with intended applicacion to human health measures,

This repoxrt has been reviewed by the Office of Research and Development.

Approval does not signify that the contents necessarily reflect the
views and policies 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
desecribed, limitations and gaps in necessary knowledge of theose effects
are identified as research needs, and eipht categories for analyzing
noice effects research are presented, The current Federal research
proprams are summarized for each of the eight categories.

The Noise Effects Regearch 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 some Iinstances 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. BSUMMARY

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
nolse effects research are presented. The current Federal programs
are summarized for each of the eight categories, and vesearch needing
addirional emphasis iz identified.

Known or suspected a&ffects of noise discussed included effects on
hearing, other effects which may (or may not) lead to permanent health
impalrment, effects on behavior such as performance or annoyance,
apeach and other communication interference, sleep discurbance, social/
economic/political/legal /behavioral community responses, and eEfects on
animals, Causs~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 diseussed,
Limitations in this information and lack of information in othexr areas
are shown and research needed to provide thorough and accurate informa-
tion on all effects of noisa is identified. Such information is
necessary for setting standards for protection of public health and
welfare, asgessment of the benefits to be derived from noise reduction
in light of the costs, assurance of safe, productive work environments
snd adequate communications, and decisions at all levels affecting the
quality of 1life, A way of categorizing current and needed noise effects
research 18 presented, The current Federally-supported noise effects
regearch is summarized for each of eight categories.

Although an in-depth analysis and assessment of the current Federal
noise effects programs is not wade, the Noise Effects Research Panel
through its collective knowladge of the needs and the current research
has identified specific regsearch subjects which need additional emphasis
in order to provide accurate and thorough information on effects of
noise. Thesa include subjects not currently receiving enough attentlon
and those not currently being addressed., It is further pointed ocut that
the current programs need continued and in some instances expanded
support in order to provide necessary information on effects of noise.
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I1I. INTRODUCTICHN

EPA has established four noise research panels consisting of
representatives from Government departments and agencies to provide
informational exchange, 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 pane]l
membership reflect the major thrusts of the Federal noise research
programs as follows:

Noise Research Panel Current Agency Membership*

Alrcraft NASA, DOT, DOD, HUD, DOC, EPA
Surface Vehicles DOT, HUb, DOD, DOC(NBS), EPA

Nolse Effects#* HEW (NINDS, NIOSH, WIEHS), DOT, NSF,

HUD, MASA, DOD, DOL, DOC(NBS),EPA

Machinery HEW (NIOSH), DOI(Bureau of Mines),
DOD, DOL, DOC{NBS), NSF,

These panels provide the formal mechanisms for interapgency consider-
ation, 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 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 ongolng research
activities.

- Receipt and review of pertinent scilentific and programmatic
advice from communicating with other standing bodies and
experts in the field of noise.

Noise effects Iincludes not only health effects of noise such as
hearing loss, but also many other known or suspected effects of noise
on the well-being of humans and animals such as interference with

* (lossary of Agency Acronyms in Appendix B.
%% List of Noise Effects Panel Members in Appendix C,
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communication, disturbance of sleep, annoyance, and any other results of
nolse exposure which can 2ffect the quality of life., For the purposes
of this report and this research panel, the term "noilse cffects" does
not include cffects on structures or other inanimate objects,

A. PURPOSE AND SCOPE

This 1s 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 noilse is
needed for several reasons. These cause-cffect relationships provide
the necessary bases for setting standards to protect the public health
and welfare, the data for assessing the benefits of nolse reduction in
light of the costs, and guidelines for personal and Government decisions
affecting the quality of life,

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 cowplementary ecfforts

- research accomplished in the most productive and
scientifically viable manner,

To develop such an overall plan, limicvations and gaps in the current
understanding of the effects of noilse must be identified. The current
programs must be examined to determine which subject arcas are not being
adequately addressed. Programs and projects can then be identiffed for
correcting inadequacies and addressing the gaps. The agencies' capabili-
ties 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 meapingful manner. To this end, the report specifically |
addresses; i

- Effects of noise

~ Current Federal information on effects of nolse

- Limitations in the information and research needs

« A vay of classifying noise effects research

-~ The current Federally-supported noise effects research
-~ Research needing additional emphasis.

The report does not consider:

~ 'The adequacy of current research
~ Detailed programs and projects for addressing gaps

3
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~ Capabilities of varlous agencies for addressing research gaps
- Priorities of research needs
- Development of a coordinated natjonal plan.

This document also will be used by the Environmental Protection
Agency to satisfy Section 4(c)(3) of the Noise Control Act of 1572.
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

noise,

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, agencles'
responses to a 1972 request® from EPA on Federal noise activities, and
information supplied by the panel members in the spring of 1974, The
fiscal data is reported consistent with each agency's budgetary process.

As there are variations in the way agencies report the costs for their
in-house research, exact comparisons between agencles' fiscal data cannot
be made, A chart illustrating this problem is contained in Appendix D.

The data for FY 75 estimated funding 1s Incomplete for two reasons.
First, the DOD computer data base used to generate the agency Eiscal data
did not inecludé FY 75 estimates., Therefore, at the DOD 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,

Core must also be exercised in examining project and program titles
and funding. Titles often do not convey the extent and kind of research
being funded and convey no information .of. the scope of work, Thus,
similar titles may involve very different work scopes and furthermore
may not mean the subject 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

agencles' pelicies.

*In Dacember of 1972, a questionnalre survey of Federal noime reésearch
.and noise control activities was initiated by EPA. A contract report
was prepared from this data in October 1973 but was not published.
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B. EFFECTS OF NOISE

Exposure to nolse may have varfous effects on the public health and
welfare, Some of these are well-known but the complexity of both expos-
ure and response has prevented definitive cause-effect relationships in
many dreas. Other effects are suspected but not yet well-proven,

1. Hearing Damage

Tt has been well established that noise exposure of sufficient
intensity and duration can produce hearing damage, Hearing loss result-
ing from Iintense noise exposure can either be temporary or permanent,

In general, it is belleved that noise of brief exposure that can produce
8 significant 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 ear may not be able to fully recover to its ocriginal
threshold from recurrent exposures. The exact relationship between
temporary and permanent hearing loss, however, is not yet. 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 information-carrying, consonant sounds of human speech. Hearing loss
is known to result from exposures to: continuous noise in indastrial
settings, impulsive sound, gunfire, and loud music Eor extended periods,
the last is found especially among young people. The effect from
fluctuating, intermittent or shorter-term exposutres 1s not completely
understood.

2. Other Health Effects

The only permanent adverse effect upon health from nolse exposure
that is well-established is noilse-induced hearing loss, However, there
is evidence, although incomplete, to indicate other effects can result
from exposure of sufficient intensity and duration. Noise can alter
the function of the endocrine, cardiovascular and neurologic systems.

It way effect equilibrium and may produce changes such as: constriction
of blood vessels in the body and vaso-dilation in the brain, rise in
blood pressure and changes 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 affacts,
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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 detrimental
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 be disruptive of per-
formance {f the noise is high frequency, intermittent, or unexpected.
Noise throughout the audible range can, under various circumstances,
be annoying and disruptive of activity. However, prediction of individ-
ual annoyance due to noise is difficult, probably due te the many
paychological and social factors that contribute to individual sensitivity.

4, Sleep Interference

Noise can interfere with sleep by vreventing sleep, by causing
awakening,.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 Lif repeated, Survey
data indlcate that sleep disturbance is often the principal reason given
for annoyance, and some experts belleve that sleep disturbance is one of
the most severe effects of noise on health.

5. Communication Interference

In addition to the reduced understanding of speech resulting from
noise-induced hearing loss, noise can interfere directly with speech
cormunications, Verbal commnication in terms of noilse level and vocal
effort is extremely difficult in backgrounds of high noise level and
can adversely affect the accuracy, frequency, and quality of verbal
exchange. This can be important in formal education in schools, occupa-
tional efficiency, family life patterns, and quality of relaxation.

6, Comunity 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 expored, a different kind of reaction may
take place. This reaction may take several forms such as complaints to
authorities, political action against nolsy activities, reduction in
lapnd values or soclo-economic level, high property turnover rates, or
changes in family recreational patterns. Thus the consequences of
community response to nolse can be social, political, and economic, as
well as the collective individual responses noted above. To date, only
community annoyance responses to aircraft noise have been studied
extensively and have been shown to correlate well with noise exposure.
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The number of complaints due to noise in a commumlity, however, 1s small
in comparison 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 heen noted in
laboratory animals, ©Possible effects on farm animals include changes in
size, weight, reproductivity, 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 informstional documents relative to
health effects from noise exposure which have been published by Federal
agencies, The Eirst to be published was "Criteria for a Recommended
Scandard...Occupational Exposure to Nolse" in 1972 by the National Insti-
tute for Occupational Safety and Health (NIOSH), Department 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 "Public Health and Welfare
Criteria for Noise" in accordance with Section 5(a)(l) of the Noise Control
Act of 1972 (PL 92-574). 1In 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) <hich was published in March 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 NIOSH document, specifically directed to the occupational environ-
ment, presented information about various effects of noise exposure, but
information for support of their recommended standard was available only in
the area of noise-induced hearing loss. The EPA "Public Health and Welfare
Criterie for Noise" defines criteria as "descriptions of cause and cffect
relationships." The document addressed direct effects of noise on the
physical and mental well-being of human populations, including hearing loss
and other health effects, and indirect effects such as annoyance and commu-
nication interfereuce, as well as noise effects on.wildlife 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 levals of
environmental noise for protection of public
health and welfare. These are:; (L) the effect
of noise on hearing, (2) the effect of nolse
on the general mental state as evidenced by
annoyance, and (3) the interference of noise
with specific activities,"

Although informwation in these three areas was presented in the EPA
Criteria Document and used in the EPA Levels Document, both deocuments
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.

1. Noise-Induced Hearing 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
protection of the worker from non-auditory 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 nolse exposure standard for the protection
of hearing, i.e., that the effective noise level permitted during a
normal eight hour work pericd should not exceed 90 dBA for the time being
and should be reduced to B5 when technelogically feasible. At this time
the Department of Labor has-proposed a revised stendard with the 50 dBA
eight hour exposure level and hearing conservation measures beginning
at 85 dBA. In support of the NIOSH recommendation, incidence of hearing
lmpairment 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 teo continuous noise of
-certain levels for eight hours a day over 10 and 40 yearg. The information,
like the NIOSH criteria, also compared noilse exposed and non-noise exposed
employee groups. Further, like the NIOSH 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 humsn 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 tolse as it
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affects hearing, from eight hour exposure to 24 hour environmental expos-
ure, and from exposure data mainly above 80 dBA te 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, the available
information, as reported in the EPA Criteria Document, deals malnly with
statiastical surveys of annoyance, The document concluded, among other
things, that (1) “the degree of amnoyance due to noise exposure expressed
by the population average for a community is highly correlated to the
magnitude of noilse exposure in the community," and (2) '"the numbers of
complaints about noise registered with the authorities is small compared
to the number of people amnoyed, or who wish to complain. However, the
number of actual complaints is highly correlated with the proportion of
people in che 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., Communication Interference

The EPA Criteria Document identified data which predict fairly
accurately how noise will affect the perception of speech in the 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 communication is
important.

The EPA Levels Document used these data to identify levels of noise
requisite to protect public health and welfare against activity interfer-
ence with an adequate margin of safety, since "the primary effect of noise
on human health and welfare due to interference with activity comes from
its effeect 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 thusg 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 REEDS

Although information has been identified and/or used in three Federal
documents for three of the many known or suspected effects of nolse, the
documents plainly pointed out the limitations and deficiencies in the
avallable information. The lack of necessary information on other effects
of noilse was also discusged as well as the lack of methodologies available
to adequately relate the noise exposures to the effects. Even though



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 nolse
limits in regulations/ordinances to reduce noise, Accurate and compre-
hensive information relating noise and other contributing factors to
all its effects is needed teo insure that the extent of the reductions
is appropriate, and that the reductions may be accomplished with minimum
expenditures of public and private money. Such information i3 also
needed to assess the cost of noise reduction in light of benefits and
to provide puidelines for personal decisions affecting the quality of
life or corporate decisicns affecting working conditions. Linmitatiens
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 ba 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.

1, Noise=Induced Hearing Loss

The current Federal information on nelse~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 bhased on several cross-sectional industrial studies that have been
criticized for various reasons. These criticisms include: insufficlent
determination of daily noise exposure, problems in or,lack of acreening
for evidence of ear disease, inconsistent test practices, audiologlcal
teating in noisy areas, and audiological testing without sufficient time
for recovery from temporary hearing loss. The studles 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 pericd. Inconclusive
information exiats as to whether older people or younger ones are more
susceptible to noise-induced hearing loss., Little evidence is available
on exposures to various other types of noise, such as {mpulsive noise,
ultragound, and infrasound. Little is known, also, about the effects on
hearing of the combination of noise and other factors such as heat,
vibration, and ototoxic (hearing damaging) drugs and chemicala.

2. Health Effects Other Than Hearing losas

The EPA Criteria Document identified several short-term physiological
effects which may result from noilse exposure. It is known that noise can
elicit different physiological responses, but there iz not clear evidence
to indicate that continued activation of these responses leads to irrever-
gible changes and permanent health effects. Adequate selentific data are
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not available to confirm or refute speculations that noise may be a
contributor to circularory difficulties or heart diseases. There are
not any well-established 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 nolse exposure, either alone or in conjunction with other
stressors, is presumed to cause geperal stress, neither the threshold
noise level nor duracion at which stress may appear has been adequately

determined. Further, the effects of chronic noise-preduced stress are
not known.

Thus, some iIndicarors of porential effects of noise on health have
been atudied and some have shown definite cause-effect relationships over
the short term. Quantitative relatlonships need to be determined for
wany indicaters of nolse effects on health, and all potential effects of
noise on health must be studied over the long term. Clear relationships
between noige exposure and its potential effects 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

Most information available on individual behavior effects of noise
concerns either performance or annoyance. HNolse is also considered as
contributing to other behavipor effects such as irritability, instabiliry,
argumentativeness, reductilon in sex drive, anxiety, and nervousness, but
quantitative evidence 1s lacking in these areas.

Although effects of noise on performance have been shown in the
laboratory, little work has been done in real-life situations. As per-
formance effects of noise could be significant and costly in teday's
economy, there is a pressing need for field studies under typical condi-
tions. The information derived is needed for determining the extent of
nolse reduction that is costebeneficiel in performance situations.

As individual annoyance in response to noise can lead to the economic
or social effects or the pplitical or legal acticns discussed under
comnunity reaction, as well as to general effects on mental or physical
health, & better understanding is needed of the factors that control the
degree of annoyance of individuals. Further, as most of the available
information on noise/annoyance relationships deal mainly with conventional
ailrcraft noise, annoyance in response to octher major sources of noise,
as well as new and future alrcraft, needs to be determined.

Other behavioral effects of noise mentioned above are less clear-cut
and nolse is but one of many factors which could contribute to these
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effects, These effects, however, are serious Indicators of reduction in
quality of life and could be significant 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 goveroment, corporate, or
private decisions may be made concerning health and the quality of life,

4, Effects on Sleep

Distuxrbance of sleep by noise resulting in changes in level, patterns,
or quality of sleep, or even awakening may affect 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 Criteria
Document, “comes from laboratory experiments that involve very few
pecple, and 'responses' are evaluated in terms of physiological measure-
ments such as EEG" (electroencephalogram, a measure of electrical voltages
in the brain), As it is difficult to generalize from the laboratory to
real-life conditions, but alsc very costly to study sleep in everyday
settings, both types of studies are needed to develop definitive relation«
ships between noise from varicus sources and its effects on sleep, both
in the short-term and long-term,

5. Communication Interference

The available information concerning a cause-effect relatfonship
for noise interference with aspeech represents conditions for normally
hearing young male adults speraking the same dialect, when they are in
a non-reverberant nolse fleld, whereas the actual cause-effect relation-
ship may change with many variables. The EPA Criteria Document states,
"lgwer nolse levels would be required if the talker has imprecise speech
(poor articulation) or if the taltker and the listener speak different
dialects. Children have less precise speech than do adults, and their
relative lack of knowledze of language often makes them less able to
thear' speech when some of the cues in the speech stream are loat, Thus,
adequate specch communication with children requires lower noise levels
than are required for adults, One's ability to understand partially-
masked 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 more favorable speech-
to-noise ratios than do those with normal hearing." The data availsble
have no information on the reception of female speech or on the effect
of time-varying noise on speech understanding. Quantitative dataz 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 acceaptable 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
cccupants, However, the final values recomwended were largely the result
of judgments on the part of the authors,.."

Finally, noise can interfere with 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 te quantify design criteria which can
assure proper reception of speech and warning signals in a varlety 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 availahle relating noise exposure fairly well
te community annoyance and resulting complaints to authorities, the data
are based mainly on responses to conventicnal takeoff and landing aircraft
noise, The information needs to be expanded to include response to othex
epvironmental noise sources, such as vertical or short takeoff and landing
aircraft, military aircraft and other vehicles, industrial plants, surface
transportation, construction equipment, home appliances, and more. Since
annoyance has been shown to lead to complaints, not only does its relation
to these other sources of nolse 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 commnity,
and other social or economic measures, Studles are also needed to determine
effect on overall community health and other possible group responses.

These relationships are needed to provide input for local government decis=
ions on land-use, corporate decisions on plant location, and private
decisions on home and recreational locations, to name a few.

7. Effects on Animals

Although some studies have indicated that noise affects animals in the
laboratory in the same way as humans, and behavior changes resulting from
nolse have been observed in some wildlife species, few quantitative cause-
effect relationships have been eatablished, 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 may be evaluated, Further, the
effact on wildlife is important for preservation of endangered species and
conservation and thus should be determined.
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8. Measurement

Determination of definitive, quantitative cause-effect relationships
demands accurate and reproducible measurement of both cause and effect.
Further, the appropriate charscteristics of noise must be emphasized in
tarms of the various effects, but at the same time, inexpensive instru-
mentation and easily used methods must be available for characterizing
the nolse environment and for enforcement,

Thus, instrumentation 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-
mentation, methodologles, and calibration procedures need.to be improved.
Finally, a national baseline of community noise levels is needed in
order to compare various communities in terms of noise levels and to
determine whether the overall natidnal noilse levels are improving or
deteriorating.

E. RESEARCH CATEGORIES

To addreas, apalyze, and make recommendations effectively on noise
effects research in terms of the needs identified above, & system for
classifying the rasearch had to be devised. Such a system has been
developed by the Noise Effacts Research Panel. By consensus, the Panel
identified the eight major categories outlined in Table II-1,
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Table II-i

CATEGORIES OF NOISE EFFECTS RESEARCH

I. Noise-Induced Hearing lLoss
A. Epidemiologic
B. Human
C. Animal
D. Mechanisms of Hearing Loss
E. Protection
I1. Non-puditory Health Effects
A. Epidemiologic
B. Human
C. Animal
III, Individual Behavior Effects
A. Annoyance
B. Performance
C. Other
iV. Noilse Effects on Sleep
V. Communication Interference
A, Speech Communication
B. Effectiveness of Auditory
Waraing Signals in the
Prasence of Noise
VI. Commnity or Collective Response
VII. Domestic Animals and Wildlife
VIII. Meagurement Methodology. and galibration
+ Noise Environment
B. Noise Source Characterization
€. Audiometry
15
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III. SUMMARY OF CURRENT PROGRAMS

The current Federal rescarch programs and projects on effects of
noise address all but one of the research categories identified in
At the present time there is no ongoing research reported
The funding
for research in the other categories, however, is presented in Table III-1,
Table III-2 shows the overall effort of each agency in effects of noise,
and Table III-3 relates each agency's involvement In categories of
The following discussions summarize the current effort of the
Federal government in addressing the research needs in each category of

Table II-1.

on the effects of noise on domestic animals and wildlife,

research.

noise effects research.

Appendix D,

A. NOISE~INDUCED HEARING LOSS

Each agency's current program ls described in

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
. However, the effects of different types of noise and

environment

exposure patterns are still not well understood.

Variations in suscept-

ibility due to age, drugs, and environmental factors further complicate
the problems.

The need for knowledge about noilse-induced hearing loss 1s reflected

in the current fiscal data.

Almost $1.4 million, over one-quarter -of the

total Federal expenditures on health effects of noise, was spent on
noige~induced hearing loss vesearch 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 noilse and other stressors
(work, heat, vibzation, etc.).

Combination with ototoxic drugs, other ototoxic

agents, and abnormal physiology,
Effects on children,

Impulse ncise, intermittent roise, and high
intensity nolse,

16
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Table III-1

NOISE EFFECTS RESEARCH FUNDING BY CATEGORY
{Thousands of Dollars)

Category FY 73 FY 74 FY 75%
Noise «Induced Hearing Loss 1,084 1,366 1,979
Non-Auditory Health Effects 126 294 61
Individual Behavior Effects 381 361 443
Noise Effects on Sleep 217 254 159
Commnunicatinn Interference 275 316 296
Community or Collective Response 410 821 1,114
Domestic Animals and Wildlife 0 0 Q
Measurement Methodology and
Calibration 1,073 1,344 916
TOTALS 3,566 4,756 4,968%
Table ITI-2
NOISE EFFECTS RESEARCH FUNDINS BY AGENCY
(Thousands of Dollars)
Agency FY 73 FY 74 FY 75%
HEW{NINDS) S26 622 1,157
IEH(NIEI-IS% 153 258 239
HEW{NIOSH 395 507 481
DOD 984 430 930%
NASA 1,127 1,154 1,200
ooT 50 130 50
NSF 20 0 0
DOC(NBS) 98 117 142
HUD 117 638 460
EPA 24 377 309
po1{BuMines) 72 23 0
TOTALS 3,566 4,756 4,968%

%DOD FY 75 Estimated the same as FY 74

FRp— e o, -
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CURRENT AGENCY INVOLVEMENT IN RESEARCH CATEGORIES

Table 11I-3

Research
Category

Noise-Induced
Hearing Loss

Not~auditory
Health Effects

Tndividual Behavior

Effects

Noise Effects
on Sleep

Communication
Interference

Commnity or
Cellective
Response

Domestic Animals
and Wildlife

Measurement
Methodology and
Calibration
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- Permanent effects of occupational and longer
environmental expogures,

-~ Mechanisms of hearing loss (biochemical, phyaio~
logieal, etc.).

- Hearing proteection,
Funding levels for noise~induced hearing loss research are shown in

Table III~4.

B, NON-AUDITORY HEALTH EFFECTS

Many studies have been conducted which tend to indicate noise to be
& cause of numerous non-auditory health effects in humans which might
influence physical or mental health. These include: corientation and
startle reflexes, disturbed sense of halance, pain, and general stress.

One cannot rule out the possibility that nolse expesure may pose some
non-guditory health hazard if no attempt is made to reduce individual
exposure to noipe, 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 difficult 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 parsonal 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 atresses,

Despite many questions that cannot now be anawered regarding the
non-auditory health effects of ncise, 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 ro mental and physical illness,

Cardiovascular and other physiological changes.

Effects on the veatibular (sense of balance), cardiovascular
{heart and circulatory), endocrine (internally-aecreting
glands), and neural systems.

~ Effects on drug uptake.

Funding levels for non-auditory health effects rasearch are shown in
Table 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
HEW{NINDS) 447 482 1,057
HEW(NIOSH) 224 341 352
HEW(NIEHS) 145 192 199
DOD 248 301 301%
NSF 20 0 0
EPA D 50 70
TOTALS 1,084 1,366 1,979%

*DOD FY 75 data estimated the sames as FY 74

Table III-5

FEDERAL RESEARCH FUNDING FOR NON-AUDITORY HEALTH EFFECTS OF NOISE
(Thousands of Dollars)

Agency K 73 FY 74 FY 75
NEW(NIEHS) 8 66 40
HEW{NIOSH) ) 42 21
Don 10 0 Ok
EPA 0 186 ** 0
TOTALS 126 294 1l

*DOD FY 75 data estimated the same as FY 74
*k2 year project

C, INDIVIDUAL BEHAVIOR EFFECTS

Individual behavior effects are of interest in a variety of environ-
menta where adverse rafFex actions. or. bahavior may Tesult in accidents
or unfavorable perforwance, e.g., occupational, military and wehicle
handling. Various studies have indicated that noise may have negative,
neutral, or even ponitive effects on performance,

The effects of noise on performance have been. gtudied in the’ labora-
tory and in the actual work situation, with more emphasis on laboratory
research, Generalizing .from the-laboratory to real life situations. is
difficult since, in the laboratory, cxposures are short and the novel
tasks employed cause subjects to be fairly well motivated, By contrast,
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office and fattory 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 this category, conducted by five agencies,
are addreassing the following specific problems:

- Annoyance factors, e.g., loudness, noisiness, and
aversiveness

Paerformance capability in:
High levels of noise exposure
Environmental noise (from transportation
aystems, etc,)
Occupational noise levels
Combination with other stressors (heat,
vibration, etc.)} in various environments

]

Startle effects on performance
« Human adaptation to noise
- Measures of aversiveness and annoyance
Funding levels for research on individual behavior effects of noise are

shown in Table III-6.

D, NOJISE 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
some effects on sleep, either in the form of awakening, 1f the noise iz loud
enough, or in the form of shifts in the stages of sleep. Usually, however,
much of our data comes from laboratory experiments that involve few people
and "responses' are evaluated in terms of physiological measurements such
as the electroencephalogram,. which. measures nervous system alectric voltages
in the brain. Caution must therefore be exercised in drawing concluaions
regarding the effect of noise on sleep for the general population. Even
greater caution muat be exercised in making references about the long-range
effect of aloep disturbance since there exist very little experimental data
regarding these effects,

Two agencies reported research directed solely or primarily to neise
effects on sleep.
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Table III-6

FEDERAL RESEARCH FUNDING FOR INDIVIDUAL BEHAVIOR EFFECTS OF NOISE
{Thousands of Dollars)

enc FY 73 FY 74 FY 75
HEW(RIOSH) 0 28 0
DoD 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 same as FY 74

Table III-7

FEDERAL RESEARCH FUNDING FOR NOISE EFFECTS ON SLEEP
(Thousands of Dollars)

Agency Fy 73 FY 74 FY 75
NASA 217 254 142
LPA 0 0 17
TOTALS 217 254 159
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Current research in this category is being addressed to the following
specific problems:

- Nonawakening effects (change in pattern and
quality of sleep)

~ Sleep disturbance by aireraft noise
~ Correlational analysis of foreign and domestic
sclentific data on the effects of nolse on human
slaep,
Funding levels reported for research directed solely or primarily to

noise effects on sleep are shown in Table III-7, Page 22,

E., COMMUNICATION 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, mwost of the available knowledge is often of limited
assistance in predicting the intelligibility of 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 isclated words.

Current Federal research in compunication interference by noise, con-
ducted by four different. agencies, is addressing the following problems:

{
i - Effects of noise on speech production
|

- Methods for predicting speech intelligibility \
in noise

! ~ Speech commnication in special environments

i ~ Speech discrimination in normel and pathological
hearing groups

Hearing aid performance in noilsy environments
- Warning signals in coal mines.

Funding levels for research in communication interference by noise
are shown in Table III-8.

i 23
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Table III-8

FEDERAL RESEARCH FUNDING FOR COMMUNICATIONS INTERFERENCE OF NOISE
(Thousands of Dollars)

Agency FYy 73 FY 74 FY 75
HEW (NINDS) 79 140 100
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 COMMUNITY OR
COLLECTIVE RESPONSE TO NOISE
(Thousands of Dollars)

Agency FY 73 FY 74 FY 75
DpCD 32 0 O*
NASA 378 491 654
DOT 0 130 50
HUD 0 200 410
TOTALS 410 821 1,114%

*DOD FY 75 data estimated the smme as FY 74.
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F. COMMUNITY OR COLLECTIVE RESPONSE

Numerous techniques have also been devised to measure annoyance irom
a simple scale of annoyance level to complicated techniques involving
social surveys. Many 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, Other social and economic responses such as
pelitical actions or change in land values also need to be examined.

Four different agencies were conducting research in community or
collective response in the FY 73-74 time period, addressing the following
problems;

- National baseline data bank of environmental
noise levels-unified measurement system

« Community response studies
- Military operations noise.
Funding levelas for research in commnity or collective response to

noise are shown in Table III«9, Page 24.

G. DOMESTIC ANIMALS AND WILDLIFE

Noise produces the same general types of effects on animals as it
does on humans, namely: ouditory, masking of communication, behavioral,
and physiological. These effects have not yet been definitely deacribed,
No criteria have been developed for these effects.

Recent research in this category, one project conzluded in FY 73,

waa addressed to hearing levels of fowls, No funding data are listed
herein for that project.

H. MEASUREMENT METHODOLOGY AND CALIBRATION

Research in measurement methodology and calibration is conducted
by agencies to support noise health effects research programs, to support
implementation of noise control legiaslation, and to maintain & defenaible
posture regarding measurement technology.

This entails a broad range of activities involved in establishing
measurement systems to define the environments and determine the effacts

_on humans: defining measurement requirements, analysis and evaluation of

alternate methodologies, and the development of hardware, software and
procedures,

25
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The signlficance of this effort is reflected in the current filscal
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,

category in FY 74, largely directed to the following problems:

~ Defining the noise environment through:

Monitoring methodology

Monitoring instrumentation

Audiometry

landing airvcraft noise

Funding levels for research in measurement methodolog

tion are shown in Table III-10.

Portable calibration of Audiodosimeters.

Nolse source characterization - rating schemes

Characterization of vertical/short takeoff and

S1ix agencies conducted research in this

y and calibra-

Table III-10

FEDERAL RESEARCH FUNDING FOR NOISE MEASUREMENT METHODOLOGY

AND CALIBRATION

(Thousandz of Dollars)

Agency
HEW(NIOSH)
DOD
HUD
EPA
DOI{BuMines)
NASA
TOTAL

*DOD FY 75 data estimated the same as FY 74

FY 73

63
337
117

24

0
332

——s——

1,073

FY 74

96
354
438

32

15
409

1,344

T e g o s
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IV, CONCLUSIONS

A. SUMMARY 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 other
communicatica interference, sleep disturbance, social/econemic/political/
legal/behavioral community responses, and effects on animals, Quantita-
tive cause-effect relationships, however, have been provisicnally defined
by the Federal government only for hearing, annoyance, and speech inter-
ference. The information identified in these three areas is also
discugsed, Limitations in this information .in other areas are shown
and research needed to provide thorough and accurate information on all
effects of noise is identified. Such informatien is necessary for setting
standards for protection of public health and welfare, assessment of the
benefits to be derived from noise reduction in light of the costs, assur-
ance of safa, productive work environments and adequate communicatlon,
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 EMFHASIS

Although an in-depth analysis and assessment of the current Federal
noise effects programs has not been made, the Noise Effects Regearch
Panel through its collective knowledge of both needs and 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 receiving enough attention
and those not eurrently being addressed. They are compared for each
category with a summary of the current research (as discusged in Chapter 3)

‘in Table IV-l. 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 continued, and in some instances expanded, support in ordex
to provide necessary information on effects of noise.

C. FUTURE PANEL ACTIVITIES

Since the Noise Effects Research Panel has been in existence only a
short time, its work has just begun. In the future, it expects to
address: adequacy of current research, new starts, agency interests and
capabilities, and priorities of research needs, With theae activities,
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 productive and scientifically

viable mannar.

Prior tc establishment of the panel in early 1974, the various
agencies accomplished much in gaining understanding 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-1

SUMMARY OF NOISE EFFECTS RESEARCH NEEDS BY CATEGORY

I. Noise-Induced Hearing Loss

Curcent Research

1, Cross-sectional studies in
various environments, {occu-
pational, military, recrea-
tional, etc.)

2, Relationships between
permanent and temporary
threshold shifts

3. Susceptibility to hearing
loss

4, Combination of noise and
other stressors (work, heat,
vibration, etc.)

5. Combination with ototoxic
drugs, other ototoxic agenta,
and abnormal physicleogy

6, Effects on children

7. Impulse, intermittent, and
high intensity noilse

28

Research Needing Additional
Emphasis

Longitudinal studies of normal
hearing

longitudinal studies of noise
exposed populations

Analysis of cross-sectional and
retrospective audiometric data
from known occupational exposure

Definition and quantification of
presbycusis

Poasible high-risk and susceptible
populations

Social and economic impact of
noise=induced hearing loss



9.

10,

1.

2,

Table IV-~1 (Cont,)

Current Research

Permanent effects of occupational
and lenger environmental exposures

Mechanisms of hearing loss {bio~
chemical, Physiological, aete.)

Hearing protection

Research Needing Additional
Emphasis

II, Non-Auditory Health Effects

current Research

Worker safety and health 1.
Susceptibility to disease

Cardiovascular and other
phyaiologic changes

Effects on the vestibular,
cardiovascular, endocrine,
and neural systems 2.

Effects on drug uptake 3.

Research Needing Additional
Emphasis

Non-Auditory long-term health
effects

a. Epidemiologie (physiolog-
ical and mental health)

b. Longitudinal studies on
subhuman primates

Health effects of impulse noise

Health effects of infrasound and
ultrasound

III, Individual Behavior Effects

gurrent Research

Annoyance - loudness, 1.
noisiness and aversiveness

Performance capability in: 2,

a, High level exposure

b. Environmental noise

c. Occupational noise 3.

d. Combination with other
stressgors in various
environments

29
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Research Needing Additional
Emphasis

Effects on task performance in
specific environments

Pure tone and time-varying
correctiona for annoyance
evaluation

Effects of nofse in learning
situationa
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1.

2-

3.

5‘

Table IV-1 (Cont,)

I1I. Individual Behavior Effects (Cont.)

Current Research

e, Intermittent and impulse 4,

noise

Startle effects on performance

5.

Research Needing Additional
Emphasis

Annoyance in susceptible
populations (e.g., hospital
environments)

Cognitive components of annoy=
ing noise

IV, Roise Effects on Sleep

Current Research

Non-awakening effects 1,

Sleep disturbance by aireraft
noise 2.

Home environment

Research Needing Additional
Emphasis

Chronle sleep interruption by
noise

S§leep interruptions on special
populations (il1, aged, ete.)

V. Communication Interference

Qurrent Research

Effects on speech production 1.
Methods for predicting speech
intelligibility in noise

Speech communication in special
environments

Speech discrimination in normal 2,
and pathological hearing groups

Hearing ald performance in 3.
noisy environments

4,

30

Research Needing Additional
Emphasis

Everyday speech communication
in real«life noise situations

a. Various vocabularies

b, Variocus populations
(children, females,
aged, foreign dialect,
hearing impaired, ete,)

Criteria for speech communication
in rooms

Effects of nolse on speech and
message production

Effectiveness of auditory warhing
signals in the presence of nolsge
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Table IvV-1 (Cont,)

VI. Comnunity Collective Response

Current Resesarch

1. National baseline data bank 1,
of environmental noise levels-
unified measurement system

2. Community response studies 2,

3. Military operations noise

Research Needing Additional
Emphasis

Community surveys to address
apnoyance as a function of
exposure patterns

Nolse, its sociological effects
in relation to quality of life

Criteria for land use
compatibility

VII. Domestic Animals and Wildlife

Current Research

1. Hearing levels of fowls 1.

VIII.

Research Needing Additional
Emphasis

Identification and davelopment
of criteria with respect to
behaviorial effects of:

a, Endangered specles
b. Other wildlife
¢. Domestic animalsg

Measurement Methodology and

Calibration

Current Research

1. Noise Environment i,
a. Monitoring methodology
b. Monitoring instrumen- 2
tation
2, Source characterization- 3,

noige rating schemes

3, Audiometry 4,

31

Research Needing Additional
Emphasis

Development of standard
methodologies

characterization of nolse
in terms of environmental
impact

Characterization of noise
effects of specilic sources

Development of monitoring

instrumentation for evaluation
of complex noises
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Term
Audiometry

Auditory

Broad-band Noise

Cardiovascular

Chronic

Cochlea; Cochlaayr

Continuous Neoise

Cross«pectional

Dacibel (dB)

dpA

Endocrine
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APFENDIX A

GLOSSARY

Definition
The measurement of hearing.,

Relating to or pertaining te the sense
of hearing.

Noise whose energy is distributed over
a broad range of frequency.

Pertaining to the heart and blood
vessels,

Long term continuous or frequently
repeated.

A spiral shaped cavity in the temporal
bone, resembling a snail shell, which
forms part of the inner eer and contains
the end organ of hearing; pertalning to
the cochlea,

On-going noise, the intensity of which
remains at a mweasurable level (which may
vary) without interruption over an
indefinite period or a specified period
of time. Loosely, nonimpulsive noise.

Pertaining to a sample of a population
at a given time,

A measure on a logarithmic scale, of the
magnitude of a particular quantity (such
as gsound pressure, sound power, or inten-
sity) with respect to a standard reference
value (20 micropascals for sound pressure).

A unit of sound level with A-weightaed
characterigtics.

Pertaining to the internally-secreting

glands whose products ave distributed via
the blood rather than through ducts.

A-1
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Epidemiologic Pertaining to studies of humans in thelr
natural environment.

Frequency The number of times per second that a
periodic sound repeats itself. Now
expressed in Hertz (Hz), formexly 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, 1000, 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
audiometric reference zero (ISC 1964;

ANSI 1969).
Impulse Noise Noise of short duration (typically less
(Impulsive Nolse) than one second) especlally of high

intensity, abrupL onset and rapid decay,
and often rapidly changing spectral
composition,

NOTE: Impulse noise 1s characteristically
associated with such sources as explosions,
impacts, the discharge of firearms, the
passage of aupersonic aircraft (sonic boom)
and many industrial processes.

Infrasound Sound with frequencies below the audible
range, traditionally below 16 Hz.

Intermittent Noise Fluctuating noise whose level falle one
or more times to very low or unmeasurable
values during an exposure,

Ly A one<number scheme for designating the
" 24=hour equivalent noise exposure adjusted

so that nighttime noilse is given mere
weight,

A-2



Level

lLongitudinal Studies

Noise Exposure

Nolse-Induced Permanent
Threshold Shift (NIPTS)

Ototoxic

Permanent Thresheold Shift

Physiological

Sound Level (SL)

Temporary Threshold Shift
(TTS)

Threshold of Hearing

Ultrasound

Vestibular

In acoustics, the level of a quantity
is the logarithm of the ratio of that
quantity to a reference quantity of the
same kind, The base of the logarithm,
the reference quantity, and the kind of
level musgt be specified.

lLong-term surveying and monitoring of a
given group of the population.

A combination of e¢ffective noise level
and exposure durafion,

A permanent threshold shift (PTS)
caused by noise exposure, corrected
for the effect of aging.

Poisonous or damaging to the auditory
(hearing) organ.

A permanent elevation in the hearing
threshold level.

Pertaining to the functions and activities
of a living cell, tissue or organism,

Weighted sound pressure level, obtained

by the use of metering characteristics

and the weightings A, B, or C as specified
in the American National Standard Specifi-
cation for Sound Level Meters, ANSI-Sl.4-
1971. The weighting employed must be
gtated,

A short duration elevation in the hearing
threshold level.

The minimum effective sound pressure level
of an acougtic signal capable of exciting
the sensatien of hearing in a specified
proporation of trials in preseribed condi-
tions of listening.

Sound with frequencies above the audible
range, i.e., above 16,000-20,000 nz,

Pertaining to the sense of balance organs
in the inner ear.

¢
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APPENDIX B

GLOSSARY OF AGENCY ACRONYMS

Symbols
DoC

DOC(NBS)

Dep

DOT
DOI(BuMines)
boL

poT

EPA

HEW
HEW(NIEHS)
HEW(NINDS)
HEW(NTOSH)
HUD

NASA

NSF

Agencies

Department of Cormerce
National Bureau of Standards
Department of Defensae
Department of the Interior
Bureau of Mines
Department of Labor
Department of Transportation
Environmental Protection Agency

Department of Health, Education,
and Welfare

National Institute of Enviren-
mental Health Sciences

National Institute of Neurolog~
ical Diseases and Stroke

National Institute for Occupa-
tional Safety and Health

Department of Housing and Urban
Development

National Aeronautics and Space
Administration

Natieonal Science Foundation

‘B-l
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APPENDIX C

NOISE EFFECTS RESEARCH PANEL MEMBERS

George R. Simen (Chairman) (RD-683) 202/755-0626
Health Effects Division

0Office of Research and Development

Environmental Protection Agency

Washington, 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
Bio~Physics Section
National Institute of Environmental Health
Sciences
P. O, Box 12233
Research Triangle Park, North Carolina 27709

Stephen Cordle (RD-681) 202/755-0448
Nolse Technology Staff

Office of Research and Development

Environmental Protection Agency

Washington, D.C. 20460

Darek Duan 513/684-3416
Fhysical Agents Branch
National Institute for Occupational Safety
and Health
1014 Broadway
Claveland, Ohio 45202

lois Elliott 301/496-5061
Communicative Disorders

C&IR, NINDS

National Institutes of Health
Building 36, Room 4A23
Bethesda, Maryland 20014
Daniel Flynn 301/921-3381
Applied Acoustics Section

National Bureau of Standards

Room Al49, Sound Building

Washington, D.C. 20234

%now at University of Oregon
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Gene Lyman

Aeronautical Man-Vehicle Technology Division

NASA Headquarters
Washington, D.C. 20546

Alice Suter (AW-571)

Office of Woise Control Programs

Crystal Mall Building 2
1921 Jefferson Davis Highway
Arlington, Virginia 20460

Floyd Van Atta

Gcecupational Safety and Health Administration

U.5, Department of labor
Washington, D,C, 20210

Renning E. Von Gierke

6570th Aerospace Medical Research Laboratory
Blodynamics and Bionics Division (AMRL/BB)

Wright-Patterson AFB, Ohic 45433

John Wesler
Department of Transportation

Transpoint Building, Room 5222

2100 Second Street, 5.W.
Washington, D.C, 20590
Att: TS5T=-53

George Winzer

Manager, Environmental Research

Room 4210

Department of Housing and Urban Development

451 Seventh Street, S5.W.
Washington, D.C. 20410

C-2

202/755-2370

513/255-3660

202/961-5005

513/255-3602

202/426-9503

202/755-0268




A U A A AT et g VAT

L (A MRt

1.

2.

4,

5.

6.

7.

APPENDIX D

DESCRIPTION OF PROGRAMS AND PROJECTS

Section

NINDS

1.1 Noise~Induced Hearing Loss
1.2 Nonauditory Health Effects
1.3 Communication Interference

NIEHS

2.1 Noise~Induced Hearing Loas
2.2 Nonauditory Health Effects

NIOSH

3.1 Noise~Induced Hearing Loss

3.2 Nonauditory Health Effects

3.3 Individual Behavior Effects
3.4 Measurement Methodology and
Calibration

1 Noise~Induced Hearing Loas

2 Nonauditory Health LEffects

3 Individual Behavior Effects

4 Commynicatlion Interference

5 Community or Collective Response

6 Heasurement Methodclogy and
Calibration

1 Nolse Effects on Sleep
2 Community or Collective Response

boT

6.1 Individual Behavior Effects
6.2 Community or Collective Response

DOC/NBS
HUD

8,1 Commnunity or Collective Response

8.2 Measurement Methodology and Calibration

D-1

et S s, it

Page
D3
-4
-6
D=7
D=7

D-9
D-11

p-13
p-13
D-17
p-17
D-19
p-21
p-21
D-24
D24
D-27
D-28
D-30
D-32

D-32
D-34

D-35

D-35
D-37

D-37
D-38

D-38
D-40
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Section

9. EPA

Noise~Induced Hearing Loss

Nonauditory Health Effects

Individual Behavior Effects

Sleep Interfercnce

Communication Interference

Measurement Methodology and Calibration

10. DOI/BuMines

10.1
10.2

D-13

D-14
D-15

b-16
D-17
D-18
D-1%

D-20

Communication Interference
Measurement Methodology and Calibration

TABLES

In-House Research Cost Items by Agency

NINDS Research on Nolse-Induced Hearing Loas
KINDS Research on Communication Interference
NIEHS Research on Nolae-Induced Hearing Losa
NIEHS Research in Nonauditory Health Effects
NIOSH Research on Noilse-~Induced Hearing Loss
NIOSH Research in Nonauditory Realth Effects

NIOSH Research on Individual Behavior Effects
NIOSH Research in Measurement Methodology and

Calibration

DOD Research in Noise-~TInduced Hearing Loas
DOD Research on Individual Behavior Effects
DOD Research in Communication Interference
DOD Research in Measurement Methodology

and Calibration

NASA Research on Nolse Effects on Sleep
NASA Research in Community or Collectlve
Response

NASA Research in Measurements

DOT Reseatch on Individual Behavior Effects
HUD Regearch in Community or Collective
Response

HUD Research in Measurement Methodology and
Calibration

DOI(BuMines) Woise Effects Research

b-2

Rage
D=40

D=41
D=41
D-41
D-41
D-42
D42

D-42

n-42
D-44

Page

D-3
D=5
n-8
D-10
D-12
D15
D18
D~18

D-20
D-22
D-26
D29

D-30
D-33

=33
D-35
D-36
D-39%

D-39
D-43
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DESCRIPTION OF PROGRAMS AND PROJECTS

This appendix presents a summary of Federal rasearch programs and
projects in noise effects.

Program and project information 1s grouped according to agency and,
within each agency, according to research catepories.

The fiscal data are reported for each agency consistent with its
own budgetary process. As there is conslderable varlation among the
various agencies Iin such processes, comparison of funding levels cannot
be made. Table D-1 illustrates this difficulty by showing what is
included in each agency's funding reporting.

The preject and program titles reported convey lictle information
on scopes of work. Thus similar titles may have widely varying funding
levels and may involve completely different kinds and extent of research
activities,

Table D-1
IN-HOTSE RESEARCH COST ITEMS BY AGENCY
Agency

Cost Ttems NINDS NIEHS NIOSH DOD NASA NBS EPA HUD DQT NSF
EQUIPMENT AND
SERVICES X X X X X X X
SALARTES X X X X* X X
FRINGE BENEFITS 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 RMESEARCH
IN NOISE EFFECTS X X X

- *Civilian salaries included, but not military salaries

1. NINDS
NINDS has major research efforts on~-going in two categories, noise

induced hearing loss and communication interference, and plans to initlate
a major effort in a third category, nonauditory health effects.

D-3
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1.1 HNoise Induced Hearing Less

NINDS has three organizational divisions which relate to noise-induced
hearing loss, and ten specific projects (some in the planning phase) dealing
with that research category. The program-project relationship and funding
are shown in Table D-2,

Effacts 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 of commnicative disorders. The thrust of the noise program is
best understood in the context of the other major program areas which
include hearing, sensory aids for the communicatively handicapped, and
language and speech problems of children and adults.

Specific noise-related goals include: prevention of handicapping
conditiens in young children which are attributable to noise exposure;
improved understanding of the economic and social impacts of noise~induced
hearing loss; improved understanding of the possible interactions between
health, nutrition, and noilse exposure in producing noise-induced 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 noigse on children, Specifically, the National Research Council/National
Academy of Sciences Committee on Hearing, Bioacoustics, and Biomechanics
(CHABA) is reviewing existing information, NINDS will make 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 neise 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 nolsy 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, 1f 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 noise-induced
hearing loss by type of employment activity, reduction in earning potential,
reduction in retirement benefit potential, and change in patterns of activity
outside the working environment,

Tinally, a study of presbycusis and its relatienship to noise exposure,
circulatory factors, nutrition, etc., is scheduled to be planned in FY 77
and initiated in FY 78,

D=4
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Table D-2

NINDS RESEARCH ON NOISE-INDUCED HEARING LOSS

Nolse-Induced Hearing Loss Projects

Funding

(Thousands of Dollars)

Program; Communicative

Disorders (Effects of FY 73 FY 74 FY 75
Noise on People)
1. Effects of Noise on Children . . . . . . 0 20 0
2, Experimental Studies of Effects of
Noise on Young Ears (Primates) . . . . , 0 Y 340
3. Auditory Responses in Quiet and
Noise Among Very Young Children . . . , 0 0 120
4, Auditory Sensitivity and Discrim-
ination Among Children Living in
Nolsy Environments . . . + « « o« « & & 0 0 120
5, Economic Impacts on Nolse-Induced
Hearing Loai1 € v 4 4 e s e e e 0 0 0
6, Presbycusis C e e e e e e e 0 0 0
Laboratory of Neuro-
Otolaryngology
{Being established) . . . . ., ., . .. 0 28 15
Grants Program
1. Suseceptibility to Hearing loss . . . . 45 47 49
2, Causes of Deafness T | 1 k¥ 413
3. Auditory Commnications 2 2
and Its Disorders . . . . + . . . . . . 461 586 5982
4. Nolse Effects on Audiogram and
Cochlea . , . & ¢ & v 4 o o o s v s o 37 0 0
TOTALS 447 482 1057

ltn planning phase
2Projﬂct funding covers work not noise-related
and is not included in totals.
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Laberatory of Otolaryngology - 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 nolse-induced 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 noise-related only,

Grants Program - NINDS support of research on the effects of noise exposure
has continued for a number of years through the extramural grant program,
These studies, concerning both biolegic effects of noise on the auditory
system and human responses to nolse, constitute a large portion of present-
ly avallable 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 animals in
this work since recordings are made of the electrical reaponses of cells
and histological analyses of cellular tissue can be completed. This means
that investigators have also needed to develop procedures for cobtaining
"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 nolse which do not
produce lasting impairment in behavioral response to pure tone (no lasting
effect on the "hearing test") are nevertheless sufficlent 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 clear whether exclusively
mechanical factors are involved in destroying the receptor cells or whether
biochemical or bio-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-induced hearing loss, One investigator has anticipated that measure-
ment of temporary threshold shift in human populations exposed to noise
wight warn of impending permanent hearing loss, but the usefulness of that
diagnostic strategy is now being reconsidered.

1.2 Nonauditory Health Effects

NINDS is developing & new program concerned with the effects of nolse
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 Disordetrs program.
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1.3 Communications Interference

Understanding and defining the impact of noise on human communication,
with particular emphasis on speech commnication, iz & major NINDS
objective, NINDS is concerned with the intelligibility of everyday
speech for both normal listenars and for listeners with communicative
disorders. For this latter population, NINDS also emphasizes the objec-
tive of ameliorating ability teo understand speech in nolsy environments.

Through i{ta 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 & new test Lor speech discrimina-
tion in noise. This work was updertaken in recognition of the limitatlions
of pure tone tests of auditory sensitivity (i.e., audiograms) and of most
exigting ''speech tests! which do not adequately measure the cognitive
sapects of understanding speech. This project is developing an instrument
for measuring discrimination in noise of connected speech containing key
test worde that vary in predictability and familiarity. Speech diserim-
{nation will be measured in the presence of a cowpeting speech message
at several aignal-to-noise ratios and at least two widely different signal
levels for groups of subjects with normal hearing, conductive hearing
impairment, and acquired sensorineural hearing impairment,

A study of message tranamission in nolee is planned for initiarion in
FY 79.

Project funding levels for this effort are shown in Table D-3,

2, NIEHS

NIEHS has a major research effort in noise-induced hearing less and
also pursues work in nonauditory health effects,

The Noise Effects Program of the National Institute of Environmental
Health Sciences is an integral facet of the Institute's concern with the
effects of adverse envirconmenral agents and epergy mechanisms, The Noise
Effects Program 1s designed to make maximum use of the Institute's multi-
disciplinary makeup to facilitate the study of the effects of this
ubiquitous environmental insult.

The noise effects laboratory is located in the Envivonmental Blophysics
Branch where personnel with research backgrounde in auditory and neuro-
physiology, acoustics and medicine form a core from which investigations
have been and are peing carried out, not only in traditional histepatho-
logical and electrophysiological effects of noise on the inner ear, but
have exteanded inta teratogenic effects and pharmacologlc effects and
into the underlying biochemical dysfunctions which precede hearing loss.
Other nonaudiktory effects including endocrine and immuniolegical disorders
are also being studied,

D-7
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Table D-3
NINDS RESEARCH ON COMMUNICATION INTERFERENCE

Projects in Communications Interference Funding Levels
(Thousands of Dollars)

Communicative Disorders
Program FY 73 FY 74 FY 75

(Effects of Noise on People)

1. Development of Test Instrument for Assessing

Speech Discrimination inNoise . . . . . . . . . 0 140 100
2. Message Transmission in Noise (in planning
phase) . . o« v 4 0 v e e e e e e e e 0 0 o
Grants Program
Noisa-Induced Deafnesa: Masking and Speech
Perception « & « .« v o v v v v v v 4 e v . 18 0 0
TOTALS 79 140 100
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Nearly all of the NIEHS work is done via research animals, TFortu-
nately, the peripheral auditory systems of most mammals including man
are very similar. Thus research animals can be confidently utilized
for the study of the inner ear-sensorineural leosses which are the charac-
teristic effect of excessive nolse insult,

Most hearing losses from noise are characterized by gradual deterior~
ation from repeated exposures. A walor part of the present on-going
program is a continuing study of how these repeated exposures affect
the ear's ability to recover and what biochemical and physiclogical
disruptions held the key to understanding the process.

The Institute's intexdisciplinary capabllities have recently been
focused on the study of synergisms between noise and other ototexic
agents, both intramurally and extramurally. Noise has been found to
greatly potentiate the effect of the family of aminoglycoside antibiotics
(neomycin, etc.), The mechanisms of this synergism is the subject of an
investigation by one of our contractors. Other ototoxic agents studied

include salicylic acid (aspirin) and certain heavy metals including
lead and mercury,

2.1 Moise-Induced Hearing lLoss

NIEHS has one program of studies, initiated about July 1972, cn the
affects of noise and other ototoxic agents on the auditory and nonauditory
systems. Five specific projects in nolse-induced hearing loss were in
effect on this program in the FY 73-74 peried., One additicnal project
in noise-induced hearing loss was performed on a grant in FY 74 under
the agency's extramral program. FProgram/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 NIEHS
research program include:

¢ A cowmparative investigation of the hearing loss
thrashold curve for young and mature animals,
being conducted in response to evidence indicating
greater susceptibility of young cochlea to nolse=~
induced physiological (tissues, muscles, cells, etc.)
and pathological (disease) alterations, Firm
recomnendations regerding criteria for maximum noise
exposures for provention of neise-induced deafness
in newborns cannot presently be made because of the
paucity of data., It appears medically prudent to
take extreme precaution to avoid exposing mewborns
to excesgsive nolse,

» A study of the combined effects of nolse and saliey-

lates (such as aspirin) on cochlear morphology and
the auditory thresheld, Studies thus far indicate

D~9
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Table D-4

NIEHS RESEARCH ON NOISE-INDUCED HEARING LOSS

Noise-Induced Hearing Loss Projects

Program: EREffects of
Noise and Other Qtotexic
Agentes on the Auditory
and Nonauditory Systems

1. Investigation of Hearing Loss Threshold
Curve for Young vs., Mature Animals , , .

2. Coubined Effect of Noise and
Salicylates on Cochlear Moruohology
and Auditory Threshold .

. v =

3. Identification of Physiclogical
Dysfunction in Neurosensory Hearing
Loss Induced by Ototoxic Agents

4. Physiological Study of Auditory
Fatigue (Induced by Noise) . . . . .

5. Interaction of Nolse and Ototoxic

Drugs on Hearing Loss in Animals . .

Extramural Program

1, Combined Impulse-Continuous Noise:

Auditory Effect

TOTALS

. o
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Funding Level

(Thousands of Dollara)

FY 73

25

20

100

lo

FY 74

25

100

192

FY 75

29

26

100
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that a profound ototoxic interaction is net taking
place, though a clinically significant interaction
is a distinct possibility.

s A study of the changes in energy utilization and
production under the influence of known ototoxic
agents (e.g., nolse, ethacrynic acid, etc,) by
utilizing electrophysiological®*, biochemical, and
radicactive tracer techniques and to plinpoint the
specific mechanism by which these actions occur
in the cochlea,

e A study of auditory fatigue in which the loci or
nature of the physiologieal changes underlying
the temporary or permanent thresheld shift are
belng investigated, as well as the potentisl of
auditory fatigue by subtoxic doses of antibiotics.

¢ A study to determine the nature of the interaction
between noise and ototoxic drugs in experimental
animals, and to investigate the biochemical
mechanisms involved in such losses.

The following project was conducted by a grantee on the NIEHS extra-
mural program:

s A study of the effects of combined impnlse and
continuous noise on hearing sensitivity and cochlear
anatomy. The extent of noise-induced trauma from
these combined sources cannat be explained by
addition of the acoustic power of the sources,

These data are a necessary prerequisite for the
ultimate establishment of damsge risk eriteria for
impulse-continuous nolse combinations.

2.2 Nonauditory Health Effects

NIEHS has one current program with five gpecific projecta on
nonauditory health effects research. FPrograms, projects, and funding
for this research are shown in Table D-5.

one of the objectives of this NIEHS program is to investigare, through
animal models, apecific physiologic mechanisms** which may be effected by

chronic noise exposure,

*Elactrical techniques for measuring responses
#**Including endocrine (glandular) immunologlc, pharmacologic
(drug), teratogenic (spontaneous birth malformation),
cardiovascular (heart and circulatory), and others,

D-11
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Table D-3
NIEHS RESEARCH IN NONAUDITORY HEALTH EFFECTS

Nonauditory Health Effects Research Projects Funding Ievel

(Thousands of Dollars)

Program: Effects of Naise arnd
Other Ototoxlc Agents on the FY 73 FY 74 FY 75
Auditory and Nonauditory Systems

1. Teratogenic Effects of Noise Exposure and

Deprivatlon ... v ¢ & v o & ¢ o 0 s 4 4 s e 0 10 8
2. Effects of Noise on Corticosterone Secretion

inthe RAt . . . &+ + & v & & & =+ o o & & 4 = 0 16 0
3. Neise Polymorphonuclear Leukocyte Function o 12 8
4., Neoise and Cellmediated Jmmunity . . . . . . . 0 28 24
5., Nolse in the Mospital . . . v & s ¢ v 4 &+ « & E _2 _2
TOTALS 8 66 40
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Under this program, NIEHS is concerned with the investigation, through
studies on research animals, of effects of nolse and noise-drug interaction
on physiological systems and processes other than the auditory systems,
NIEHS 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 corticoid secretion and of the long-
term effects after cessation of noise. Experimentation
is being conducted with rata,

® Direct study of the effects of noise of differing
duration, both constant and intermittent, on leukocyte
(white blood caell) functicns such as locating and
destroying bacteria and viruses,

@ An effort to replicate work of foreign scientists which
has shown various immunological deficiencies after
chronic noise exposure in experimental animals and in
human workers,

¢ Research to determine whether background noise levels
in gestating animol quarters have any role in producing
spontanecus birth malformations and to assess these
teratogenic effects of increased nolse stimuli from a
controlled source.

FY 73 NIEHS work on noise in hospitala has been published in the
profesaional literature. Results included data on noise levels found
in various types of rooms as a function of occupancy and the relationships
between these levels and nonauditory health effects on the hospitalized
patient.

3. NIOSH

NIOSH has a major research effort on noise~induced hearing loss and
also does research in three other categories: nonauditory health effects,
individual behavior effects, and measurements methodology and calibration.

3,1 Noise-Induced Hearing Loss

NIOSH involvement in noise-induced 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 1965 (Public Law 91-973) which
charge the agency with undertaking research and related activities basic
to assuring safe and healthful workplace conditions, Research directives

D-13



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 noise-induced hearing loss
under which eleven specific research efforts are currently being pursued.
Projects and funding levela for these are shown in Table D-6. From 50 to
60% of NIOSH noise research manpower {s given to these two general activities
with in-house studies being supplemented by grants, contracts and 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 may
ba some FY 73 funding which was missed in compiling these data because it
was funded undexr projects terminating in FY 73.

Occupational Hearing Loss ~ NIOSH has conducted numerous field surveys to
interrelate nolse conditions in various Industries, years of exposure to

such noiee 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 suggeatéd new occupational nolze
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 of the results of a joint NIOSH-Bureau of Mines survey

of noise and hearing losa in ceal miners,

Special efforts currently being pursued on this program include the
following:

¢ Epidemiological studies of hearing less due to occupational
noise, analysis of existent data on the subject, and field
studles for development of hearing risk criteria. This
emphasizes intermittent, fluctuating, and impact noise and
exposures greater than eight hours per day.

s Development of a coal mine audiogram data bank and analysis
of data from a hearing and noise survey of coal miners,
This work 18 aimed toward davelopment of coal mine nolse
standards.

¢ Epidemiological study of noise~induced hearing loss amnd
vibration disease among workers using powered saws, béing
pursued on a foreign currency agreement with Poland,

D-14
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1. Evaluation of Hearing Risk Due to Industrial
NodBE .o v & v 0 v v u v e e e e e e e .
2, Short-Term Physical Agents Research: Coal
Mine Nofse . . . v v ¢ v v v v v v 0 v v n o »
3, Effects of Noise and Vibration on Health
of Woodcutters? , . . . . . v 4 v s v e n e s
4, Exposure to Nolse in the Cotton and Flax or
Textile Industry3 S e e e s e e e e e e e e
3. Noise and Hearing in the Paperworking
IndustrY o v o« v 0 s e 0 8 4 4 s e e e e s
General Research Activicies:!
Experimental Studies of rhe Effects
of Qccupational Noise on Hearing
1. laboratory Studies of Noise~Induced Hearing
LDBB - » - L) . - L[] . 6 e - 1] - . * 4 . + * " *
2, Cowmbined Effects of Noise, Worlk, and Heat on
Human Hearing . « + « « v o ¢ s o ¢ 0 0 v 0 o »
3. Aspects of Ear Tolerance to Nolse . . + + + . .
4, Laboratory and Fleld Study of Impact Noise . .
5. Damage Risk Criteria for Intermittent Noise
EXPOBULE 4+ 4 4 « « o & o 4 s .50 o s o ¢ 2 ¢ 4 o
6. Noise and Heat Effects on Man® . . . . .. ..
7. Effecta of Impulse Noises on the Auditory System
TOTALS

Table D-6

NIOSH RESEARCH ON NOISE~INDUCED HEARING LOSS

Specific Nojse-Induced Hearing Loss Effortsl

General Research Activitieas:!
Epidemiological Studies, Data
Evaluation and Development of
Health Criteria

Funding
{Thousands of Dollars)

FY 73 FY 7?7 FY 73

(75)° 79 104

(35)° 10 0

0 b 41

0 87 91

(24)° 18 0

50 0 0
40 0 To be de~
termined

(¥ 56 47

0 91 69

224 341 352

INT08H doea not use the terms “program" and 'project' in the same sense an

this report,

Thus the use of those terms has been avoided,

270tal funding of $212,600 For the period 7/68 to 9/74
3total funding of $ 99,400 Eor the perifod 7/71 to 7/75
4rotal funding of $167,000 for the pericd 5/72 to 4/77
SProject titles were not the same in FY 73,
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e Epidemiological 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 Nolse Effects on Hearing ~ Research in
this problem area Eor FY 73, continuing through FY 74,and planped for FY 75

is attempting to supply evidence confirming the need for and nature of differ-
ent exposure limits to take account of certain noise conditions commonly

found in industry, e.g., repeated impact sounds as opposed to steady-state
sounds, intermittent or variable exposures as distinct from continuous or
constant exposures, and work-shift 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 (1) added heat-and workload effects on noise-induced thresh-
old shifts, (2) factors underlying increased ear resistance to noise~induced
hearing change, and {3) hearing loss and other potential hazards from induse
trial equipment emitting ultrasonic energy.

Specific research efforts conducted in FY 73-74 include:

e Laboratory studies of occupational noise effects
including temporary and permanent hearing loss and
anatomical damage to the inner ear. The work
emphasizes impact noise, fluctuating noise and
methods of measuring hearing less, Both animal
and human subject research are involved., This
project includes both in-house and contract effort.

e FEvaluation of physiological, audiological, and
otological data obtained from selected groups of
industrial workers to identify particular factors
which differentiate susceptible from nonsusceptible
workers in terms of their tolerance to nolse

exposure,

s Laboratory tests of human subjects and measurement
of industrial noise exposures to obtain data to
aid in developing criteria for a health standard
on impact noise,

e Laboratory studies of temporary hearing threshold
shift from intermittent noise exposures in order
to evaluate and develop damage risk criteria for
occupational exposures,



¢ A study to determine the health censequences to
workers exposed to both heat and noise at the work
site and establish under controlled laboratory
conditions the auditory amd circulatory interac-
tions elicited by noise and heat exposure, This
work is being performed on a foreign currency
agreement with Peland.

e Studies of changes in anatomy and physiolegy of
the inner ear, as well as temporary hearing loss,
due to exposure to impulse or impact nolse at
high levels. This work involvas animal test
subjects,

3.2 Nonauditory Health Effects

NIOSH has one current general research activity with the three specific
research efforts in nonauditory health esifects. The goals are to determine
whether adherence to cccupational noise limits for safeguarding hearing can
also minimize problems of performsnce errors or accidents, stresssrelated
allments, and sick-absenteeism also reputed to be caused by high workplace
noise levels,

Funding levels for the agency's research in nonauditory 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 18 made of entries in the medical,
attendance, and safety records of workers in
noisy jobe before and after the advent of a
company hearing conservation program.

® Laboratory studies to examine the effects of
nolse expeosure at maximum permissible occupa-
tional levels upon visual, tactile, thermal,
vestibular, and kinesthetic sensory functions.

3.3 Tadividual Behavior Effects

NI0SH is concerned with the behavorial response of workers to noise,
particularly as it mosy lead to performance error and accidents,

Funding levela for research in individual behavior effects are shown
in Table D-8, These reprasent NIOSH-sponsored grants,
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Table D-7

NIOSH RESEARCH IN NOMAUDITORY HEALTH EFFECTS

Specific Honauditory Health Effects Research

Effarta Funding Level
(Thousands of Dollars)

General Activity: Extra-Auditory
Effects of Occupational Noiso FY 33 FY 7 FYTS

1, Effects of a Company Hearing Conscervation
Program on Nolas-Related Extra-Auditory
Disturbances in Workers ., . . . . . , ., . . . o] 42 0

2, Effects of Noise on Nonauditory Sensory
Functions and Performance , , ., . . . . . . , 78 0 21

3. Effects of Noisa and Heat and Health of
Workers in Metal Industry (PL-480 Research

ABTEEmENE) .+ + . 4 4 v v h e s e n s e e e e 30 0 0
TOTALS 108 42 21

1NT0SH does not use the terms "progranm” and "project" in the same
aense as this report, Thus thelir use has been avoided.

Table D-8

NI0SH RESEARCH ON INDIVIDUAL BEHAVIOR FFFECTS

Specific Individual ne\:avicr Ef fects

Efforts Funding lavel

(Thousands of Dollars)

Geperal Activitys Extra-Auditory

Effocts of Qecupational Nolae FY 73 F M FY 75

1. Effects of Three Sound Environments on

Human BehavioT . . . ¢ « v 4 o ¢ ¢ 4 o 4 o o & 1] 8 0
2, Noise and Human Performance . . « . « « « + 0 .2_9' 0
TOTALS 0 28 0

1NIOSH does not use the terms "program” and "project! in the
asame sense as this report. Thua thelr use has been avoided,
2This NIOSH activity also includes resaarch efforts categorized
aa nonauditory health effects in this report,
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The following grant research projects are just complete or continuing:

e A study of the effects of three sound environments
on human behavior, designed to identify the various
conditions of a nolse stimuli on performance in a
realistic work situation, This study was initiated
in recognition of the fact that: noise-induced
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 gtudy of noilse and human performance, primarily
concerned with the relationship between the meaning
which may be associlated with particular sounds or
nolse and the effects of these sounds on human
performance. Through 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~in 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 Methodology and Calibration

NIOSH conducts research to improve instrumentation, test systems and
survey methodologies to support research in industrial hearing conservation
and occupational noise control and to improve acoustic measurement tech-
niques in general. The agency has two research projects in measurement
methodology and calibration, Funding level for thia effort are shown in

Table D-9.

The following specific research efforts are underway:

¢ Work on the NIOSH audiometric measurement activity
includes the study of alternative methods of
measuring occupational hearing loss, construction
of a programmable electro-acoustic test system,
and investigation of methods for automatic process-
ing of audiometric data.

-

s The agency's current project on improved methods for
occupational nolse survey includes: laboratory and
field tests on noise dosimeters, development of im-
proved methods for their usage, and development of
performance tests for use in the NIOSH certification
program,
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Table D~9
NIOSH RESEARCH IN MEASUREMENT METHODOLOGY AND CALIBRATION
Spacific Measurement Methodology and Calibration

Effortasl Funding level
(Thousands of Dollars)

General Activity: Industrial Hearing
Conservation Practices, Acoustic Meas-

urements, and Occupational Noise Control FY 73 FY 74 FY 75
1, Industrial Audiometric, Hearing Conservation
Technology and Noise Control . . . . + . + +» . & (31)2 52 BO
2. Meapurement of Occupatiopnal Noise . . . . . . . EEElz ﬁi EE
TOTALS 63 96 108

1N10SH does not use the terms "progranm” and "project" in the
same sense as this report, Thus their use has been avoided,
2The project titles were not the same in FY 73,
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4. oD
DOD pursues current major research efforts in the following categories:
® Noise-induced hearing loss
o Individual behavior effects
¢ Communication interference
& Meagsurement methodology and calibration,
DOD also conducts current research efforts in the following categories;
® Nonauditory health effects
® Comminity or collective response.

4.1 Nolse-Induced Hearing Loss

Military agencies of DOD are involved in research on noise-induced
hearing loss by personnel in a wide variety of environments, including:

& TFiring of weapons
@ Aeronautical operations
¢ Shipboard compartments,

The overall goal of this research 1s the conservation of hearing of
personne] 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 thirtaen specific projects. These
are listed together with project funding levels in Table D-10,

U.S. Army Program - The goals of the Army program in noise-induced hearing
loss are to identify the causes and relationships between hearing loss and
exposure to nolse in the environments of the various army branches 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 queation existing theories of auditory damage risk and
could zesult 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 TN ROISE-INDUCED HEARING LOSS

Noise-Induced Hearing Loss. Projects Funding Level
(Thousands of Dollars)
U.5, Army Program FY 73 FY 74 FY 75%
1, Military Performance~Traumatic Origins
Of Heardng LOBE 4« & o ¢« ¢ v o « o o + o o » » & 0 0
2, Relationship of lHearing Change to
Acoustic Inputs . . . . . .+ ¢ & v 4 v 0w . 62 66
3. Prevalence of Hearing Loss Within
Selected U,S, Army Branches ., . . . « . . . . . 0 20

4, Hearing Conservation: Intense Acoustic
Stimulation and Noise Susceptibility in
the Military Environment . . + . + « « o « + o 46 a

U.S. Navy Program

1. Commnications: Hearing of Naval Personnel

as a Function of Nolse Exposure ., . . . . + . . 20 0
2. Study of Anatomic Changes in the Middlie Ear

Associated with Noise-Induced Hearing Loss

and Acoustle Trauma . . . . . . . . . - 10 19
J. Middle Ear Compliance and Its REIationship

to Military-Related Noise=-Induced Hearing

Loss and Acoustic Trauma . .« & & & o 5 o « & » 8 13
4, The Incidence of Hearing Loss Among Various
Navy Rated Personnel , ., . . . « . v + &+ ¢« « o 0 50

5, Development of Damage Risk Criteria and
Habitability Standarda for Expoaure to Sonar
Transmissions . ¢ o 4 4 4 e b . e e 00 o 20 25

U.S. Alr Force Program.

1. Effects of Noise on Air Force Personnel in
Operational Euvironments . + + « o s + « + o « 20 49

2. TResearch on Permanent and Temporary Shifts in
Hearing Thresholds Produced by Exposure to

Alr Torce Nodtie o o ¢ o v ¢ o ¢ v o 4 o o & o 0 2
3. Auditory Responses to Acoustic Energy Experienced

in Alr Forece Activities . . & 4 & o« 4 o 4 & o & 24 22
%4, Human Subjects for Operating Acoustic Research 38 A3 —_—
TOTALS 248 301 30L*

*DOD FY 75 data estimated the same as FY 74,
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e Analysis of causes of hearing loss, beginning with
the cochlea and proceeding teo 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.

# Investipation of the prevalence of hearing loss in
selected Army branches (infantry, artillery, and
armor) and its relationship to the length of time
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.8. Navy Program - The U,5, Navy program of research in noise-induced

hearing loss 1s 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 speclalties, and to develop hearing
¢tonservation standards for specific Job specialties. The following
specific projects are being pursued under the Navy program:

e A study of anatomle changes in the piddle ear
associated with noise-induced hearing loas
and acoustic trauma. Histologic examinations
of temporal bones from autopsies are evaluated
for changes in the auditory nerve and organ of
corti, results of which are then correlated with
the background of noise exposure and acoustic
trauma as well as with clinical findings
including the audicgram,

# A study correlating middle ear compliance audio-
grams and noise exposure histories designed to
provide new and productive data regarding suscep-
tibility to noise~induced hearing loss in wmilitary
personnel,

¢ A study of the incidence of noise~induced hearing
loss among Navy personnel working in various Navy
rated job specialties.

V.8, Air Force Program - The Air Force research program {s directed toward
dafining risks of noilse-induced 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 limiting noise levels to protect hearing of personnel and a
review document on infrasound and hearing.
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Research on eEfects of noise on Air Torce personnel has resulted in
suditory damage risk criteria published in AFR 161-35 titled Hazardous Noise
Exposure, It was found that all categories of Ailr Force aireraft studied
contained definite degrees of auditory risk to unprotected ears according
te the newly adopted auditory risk limits.

Alr Force research on temporary threshold shift for l6-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 of asymptotic levels of TTS or the
rate at which the asymptote is approached may be an appropriate predictor for
noise-induced hearing loas.

The following specific projects asre being pursued under the Air Force
program:

e A study of the hearing status of Alr Force personnel
in the operati¢nal environment and development of
special tests for selection and continuance of persons
nel in career f£ields involving noisy environments.

s Research on permanent and temporary shifts in hearing
threshold produced by exposure to Air Force environments.

e An investigation of hearing loss, personal acund protec-
tive devices, infrasonic and impuleive signals, and
related subjecta, The work is directed toward development
of regulationa and guidelines for risk to hearing.

4.2 Nonauditory Health Effects

The Alr 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 intennity
noise affects the equilibrium and produces disorientation and to conttibute
to the development 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 $10,000 in FY 73.

4.3  Individual Behavior Effects

This agency's research efforts are directed toward defining and analyzing
the effects of exposure on personnel, evaluating and optimizing the performance

D-24

e e e e b b o e i e e



B Iy S

e ke

under the exposures encountered in the military services and evaluating
protective devices for mitigating response to nnise. The Army, Navy,
and Alr Force each have research programs in this category. The current
Alr Force program includes research of a more fundamental nature.

5ix specific research projects wers 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.S5. 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 Command noise standard was published and the first Army-wide
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 evaluatipns have been conducted on headsets proposed for
use by acoustic sensor operators in antisubmarine warfare patrol and on
military noise cancelling microphones. Experinments 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 characteriatics
of sound systems and the performance of operators.
This includes work on hearing sensitivity and
auditory vigilance by behavioral and electrophysio-
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,

# 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
duas to prolonged exposure to flight operation
noises. New tests and procedures are being devel-
oped and evaluated to assess man's ability to
perform auditory tasks and otherwise enable individ-
uals to operate efficiently in naval aviation
acoustical environments.

1.5. Alr Force - Air Force concerns regarding individual behavior effects
cover a wide range of intense noise environments affecting motor
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Table D-11

DOD RESEARCH ON INDIVIDUAL BEHAVIOR EFFECTS

Projects on Individual Behavior Effects

U.8, Army Program

1. Improved Weapon Noise Exposure Criteria

U.58. Navy Program
1. optimization of Performance in Submarine
2. Optimization of Auditory Performance 'in
Naval Aviation
U.5. Alr Force Program

1. Simultaneous Exposure to Acoustic Energy and
Other Stressors Found in Alr Force Environments

2. Whole Body Effects of Alr Force Noise on People

3, Research on Intermittent Noise Effects on Ailr
Force Target Detection Tasks

TOTALS

*FY 75 data estimated the same as FY 74
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Funding lLevel

FY 73

62

54

40

24

46

233

FY 74

66

A

35

18

[

166
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performan;e, vestibular functioning, physiclogical functioning, thought
processes, and the contribution to apprehension and Eatigue of personnel,

Eight years of in-house research on whole body effects of Air Force
noise environments on people were published in Alr Force reports and
sumparized 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 occurence, has been prepared.

The following specific projects are currently under underway:

e A research study on simultaneous exposure to acoustic
energy and cother atresses 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 shift, 'and possible subjective judg-
ments of acceptability. Single stress effects are being
compared to the measured multiple stress effects to
determine differential contributions of tha respective
stress conditions.

¢ A study of whole body effects of Air Force noilse on
people that involves investigation of numerous types
of noises and exposure conditions in which accomplish-
ment of the Alr Force mission may be 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 physiological processes,
on mental tasks such as memory, and on varilous measures
of vestibular functioning such as equilibrium, counter-
rolling of the eyes and nystagmus, Findings are used
to establish exposure limita beyond which undesirable
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 communication interference is directed toward enhanc-
ing or optimizing intelligibility of speech and signals in military
acoustical environments. Current interests are in air/ground and ground/
air communications and personnel communications in submarine and shipboard
Yoba 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 Alr Force have current program activity related to commun-
ication interference and the Army has 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 ;

s Work on optimization of speech communication in naval
aviation involves development and evaluation of new
tests and procedures to assessing the ability of air-
crewmen to communicate in various naval aviation
acousatical environments and the capability of ailt-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 aircrew personnel probably represent speech
levels where maximum intelligibility can be achieved.
Preferred signal-to~noise ratios have been identified
for certain noise levels.

e A second Navy project ig 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 gtimuld,
embedded in varicus 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 vhich enhances
operator auditory acuity. The latter is of potential
benefit in the design of training programs, auditory
aids, or acoustical characteristics of submarine environe
ment.

Data were collected to evaluate the proficiency of several different
speech reception tests, Four new tests of speech in noise and in quiet have
been constructed. Results of this work are published in a series of reports.

# The current Alr Force project involves fnvestigation
of the response of human subjects to pure tones, speech
and noise. Evaluations are 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 DOD the Air Force had, in the past, a very considerable involve~
ment in research on community or collective response, However, the USAF had
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Table D-12

DOD RESEARCH IN COMMUNICATION INTERFERENCE

Projects_in Commnication Interference

U.5, Ndavy Program

1. oOptimization of Speech Communication in
Naval Aviation

2, Development of Auditory Screening and
Acoustical Tolerance Standards for Sub-
marine/Shipboard Personnel

3. Sound Conduction in the Ear Affecting
Military Communications

U.S. Alr Force Program

1. Aspeasment of Hearing in Flying Personnel

TOTALS

#FY 75 data estimated the same as FY 74
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only a single project, Effects of Air Force Noises on Populations Surrounding
Alr Bases, active in FY 73 at a funding level of $31,600,

4.6  Measurement Methodolopy and Calibration

The Army, 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 facilities, Activities pursuad on these
programs include:

Development of new measurement methodology and test
procedures and criteria

Evaluation/validation of measurement procedures
Instrumentation development

Development of conceptual computational procedures
and major computer software

Developing procedures for assessing/predicting
effects

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's research on psychoacoustic 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 communication system.
A new helmet for tank crewmen was tested and
accepted as a standard,
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Table D-13

DOD RESEARCH IN MEASUREMENT METHODOLOGY AND CALIBRATION

Projects in Measurement Methodology

and Calibration

U.S, Army Program

1. Research in Psychoacoustical Problems
Medically Significant to Army Aviation . .
U.5. Navy Program
1. Airborne Noilse Criteria for Ships and
Submarin@s ., . . . . 4 . . 4 e w e e ks
U.S, Alx Force Program
1. Mechanics of Noise Generation, Propagation
and Reception as Related to Air Force
Bioacoustic Problems . . . . . « . . . «
2. Bioacoustic Environments of USAF Aerospace
SYSLEMSE . . ¢ 4 v s v e 4 e e e e e e s
3. Bicenvironmental Noise/Research Program
4. Developmwent and Updating of Air Force lLand
Use Planning Procedure with Respect to
Alrcraft Nodse . . + . + + « v v v « « v
5. Measurement and Analysis of Alrcraft Noise
: Environments for Developing New Alr Force
: Procedures to Forecast Noise Exposure . .
TOTALS

#FY 75 data estimated the same as FY 74

UV U S ——
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Funding Levels
(Thousands of Dollars)

Fy 73

as

69

92
43

32

FY 74 FY 75%

195

74

68

354 354%
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U.S. Navy Program

a The Navy's research on noise criteria for ships and

submarines emphasizes the establishment of measurement
methods and criteria for limiting airborne nocise in

ship spaces and enforceable specifications for acceptable
noise by equipments produced for use on naval vesgels,
Work included obtaining and comparing measurements 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 shiphoard conditions, in the lahoratory,

in the field, and in equipment contractor plants.

J.S. Alr Force Program

# A bioenvironmental nolse research project to provide

technical procedures, data and software raequired to
define the high-level noise environments generated by
Alr Force weapons systems, determine the effect on man,
and provide such information to user groups.

This involved establishment and operation of a data
bank for storing and retrieving bioenvironmental nolse
data and developing extensive major software to process
and extrapolate measured environmental noise data,

A wide variety of environmental and laboratory test
stimull were also meagured and analyzed, including air
bag transients, aircraft engine noise, and speech
samples. Equipment and procedures were developed for
evaluating effects of nolae and performance.

Special techniques and equipment were developed to
calibrate various types of acoustic imstrumentation.

A project on mechanisms of moise generation, propagation
and reception to provide engineering methods neceasary

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 appliecation in
both the Biloenvironmental Data Handbook and the noise
exposure forecast program.

A study of bioacoustic environments of dercspice systems
in which noilse environments are measured, analyzed, and
simulated by means of precision analog and digital
instrumentation.
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A very small nolse 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 wicrophones
at infrasonic frequencies.

o The measurement of noise from numerous types of
military aircraft and analysis and processing for
uge in calculating noilse exposure forecasts. This
work was undertaken to improve the accuracy and relia-
bility of noise exposure forecast computations hased
on data files which had centained only estimated data
on many aircraft systems,

e A project to develop a fully computerized computational
methodology to automatically plot contours of equal
exposure levels about an air base.

5., NASA

NASA conducts current major research efforts Iin three categories, noise
effects on sleep, comunity or collective response, and measurement method-
ology.

5.1 Woise Effects on Sleep

The objective of NASA research in this category is to understand the
relationship between aircraft noise exposure and sleep interference,
The agency's work in this area is part of an ongoing research program on
human response to noilse which includes projects devaoted largely to aircraft
noise effects on sleep as well as other major projects in community and
collective response and measurement methodology.

NASA's project on the human response to the aeronautical environment
is directed toward understanding the psychophysiological effects of rir-
craft noise on people and te 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 measuring scales. Emphasis is
placed on lahoratory studies with complementary studies in communities
exposed to noise and with special overflight programs where selected juries
are exposed to noise, Studies are concerned with responses of people
during both awake and sleep periods and under background noise conditions
associated with outdoor, indoor and inflight situations.

laboratosy studies to evaluate noise effects on sleep are supplemented
by initial studies of sleep reaponses of people living in communities
exposed to commercial £light operation noise. Studies are being conducted
in contractors' laboratories to evaluate both awakening and nonawakening

effects of noise on sleep.

Funding levels for this effort are shown in Table D=-14,
D=33
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Table D-14

NASA RESEARCH ON NOISE EFFECTS ON SLEEP

Project in Noise Effects on Sleep Funding Levels
{Thousands of Dollars)
Program: Human Response* to Nolse FYy 73 FY 74 FY 75
Human response to the 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 Response Funding Levels
{Thousands of Dollars)
Program: Human Response to Noise FY 73 FY 74 FY 75
1. Acceptance of Aircraft Operations - Technology
Assesament 173 172 232
2, Acceptance of Aircraft Operations - Commnity
Noise 205 319 422
TOTALS 378 491 654
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5,2 Community or Collective Response and Measurements

NASA research is conducted under its Human Response to Noise program
whose overall goal is to develop an understanding of the relationship
between aircraft noise expesure and annoyance, e.g., to define and
quantify those properties of aircraft noise exposure that cause negative
individual and community response to alr transportation systems.

Specific targets set for the NASA Program are:

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 eanviron-
mental nolse exposure on the human response to
aircraft~generated noise, FY 1975,

Studying the effects of low frequency nolse
characteristica generated by present and future
aircraft on auditory and nonauditory responses
of people. TFY 1979.

Developing & model for reliable prediction of
responses of people to aircraft operations that
will satisfy laboratory and field conditions.
FY 1980.

The NASA program includes two specific projects in community-collective
response plus project work in other categories. Program/project relation-
ships and funding levels for NASA research in this category are shown iIn

Table D-15 on page J4.

The following specific projects are currently underway:

NASA has a technology assessment project for develop-
ing an understanding of the social effects 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 sircraft
gound stimuli. Human test subjects will be asked to
give category judgment of aircraft sounds, including

STOL signatures.
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e NASA zlso has @ current community nolse study which
includes evaluation of: noilse characteristics of
advanced VTDL and STOL aircraft; acoustic retrofit
systems for CTOL aireraft; and noilse alleviatiaon
procedures for aircraft and airport operations.

This work will provide criteria for prediction of
compunity acceptance of alrcraft operations/community
roise. Emphasis will be placed on laboratory scudies
and airport-community studies/surveys which may be
supplemented by programmed 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 aivcraft and airport noise, The
laboratory techniques employed range from listening
room testing with trained subject, to real-life
gituations where test environments represent the
airport-community/home and where the test subjects

may be people plagued by aireraft noise. These efforts
efforts are surmarized in Table D-16

Table D-16

NASA RESEARCH IN MEASUREMENTS

Project in Measurement Methodology and Calibration Funding Level
(Thousands of Dollars)

Program: Human Response to Nolse FY 71 FY 74 FY 75
Acceptance of Alrcraft Operations (Characterization
of V/STQL Noise) 532 409 404
6. DOI

pOT hag had recent research efforts in two categories, individual behavior
effects and community or collective response.

6.1 Individual Behavior Effects

00T had no project wark under way in this category in FY.74. A program
on startle effects of sonic boom was underway in FAA in FY 73, consisting
of two specific projects. The U.S. Coast Guard also had foghorn aversive-
neas under investigation at NBS in FY 73. Funding levels for these projects
are shown in Table D-17.
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Table D-17

DOT RESEARCH ON INDIVIDUAL BEHAVIOR EFFECTS

Projects on Individual Behavior Effects Funding levels
(Thousands of Daollars)

FY 73 FY 74 FY 15

1. Field Study of Sonic Boom Startle

Effects 18 0 0
| 2, Determinants of Startle Response to
’ Simulated Sonic Booums 27 0 0
; Foghorn Aversiveness Study 3 [1] o
TOTALS 50 0 0
i
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6.2 Community or Collective Response

DOT research in this category is concerned with
) providing a valid
measure of effectiveness for assessing relative benefits of alternative
means for reducing transportation-related nolses. DDT is concerned with
all modes of transportation in this regard,

DOT has had a congiderable 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 community noise impact representation. Specific research work
consists of; developing the "personal noise exposure index" model; measuring
the daily noise exposure of 30 to 50 individuals; correlating noise exposure
nolse sources and reported annoyance; evaluating the usefulness of the anuni
lytical wodel and developing a plan for its refinement if the concept is
judged beneficial,

Two alternative approaches to measuring human reasponse to noise have
been tested, and two separate plang developed for a national noise measure-
ment program. Results of this research are published in a series of four

Government technical reports.

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 73.

7. DOC(NBS

NBS has a major research effort in individual behavior effects,

NBS' objectives in noise health effects are to: establish a more con-
sistent and valid psychophysical foundation for measuring the effécts of
sound on people with application to noise abatement and control; develep :
new measurement procedures for obtaining psychoacoustic data and elaborate '
through empirical experiments an interlocking system of techniques for
assessing human response to sound with built-in opportunities for cross-

validation,
The NBS program in psychoacoustic measurement has one current project, :
titled Psychoacoustic Measurement Techniques, and funded as follows: ;

FY 73: § 98,000
FY 74: $117,000
FY 75: $142,000.

Specific NBS project activity on loudness measurement includes:
analyzing previous research on loudness, noilsiness, and aversiveness of
sounds; evaluating the psychoacoustic measurement techniques as applied
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to standardizing methods for calculating the loudness, noisiness,
annoyance, etc., of sound; and developing new psychoacoustic measurement
techniques based on operational definitions of behavioral responses

with the biases due to verbal instruction minimized,

Equal aversion levels have been established for pure tones and
1/3-octave measures, the aversiveness of three full-octave bands were
determined and compared with auditory-evoked potential brain wave
recordings from the subjects; the preference relations among various
acoustic stimuli were examined by means of a binary switching response
not involving verbal descriptors. In addition, a variable interval
schedule was used to determine the relative aversiveness of severxal
pure tone stimuli.

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 aversiveness of sound of different
spectral content and cross-validating by different methodologies.

8. HUD

HUD has major research efforts im two categories, community or
collective response and measurement wethodology and calibration.

8.1 Community or Collective Response

HUD pursues research in community or ¢ollective response in order to
provide the necessary RDSD to technically support the Department's policies
and operating programs and to provide guidance for land usage near major
noise moutces. Prior HUD research has provided technical background for
the preparation of two documents, "HUD Nolse Abatement Guidelines" and
WHUD Noise Assessment Guidelines' which have been widely distributed for
use in implementing the supporting Department policy,

HUD's current program of research on community or collective response
consists of two projecta, funding levels for which are shown in Table D-18.
The following specific project work is being performed:

e NUD is conducting a comprehensive nationwide study and
systematic evaluation of the effectiveness and impact
of the Department's noise policy and of.its ''Nolse.
Assesgment Guidelipe.' The work is being pursued with
a view toward their revision and improvement.

e HUD also expects to initiate a broad study of the
affects of noise on community development in FY 75,

This will include work on acoustical criteria for
various land use ordipances and building codes, the
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Table D-18

HUD RESEARCH IN COMMUNITY OR COLLECTIVE RESPONSE

Projects in Community or Collective Response

1. Evaluation of HUD Noise Policies and
Guidelines

2, Effects of. Noise -on Community Development

TOTALS

Table D-19

Funding Level
(Thousands of Dollars)

FY 73 FY 74 FY 75
0 200 185
0 225

— —

0 200 410

o

HUD RESEARCH IN MEASUREMENT METHODOLOGY AND CALIBRATION

Projects in Measurement Methodology and
and Calibration

1. HUD Urban Noise Measurement System
2. Development of Noise Attenuation Measures

TOTALS

T e ekt s

Funding level
{Thousands of Dollars)
FY 73 FY 74 FY 75

117 263 0
o 5w
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 community development.

B.2 Measurement Methodology and Callbration

HUD research in measuremenc methodology is directed toward developing
measurement systems for use in enforcing HUD 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 measure-
ment system which separates potential housing sites into "clearly
acceptable" or "clearly unacceptable' for HUD housing and to demonatrate
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 instrumentation
system consisting of two units, an outdoer "moniter" which is left on
the buidding site and a "reader" which interrogates the monitor. The
monitor will be a self-contained, battery-operated unit which registers,
on internal memory, the times in any Z4<hour pericd during wvhich the
noise level exceeded 45, 65, 75, and B0 dBA. Seventeen units are being
procured by HUD for field test by NBS in cooperation with HUD field
offices. Additionally, the instruction manual developed by NBS will
be field tested,

MBS is also assisting HUD in the comprehensive evaluation of the

noise messurement systems in HUD Regional, Area and Iinsuring Gffiices
across the nation.

9. EBA
EPA has current research efforta in six of the eight categories of

tiealth effects research. This inciudes a major research effort in
{ndividual behavior effects plus resesrch efforts in the following

categories:
s Noise-induced hearing loss
¢ Nonauditory health effects
e Individual behavior effects
s Nolse effects on sleep
¢ Communication interference

¢ Measurement methodology and calibration.
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9.1 Noilse-Induced Hearing Loss

Determination of effecta of noise and vibration on hearing sensations
and on human performance. This included investipation 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 environments under controlled noise
exposures of 48-60 hours (FY 74 $25,000), (FY 74 $70,000).

9.2 Nonauditory Health Effects

Determination of nenauditory system adaptation effects to long~-term
repeticive and varying noise. Studies explore the role of various stimulus,
paychological and methodological variables in the elicitation and adaptation
of nonauditory physioclogical system reactions to sound or noise. Peripheral
blood volume and heart rate of groups of people will be monitored where
apbient acoustic conditions are interrupted with intrusive auditory stimuli
(FY 74 5186,000-2 year study).

9,3 Individual Behavior Effects

Study of behavioral correlates of varying 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), (FY 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 deseriptors are utilized in determining and evaluating
responses (FY 75 $75,000). Vigilance performance in the presence of
unwanted Intermittent noise is being studied using primates (FY 75 510,000).

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 Communication Interference

Determination of improved criteria for verbal communication including
schools, home and laboratory. Analyses of speech and ambient noise laevels
are being made at the ear during normal and relaxed conversations in the
home, schools, and laboratory, Additionally, category scale ratings of
the nolse environments are being conducted in terms of overall rating of
the noise environment and in terms of speech commnication (FY 74 $59,000),
(FY 75 562,000),

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).

9,6 Measurement Methodology 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 exXposure meter with the work being performed at NBS.
Specific project activity included an evaluation of instruments and
measurement systems for recording expnsures of individuals and developing
and demonstrating the ecapabilities of a measurement system which will
record the integrated level above a threshold of dBA over each one~hour
period during a 24=hour day. The system consists of a8 monitor worn by
the individual and a reader which interrogates the monitor,

10. DOI{BuMines)

Bureau of Mines has three projects in effects of noise in relation
to mine safety and health., Two projects address the problem of the
wminer's ability te hear "roof talk" warning signals while wearing hearing
protection, and the other project is the state-of-the-art in portahkle
calibration of audiodosimeters. The titles and funding are shown in
Table D-20.

10,1 Commnication 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 assesas
the feasibility of using personal ear protection to minimize noisge
exposure but not impair miners' safety. A report (NTIS No. PB219087)
with the same title as the project was published in November 1972. Roof
tall warning 3ignnls and roof talk and speech discrimination with ear
protection were quantifiéd for the’ Pittsburgh.coalbed. The study.indicated
that ear protection iz acceptable when there are high background noises
but that the ear protection should be removed when noise sources are not
present,
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Table p-20

DOI(BuMines)
NOISE EFFECTS RESEARCH

Funding Levels
{Thousands of Dollars)
FY 73 FY 74 FY 75

Projects in Communication Interference

1, Aspects of Noise Generation and Hearing

Protection in Underground Coal Mines 1 0 1}
2. Study of Roof Warning Signals and the
Use of Personal Hearing Protection in
Underground Coal Mines 71 8 0
Projects in Measurement Methodology and
Calibration
Portable Calibration Instrumentation for
Auvdiodosimeters ~ Feasibility Study 0 15 0
72 23 0

TOTALS

Dbt



The project "Study of Roof Warning Signals and the Use of Personal
Hearing Protection in Underground Coal Mines" extended the previous
study of roof warning signals to other (high-accident) coalbeds, It also
determined the effects of personal hearing protection on miners' safety
with & larger number of subjects. A training course in the use of
personal hearing protection in coal mines was alsc developed.

i0.2 Measurement Methodology and Calibration

The Bureau of Mines' project in this category is intended to determine
the state-of-the~art In auvdio acoustic couplers and the associated elec-
tronic interface. The output will be a report giving the state-of-the-art

tthe specifications achievable with existing technology for a portable
calibration instrument for audio dosimeters, and & proposal for design
and fabrication of an achievable calibrator.
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APPENDIX E

PROJECT LISTING BY AGENCY

NINDS
NIEHS
NIOSH
' boD
% NASAQ
DOT
NSF
NBS
KD
EPA
USDA

DOI (Bubiines)

E-1

Page
E~3
£-6
E-8
E-13
E-19
E=20
E-21
E-23
E-24
E-25
E-29
E-29
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Number

E-1

E-8
E~9
E~-10
E-11
E-12

TABLES

National Institute of Neurological Diseases andd
Stroke

National Institute of Environmental Health Sciences
National Institute for Occupational Safety and Health
Department of Defense

National Aeronautics and Space Administration
Department of Transportation

National Science Foundation

National Bureau of Standards

Department of Housing and Urban Development

U.S. Environmental Protection Agency

Department of Agriculture

Bureau of Mines

E-2

E~-6

E-B

E-13
E-19
E=-20
E-21
E-23
E-24
E-~25
E-29

E~29
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Table E-1
RESEARCH FUNDING BY AGENCY
{page 1 of 3 pages)
NATIONAL INSTITUTE OF NEUROLOGICAL DISEASES AND STROKE
(Thousands of Dollars)

Category Projlect 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 | \ .
NOL NS 03-56- Auditory 3,773) (461) (586) (598)' (615) (613) (642)
11 (Grant) Communications
and its Dis-
orders
Noise~ NS=09983(Grant) Noisme Effects 37 37
Induced on Audiogram
Hearing and Cochlea
Losa ?
Planned Economic 150 300 300
Contract and Social
Impacts of

Noise Induced
Hearing Losa

NS=74-0001 Effect of’? 20
{Contract) Noise on
Children
In-House Laboratory of ' 28 15 15 20 21 21
Research Otolaryngology
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Table E-.1
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
Contract Responses
in Quiet and
Nolse Among
Very Young
Children

Preshycusis 40 125 250

Planned Auditory 120 300 330
Contract Sensitivity and

Piscrimination

Among Children

Living in Noiay

Environments
Non-Audi=- Plapned 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-78 FY-79

NS-07908~07 Noise-Induced 461 79
Deafness:
Masking &
Speech Perception
Communi~ NS=-74-2322 Development of 140 100 100 100 100
cation (Contract) Test Instrument
Inter- for Asaessing
ference Speech Discrimi-
nation in Noise
Message 130
Transnisaion in
Noise
Subtotals Noise-Induced Hearing loss 447 482 1057 1756 1590 l486 1121
by
Category Non-Auditory Health Effects 120 200 250 400
Communication Interference 79 140 100 100 100 _230
TOTALS 526 622 1157 1876 1890 1836 1751

‘Project funding covers work in other areas and is not included
aInitinted in ¥Y-75 only if additional funds become available
IIncludes study of non-auditory effects of noise

.Portion of laboratory's effort oriented towards effects of nolse
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NATIONAL INSTITUTE OF ENVIRONMENTAL HEALTH SCIENCES

Table E-2

RESEARCH FUNDING BY AGENCY

(Page 1 of 2 pag

(Thougands of Dolla

as)

ra)

Category Project Number Project Title Total Prior to
FY-72 FY-73 FY-74 FY-75 F¥-76 FY-77 FY-78 FY-79

Initial Year
Indicated

Noise-
Induced
Hearing
Loss

NIEHS~EB-002

NIEHS-EB~002

ROl ES 969

NIEHS-EB-009

NIEHS~-EB-008

Investigation
of Hearing
Loss Threshold
Curve for Young
versus Mature
Animals

Combined Effact

of Nolse and Sali-~
cylates on Cochlear
Morphology & Auditory
Threshold

Combined Impulse~
Continuous Noise:
Auditory Effect

Identification of
Physiological Dyafunction
in Neurosensory Hearing
Loss Induced by Ototoxic
Agents

Physiological Study of
Auditory Fatigue (Induced
by Noise)

25

20

25

51

44

29

44

29

45
2% 29
26 26



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 F¥-72 FY-73 FY-74 FY-75 FY-76 FY-77 FY-78 FY-79

NOL-ES-2110 Interaction of 100 100 100
Rolse & Ototoxie
Drugs on Hearing
Loas in Animals

NIEHS-EB~011 Effects of Nolse 16
on Corticosterone
Secretion in the

Rat
NIEHS-EB-012 Noilse Polymorpho- 12 8
nuclear Leukocyte
Function
Non~-
Auditory WNIEHS~EB-013 Nolse & Cellmediated 28 24
Health Immunity
Effects
NIEHS-ET~003 Teratogenic Effects 10 8
of Noise Exposure
and Deprivation
NIEHS-EB-004 Noise in the 8
Hospital
Subtotals Noise~-Induced Hearing Loss 145 192 199 9% 100 55
b
Category Non-Auditory Health Effects _8 6 40 __  _

TOTALS 153 258 239 9% 100 55




NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

Table E-3
RESEARCH FUNDING BY AGENCY

(Page 1 of 5 papes)

{Thousands of Dollars)

?
Category Project Number Project Title2 Total Prior to

Initial Year
Indicated

FY-72

FY-73

FY-74

FY-75'

FY-76

Nolse-
Induced
Hearing
Loss

HSM 99-72-125

HSM 99-72-32

PL 480
Foreign Cur-
rency Agree-
ment No.
05-005-3

Evaluation3
of Hearing
Risk due

to Industrial
Nolse

Short Term Phy-1
sical Agents Re-
search: Coal
Mine Noilse

Evaluation

of Induetrial
Acoustic Radi-
ation above
10 K,

PTS and TTS
Resulcing

from Industrial
Noise Exposure

Effect:s of Noige 213
and Vibration 7/68-9/74
on lHealth of
Woodcutters

40

24

75

35

79

10

104
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Table E-~3
RESEARCH FUNDING BY AGENCY
(Page 2 of 5 pages)
NATTONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH
{Thousanda of Dollars)

Category Project Numher2 Project Title’ Total Prior to
Initial Year "
Indicated FY-72 FY=-73 FY-74 FY-75  FY~76

PL480 Foreign Exposure 99 X X X X X
Currency Agree~ to Noise in 7/711-7/75
ment {##03-002-03 the Cotton &

Flax Textille

Industry

Laboratory 87 91
Studies of

Noise-Induced

Hearing Loss

1
Combined Effects 24 18
on Noilse, Work
& Heat on Human

Hearing

HSM 99-72-131 Aspect of Ear 50 0 0
Tolerance to
Noise

NIOSH-IA-73-6 Laboratory & 40 0

Field Study of
Impact Nodise

Grant (EOA) Damage Risk 56 47 41
Rol-0H000350 Criteria for
Intermittent

Noise Exposure
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Category

Table E-3
RESEARCH FUNDING BY AGENCY
(Page 3 of 5 pages)
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH
(Thousands of Dollars)

? H
Project Number Project Title Total Prior to

Initial Year
Indicated FY=-72 FY-73 FY-74

FY-75'

FY-76

PL4B0 Foreign Noise and 167 X X
Currency Agree- Heat Effects 5/72-4/77
ment #05-0142 on Man

Grant (OEA) Effects of 91

1 ROL
OHD0364

Impulse Noise
on the Auditory
System

Noise and
Hearing in the
Paper Working
Industry

69

41

76

Non-
Auditory
Health
Effects

Extra Auditory 42
Consequence to

Worker Safety

and Health

Effects of 78
Nolse on

Non-Auditory

Sensory Func-

tiona and

Performance

Health Impact
of Industrial
Nnise

21

New



Table E-3

RESEARCH FUNDING BY AGENCY

{Page 4 of 5 pages)

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

Category Project Number? Project Titlez Total Prior to

Initial Year
Indicated

FY-72

FY-73  FY-74

FY-75

FY-76

Effects of
Noise and
Heat on
Health of
Workers in
Metal Industry

30

Individual Grant ROL
Behavior OH-00366
Effects

11-3

Grant RO1
OH=-00365

Effects of
Three Sound
Environments
on Human Be-
havior

Noise and
Human Per-
formance

Neoise and
Industrial
Accldents

20

New

Measure-
ment Meth—
odology &
Calibration

Industrial =
Audiometric
& Hearing
Consgervation
Technology

31 52

80




Table E-3

RESEARCH FUNDING BY AGENCY

(Page 5 of 5 pages)

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

Category Project Number

1

{Thousands of Dollar

Project Titlez Total Prior to
Initial Year

a)

Indicated FY-72  FY-73  FY~74 TFY-75 FY-76
Measurement’ 32 44 28
of Occupa-
tional
Noise
Sub- Neise-Induced Hearing Loss G4 224 341 352 117
totals
by Non-Auditory Health Effects 108 42 2t
tr Category
~ Individual Behavior Effects 28
W%
Measurement Methodology and 63 96 108
Calibration . e _
TOTALS 64 395 507 481 117

1
Figures Approximate

2
NIOSH does not use the term "Project" for this level of research activity

JProje::t titles were not the same In FY 73
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Category Project Number

Table E-4
RESEARCH FUNDING BY AGENCY
(Page 1 of 6 pages)
DEPARTMENT OF DEFENSE
{Thousands of Dollars)

Total Prior to
Initial Year
Indicated FY-72

Project Title

FY-73

FY-74

FY~-75

Noise-
Induced
Hearing
Loss

DACA~-6082

DNOA-4956

DAOC-7028

DAOB-7030

DN-123487

DN-240004

DN-24005%

(Usa)

(Usa)

(USA)

(Usa)

(USN)

(USN)

(USN)

Military Performance - X
Travmatic Origins of ‘
Hearing Losa

Relationship of Hearing
Change to Acoustic Inputs

Prevalence of Hearing Loss
within Selected U.S., Army
Branches

Hearing Conservation Intense
Acoustic Stimulatioen and
Noise Susceptibility in the
Military Environment

Communicationsa: Hearing of
Naval Personnel as a Function
of Noise Exposure

Study of Anatomic Changes in
Middle Ear Associated with
Noise-~Induced Hearing Loss
and Acoustic Trauma

Middle Ear Compliance and

Its Relationship to Military
Related Noise-Induced Hearing
Loss & Acoustic Trauma

62

46

20

10

66

20

19

13
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Category

Project Number

Table E-4

RESEARCH FUNDING BY AGENCY

(Page 2 of 6 pages)
DEPARTMENT OF DEFENSE
(Thousands of Dollars)

Project Title

Total Prior to

Initial Year
Indicated FY-72 FY-73

FY-74  TY-75

Noise -
Induced
Hearing
Lass

DN-477001 (USN)

DN-140504 (USN)

DF-311650 (USAF)

DF-314140 (USAF)

DF-313060 (USAF)

DF-317610 (USAF)

The Incidence of Hearing
Loss Among Various Navy
Related Personnel

Development of Damage Risk
Criteria and Habitability
Standards for Exposure to
Sonar Transmissions

Effects of Noise on Alr
Force Pergonnel in
Operational Environments

Research on Permanent

and Temporary Shifvs in
Hearing Threshold Produced
by Exposure to Alr Force
Nolse

Auditory Responses to Acoustic
Energy Experienced in Alr
Force Actlvities

Human Subjects for Operating
Acoustic Research

20

24

38

50

49

22

35
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Table E-4
RESEARCH FUNDING BY AGENCY
(Page 3 of 6 pages)
DEPARTMENT OF DEFENSE
(Thousands of Dellars)

Total Prior to

Category Project Number Project Title
Initial Year
Indicated FY-72 FY-73 FY-74 FY-75
Non- DR-313120 Research on Response of Vesti- X 10
Auditory bular System to Acoustlc Sci-
Health muli
Effects
DAOB-4955 (USA) Improved Weapon Noise 62 66
Exposure Criteria
DN-840511 (USN) Optimization of Performance 54 44
in Submarines
DN-040711 (USN) Optimization of Auditory 40 35
Performance in Naval
Indivi- Avlation
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-bedy Effects of Alr X 24 18
Force Nolse on Pecple
DF-028540 (USAT) Research on Intermittent Noise X 46

Effects on Alr Force Target
Detection Tasks
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Table E-4
RESEARCH FUNDING BY AGENCY
(Page 4 of & pages)
DEPARTMENT OF DEFENSE
{(Thousands of Dollars}

Category Project Number Froject Title Toral Prior to
Initial Year
Indicated FY-72 FY-73 FY-74 FY-75
DAOA-6085 (USA) Military Performance: X
Auditory Perception and
Psychophysices
(Usa) Human Engineering Studies of X
the Mead and Headgear, Helmet
Acoustics, Weighe, plus Other
Factors Affecting Performance
Communi- (USN} Sound Conduction in the Ear X 26
catien Affecting Military Communications
Inter—
ference DN~040713 (USN) Optimization of Speech Communi- 40 40
cations in Naval Aviation
DN-140502 (USN) Development of Auditory Screening 30 33
and Acoustical Tolerance Standards
for Submarine/Shipboard Personnel
DF-311640 (USAF) Assessment of Hearing in Flying 28 36
Persaonnel
Communi- DF-313140 (USAF) Effects of Air Force Noises on 31
ty or Population Surrounding Afir Bases
Collec~
tive

Response

— .
e e e o
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Category Project Number

Table E-4

RESEARCH FUNDING BY AGENCY

(Page 5 of 6 pages}

DEPARTMENT OF DEFENSE
(Thousands of Dollars)

Project Title

Fy-72

Total Prior to
Initial Year
Indicated

FY-73

FY-74

FY-75

DAOD-6739 (USA)

DN-612146 (USN)

DF-314500 (USAF)

Measure-
ment
Metho—
dology
end Cali-
bration

DF-316600 (USAF}

DF-313020 (USAF)

DF-313030 (USAF)

Research on Psycho-
acoustical Problems
Medically Significant to
Army Aviation

Alrborne Noise Criteria for
Ships and Submarines

Development and Updating of
Alr Force Land Use Planning
Procedure with Respect to
Aircraft Nolse

Meagurement and Analysis of
Alreraft Noise Environments
for Developing New Alr Force
Procedures to Forecast Nolse
Exposure

Mechanisms of Noise Generatien
and Reception as Related to Air

Force Bioacoustic Programs

Bioacoustic Environments of USAF

Aerospace Systenms

X 83

69

32

13

92

195

74

15

68



Table E~4
RESEARCH FUNDING BY AGENCY
(Page 6 of 6 pages)
DEPARTMENT OF DEFENSE
{Thousands of Dollars)

Category Project Number Project Title Total Prior to
Tnitial Year
Indicated FY-72 FY-73 FfY-74 FY-75

DF-317570 (USAF) Bioenvironmental Noilse

Research Program 43

Noise=Induced Hearing Loss 248 301 301%
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 337 354 354%

vt
= TOTALS 984 930 930%

* DOD FY 75 data estimated the same as FY 74
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Table E-5
RESEARCH FUNDING BY AGENCY
(Page 1 of 1 page)

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

{Thousands of Dollars)

Total Prior to

Category Project Number Project Title
Initial Year
Indicated FY-73  FY-74 FY-75
Hoise Effects  504-09-02 Human Response to the Aero- 217 254 142
on Sleep nautieal Environment
Community or 504-29-01 Acceptance of Alrcarft Opera- 173 172 232
Collective tions-Technical Assessment
Response
504=-29-11 Acceptance of Aircraft Opera-
ticns-Communicy Noise 205 319 422
Measurement 504-29-11 Acceptance of Aircraft Opera- 532 409 404
Methodology tions
and Cali-
bration
Nolse Effects on Sleep 217 254 142
Subtotals
by Category Community or Collactive Response 378 491 654
Measurement Methodology and Calibratien 532 409 404
TOTALS 1,127 1,154 1,200
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Category Project Number

Table E-b
RESEARCH FUNDING BY AGENCY
(Page 1 of 1 page)
DEPARTMENT OF TRANSPORTATTON
{Thousands of Dollars}

Total Prior to
Initial Year
Indicated FY-72

Project Title

FY-73 FY-74 FY-75

Work at noc/ Foghorn Aversiveness 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 Starcle X 27
. (FAA) Response to Simulated
Soniec Booms
(DOT/FAA/DOD/ Animal Response te Impul-~ a8 0
USAT) sive Acoustic Stimuli
Communi- Contract 036369 Measurement of Community 295 130 50
ty or {Trais No.) Noise and Associated Human
Collective (ONA) Response
Response
Subtotals Individual Behavior Effects 38 30
By Category
Community or Collective
Response 295 — — 130 30
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 teo
Initial Year
Indicated FY-72 FY-73 FY-76
Noise -  GB-36652 Noise Trauma, 20
Induced Ototoxieity and the
Hearing Olivecochlear Bundle
Loses
B-72 Permanent Effects of X
Noise on Low and Mid
- Frequency Hearing
]
= 01 Interaction of Ototoxic X
Drugs with Acoustic
Trauma
Non=~ 01 Effect of Noise on X
Auditory Cardiovascular
Health Changes in Non-
Response Cardiac patients In
b))
Indivi~ GS5-33216 Collaborative Research 34
duail Be- on Soclal Paychological
havior Reacrions to Stress
Effects
GS~2405A 2 Collaborative Research 42

on Soclal Paychological
Reactions to Stress
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Table E~7
RESEARCH FUNDING BY AGENCY
(Page 2 of 2 pages)
NATIONAL SCIENCE FOUNDATION
{Thousands of Dollars)

Category Project Number Project Title Total Prior to
Initia) Year
Indicated FY-72 FY-73  FY-74 FY-75

FY-76

G8-34329 Collaborative 39
Research on
Social Psycho-
logical Reactions

to Stress
Subtotals by Noise-Induced 20
Category Hearing Loss

Non-Auditory
Health Response

Individual Be~ 115
havior Effects

(S
3]
S

TOTALS X 11
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Category Project Number

Table E-8
RESEARCH FUNDING BY AGENCY
(Page 1 of 1 page)
NATIONAL BUREAU OF STANDARDS
(Thousands of Dollars)

Total Prior to
Initial Year

Project Title

Inaicated FY-72 FY-73 FY-74 FY-75 FY-76
Individual Psychoacoustic 64 98 117 142 140
Behavior Measurement
Effects Techniques
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Table E-9
RESEARCH FUNDING BY AGENCY

(Page 1 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
Communi- Evaluation of HUD 200 185
ty or Noise Policies &
Collective Guidelines
Response Effects of Noise on 225
Community Development
Measure- HUD Urban Noise 117 263
ment Meth~ Measurement System
od?logy s Development of Noise 175 50
Calibra-
Attenuation Measures
tion
Subtotals Community or Collec- 200 410
by tive Response
Category Measurement Method- 117 438 50
ology & Calibration — —_ _
117 638 460

TOTALS

LI TET SRS S
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Category

Project Number

Table E~10
RESEARCH FUNDING BY AGENCY
(Page 1 of 4 pages)
U.S. ENVIRONMENTAL PROTECTION AGENCY
(Thousands of Dollars)

Project Title Total Prior to
Initial Year
Indicated Fy-72 FY-73 FY-74

FY-75

FY-76

Noise-
Induced
Hearing
Loas

IAG

IAG & Contract

Evaluation of Effects 25
of Noise Exposure

Combined with Other

Stressing Agents on

Hearing & Performance

Evaluation of Long-term 25
Nolse Exposgure on Hearing

Differentiation between
Noise-Induced Hearing Loss
and Presbycusia

Auditory Effects from
Moderate Noise Levels

Auditory Effects from
Intermittent Daily
Exposures

Longitudinal Studies of
Anditory Effacts From
Noise Exposute

70

L 600
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Table E~-10
RESEARCH FUNDING BY AGENCY
(Page 2 of 4 pages)
U.S. ENVIRONMENTAL PROTECTION AGENCY
{Thousands of Dellars)

Category Project Number Project Title Total Prior to Initial
Year Indicated FY{-72 Fy-73 FY-74 FY=-75 FY-76
Non- Interactive Effects
huditory of Noise and Other
Health Influences
Effects 700
Contract Studies of Non-Auditory 186
Physiological Effects
Indivi- 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 10
IAG Time-Varying Effects on Human 75
Response
150
Effects on Task Performance
Noise Quality of Sleep & Effects
Effects Related te Psysiological &
on Sleep Psychological Implications 150

Contract Correlation of Foreign & 17
Domestic Data on Human Sleep

* 2 Year Period




Category  Project Number

Table E~-10
RESEARCH FUNDING BY AGENCY
(Page 3 of 4 pages)
U.S5. ENVIRONMENTAL PROTECTION AGENCY
(Thousands of Dollars)

Project Title Total Prior to Init
Year Indicated

1al
FY-72

FY-73  FY-74 FY=-75 FY-76

Communi- Contract
cation

Interfer-

ence

IAG

Lte-3

Tmproved Criteria for
Verbal Communication
From Noise in Schools
and Home Environment

Voice Levels & Environ-
mental Noise Conditions
that Permit Adequate
Speech Communication

Effect of Age, Speech
Level, Hearing on
Reliable Communication

59 62 N

23 } 200

Community or
Collective
Response

Effects of Noise on
Community Response
Related to Annoyance

Identify Environmental
Noise Levels for

Determining Cumulative

DNose Exposures for Different
Population Sepments

Identify Sociological Effects
of Noise

7 200




Table E~10
RESEARCH FUNDING BY AGENCY
(page 4 of 4 pages)
U.S5. 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 TFi-78
Measure- Work at Instrumentation ‘ 24 KV
ment Meth~ DOC{NBS) & Measurement Systems
odology & for Nolse Exposure of
Calibration Individuals
Subtotals Noise-Induced Hearing Loss 50 70 600
By Non-Auditory Health Effects 186 % 0 700
Category Individual Behavior Effects 50 135 150
Noise Effects on Sleep 17 150
e Communication Interference 59 87 200
=3 Community or Collective Responae 200
Measurement Methodology & Calibration 24 32
TOTALS 24 377 309 2,000

*
2 Year Period

T ———

e e e -
B et Rt

e —— )



62-32

Table E-11
RESEARCH FUNDING BY AGENCY
(Page 1 of 1 page)
DEPARTMENT OF AGRICULTURE
(Thousands of Dollars)

Total Prior to Initial

Category Project Number Project Title
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
wWildlife Fowl
Table E~12
RESEARCH FUNDING BY AGENCY
DEPARTMENT OF THE INTERIOR
BUREAU OF MINES
{Thousands of Dollars)
Category Project Number Project Title FY-73 FY-74 FY-75
Communica- GO 122004 Agpects of Noise Generation & 1 0 0
tion Inter- Hearing Protectfon in Under~
ference ground Coal Mines
GO 133026 Study of Roof Warning Signals & 71 B 0
the Uae of Personal Hearing
Protection in Underground Coal
Mines
Subtotals for Communication Interference 72 8 0
Measurement S0 144091 Portable Calibration Instrumentation 0 15 o
Methodology & for Audiodosimeters--Feasibility
Calibration Study
0

Agency Total 72 23
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Table

APPENDIX F

FROJECT LISTING BY CATEGORY

Catepory

F-1

F-2

F-3

F-4

F-5

Noise-Induced Hearing Loss
Non-Auditory Health Effects
Individual Behavior Effects
Noise Effects on Sleep
Communication Interference
Community or Collective Response
Domestic Animals and Wildlife

Measurement Methodelogy and Calibraticn

T et (D e e T

TR L L gt

W et



Agency Project No,

HEW/ 4403«12 (Grant)
NINBS

5785-09 (Granr)

ROl NS 03856-11
(Grant)

-3

N$=-09983
{Craut)

Planned
Contract
NS~74=0001
(Contract)

Invhouge
Regearch

Planned work

et e e
1

Project funding covers work in othe

Table F-1

NOISE- INDUCED NEARING LOSS

(Page 1 of 9 pages)

Reported Punding, Thousands of Dollarsg

Project Ticle Total Pri=- FY

or to Ini~ 72
tial Year
Indicated

Sugeceptibilivy to

Hearing Loss 220

Causea of Deafness 2,480

1

Auditory Communica- 3,773

tlons and its Dige

orders

Hoise Effects on Audio- a6

gram and Cochlea

Economic and social im.’

pacts of Nolse~Induced

Hearing Loss

Bffect of Nofse on’

Children

Laboratory of otolaryw-!

sology

Experimental Studies 1] 0

of Effectr of Noige
en Young Ears (Primate}

Iniclated in F¥ 75 only if additional funds become available,

(Includes study of non=guditory effects of nolse.
Portion of laboratory®s effort oriented toward noise effects.

FY

73

45

365

l
461

37

FY F¥ Fy
14 75 76

47 49 3l

g7 413 440

FY Y FY
77 78 79

(586)' (598) (615) (613) (642)

0 150

28 15 15

0 340 550

¥ categories and 15 not fneluded 1in totals.

o 300
0 0
20 21 21

500 600 350




Agency Praject Mo,
HEW/ Planned work
NINDS
Planned work
Planned work
m
|
X
Subtotals
H
HEM/
NIQSH
'Entimated,

NOTSE~TNDUCED HEARING LOSS

Table F-1

(Page } of 9 Pages)

Project Title

Auditory Rospanses in
Quiet and Noise Among
Very Young Children

Presbycusis

Auditory Sensitivity
and Discrimination

Among Children Living
in Noisy Enviromments

Evaluation of Henringa
Risk due to Industrial
Nolse

3
short Term Physical
Agents Rescarch; Coal
Mine Noise

Reported Funding, Thousands of Dollars

Tatnl Pri- FY FY FY FY FY FY FY FY
or to Ink- 72 13 T4 75 76 17 78 79
tial Year
Indicated
0 0 Q 0 120 250 400 440 500
1 0 Q 0 0 0 40 125 250
120 3100 330
2,737 447 482 1,957 1,756 1,590 1,486 1,171
sy 19 104
1
(35) 10 0

’R10SH does not use the term "projuct' for this level of research activity.
Project titles were not the asame In FY 73,




Agency Profect No.

HEW/

NIOSH
HSH 99-72-125
HSM 99-72-32
PL 480 Fars
eign Currency
Agreement No.
05-008~3
FL 4B0 For-
eign Currency
Agreement No,
03-002-03

Estimaced,

I410SH does not use the term "oroject!" for this level of research activity.

Table F=-1
NOISE~INDUGED HEARING LOSS
(Page 3 of 9 pages)

Project Title!

Neise and Hearing in
the Paperworking
Induatry

Evaluation of Industrial
Accoustic Radfation above
1y KHZ

FT8 and TTS Resulting
from Industrial Nelse
Exposure

Effects of Nolse and
vibration on Health
of Woodcutters

Expoasure to Noisge in
the Cotton and Flax
Textile Industry

Labotatory Studies of
Noise«Induced learing
Loas

Reported Funding, Thousands of Dollars

Total Pri~ Y
or to Ini- 72
tial Year
Indicated
40
24
2113 %
7/68~
9/74
99
- X
175

FY
73

FY
74

87

SO A .
75 % 77 78

41

91




Agency  Prolect No,!

HEw/
NIOSH

-3

HSM 99-72-131

NIOSH~LA=736

Grant {OFA)
#01-0H000350

PL~480~For=
eign Currency
Agreement No,
05=-0142

Grant (OEA)
1ROl Ol 00364

stimated,
’NIOSH does not uee the term "project! for this level of research activity
Project titles were not the same in FY 73,

Table F-1

NOESE-TNDUCED HEARING LOSS
{Pnge &% of ¢ Pages)

Total Pri-
or to Ipi-
tinl Year
Indicated

Project Titler

Combined Effects of
Noise, Work and ileat on
fluman NHearing®

Aspects of Ear Toler-
ance to Noise

Lahoratory and Fiold
Study of Impact Noise

Damage Risk Criteria
for Intermittent Nofse
Exposure

Nofse and Heat Effects
on Man

Effects of Impulse
Nolse on the Auditory
System

fleported Funding. Thousands of Dollars

FY FY
72 73

167 X
5(72-
4177

g
74

S5h

91

Y !

75

29

Ol FYTY
% 171879

76

Subtotals

64 224

]

41

———— — -



Agency Project No.

HEW/ NIEHS=-EB=-002

NTEHS
NIR% RE-002

b

- ROL-ES-969
NIEHS-EB-009
NIEHS-EB-008
NOL-ES-2110

Table F-1

NOLSE= INDUCED HEARING LOSS

(Page 5 of 9 Pages)

Projact Title Total Pri-
or to Ini-
tial Year
Indicated

Investigation of Hearinp
Loss Threshold Curve for
Young vs. Mature Animals

Combined Effect of Noise
and 3aticvlates on
nechirar HMorpiolowy an
asuditory Threshold

Combined Impulse~
Continucus Nofses
Auditory Effact

Identificatian of Phy-
aiological Dysfunction
in Neurosensory Hearing
Loss Induced by Qtotoxic
Agents

Physiological Study of
Auditory Fatigue (In-
duced by Noise

Interaction of Nolse
and Ototoxic Drugs on
Rearing Loss in
Animals

Reported Funding, Thousands of Dollars

FY
7?2

FY FY
13 74

5l

100 100

FY

75

44

26

100

FY

76

44

29

26

FY

17

45

19

FY FY
78 79

Subtotals

145 192

199

99

100

35



Ageney

DOD

Project No.

DAQA~6082

(usa)

DNOA 4956
(Usa}

paOC 7028
(Usa)

DAOB-7030

(Usa)

DN~ 123487
(USN)

DN~ 240004
(USN}

Table F-1

NOISE=-INDUCED HEARING LOSS

fPage 6 of 9 Pages)

Total Pri-
or to Inl-
tial Year
Indicaced

Project Title

Military Performance-
Traumatic Origlns of
Hearlng Loss

Relationship of Hear~
ing Change to Acoustic
Inputs

Prevalence of Hedring
Loss within Selected
U.S. Atmy Branches

Hearing Conservatlon
Intense Acoustic Stimu=
lacion and Moise Suscopti-
bility in the Military
Environment

communications; Hearing
of Naval Personnel as a
function of Nolse
Exposure

Study of Anatomic Changes
in Middle Ear Associated
with Noise=Induced Hear-
ing Loas and Acoustic
Trauma

Reported Funding, Thousands of Dollars

FY

72

FY
73

62

46

20

10

FY FY FY FY FY
74 75 76 77 18

66

20

19

FY
I




¢L-a

Agency Project No,
bop DN= 240059
(USN)

DN 477001
{USN)

BN 140504

(usy)

DF- 311650
(USAF)

DF=314140
(USAF)

Table F=-1

ROISE~INDUCED HEARING LOSS

(Page 7 of 9 Pages)

Total Pri-
or to Ini-
tial Year
Indicated

Project Title

Middle Ear Compliance
and Its Relationship to
Military Related Nolse-
Induced Hearling Loss
and A.oustie Tranme

the Incldenca of flears
ing Loss Among Various
Navy Related Personnel

Development of Damape
Risk Criteria and o=
bitability Standacd
for Exposure to Sonar
Transmissions

Effects of Nolse on
Alr Force Personnecl
in Operatlonal En~
vironments

Research on Permanent

and Temporatry Shifts in
Hearing Threshold Produc-
ed by Exposure to Alr
Force Nolse

Reparted Pundlng, Thousands of Dollars

FY FY
YR ]
8

20

20

Y FY FY FY FY
Th 75 76 17 78

13

i

25

49

FY
19




Agency

DOD

g-a

NSF

Project No,

bP-313060
(USAF)

DF=317610
(USAF)

GB~36652

Ba72

01

Table -1

NOISE~INDUCED HEARING LOSS
(Page B of 9 Pages)

Project Title

Auditory Responses to
Acoustic Energy Ex~
perienced In Alr Force
Activities

Reported Funding, Thousands of Dallars

Total Pri- FY FY
or to Ini- 7z 0N
tial Year
Indicated

24

Human Subjects for Opera- IR

ting Acoustlc Research
Subtotals

Nolge Trauma, Qtobox-
icity and the Olivocho-
chlear Bundle

Permanant Effects of
Noise on Low and Mid
Frequency llearing

Interaction of Ototoxic
Drugs with Acoustic
‘Trauma

Subtotals

* DOD FY 75 data estimated the same as FY 74.

FY
74

22

35

FY
15

Y
76

FY
77

FY
78

FY
79

248

20

301

in

20




Table F-1
NOISE-~TINDUCED HEARING LOSS
(Page 9 of 9 Pages)

Reportad Funding, Thousands ef Dollars

Agency  Project No, Project Title Total Prie- FY 2 Y FY ¥Y FY FY TY
or to Ini~ 72 73 74 75 70 17 78 749
tial Year
Indicated

EFA TAG Evaluation of Effects 25

of Nolse Exposure Com=
bined with Other Stress-
fay Aponte on Hearing.
and Performance

IAG and Evaluation of Long-Term 25 T
"y Contract Noilse Exposure on Hears
) ing
o

Differentiation Be-
tween Nolsew Induced
Hearing Loss and Preshy-
acuals

Auditory Effects from
Moderate Nolse Levels 600
Auditory Effects from

Intermittent dally Ex-

posures

Longitudinal Studies of
Auditory Effects from

Noise Exposure

Subtotals 50 0 600

Totala for Noiges

Induced Hearing Loss 2,737 64 1,084 1,366 1,979 2,572 1,690 1,541 1,121




01-3

Agency Project No.r

HEW/
NIOSH

Table F=2
NOMN-AUDITORY HEALTH EFFECTS
(Page 1 of 3 Pages)

Igstimated,

INTOSH dows not use the term "project” for this level of research activity.

Total Pri-
or to Ind-
tial Year
Indicated

Project Title?

Extra=Auditory Effects
of Noise of Consequence
to Worker Safety and
Health

Effects of Noise on
Non~Auditory Sensory
Functions and Perform=-
ance

Health Impact of Induse
trial Noise

Effects of Nolse and
Heat on Health of Workers
in Metal Industry

Reported Funding, Thousands of Dollars

FY FY
7

78

30

FY
14

42

' FY FY  FY  FY
75 % 17 18 79

21

New

Suhtatals

108

42

21




11-4

Agency Project No,

HEW/
NIENS

HEW/
NINDS

NIElS=EB=-011

NIEHS=EB=012

NIEHS=EB=-0L3

NIEHS~EB-004

NIEHS~ET=-003

Planned
Work

Table ¥=-2

NON-AUDTTORY HEALTH EFFECTS
(Page 2 of 3 Pages)

Project Title

Effects of Nolse on
Corticosterone Sa=-
ceretfon in the Rat

Noige Palymorpho-
nuclear Leukocyre
Function

Nolse and Cellmedi-
ated Tmmunity

Nolse in the Hospltal
Terategenic Effects of
Nolse Exposure and
Deprivation

Subtotals

Effects of Nolse on

Susceptibility to
Digease

Reported Funding, Thousands of Dollars

Total Pri- FY  FY Y FY FY FY Y ry
ot to Inil- 1273 74 75 76 77 78 19
tial Yenr
Indicated
16
12 8
ip R
8
10 8
a 1) 40
120 200 250 400
1206 200 250 400




i-3

Tnhte F=-2
NON-AUDTTORY WEALTNH EFFECTS
{rage 3 of 3 Poages)

Reported Funding, Thousunds of bellars

Agency Prolect No. Project Title Total I'ri- FY ¥ FY 4 Iy Ft Fy FY
or to Inl=- 72 73 74 75 76 77 78 14
tial Year
Tndicated

pop DR=-313120 Research on Response 10

Contract of Vestibular System

F33615-69-C= to Aconstic Stimuli

1246 (USATF)

Subtotals 10

NSF 01 Effect of Noilse on
Cardiovascular Changes
in Noncardiac Patf{ents
in ICU

EPA Interactive Effects of 700
Noise and Other In=-
[lucnces

Contract Studles of Nom-Auditory 1867
Physlological Effects

Subtotals 186 a 700

400

[
il
o

Totals for Non~nuditory 126 294 61 820 200
Health Effects

W;oje::l: fundad for 2 year purled



ET-4

Apency

e/
NLOS1

Project No. !

Grant ROL
0H-00366

firant ROL
UH=-00365

DOD

DAOR~4955
(USA}

DN B40511
(usN)

INDIVIDUAL BEVAVIOR EFFLECTS

Table F-3

(Page 1 aof 4 Pagus)
feported Funding, Thousands of Dollars
Project Title ! Totnl Pri- Y FY Y FY FY FY FY Y
or ta Ini- 72073 4 74 76 77 78 74
tinl Year
Indicated
Effects of Three a
Sound Environments
on Human Behavior
Noise and lluman Per- 20
{formance
Noise and Induatrial New
Aecidents
Subtotals ny
YNTOSH does not use the term “project™ for this level of rescareh activity.
Improved Weapon Nolse 62 a6
Exposure Criteria
tUptimization of Per- 56 44
formance in Submurines
Optimilzation of Audie 40 35

DN 040711
{USN)

tory Performance in
Naval Aviation




71-1

Agency

o))

Project No.

DR~ 313100
(USAF)

DF-313070
(USAF)

DF=-028540
Conttract
AFO5R=1822~
69 (USAF)

Toep Fy

juey

INDIVIDUAL BEHAVIOR EFPECTS

Table F=13

(Page 2 of 4 Pages)

Project Title

Simultaneous Exposurs

to Acousric Epergy and
Other Stressors Found

in Alr Force Envirom-

ments

Whole=Body Effects of
Alr Foree Holse on
People

Research on Intermittent
Noise Effects on Alr
Force Targat Netecw

tion Tasks

Subtotals

75 data estimated the sume as FY 74

AM=B=73~PSY-41
(FAA)

AMeB=73aPS¥~ 31
{FAA)

Fleld Study of Sonic
Boom Startle Effects

Determinanta of Startle
Response to Simulated
Sonic Boom

Reported Funding, Thousands of Dollars

Total Pri- FY FY FY FY FY FY FY = FY
or to Ini~ 72 73 4 75 76 17 78 79
tial Year
Tndicated
7 k|
X 24 18
X 46
233 166 166"
x 18
x 27




Agency  Project No.

Doy DOT/ FAASDOD/
AF

Worle at DDC/
NS {USCo)

"
0
—
w

NSF 38=33216

GS=24054 »?

65-34129

NBS In-house

INDIVIDUAL BEHAVIOR EFFECTS
(Pape 1 of 4 Pages)

Project Title

Animal Responsae to
Impulsive Acoustic
Stimuli

Foghorn Aversivenesa
study

Subtotals

Collaborative Reasarch
on Socisl Puychologlcal
Resctions to Strees

Collaborative nesearch
on Soclal Paycholegical
Reactions to Stress

Collaborative Research
on Soeial Paychological
Reactions ta Strofs

Paychoncoustic Measure-
ment Techniques

Table F=1

Reported Funding, Thousands of Pollars

Total Pri- F¥ FY Py FY FY FY Py FY
or to Ini- 72 73 74 75 76 77 78 79
tial Yeay
Indicated

38 Q

9

I/ N

34

42

39

98 17




91-3

Agency Project No,

EPA

TAG

In=houso

TAG

Table F=3

INDIVIDUAL BEHAVIOR EFFECTS
(Page &4 of 4 Papes)

Project Title Total Pri-
or to Ini-
tial Year
Indicated

Behavioral Correlates
of Varying Noise En-
vironments

Vigilance Task Per-
formance in Presence
of Intermittoent o=
wanted Noise in Pri-
mates

Time varying cffects
on human response

Effects on Task Per-
formance

Reported Funding, Thousands of Dollars

FY FY FY ¥y FY FY FY
20 M4 75 76 77 78

30 50

10

75

150

Subtotals

50 135 150

Totals for Indie
vidual Behavior
Effects

217 381 361 443 290




Li-4

Agency Project No.

HASA

EPA

5304-09-02

Contract

Table F«b

NOISE EFFECTS ON SLEEP

(Page 1 of 1 Page)

Reported Funding, Thousands of Dollars

Projeet Title Total Pri=- Ff &M FY FY FY FY FY FY

or to Ini- 7273 T4 75 76 77 78 79
tial Year
Indicated

tuman Response to 217 254 142 150 150

the Aeronautical En~

vironment

Subtotals 217 254 142 150 150

Quality of Sleep & 0 17

Effects Relaced to

Physiological & Psy-

chological Implica=

tions

Correlation of Farei«n

and Domestic Data on

Nofge Effects on Sleep

Subrotals 0 17

Totala for Noise Effects 217 254 159 300 150

on Sleep



81-3

Table F-5
COMMUNICATION INTERFERENCE
(Page 1 of 4 Pages)}

Reported Funding, Thovsands of Dollars

Agency Project No. Project Title Total Pri~ ¥ FY FY FY FY FY FY FY
gt to Ini« 72 13 74 75 76 17 78 79
tinl Year
ndicated
W/ N3=07908-07 Noige~Induced Deaf- 461 79
NINDS neas: Masking and
Speech Perception
N§-74~2322 Development of Teat 140 100 100 100
(contract) Inatrument Ear As-

gesging Speech Dis-
crimination in Noise

Message Trangmlssion 0 0 0 0 0 0 o 113G
in Noise
subtotals 461 79 140 170 o 100 100 230
nan DAGA-BOBS Military Performance;
(USA) Auditory Perception

and Peychophysics

(USA) Human Engineering X
studles of the Head and
Headgear, llelmet Acous-
tics, Weight plus Other
ractors Affecting Per-
formance




Table Fe5
COMMUNICATION TNTERFERENCE
(Pape 2 of 4 Pages)

HReported Funding, Thousands of Dollars

Total Pri- Y FY FY rY rY FY FY FY
or to Ini- 72 1 i 75 76 77 78 74
tial Year
Indieated

Agency Project No, Project Title

Optimization of 40 40
Spoech Communica-

tiona in Naval Avia-

tion

nop DN=-040713

fZN) Development of Audi- 30 3
tory Screening ard
AgcustLeal Talevance
Standards for Sub-
marine/Shiphoard
Tersonnel

61-d

(UsSN) Sound Conduction in 26
the Ear Affecting Mili-
tary Communicat{ions

Assessment of Hearing 28 36
in Flying Personnel

DF-311640
(USAF)

Subtotals 124 109 109

"DOD FY 75 data estimated the same as FY 74




0z-4

Table F=5
COMMUNICAT ION INTERFERENCE
(Page 3 of 4 Pages)

Reporced Funding, Thousands of Dollars

Agetcy Project HNo, Project Title Total Pri- FY FY FY FY FY FY FY FY
or ta Ini- 127N 14 75 76 17 18 79
tial Year
Indicated

EPA Contract Improved Criteria 59 62

for Verbal Comunis=

catton from Nolse in
Schools and lome En~
vironments

IAG Voice Levels and En- 25
vironmental Nolse Condi-
tions That Permit
Adequace Speech Communi-
cation

Effeet of Age, Speech 200
Level, Hearing on Reli-
able Communication

Subtotals 59 87 200
not/ 60122004 Aaspects of Noise (ener- 1 0 0
BuMines ation & learing Pro-
tection in Underground
Coal Mines
01331026 Study of Roof Warning 71 B 0

Signals & the Use of
Personal llearing Pro-
tectors in Underground
conl Mines




12-3

Table =5
COMMUNICATION INTERFERENCE
(Page 4 of 4 Pages)

Reported Funding, Thousanda of Dollars

Ageney  Prolect No, Project Title Total Pris FY  FY FY Y FY FY FY FY
or to Ini- I X 74 74 76 17 78 79
tial Year
Indicatnd

Subtotals 73 8 0
tatals for Communie
cation Inctorference 461 275 s 296 200 100 G 230




Zz-4

nor

NASA

Table F-6
COMMUNTTY OR COLLECTIVE RESPONSE
(Page 1 of 2 Pages)

leported Funding, Thousands of Dollars

Agency Preject No. Project Title Total Pri- FY FY FY FY FY Fr FY FY
or to Ini- 72 73 4 % 76 17 18 79
tinl Year
Indicared

Contract Measurement of Com- 2495 130 50
036369 munity Noilse and Asac-
(Irais No.) ciated Human Response
Subtotals 295 130 50
504+29-01 Acceptance of Alr- 173 172 232 160  |Go
craft Opcrations Teche-
nology Assessment
504=29=11 Acceptance of Alrcraft 205 319 422 150 150
Operatlons Community
Nolse
Subtotals 378 491 654 510 510
DF 313140 Effects of Alr Force 12 0 0

bon

Nolses on Papulation
Surrounding Alr Bases

Subtatals 12 0




fe-a

Agency Project No,

D

»

PA

Table F-6
COMMUNTTY OR COLLECTIVE RESPONSE
(Page 2 of 2 Pager)

Reported Funding, Thousands of Dollars

Project Title Total Pri- S 3 4 FY FY Y FY Y

or to Ini- 7273 74 73 76 77 78
tial Year
Indicated

Evaluation of HUD 200 185

Nolse Policies and

cuidelines

Effecta of Nolsa on 225

Community Development

sSubtotals 200 310

Effectr of Nolse en
Commnity Regponse

Related to Annoyance 1
Identification of En- l

200
vironmental Noiae
Levels for Detarmining

Cumulative Dose Expo=
gures for D fferent
Population Scgments

Subtotals 200

Totals for Community
or Collective Reaponse 295 410 821 1,114 200 510




vZ-3

Agency Project Na,

DOA 0057475
SC-00945

Table £-7

DOMESTIC ANIMALS AND WILDLIFE

Project Title

The Effect of Nolse
Pollution on the
Fowl

(page L of 1 Page)

Total Pri-
or to Ini-
tial Yeor
Tndicated

Reported Funding, Thousands of Dollars

FY FY FY FY FY TY FY
72 1 7h 75 76 77 78



te-d

Table F~8

MEASUREMENT METNODOLOGY AND CALIBRATION

(Page 1 of 4 Ppages)

Reparted Funding, Thousanda of Doliars

Ageney Project No.! Project Title? Total Pri- rY FY FY FY' FY Fr FY
or to Ini- 72 73 7L 15 76 77 18
tial Year
Indicated

HEW/

wIsH tndustrial Audiomet- 3l 52 40

ric and fearing Conset-
vation Technoloyy

TEstLmate,
INT0SH doegs not usg the rerw "projecr’” for thias level of reswareh

activiry,

FY
74



Table F-8
MEASUREMENT METHODOLOGY AND CALYBRATION
(Page 2 of 4 Pages)

Reported Funding, Thousands of Dellars

Agency Project No, Project Title Total Pri- FY FY FY FY FY FY FY FY
or to Ini- 72 1] T4 15 76 77 78 19
tlal Year
Indiecated
HEW/ Measurement of Oc- 32 44 28
NIOSH cupational Noise
Subtotals 63 9% 108
non' DAOD-6719 Research on Psychos x B5 195
'F (USA) acoustical Problems
® Medically Signifi-
cant to Army Aviation
DN=612146 Alrborne Noise Critveria 69 74
(USN) for Ships and Sube
marines
DF.313020 Mechanisms of Noise Gen~ k] 2 )
(USAF) eration and Reception

as Related to Alr Force
Bioacoustle Programs

DF 313030 Bioscoustir Environments 92 68
of USAF Aetospace Systems

DF 317570 Biocenvironmental Noise 4
Reaearch Program

TDOD FY 75 data eatimated the same as FY 74.




Agency

DOD

-3

Project No.

DF 314500
{USAF)

DF 316600
(USAF)

Table F-8

HEASUREMENT METHODOLOGY AND CALIBRATION
(Page ) of 4 Pogen)

Project Title

Dovelopment and Up-
dating of Air PForce
Land Use Planning

Reported Funding, Dollars

Total Pri=- FY FY FY
or to Ini- 72 1 74
tial Year
Indicated

2

Procedure with Respect

ta Afrcraft Noise

Measurement and Analysis 13 15

of Adreraft Nolse En-

vironments for Develop-
ing New Alr Force Pro-

cedures to Forecast
Noise Expogure

Subtotals

IpoD FY 75 data estimated the same aa FY 74

HUD

Y FY
75 76

FY
77

FY
78

FY
79

337 354

Hud Urban Nolse Monsure- 117 263

ment System

Development of Nolse At~ 125

tention Measures

Subtotals

354

50

117 438

50
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Agency

NASA

EPA

po1/
BuMines

Project No,

504-29=11

Work at
DOC/NBS

50144091

Table F-8

MFASUREMENT METHODOLOGY AND CALIURATION

{pape 4 of 4 Pages)

Project Title

Characterization of
V{STOL Noisen

Instrumentation and
Measurement Systems
for Nolse Exposure of
Individuals

Portable Calibration
Inatrumentation for
Audiodogimeters-~Feasi-
bility Study

Totalas for Measurement

Reported Funding, Thousands of Dollars

Total Pri- FY FY FY Y FY FY Y FY
or to Ini- 2 7 74 75 76 77 78 79
tial Year
Indicated
532 409 404
24 32 0
a 15 0
1,073 1,344 916

Hethedology & Calibration




APPENDIX G
ADDENDUM

This appendix is included In the interest of being complete. It
containa a project received too late 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 funding for this project.
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Prediction and Reduction of the Noise Impact
Within and Adjacent to Army Facilities

US Army Construction Engineering Research Laboratory

Project No: 836~06-001 1 July 1974

1. TECHNICAL OBJECTIVE: To develop methods to gquantitatively predict
the noise pollution impact of Army operotions, including blasting, heli-
copter operations, industrial plants, ana transportation, on civiiian
and military populations and ro develop anu assess means to reduce the
noise impact of such operations.

2, APPROACH: 1In conjunction with other Army and governmental agencies
such as the Environmental Protection Agency, the means to predict the
nolse impact of Army activities and/or facilities will be created and
teated. The prediction will be a composite of all nolse sources and will
form “equal nolsineas" contours which can be overlayed upon land use maps
to graphically expose incompatible zopes., Based upon the prediections,
operational and physical means to reduce the noise impact will be con~
aidered and evaluated for cost, effect upon Army operations, and effec-
tiveness in noise mitigation.

3, PROGRESS: 73 07 to 74 06, The noise prediction model for blast nolse
has been completed and initially tested, Field nolse measurements have
been completed on the Army Laventory for rotary wing aircraft. When ana-
lyzed, this data will go into the Tri~Service Aircraft Noise Impact Pre-
diction Computer Program and enhance the Army's ability to predict noise
impact of rotary wing aircraft operations. Construction has begun on
ynmanned noiae wmonitoring equipment which will be placed in the environs
of a facility to test the nolse impact prediction technique. Work has
been initiated to quantify the human reaction to blast noise into terms
and units recognizable and relatable to other noise sourceas.

4, OVERALL PLAN:

a. The means to predict and reduce the nolse lmpact of military fa~
eilities will be ersated. One physical measure will be used to rate all
of the various noise sources from the following clasaes:

(1) Blast noiss;

(2) Fixed wing aircraft;

(3) Rotary wing aircraft;
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{4) Mobile equipment;
(5) Fixed equipment and installaticns,

To the extent applicable, measures recommended by the Federal Environmen-~
tal Protection Agency will be employed.

b. This work is patterned after Air Force work on the prediction
of noilse impact from fixed wing aircraft. Essentially an iterative
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.

¢. Actually there are twe predictions involved; physical and psy-
choacoustical with the psychoacoustical prediction based upon the results
of the physical prediction. Thus, in the iterative testing for accuracy
two specific tests must be employed; one for the overall physical pre-
diction, the other for the predicted psychoacoustical response of the
community.

d. The following program steps must occur within each class of
sources in order to create an accurate prediction submodel for that class.

(1) 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-
ficiencles are of two types: paychoacouatical data and physical data
which include data about the source, the path, and the recéiver,

{2) Documentaticn is prepared for the computer program explaining
its use, This documentation includes creation of a manual that informs
facilities of the mannar in which they are to compile operational data
for submissicn into the computer program and subsequent generation of
impact contours, creation of an operations manual dealing with the use
and operation of tha program, and creation of a programmers manual deal-
ing with the detailed program description such that other military ac-
tivities con implement the program at various data processing centers.

(3) Computer generated results are obtained for use by the various
inatallations and for testing the accuracy of the prediction. Dased
upon the prediction model and the computer program, a manual is created
#o that the faeilities are able to interpret the computer results and
can understand the noise impact that their facility creates.

(4) Electronic instrumentation is created which monitors the phy-
aical (acoustical) energy arriving to variocus points in space. Thia
measured energy ia compared with the physical prediction. Discrepancies
in the prediction dlctate the néed for alteration of the model and the
need for additional physical data.
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(3) Community surveys are conducted to assess the community re-
sponse to ite acoustical environment. The results of the surveys are
compared with the prediction of the community responese. Discrepancies
in the prediction dictate the need for alteration of the model and the
need for additional psychoacoustical data.

(6) A manual is prepared on the means to lessen adverse nolse
impact.

{a) These means include a variety of methods such as scheduling
changes, location of changes, orientation changes, equipment changes,
attenuation structures, attenuvation devices, and land 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 assoclated computer program and implementation manuals, These
manuals are similar in nature to the manuals described above but deal
with the entire prediction rather than subclass.

5. WORK TO BE ACCOMPLISHED IN FY 75:

(1) Analysis and reduction of physical data including:

{a) Correlation of 20,000 blast data with BO0 weather-sound velo-
city data points., (December 1975)

(b} Reduction of rotary wing data inta raw 1/3 octave data and
into units which correlate with human responae, (April 1975)

{2) Adapt and create software for using complete rotary wing air-
craft data ueing the Alr Force Program as o point of beginning. (Air
Force Program only coneiders frequency above 50 hz - helicopter may
peak at about 25 hz,) (February 1975)

(3) Paychoacountical teste and data analysia including:

{a) Results of rotary wing taest. (December 1974)

{b) Results of pilot blaut noise tests, (January 1974)

(4) User manual to describe form and presentation of helicopter
data to the computer from the installation will be created. (July 1973)

(5) Programmer and operations documentation of the blast noise
computer program (contour portion) will be created. (February 1975)
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(6) As a special consideration of mobile sources, the effects of
traffic nolae to residential (barrackas 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 physical blast noise prediction will be imple-
mented by:

(a) Construeting measuring system (same as being buillt for EPA) ~
our testing equipment will include blast monitoring capabilities while
EPA's will not., {(January 1975)

{b) Test of the system in the Ffield and evaluation of monitoring
results. This will be an on-going activity with periodic evaluations.

(8) Set up for new blast measurement to explore the effects of
different climate and terrain. The measurements will tske place in
FY 76, (July 1975)

{9) Initiate by contract commuriity surveys to assess the response
to facility blast noise. (March 1975}

6. WORK TO BE ACCOMPLISHED IN FY 76:

(1) Resuits of iInitial social survey/community response with re-
spect to blaat noise, (January 1977)

{2) Resulta of blast noise psychoacoustical tests. (January 1977)
¢3) Inclusion of vehicular and fixed sources. (All Year)

(4) Additional biast and possible rotary-wing measurements. (All
year, including analysis)

{5) Implementation of blast noise and rotary wing alrcraft classes
with the DOD manual (omit vehicle and fixed nolse sources). (All Year)

(6) Continued base monitoring to test physical prediction. (All
Year)

(7) Preliminary attenuation and mitigation work with respect to
blaast noise and rotary wing aircraft., {(All Year)
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7. Eunding Summary

Commite
mant

In=-
House

ut=of=
House

Other

{Dollars in Thousands)

FY14 FY15 Fe76 ¥Y?77 FY78 FY79 Cum::ate
CFY-=1 CFY BFY BFY+l BFY+2 BFY+3

195 175 250 250 250 250

35 75 45 45 45 80
20 1 &5 s s s
250 260 380 375 375 375 450

G=6
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RESEARCH REPORTING SERIES

Research reports of the O0ffice of Research and Development,
Environmental Protection Agency, have been grouped into filve series.
These five broad categories were established to facllitate further
davelopment and appliecation of environmental technology. Elimination
of traditional grouping was consclously planned to foster technology
transfer and a maximum interface in related fields. The five series
are;

1. PEnvironmental Health Effects Research
2. Environmencal Protection Technology
3. Ecological Research

4. Environmental Monitoring

5. Socloeconomic Environmental Studles

This report has been assigned to the ENVIRONMENTAL PROTECTION
TECHNOLOGY series. This serles describes research performed to
develop and demonstrate instrumentation, equipment and methodology

to repalr or prevent environmental degradation from point and non-
point sources of pollution. This work provides the new or improved
technelogy required for the control and treatment of pollution sources
to meet environmental quality standards.

This raport has been reviewad by the Office of Research and Development.
Approval does not signify that the contents necessarily reflect the
views and polieies 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

The Interagency Machinery Noise Research Panel was established
by the Environmental Protection Agency to ald EPA in fulfilling its
responsibility for cooxdinating the Federal nolse research activities.
As Lts 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
the major portion of these activitles are represented on the panel.
They are Department of Defense, National Bureau of Standards, National
Science Foundation, Dureau of Mines, National Institute for Occupatiocnal
Safaty and Health, and EPA. Department of Labor is also represented.
Other agencies which sponsor machinery noise RD&D are the Department
of Agriculture and Consumer Product Safety Commission. The report
contains brief descripcions and fiscal data for the agenciles' activities,
Emphasis is on fiscal years 1973 through 1975. Algo included are
raferences and bibliographies of reports and publications which have
raaulted from the Federal machinery noiae RD&D activitcies.
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1.0 INTRODUCTION

EPA has established four nolse research panels consisting of
representatives from Government departments and agencies to provide
informational exchange, a forum for interagency digcussion, and advice
to aid EPA in its role as the coordinator of Federal nolse research in
accordance with the Noise Control Act of 1972, The panels and panel
membership reflect the major thruscts of the Federal noilse research
programs as follows:

Nolse Research Panel Current Agency Membership#

Alreraft NASA, DOT, DOD, HUD, DOC, EPA

Surface Vehicles DoT, HUD, DOD, DOC (NBS), EPA

Noise Effects HEW (NINDS, NIOSH, NILEHS), DOT,
NSF, HUD, NASA, DOD, DOL, DOC(NBS),
EPA

Machinery** HEW (NIOSH), DOI {Bureau of

Mines), DOT, DOD, DOL, DOC,(NBS),
EPA

i These panels provide the formal mechanisms for interagency consid-
! eration review and aasessment of research in the four technical areas.
! The primary functions of the panels in cheilr respective areas are:

Tl et i e

Review and assessment of the state of sclence and technology
relating to nolse.

Raview and assessment of the status of nolse research and
technology development.

Identification of technology gaps and research needs.

Preparation of recommendations concerning ongoilng research
activities.

Racommendations of nolse resaearch programs and projects and
methods for accomplishments.

For the purpoaes of this report, the tem 'machinery" includes all
mechanical devices not classified am aircraft or surface vehicles,

* Gloasary of Agency Acrotiyms In Appendix A.
*% List of Machinery Panel Members in Appendix B.



Machinery then means not only industrial wmachinery, but also household
appliances, toyns, oome construction equipment, alectronic devices and
aquipmont, office machines, gardening and power tools, furnaces and air
conditioners, As tha panel is concerned with noise reduction in general,
this report will alao doal with reaearch on structural transmission of
nolse and building acoustico, and the use of noise control materials,

1.1 PURPOSE AND SCOPE

Thia 48 the firat raport prepared by the Machinery Noise Research
Panel, It prasents a summary of current Federal programs and projects
which seek to understand and control machinery noise. To wview these
Faderal cfforts from a proper perspective, the report also addresses:

= gources of machinery nolse
- impact of machinery noise
=« private sector efforts in machinery noise RD&D
Thls report does tiot addresa:
« tha state of technology for controlling machinery noise
= research neads in machinery noise
- adequacy of current Federal RD&D
= role of the Federal Govarmment in machinery nolse RD&D

This document also will ba used by the Envirommental Protection
Agency in preparing a report to satiafy Section 4(c)(3) of the Noise
Control Act of 1972, BEPFA is required to report on the status and prog-
ress of Pederal activities relating to noise research and control and
to ansess the conmtribution of such activities to the Federal Governmment's
ovarall afforts to control noise.

Activity for f£iscal year (FY) 1974 is cuphasized, program continua«
tion through FY 1975 is noted where possibla, and funding and work
carried cut during ¥Y 1973 1a reported, Tha data on which the report la
based came from twe ascurces: Agenciea' rasponses to a 1974 request
from BPA on Fedoral noise activities and information supplied by the
panel mombers in 1974. Although the data are current as of the end of
1974 and fairly complete, there are variations in the ways agenciles
caleulate the costs of overhead for their in-house rescarch, Thus,
comparisons batween agencias' reported fiscal data are not axact.
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The fiscal data are also incomplete, First, much of the DOB
Research Development and Demonstration (RD&D) on machinery noise
is classified for national security reasons. Hewever, general re-
aearch 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 opinlons of the panel members and de not necessarily
represent their agencies' policies.

1.2 _SOURCES OF MACHINERY NOISE

Conaidering the definition of machinery used in this report,
there are literally countless sources of machinery 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 noise levels in the worst industries are shown in Table
1.1. It should be noted that these levels are only representative,
Many patameters, such as manufacturer, working material, size of the
machinery, etc, can affect the noise level, Appendix E, which makes
no attempt to be all-inclusive, identifies 357 machines in 20
industries.

Machinery noise also occurs im the home, in hospitals, in office
and residential buildinge, 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 Stat. 1234), the first atep toward promulgation
of noiase atandards for new products is identification of those products
which are major sources of noise, On June 21, 1974, EFA designrated
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 baded on "air compresscra as the major source of
sound energy and the most widely used product among pleces of construc-
tion equipment contributing to construction site noise" (after medium
and heavy duty trucks). (Ref, 1)* The deaignation was based on
envirommental noise impact and not occupational nolse impact, which
is principally concerned with hearing loss,

* TFor references, see Section 5.0
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Table 1,1 EXAMFLES OF INDUSTRIAIL MACHINERY

INDUSTRY

Constrvetion Equipment
15,2 metera (50 feet)

Metal Working Machinery
(Operator poasiticn)

Wood Working Machinery
(Operator position)

Taxtile Manufacturing
Machinery
{Operator position)

TYPE SOURCE

Aflr Compressor
Jaclc Hommer
Generator

Plle Driver
Crane=Derrick
Back Hoe

Roek Drill
Pnaumatic Toole

Drop Hammers
Punch Preases
Riveting Machines
Chipping Machines

Planers
Sawa
Molders
Taenonera

Looms

Combing Machines

Reducing Machinos

Bleaching, Dying and
Finishing Machinery

WOTE: Llevels are only repressntative.

NOISE SOURCES
NOISE LEVEL (dBA)*

102

96
100

# Reforences and & mora comprehensive 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 meters Clothes Drier 63
(3 feet) Dish Washer 65
(Ref, 2) Shop Tools 83
Sewing Machine 73

Waste Disposal 78

Feood Blender 75

Electric Can Opener 66

Alr Conditioner 58

I.C. Engine Powered Lawn Mowers 72
Toola 15,2 meters Chain Saws a3
(50 feet) Snow Blowers 85
(Ref, 3) Lawn Edges 78
Tillers 69

Garden Tractors 75

NOTE: Levels are only representative,

ppan e mria mm e e e o ——,

St b Sy o



1,3 TIMPACT OF MACHINFRY NOISE

General agreement exists that hearing loss is the most severe
health affect of long term exposura to noise. EPA has estimated that
as many &8 25 million American workers have been exposed to noise
potentially hazardous to their hearing, Noise from machinery sources
in {ndustry has baan showvm to affect work performance, cause short term
physiological changes, and interfere with warning signals, (Ref, 4)

Batimates of the costs for reducing occupational nolse to levels of
murginal protection against hearing loss run into billlons of dollars.
(Raf. 5) However, these estimatesa are crude at best and little data
exist to adequately define the extent of the machinery nolse problem in
the occupational enviromment and to assess the availability and cost of
technology for industrial noise control. The available data do
indicate that the problem is complex i{n terms of the vast number of
different machines in use, seévere in terms of numbers of people exposed
to hazavdous levels of noise, and costly in terms of available control
technology.

Although noise expoaures in industrial environments are the most
severe, machinery sources can impact significantly in other enviromments.
Machinery noise may disturb sleep, annoy, interfere with activities, and
contribute to fatigue and irritation in residential, hospital, office,
or recreational environments. (Ref. 4) EPA has estimated that 13
million people presently reside in areas where nolse levels exceed those
potentially hazardous teo hearing.

The vast number of machines involved, the large number of people
affectad, and the costs involved in control of machinery noise would
suggeat the need for a concerted Federal involvement in this area.

1.4 PRIVATE SECTOR EFFORTS IN MACHINERY NOISE RDGD

The sheer magnitude of the noise sources and levels in industrial
machinery alone suggest that much research would be going on in the
private sector to develop mors cost effective noise control technology.
The Machinery Noise' Research Pancl felt than an indication of the RD&D
being carried ocut by induntry was nceded to determine the Pederal
Government's role in machinery noiase RD&D. The panel, however, identi-
fied major problems of data acquisition onr private sector work due to
the propristary nature of moat industry RDGD and the large number of
firms. Trade associations were suggested as an iritial way of obtaining
an indication of machinery noise research supported by induatry.



Consequently, a number of trade asscciations were contacted and
a literature search was conducted for the period 1971-1974. The
details of the results are reported in Appendices C and D, The con-
clusions are as follows:

Noise Abatement Research by Trade Associations - Trade associations are
not conaidered a source for large amounts of quantitized data on noise
sources, nolse levels and noise treatment technology, However, most of
the associations are aware of the noige problems within their industries
and are keeping abreast of existing and new noise regulations,

Machinery Noise Literature Search - In a literature search which covered
the peried 1971-1974, 321 publicaticns were identified as pertinent to
machinery noise. The abstracts provided virtually no technical
information which could be used in assesaing 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 and seven industries had less

than ten each. The majority of the publicarions were either concentrated
in the other six industries or could not be classified. It can be con-
cluded that for most industries there is not much public reporting of
machinery noise research results.

In sumnary, it appears that trade associations are not conducting
much research on machinery noise and other industry research will most
likely be proprietary, The literature gearch showed that for most
industrieca 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 MACHINERY NOISE RD&D

Table 2.1 shows that eight Federal agencies, including two compo-
nents of DOD, are sponsoring machinery nolse research, The Navy by far
haas the largest activity, with about a million dollars per year spent
in the machinery nolse area. However, the results of this research are
classified and thus are not currently publicly available. The other
agenciesa' in FY 74 together spent a total of more than 2 million dollars
on machinery noise RD&D. The total Federal effort has been in the range
of 2 to 3 million dollars per year and appesred to peak in FY 74, A
brief description of each agency's activitles is presented below.

2,1 DEPARTMENT OF DEFENSE

The DOD research effort in machinery noise reduction follows the
traditional methods of astablishing criteria, determining the noige
producing mwechanioms, and developing techniques to reduce such noise,
This effort is supplemented, when reduction of the acurce itself is not
posgible, by mitigation through use of structural damping, resilient
mounts, and the use of acoustical transmisaion loss and absorptive
materials.

The major DOD effort is in the Department of the Navy, in particular
Naval Sea Systems Command., This work addresses the quleting of ships
to avoid datection, improve sonar listening, and raduce suaceptibility
of ships to acoustically actuated weapons and energy detection systems,
Other DOD efforts are conducted by the Army on variocus pleces of military
equipment, Various military standards: MIL-STD=-740 (Ref. 6), which covers
naval machinery; MI~STD-1474 (Ref, 7), which covers Army Material Command
squipmont; and MIL=-D=0088068 (Ref, 8), which covera Air [force equipment
ahoard aircraft, provide guidance in how to measure noise and atandards
of acceptability,



Table 2,1 MACHINERY NOISE RD&D FUNDING BY AGENCY

(Thousands of Dollara)

FY 73 rY 7% FY 75
AGENCY -
DOI/Bureau of Mines 337 528 730°
DOC/NBS 138 264 265
HEW/NTOSH 162 226 138
NSF 243 356 -
EPA 60 230 100
DOD/USYH - - -
DOD/USA 178 490 245"
cese 0 70 0
USDA 0 20 92
972 2,184 1,570
‘ Projected

Tohis figure doea not reflect $60.5K funded in FY 72 for work done in
FY 73.

i
Navy funding for specific RD&D activities in Machinery Nolse cannot
be reported for asecurity reasona. However, the total effort in this

area is about $1 million each year.

2.1.1 U,8, Nevy

In addition to the various military standarde mentioned above, noise
level requirementsa are frequently stated in the individual shipbuilding
specifications for items of special intarest. While the Navy affort is
primarily concerned with radiated and sonar self-noise, puch effort re-
sults in quieter machinery, The principal noise offendaras are those
associated with propulaion plants. These include internal combustion
engines, gearsa, valves, and auxiliariea such as pumps, motors, generators,

stec,

Diesel Enginoa - The most serious nolse producing machipery item is the
dieael engine, MNoise lavels in the vicinity of unquieted diesels as high
as 125 dBA are not uncommon. These noimes are ceused by the exhaust,
platon impact, valves and other moving parts, Significant reductions
have been obtained as a result of research in muffler design, use of
heavier ongine parts, lining of intake ducting, acoustical cladding and
enclosures, DBecause noise levels generally increamse primarily with speed
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and to a lessder extent with increase in bore, stroke, and number of
cylinders, slower engines are used where feasible.

Hydraulic Systems - Extensive resecarch is being conducted on hydraulic
system noise reduction, 1In addition to the work on specific components
such as pumps and valves, studies are being conducted on acoustical
filters, flexible pipe connectione, pipe hangers, and pipe damping.
Handbooks are under development to (a) summarize all physical, acoustical
and usage data on flexible pipes and hose connections, and (b) depict the
design of noise reducing pipe hangera,

Pneumatic Machinery - Pneumatic machinery ia quieted by .a combination of
damping and careful machining of components,

Rotating Blectrical Machinery - Rotating electrical machinery produces
noise of three types: mechanical, airflow and magnetic. The mechanical
noise can be reduced by careful balancing of the rotors, control of
clearances, and lubrication. Brush noise 1s controlled by using holders
of dauped material, proper tightening, bearing brushes, pelishing of
commutatora, and correction of eccentricity of slip rings or commutators,
Balancing rings are used to facilitate balancing, Afr flow noise is
essentially fan noise and is discussed in a4 following paragraph. Magnetic
noise, which is caused by variations in the magnetic path, can also be
reduced by careful balancing,

Electronic Bquipment - Generally noise from electronic equipment is air-
flow velated, The air flow causes vibration of internal components such
as elements on circuit boards a8 well as the items discussed under fan
noise. Eleectronic cabinets, because of their light weight, are quick
to reasonate. Research is underway to determine the proper applications
of air intake and exhaust mufflers, quiet fans, and damping to reduce
this nolee scurce.

Sound Path Isolators - Ideally, nolse chould be reduced by controlling
the asource, the cowponent itself, If this cannot be done adequately,
there 18 the problem of transmission by a structureborne path and sub-
sequent reradiation, Structureborne transmission of noise can be reduced
by the propar use of reailient mounts and mounting material. Mounts

have beean devealoped from various types of distributed isolation materials
{DIM) and with capacities up to 4,536 kilograme (10,000 pounda). These
are commercially available, Research on meunts ig in process to improve
the rasistance of the matarial to deterioration from ozone and oil and
from very high ambient temperatures, Reduction in structureborne paths
is also achieved through the use of atructural damping. Damping reduces
the amplitude of vibration at the resonant fraquency of the structure.
Damping materials developed under Navy sponsorship are also widely used
in non-Navy applications and are commercially available, Research is
continuing to develop damping materials suitable for higher temperatures
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and heavier plate, A design handbook is being prepared for damped
foundations.

Gas Turbines - Turbine noise results from many sources including

unbalance of the rotor, motion of the rotor blades past the stator

bladas, and flow through the exhaust and intake ducts., Silencing has
baen achieved through the use of microbalancing of the rotor, damping
of the turbine blades, damping of the reduction gear caeing, lining of
air intake, and use of splitters and septa in the air intake. In
addition, acoustical enclosures have been developed te silence the
entire turbine, Reductions of 40 to 50 dBR have been obtained in the
spesch interference bands (500, 1,000, 2,000 Hz octave bands).

Compressors - Reaearch ia underway to investigate the noise sources
associated with compressors and the application of available nolse
reduction techniquea, These include investigation of pulsation dampers,
blowdown ailencers, and optimum mounting methods,

Fans « Fans used in. ventilation syatems and other equipment are
priucipal noise producera, Fan noise i generally tomal at the blade
passage frequency or one of its harmonice. It is caused by the blades
passing close to the machine structura, It can become particularly
serious Lf the housing or the ventilation ductwork is excited to
resonance. Research 1s being conducted in fan blades, and knowledge
obtained from pump impeller design is being applied to quiet fan nolse,

Cears = Goar noise {8 characterized by broadband noise with a number of
discrote tones, These are the various harmonica of the gear aspeed,
with those corresponding to multiples of the pinien speed frequency and
the tooth contact frequency most prominent. Factors which affect the
genaration of gear noise include unbalance and eccantricity, improper
tooth shape and spacing, helix error, improper alignment, deflection
undor load, lubricant pumping, tooth friction, bearing reaction, etc.
Cear noise has bean significantly reduced by more precise machining
(removal of burra, grooves, high spota, etc.), care in alignment, and
nssuring the. removal of any foreign material from the lubricant.
Research continues through the use of computer analysia, Purther
roeductions in airborne noise lavals are anticipated through use of
improved damping, case hardening, and the application of transmission
loss traatments to tha housing.

12



r——— e pam SRR B RASmARE

e Nt

Valves = Valves are nolse sources because abrupt changes in flow contours
cause Increaged turbulence levela, Valve types have been rated inm order
of increasing nolse generation aa follows: plug, gate, check, globe, and
diaphragm., The uge of frictional reactive elements has greacly reduced
valva noise, Hesearch continues through use of mathematical modeling

to further decrease valve noise,

Pumpe = A pump accelerates a mass of fluld from a reglon of low pressure
to higher pressure. This acceleration is accompanied by an opposing
force on the housing. If the acceleration is smooth and uninterrupted,
what little neise is produced i1s due primarily to flow interaction. An
axial flow pump most closely approaches such conditions but its internal
components generate nolse, A centrifugal pump is also an inherently
quiet deaign 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. Reaearch is being
conducted to determine more accurately the characteristics-of the pump
noise and to develop quiet new components. In particular, Impeller
design modifications for centrifugal pumps are being studied.

Noige Criteria - Naval research is also underway to develop improved
measuring techniques to aimplify procedures and to permit measurement of
aquipment noise in any space conffguration in manufacturing plants. The
measurement technique will permit noise levels at the operator's position
to be determined regardless of the environment and proximity of other
machines.

2,1.2 DOD/U,S, Army/MERDG

The Army Mobility Equipment Research and Development Center (MERDC)
at Ft. Balvoir, Va., has several noise reduction projects which are
liasted in Table 2.2, These are briefly described balow.

Portable Equipment - A 17 cubic meter per minute (cMM) (600 CFM) portable
alr compressor and three mobile electric generatora (1.5W, 30 KW, and

60 KW) are being addressed in current programs, The compressor project
cost $98K in FY 73, The two larger gonerators were fundad at $80K in
FY 73 with & supplement of $50K in FY 74, Bacguyse the smaller generator
project has just bagun, the funding has not been detormined. The goal
for tha larger portable electric generatora was to obtain a reductilon
from the present 93-54 dBA at 7.6 metars (25 foet) to the middle of the
70-80 dBA range, So far, the program has accomplished a reduction to
76=77 dBA at 7.6 meters (25 feet), The smaller (1,5KH) generstor
project has alrsady achieved a prototype with a nofae level of 60-64

dBA at 3.05 meters (10 feet), It is said to be practically insudible
at 30.5 meters (100 feet).
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Table 2.2 USA MERDC MACHINERY NOISE RD&D

FY Funding ($K)
Inveatigator FY 73 Fy 74 FY 75

Portable Equipment

Compressor Noise Control Martin-Marietta 98
Laboratories and
Lord Corporation

Electric Generator Noise Control 80 50
Alr Conditioner Noise Control‘ In-house 400 200‘
Equipment Noise Survey & In-house

Evaluation ?

Military Standard Engines,
Manifold

Mufflar ¢

Rock Drill, Crawler Mounted

228M Crane=Shovell

4,536 metric ton (5 ton) crane, wheeled
Compressor 17 cam (600 cfm) 2/6V-7IN sngina®
1,7 cmm (60 efm) .46 kg/em™ (6.5 psi) compressor
21.2 com (750 cfm) compressor

Mixer, Rototiller®

Radial ary pawd §

211 kg/em® (3000 poi),.425 cmn (15 cfm) compressor?
Concrete Saw .

Map Printing Van

Hydraulic Noise®

TOTALS 178 450 200

‘F\mding approved for future yesars
!Nom:l.nn:l in-thouse funding, not dedicated to noise

‘Hork carried out relative to surface vehicles but applicable to
machinery noise, Covered in surface vehicle report. (Ref. 9)

‘prior to FY 73

’Oputator pogition only
14
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Alr Conditioners - A program has been initiated to reduce the noise

evel of military otandard air conditioners below the speach inter-
ference levels of MIL~STD-1474, (Ref. 7) Work will include redesign of
components, evaluation of mounting techniquea, and other inntallation
and application methods, The goal of the program is to reduce the
noinse levels of the units to approximately 55 dBA, 57 dB PSIL-4, or
NC=-60 (approximately equivalent levels).

Equipment Noise Survey and Evaluation - MERDC has alao surveyed and

partially evaluated the noise levels of a variety of other machinery
including military standard engines, rockdrill, crane-shovel, 4.536
metric ton (5 ton) crane, compressor, rototiller mixer, radial arm saw,
concrete aaw, ditcher, and map printing presa, The work has been
performed with nominal in-house funding, not dedicated to noise. The
aurvey wae concerned with both operator noise exposure and noilse levels
measured at 15,2 meters (50 feet).

Hydraulic Equipment - MERDC has had two prejects on hydraulic pumps and
syotema in vahicles, These projects are covered in the surface vehicle
panel report (Ref. 9) but the hydraulic equipment {a identical to that
used in many industrial applicationa, Major efforts involved isolating
mounts and covering up components, but further basic work waa needed.

The 4nitial approach was to try to selact a “quiet" pump, but it was
detarnined that there were no satisfactory standards for measuring

pump nolse. Work was done in conjunction with Oklahoma State University
(0SU) and the National Fluid Power Association (NFPA) to develop a
procedure which haa subscquently been submitted to the Intammational
Organization of Standardization (150). Aa tha wehicla atudies progresse
ed, it became appaxent that although most pumpa are ratad by their air-
borne noiae levels, tha real problem 4s the "noise’ that ia fluidbome and
released downstream at the hoses, valves, and reservoirs. Levels reached
the equivalent of over 200 dBRA. It is inceresting to note that in
cither case the noise is more adversely dependent upon the shaft speed
than system pressuxe, but this is more true for fluidbome noise. In
this study, no actempt was made to devalop a "quiet'' pump but rather

to giva an effectiva meana to tradeoff perfomance parameters in ordar
to reduce noisa. Prasent work genarally has been to study the phencmenon
of noise in hydraulic systems. This will continua in the future along

with the davelopment of practical meana to reduce noise.
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2.1.3 DOD/U.S, Army/CERL

The U,S. Army Construction Engineering Research Laboratory (CERL)

has a single project dealing with measuzement methodology for construc~
tion sites, Funding was $40K in FY 74 and $45K in FY 75.

Conatruction Noise: Specification and Control

a.

Background information and datse 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 phasea
and typee of conatruction, known apecifications and regulations
dealing with construction site nolse, methods to measure the nolse
of construction sites, background informatfon indicating the need
for attention to noise emitted from construction sites, information
dealing with the maans to lessen the naise impact, and infommation
and data relating to the cost effectiveness of these nolse attenua~
tion means. Specifications will be prepared which will be appro=-
priate for different types of construction or locallcles.

Various measurement methods will be invaestigated for their appro-
priateneas in teating for complisnce with standards and establishing
the nolse from construction aites. BExisting methods to attenuate
noise emitted from conztruction sites, apecifically alternate equip-
ment, altemate methods, and physical attenuation will be reviewed.

New mathods will ba developad to mitigate tho nolse impact of cons
struction sires with particular cmphasis on the current and near
futura problems of military conmtruction. Tha ¢oat effectivenasa
will be determmined for the various altornative means to attenuate
the noises impact of construction aites.
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2,2 NATIONAL BUREAU OF STANDARDS

NES has resesrch activities both in building acoustics and in
development of measurement methedologies for sources of machinery
noise. A summary of the funding for these activities 1s shown in
Table 2.3.

Table 2.3
NBS MACHINERY NOISE RD&D
(In~house)
FY Funding ($K)
I T
Activity
Building Acoustica 97 144 145
Machinery Noilse Measurement Methods 41 120 120
TOTALS 138 264 265

fuilding Acoustica ~ This activity's objectives are: 1) Improve
present methodologies for measuring noise isclation provided by
barriers, terrain, vegetation, and building shella. 2) Provide tech-
niquas for predicting sound propagation from exterior noise sources
into occupied spacen. 3) Evaluate engineering data and information
to agalst depigners in providing protection against noise of exterior
origin. 4) Improve presant measurement methodologiesa for measuring
and controlling noise generation and propagation batween rooms aa
well as building equipment noise, in order to provide easential,
tachnically reliable noise control measurement procedures to industry
and government.

The specific approachea will be to: 1) Devalop new or improved
measurement methodology for assessing noise generation and propaga-
tion within rooma, buildings, and building equipment noise., 2) Charac-
terize the force pgpectra of "typical® sources of iwpact excitation,
such as footateps and charactariza the vibratory and accustic response
of structural elements for npecified excitationa, Combine to yield
predictions of the response and radiation of floor-ceiling models
for vtypical” impact excitation. Subject results to experimental
verification, 3) Study human response to transient intrusive noises
with the objective of correlating physical measures of noise with

17
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related subjective measures of acceptability or annoyance. 4) De-
velop new and earlier measurement methodologles for field measurement
of airborne noise propagation between adjacent rooms and compare and
extend by analysis and experiment.

Machinery Noise Measurement Methods - This activity will determine the
adequacy of present measurement standards for the determination of
sound pover emitted by noise sources, and develop measurement methods
and improvements of these standards in order to reduce measurement
errors. A critical review of present American and international
meagurement standards is being conducted in order to assess the ade-
quacy of these standards for the determination of sound power emitted
by noige 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. 1In order to pgain direct familiarity with these pro-
cedures, they are being tried using the NBS reverberation room and
anechoic chamber facilities, It is intended that by these means

both industry and government will be provided a sound technical basis
for the regulation and labeling of noise emissions from a variety

of products.

2.3 NATIONAL SCIENCE FOUNDATION

NSF supports fourteen grants in various areas of machinery noise
research, Sources addressed include heat exchangers, pipelines, in-
dustrial processes, ducta, nozzles, combustion noise, diesel engines,
appliances, and machine tools. Control of the noise path is addressed
in several grants on noise propagation, transmission, and abgorption,
Finally, WSF has funded a grant for computer prediction of noise
levela in manufacturing areas, Titles and funding for each project
are found in Table 2.4.

Flow-Induced Vibration and Noise in Heat Exchangers - The friction
loss, performance, vortex shedding, plate vibration and noise genera-
tion in a tubular heat exchanger surface with slotted f£ins (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 holaes,
plate vibrations and noise gencrated will be measured and correlated
with a theoratical model as functions of the governing parametars.
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 arrangewments, in-line and staggered
patterns; and the effects of physical parameters, such as the surface
and frontal porosities and the £low length to hydraulic diameter ratio,
on the flow-induced ogscillations.
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Table 2.4

Project Title

Flow-Induced Vibration and Noise
in Hoat Exchangers

Cavitation Demage Scale Effects
for Sudden Enlargements in Pipelines

Research Initiation - Impact Mechanics
and the Generation of Impulsive Seund

Baric and Applied Studies of Noise

Attenuation of High-Intensity Sound
in a Condensing Vapor

Combustion Genevated Noise‘
Controlling the Noise Radiated from
Diesel Engines®

Noise and vibration from Transporta-
tion Vehicles and Other Machinery

Acoustic Prepagation in Dranched
Bolids

Sound Transmisaion in Buildings
Research on Noiee Propagation
Acoustically Absorbent Materials®

Optimum Dasign of Partitiona for
Minitum Sound Transmission'

Prediction of Neise Levels in
Manufacturing Areas

TOTALS

NSF SPONSORED MACHINERY NOISE RD&D

Recipient
Institution

University of Michigan

Colorado State University

74,51
Pennsylvania State 17‘
Universtity
Stanford University g7*?
Syracuse University 1]
Ceorgia Institute of -
Technology

Purdue University -
Purdue University -
University of Texas 49,5
at Austin

Massachusetts Institute 15

~ of Technology

Massachusetts Institute -
of Technology

Pennsylvania State "
Univeraity

Carnegie Mellon -
Univeraity

Virginia Polytechnical 0
Institute

243,0

! Ns5F Funding cannot he predicted for FY 75

! punding for 24 month pecied
3 funding for 18 month peried

t funding in FY 72 for 24 month period

5 Includes mome minor Surface Vehicle related work
# Majority of work is Surface Vehicles and funding is not {ncluded in the totals.
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73 74

2
65.4

26

152

392

356.4
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With these theotetical and experimental results, some guidelines
will be recommended for practical design considerations to reduce both
plate vibrations and noise. Important new applications will then
become feasible for automotive and marine powar propulsion systems,
commercial and domestic air conditioning and heating aystems and the
dry cooling tower for electric power planta,

Cavitation Damage 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 varicus dimensions
and the evaluation of the scale effects from the data taken, Further-
more, studies will be carried out on the vibration and noise levels

for cavitaticon index values between the incipient and incipient damape
conditions.

Research Initistion - Impact Mechanica and the Generation of Impulsive
Noise - The phenomenon of high speed impact between solid bodies in a
£luid wmedium will be examined in reference to numerous industrial
machining procesves which produce dangerously high levels of repetitive,
impulaive noise. The investigation is three-pronged: 1) Noise tape
samples obtained from numercus industrial concerns using forging,
blanking, and impact extrusion processes will be examined with respect
to apectral content, intensity levels, rise times, and pressure dura-
tions tc classify and describe impulsive sound characteristics. 2) an
impact simulation mechanism will be designed and built to evaluate

the degree to which geometric and material modifications of existing
impulsive-type machinery could reduce noise levels. 3) An analytical
treatment will model and predict characteristics of the impact phenome-
non,

Bacic and Applied Studies of Nolse - Specific work supported under

this grant will be basic research on the mechanice of tire noise,
sound generation and propagation in internal flows, and practical

applications of piteh sequencing.

The sound transmission charactaristics of high-spead internal flows
(piping, orifices, otc.) and the sound generation characteristics of
blockage elements (orifices, diffusers, etc.) will be studies using
techniques extended from work on turbulent shear flows in similar de~
vices. The initial work will consist mainly of rig design, comstructionm,

_and technique development.

A otudy of applications of the pitch eequencing concept (plecewise
fraquency modulation as uged in tire tread designa) will be made in a
variety of systoms {sawblades, blowers, ete. ).

Attopuation of High-Intensity Sound in Condens ing Vapor - Recent experi-
montal evidence suggests that asrodynomic noiss in ducts and nozzles is
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significantly reduced in the presence of gmall water droplets, It is
difficult to account for the observed reduction on the basis of exist-
ing theories of sound attenuation in condensing vapors. The proposed
research suggests an additional mechanism for attenuation of high-
intensity sound in a coundensing vapor. This mechanism is enhanced
heat and mass transfer between the vapor liquid phases due to acoustic
gtreaming about the droplets at high levels. Other possible phenomena
that may account for large sound reduction in duct and nozzle flows
contalning & condensing vapor will also be considered. 1t is hoped

to provide both an explanation for high sound attenvation in condensing
vapors and a means to predict the attenuation. Such a goal, if realized,
will have Important implications for the evaluation of methods to
reduce internal noise in ducts, pipelines, and turbomachipery.

Combustion Generated Noise - A combined experimental-theoretical program
Wwill be undertaken to isolate the origin of combustion generated noise
and to discover appropriate scaling rules associated with this noise.
Primary attention will be on premixed turbulent flames, although several
agpects of diffusion flame noise will also be investigated.

The data obtained on free flames will be analyzed and compared
with theory. Correlations will be obtained for sound power output,
directionality, and spectral content. The relation between the re-
action rate fluctuations and the sound power output will be determined.
An analysis will be made for the radiation of noise from a flame-con-
taining enclosure to the surroundings, The modification to sound
power output, spectral content and directionality will be compared with
free flame generated noise.

Controlling the Nolse Radiated from Diesel Enpines - There arg two main
Sources of nolse In diesel ongines: combustion noife due to burning of
fuel and mechanical noise due to operation of the engine. Aspects of
both Aources 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 pressura source. Both cylinder pressure=time
history and the pressure-time history external to the engine will be
maagured. From these measurements the noise attenuation of the engine
will be determined at different frequencies using Fourier annlysis.

Tt is also hoped that this attenuation will ba checked with the engine
running and driving a dynamometer. 1n the combustion noise simulation
atudy, the affects that atructural changes in the engine have on noise
attenuation can be examined without masking from mechanical noise. The
mechanical noise will be measured by driving the engine with an electric
motor. Using this methed, certain aspects of the mechanical nolae can
ba examined without masking from combustion nolse.

Noise and Vibration fram Transportation vehicles and Other Machinery *
To complement the ongoing research at the Ray W. Herrick Laboratories

21



. ————

of Purdue University, 2 broad range of research projects in noise
control and acoustics will be undertaken. These include: enclosure
design, automobile engine noise source identification and reduction;
noise attenuation measurements in mufflers; tire noise generation;
appliance noise reduction; machine tool noise reduction; barrier
design; community nolse from rapid transit vehicles; and other pro~
Jects. A new addition, a semi-anechoic facility with overall di-
mensiona 9.75 X 20.12 meters, (32 X 66 feet), will be built to accomo-
date many of the new projects.

Acougtics 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 waveguides onto which branches will be attached at various angles
by various means, The solid waveguides will be made long enough to

be investigated and measured without the interference from reflections.
A8 the work progresses, materials with several values of dilatational
and shear sound velocitieg and densities will be used as branchas, and
several shapes, machined or formed of such materials, will be inserted
as diffraction elements in the wmain waveguides and in the branches.

As part of the work, effort will be applied to measuring acoustic beam
patterns in solids in order to better defime 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. Alsop, the
experimental work will include an investigation of various acoustical
resistance devices to discover which are most suitable for use as
impedance matching terminations for acoustical waveguides. The analyti-
cal research will be performed using the results of the experimental
work and will extend the theory of acoustic propagation in solids,

Sound Transmisgion in Buildings ~ This research is relatively broad --

it is expected to cover the more 'conventional" aspects of sound trans-
mission through walls, ceilings, floora, etc., and also sound propagation
through corridors, doorwaya, and “open plan'' landscaped areas which

are more frequently being used in office buildings.

Research into noise transmission between rooms in buildings has
concentrated largely on the acoustic transmission properties of wulls
and wall building materials., However, with the advent of open plan
designa in both living and office spaces the problam of acoustical
rather than structural transmission becomes important. BEwven in the
traditional design of building interiors noise transmiesion from room
to room through openings can be an important consideration. Recently
there has been an impetus for a better theoretical underatanding of
transmission loss through walla, This 18 because of the advent of
lightweight construction and emphasis on better ascoustical design,
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One of the major purposes of this research is to apply newly de-
veloped procedures from aercspace studies to the problems of obtaining
better acoustical performance of wall structures,

A multiple purpose, seml-anechoic room will be constructed and
uged for the following experiments; 1) Open plan office psycheacousti-
cal and acoustical measurements. 2) Measurements of acoustical absorp-
tion coefficient by reflection-correlation method. 3) Measurements
of footfall noilse on carpet-like materials.

Regearch on Noise Propagation - The distribution of sound within build-
ings and the exterior acoustical environment of buildings will be de-
termined. 1In the former category, it is proposed to study sound trans-
mission through composite structures which are of interest in pewer
forms of modular housing and are also used as enclosures for machines
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 1is

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, resgearch
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
materials through a theoretical and experimental program so that opti-
mum use can be made of these materials as duct liners to control noise
from larger air moving systems. To meeL this goal, a study will be
undertaken of the behavior of acoustically absorhent 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 incidence at which the sound strikes the material will also be de-
tarmined. Another important aspect of the proposed work is the deter-~
mination of the behavior of high intensity complex acoustic modes in

ducts in the presence of the cited conditions.

The results of this program will provide new knowledge to design
acoustically absorbent maeterials in optimum geomettic configurations
for duct liners, and signficantly better acouatic and aerodynamic per-

formance.

Optimum Design of Parcitions for Minimum Sound Transmission - 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 apecific objective is to develop approaches to optimal design of
partitions to minimize the tranamission of sound. The acoustical
theory techniques considered will include variational metheds as well
ag computer orfented techniques,

Prediction of Noise Levels in Manufacturing Areas = A computer-based
geoustical model of typical industrial manufacturing facilitles will
be developed to enable the prediction of nolse levels at specified
points in manufacturing areas. The program will be written such that
only a limited acoustics background will be required of a user. Basic
information on physical plant arrangements and equipment Installations
are envisioned as input data. The computer will carry out the acoustic
computations and glve predicted noise levels using superposition, room
acoustics, and geometric acoustics concepts. Results will be conveyed
to the user in a number of different ways, depending upon the need,
computer, or computer terminal capability. The rellability of the pro-
gram to model industrial nolee environments will be field~tested in the
plants of a number of firms which have agreed to cooperate in this re-
search effort.

2.4 DEPARTMENT OF THE INTERIOR/BUREAU OF MINES

The Bureau of Mines conducts machinery noise RD&D to support its
mission of providing a healthful mine environment. It supports research
on several pleces of mine machinery and 1is attempting to characterize
the noise in mines from other machines. Table 2.5 glves titles and
funding of these projecta.

Altemate Conveyor Dosigna for Mine Machinery - The purpose of this pro-
ject iz to design and develop a new conveyor system which can be adapted
to existing machinery to reduce the noise from the conveyor to 90 dBA,
A prototype of a quieter conveyor for a specific machine used in under-
ground ‘coal mining will be developed.

Noise Control in Surface Mining Facilities == Problem Definition ~ This

project is intended to davelop economical noise control of chutes, dem~
onstrate utility, survivability, and repairability of such measuzes in
the fiold and to develop screens that are quieter and no harder to main=
tain than axisting systems. Development of the successful methods would
quiat two of the principal aources of noise in surface facilities asso=
ciated with coal mines.

Abatement of Noisc from Pneumatic Rock Drills - This study will examine
the use of ferrous and nonferrous damping alloya for reduction of
nolse by methods suitable for application in the wining environment and
will advance toward the goal of a pneumatic percussive drill with a
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Table 2.5 BUREAU OF MINES MACHINERY NOISE RD&D

Project Title

Alternate Conveyor Deslgns for
Mine Machinery

Nolse Control in Surface Mining
Facllitieg-=-Problem Dafinition

Noise Control in Surfacec Mining
Facllitieas-«Chutes and Screens

Abatement of Noiase from
Pneumatic Rock Drills

LYA

Muffler for Pneumatic Drill:

1. Analysis & Design

2. Analyails of Mochanical Noise
3. Abatement of Mechanical Noise
4. Larger Class Drill

Problem of Coal Mine Noise
Generation and Correction

Noise Abatement in Mining Machinery
Noise Control of Underground
Diesel-Powored Equipment--
Problem Definition

TOTALS

* Projected.

Project FY Funding (S$K)

Number Inveatigator (s} 73 14 13

HO144078  Foster-Miller o 148.8 -
Assoc., Inc,

HOL33027  Bolt, Beranek,& 79.4 16.7 0
Newman, Inc.

0144079  Bolt, Beranek,& 0 112.4 0
Newman, Inc.

07009 In~house 90,1 0 0

H022048 United States 56.6 15.1 0
Steel Corp.

03009 In-house 100.2 137.3 100

HO122054  Apt, Bramer, 10.4 39.5 1]
Conrad,&Assoc, Inc,

HO0346046  Polt, Beranek,& 0 58.7 0
Newman, Inc.

336.7 528.5 730 *




noise level no greater than 90 dBA, The principal accomplishments to
date have been agrototype drill with muffler-jacket, alloy rotational
chuck and constricted layer on 25 percent of the drill rod., The proto=
type had a nolse level of 104 dBA with a reduction of about 9 percent

An efflciency.

Muffler for Pneumatic Drill: 1, Analysis and Desipgn. 2. Analysis of
Mechanical Nolse., 3. Abatement of Mechanical Nolse. 4. Larger Clags
Drill - This project is intended to design and deliver a prototype
muffler to attenuate the alr-exhaust noise of a 34-kg.-class {75-pound=-
class) pneumatic stoper drill to 90 dBA with insignificant back pressure
and no icing problems; develop a kinematic model simulating the moving
parts of a pneumatic drill; use this model to optimize nolse abatement
designs of a drill and drill rod; and design and constyuct prototype
mufflers for a large drill (7.1 cmm) (250 cfm) class. To date, the pro-
Ject has resulted in four prototype mufflers which were designed and
fabricated for a pneumatle percussive drill of the 34-kg. (75-pound)
class and reduced the exhaust noise below 90 dBA with no fcing or back
pregsure problems,

Problems of Goal Mine Noise Generation and Correction - This project
will attempt to deflne the noise problems in various types of mining
oparaticns; to develop and evaluate monitoring instrumentation and per-
sonal ear protective devices; and to reduce the nolse levels of pneu=
matic drills. So far, this project has produced: a personal, pocket-
size audiodesimeter that recoxds the miner’s exposure to intermittent
noise levels encountered and an eammuff incorporating a special inter=
com system that allows the wearar to perceive low-level sounds (up to

83 dBA) at full volume but progressivaly attenuates louder nolaes to be-
low 90 dBA, It also has demonstrated feasibilicy of fabricating a

noise control system durable encugh for the mine environment and capable
of reducing the noise level of a pneumatic percussive drill from 115 to
101 dBA at the operator's position,

Noise Abatement in Mining Machinery -~ This project will define the noise

soutces from bolters, loaders, and continuous miners and will assess in-
mine corractive measures to reduce operating exposure to nolse levels of
90 dBA., The proposed medsures will be then be experimentally evaluated for
effectiveness on a loader, continuous minher, and a rotary roof bolter,

The output of the project will be a report describing in detail the

three machines selected, the nolpe sources, the corrective measures
applied, and the results from testing the modified machines in a mine

for one month,

Noise Control of Underpround Diesel-Powercd Equipment == Problem Define
ition - The project's objectives are to define the magnitude of the
noise problem from diesel~powered mining equipment and to avaluate

26



avallable nolse control techniques for effectiveness in reducing noise
levels to 90dBA. Hopefully, the project will validate a method to pre-
dict antiecipated underground noise levels from sound power data obtained
on the ground surface. This project s a flrst step toward reducing
nolse from diesel~powered mining equipment.

2.5 NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

The NIOSH effort in machinery noise control RD&D is intended to
foster the development of improved control technology for reducing major
gources of industrial noise and to formulate and promote procedures for
minfmizing noise problems in the work environment. This objective 1s in
accordance with the Occupational Safety and Health Act of 1970 (Publice
Law 91-596) and the Federal Coal Mine Snfety and Health Act of 1969
(Public Law 91-173) which charge NIOSH with undertaking research and re-
lated activities basic to assuring safe and healthful workplace condi-
tions. In addition to assembling and preparing information on noise
control techniques and materials 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 Research in Wood Planers - These experimental studies are
almed at reducing noise from woodworking machinery, particularly wood
planera.

Coordinated Textile Industry Noise Reduction Program - This project will
collect and develop information on noise contrel methods in the textile

industry, Noise levels associated with typical operations will be
identified.

Punch Prass Noise Reduction - Consideration will be piven to all stand~
ard nolse control techniques, including reduction of noise from vibra-
ting machine parts, gears, clutch and brake operations, air valve ex-
hausts, and punching operations, Force reduction through teol design,
use of damping material mufflers, isolation, enclosures, barriers, and
gbsorption 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 capability.

Tndustrial Noisa Control Manual = This activity will develop a gulde~
book for reducing occupational noise exposure, using case~history ex=
smples of industrial noise control efforts.
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Table 2.6 SUMMARY OF NIOSH SUPPORTED MACHINEHRY NOISE RD&D
Funding (§K)

Project Title

Punch Press Nolse Reductien

Noise Control Research in
Wood Planers

Coordinated Textile Industry
Noilse Reduction Program

Industrial Noise Control
Manual

Compendium of Noise
Control Materials *

Impulse Noise Recording
Syatemg **

TOTALS

% TFunding in FY 72

#% Nominal in-house funding

Investigator (s) FY 73 FY 74
N.C. State Univarsity 0 53.8
N.C. State Unlversity 0 51.8
N.C. State University o 120
Industrial Noise Services 16 0
Inc.

TIT Research Instltute

In~house

38.8

99.5

138.3
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compendium of Noilse Control Mateyials = This activity will result in a
cross-referenced publication of published noise attenuation daca for
all known bullding and noilse control materials,

Impulse Noise Recording System - Instrumentation 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-
ologles, available technology, and coat 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 (5X)

Project Description Investigator Fy 73 FY 74 FY

Portable Air Compressor Noise Technology  Bolt, Baranek O 91 0

and Cost & Newman Inc.

Construction Noilase Study Bolt,Beranek, O 25 0
& Newman Inc,

Feonomle Impact of Portable Alm A, T. Kearney O 50 0

Compressor Nolse Emission Standards Inc.

Davelopment of Noise Measurement Methodo- N.B,S. 60 64 o

logy for Portamble Alr Compressors

Pneumatic and Hydraulic Drills and Pave- 0 0 100
ment. Breskers ~ Technology, Costs, and
Economic Impact

TOTALS 60 230 100

Portable Air Compressor Noise Technology and Costs = This study exam-
ined the technology currently availlable for portable air compressors
and the attendant costs to achieve variocus study levels.

Construction Noise Study = This study examined a series of regulatory
approaches aimed at quieting construction sites to varlous study levels,

The study considered rescurce coats to the nation as well as the antici-
pated effectiveness of the approach.
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Development of Noise Measurement Methodology for Portable Alr Compressors-
This study examined the correlation between far fileld sound measurements
and those taken in the near field., It also provides a recommended sound
power meagurement procedure for determining the near field noise levels

of portable alr compressors. ' ‘ '

Pnevmatic and Hydraulic Drllls and Pavement Breakers-Technology, Costs,
and Economic Impact - This study will examine the technology available,
attendant costs for reducing the noilse ocutput to various nolse levels
and 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 unreascnable 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 Funding (SK) #
Developing a Consistent Set of Product 20
Nolse Regulations
Test Protocol for Lawnmower Noise 15
Nolse Measurement Technlquea for Toys a5
TOTAL 70

* Projects supported only in FY 74.

Developing o Consistent Set of Product Noise Repulations - This project
will asseas current knowledge and recomnend additional research to de-
termine patterns of nolse exposure due to usage of select products, de-
fine practical sound level measurement procedures, define hearing losa
from product use, and define potential for product nolse to mask audi-

tory waminga,

Test Protocol for Lawnmower Nolse = The hazard caused by noise from lawn=
mowers will be investigated, A maximum sound level will be suggestad
with methods for measurement at the operator's ear position.
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Roise Measurement Techniques for Toys - This project will identify
noilse-producing 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 de-
temnination as to whether toys require detailed laboratory testing.

2.8 DEPARTMENT OF AGRICULTURE

USDA 15 funding a research project on agricultural processes
nolse, It began in FY 74 and is currently in a problem definition
phase. The work 1s being conducted at Richard B. Russell Agricultural
Research Center, ARS, USDA, P,0, Box 5677, Athens, Georgia 30604, The
funding is $20,000 4in FY 74 and 92,470 in FY 75.

Abatement and Control of Noige Associated with Agricultural Processesw
The objectives are to determine the degree of nolse pollution occcurring
in varicus types of agricultural processing plants undar nommal oper-
ating conditions, determine primary vibratlon sources contributing to
high power level nolse within processing plants, and develop and imple~
ment methods and equipment teo ahate and control nolse levels.
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3,0 ANALYSIS OF FEDERAL MACHINERY NOISE RD&D

The current Federal research, development and demcnstration
activities addrass a number of specific sources of machinery noiae,
undertake work in building and structural transmission ot noise,
and work towards better definition of the machinery nolse 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, Tt also appears that
the funds for machinery noise RD&D peaked in FY 1974, This apparent
peaking may not be actual, however, due to the uncertainty of the
FY 1975 data,

Agencies' current involvements in the three categories of
machinery noise RD&D activities are shown in Table 3,2, USDA and
CPSC currently are involved only in measurement or measurement
methodology. NSF, DOD and NIOSH are supporting research in all
three areas, while BuMinea, NBS, and EPA are involved in two cate-
goriea, The following discussiona summarize the current effort of
the Federnl Government in addressing these categoriea of machinery
nolae,

3.1 SOURCE NOISE CONTROL TECHNOLOGY

Fiva agencies have RD&D activities addressing noise control
technology for machinea, Table 3,3 sumnarizea tha specific sources
addressed by each agency and the funding data (if available), NIOSH
is currently funding noise control work on machines that have &
significant impact on the occupational environment, The machines
pregently atudied are punch presses, wood planers, and various
textile industry machines., NIOSH has also funded the development
of an industrial noise control manual. Bureau of Mines supports
work on various machines that affect the mine work place. Sources
addressed include conveyors, chutes and gcreens ugsed in coal clean-
ing, prnieumatic drills, diesel powered equipment, continucus miners,
loading machines, and roof boltara, The Navy aupports work on
ghipboard machinery bacause of the need for quiet shipa, Although
opecific activities cannot be reported for security reasons, in
general the sources addrensed are diesel engines, hydraulic oystenms,
pheunatic machinery, rotating electrical machinery, electronic
equipment, gas turbinea, compresaors, fans, gear valves, and pumpa.
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Table 3,1 SUMMARY BY AREA OF MACHINERY NOISE RD&D

Funding (thousand dollars)

RD&D Area FY 73 Y 74 FY 75

Source Noise Control Technology 529 1,307 1,168

Building and Structural Noise 162 370 145
Tranamission and Control

Measurements and Meagsurament 280 507 257
Methodologies

TOTALS 971 2,184 1,570

Table 3.2 CURRENT AGENCY INVOLVEMENT IN AREAS OF

MACHINERY NOISE RD&D

Research Area BiMines NIOSH NSF DOD NBS EPA CPSC USDA
Source. Noise

Control Technology X X X X X

Building and

Structural Noise X X X X

Tranamieaion and

Control

Moasurcments and
Meanuremant X X X X X X X X
Methodologicen

LTS
I3
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6L

Agency
NTIOSH

BuMines

NSF

Table 3.3 SOURCE NOISE CONTROL TECINOLOGY

Source
2nted

Punch Presa

Wood FPlaners

Textile Imdustry General
Industrial Noise Control Manual
TQTAL

Mining Machinery Conveyors

Surface Facilities Chuteas
and Screeng

Pneumatic Drilla

Underground Diesel=Powered
Equipment

Continuoua Miner, Loading
Machine, Kotary Roof Bolter

TQTAL

Heat: Exchangers

Plpelinen

Impact Nolae~ Induatrial
Machinery Processes

Basic & Applied Studies of Noige
(Tirea, Internal Flows, Pitch
Soquencing)

Dueta and Nozzles

Combustion Noise 3

Dieael Englnes

Appliancea, Machine tools,
Barrier design §

TOTAL

Iy 73

Funding (thousand dollars)

Y 74

54
52
120

25

272




Table 3.3 SOURCE NOISE CONTROL TECHNOLOGY (continued)

Agency
USHN
U. S.

S Army

Source

Diesel Englnes

Hydraulic Systems

Pneumatic Machinery

Rotating Electrical Machinery
Electronic Equipment

Gas Turbines

Compressdors

Fans

Gears

Valves

Pumps

Alr Conditioners

17emn {600 CFM) Alr Compressor

Electric Gonerators

Various other military
equipment !

Hydraulic Equipment?

TOTALS

i S e R

FY 73

98
80

178

Funding (thousand Iollars)
FY 74

400

50

450

FY 75



LA

Table 3.3 SOURCE NOISE CONTROL TECHNOLOGY (concluded)
Funding (thousand dollara)

Agency  Source FY 73 FY 74 FY 75
EPA Construction Noise 0 25 o
Portable Alr Compreasors 0] 141 (4]
Pneumatic and Hydraulic Equipment 0 0 100
TOTAL 0 166 100
GRAND TOTALS 529 .6 1,307.5 1,168
'Projected

2Euuding for two year period

3Fund1ng for 18 month period

‘Funding in FY 72 for 24 month period

5Iﬂ::ludm: some minor Surface Vehicle related work

BMnjority of work ia Surface Vehicle and funding is inecluded in that report. (Ref. 9)
,Normnl in=house funding, not dedicated to nolse

YWork 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 generatora, air conditioners, and various other
pieces of military equipment {see Table 2.2). EPA in ita effort to
regulate major sources of nolse has developed information on available
technology and cost of compliance for portable air compressors, Simi-
lar afforts on pneumatic and hydraulic cquipment are projected., NSF
supports research in a variety of areas, Current work in machinery
noise will have application to several sources: heat exchangers,
pilpelines, ducts and nozzles, industrial machining processes, diesel
englnes, combustion sources, and appliances.

3.2 3 AND CONTROL

Four agenciea are currently involved in different kinds of
activities in thia area. The various projects and funding are
detailed in Table 3.4, NBS hae had a program for many years in
building acoustics, The thrust of the current activity is to
improve both measurements and design guidelines for noise control
in Luildings. The Navy effort is directed toward the need for
quiet ships. The Navy source noise control activity is aupple-
mented by use of structural damping, resilient mounts, and
acoustical transmission loss and abaorptive materials, NSF sup-
ports several research preojecta in this category to extend the
theory of propagation of sound. These include studies of air-
borne and structural noise propagation in buildings and corri-
dors, behavior of acoustically absorbent materials, design of
partitiona, and transmismsion through branched solida, NIOSH has
supported a project to compile information on the acoustic and
other properties of building materials and acoustical absorption
materials.
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Table 3.4 BUILDING & STRUCTURAL NDISE TRANSMISSION & CONTROL

Funding (thousand dollars)
Agency Description FY 73 FY 74 FY 75

DOC/NBS  Buillding Acoustics 97 144 145
Program
USN Radiated and Platform

Nolae Sound Path

Isolators

NSF Acoustic Propagation 50 74!
in Branched Solids

Sound Transmission in 15 0
Buildings

Research on Nolse 0 152 [+
Propagation

Acoustically Absorbent
Materials ?

Optimimm Design of
Partitions for
Minignun Sound
Transmission

NTOSH Compendium of Noise
Control Materials?

TOTALS 162 370 145

! Tunding for two year period
2
Funding in FY 72 for two year period

3
Funding in FY 72

43
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3.3 MEASUREMENTS AND MFASUREMENT METHODOLOGIES

All eight agenciea which fund machinery nolge research have
activities either to define the problems in machinery noise or
to develop or improve measurement technlques for assessing the noise.
NSF has funded the development of a computer-based acoustical model
of typlcal industrial manufacturing facilities which will enable the
prediction of noise levels at specified polnts 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 methodologles for various noise
sources, specifically air compressors. Similarly, CPSC is support-
ing the development of consistent measurement methodologles for con-~
sumer products in general and specificelly, lawnmowers and toys,
USDA is beginning a noise control RD&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
conatruction site noise, NIOSH is developing a system for recording
impulse nolse, The Federal activities and projects in this category
of machinery RD&D are listed in Table 3,5.

b4
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Table 3.5 MACHINFRY NOTSE MEASUREMENTS AND MEASUREMENT METHODOLOGIES

Funding (Thousand dollars)

Agency Project Title FY 73 FY 74 FY 75
NS¥ Prediction of Noilse Levels 0 39 0

in Manufecturing Areas

RBUMines Definition and Correction 100 137 0
of Noise in Coal Mines

Neise Control in Surface 79 17 0
Mining Facilities-
Problem Definition

EPA Development of Noise 60 64 0
Meaaurement Methodolo-
gles for Portable Alr
Compresgors

NBS Assessment of Measurement 41 120 120
Standards for Deter~
mination of Scund Power

cPsc Developing a Consistent 0 20 0
Set of Product Noise
Regulations
Noise Measurement Tech- 0 35 0

niquea for Toys

Test Protocol for 0 15 0
Lavnmower Noflse

USDA Abatement and Control of 0 20 92
Noilse Associlated with
Agricultural Procesaes

NIOSH Tmpulse Noise Recording
System *

USN Noise Criteria
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Table 3,5 MACHINERY NOISE MEASUREMENTS AND MEASUREMENT
METHODOLOGIES (continued)

Funding {thousands dollars)
74

Agency Project Title FY 73 FY FY 75
USA Congtruction Equipment: 40 45
Specification and
Control
TOTALS 280 507 237

*  Nominal In=-House Funding

46
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4,0 SUMMARY AND CONCLUSTONS

.. There_ are literally countless sources of machinery noise
noise occurs in tRe home, hospitals, offices, and the EBﬁﬁﬁﬂfty.
Generally, however, exposure to machinery noige in the occupational
environment is the most severe, Machinery noise, along with noise
from other sourcea, may produce hearing loss, cause annoyance,
affect job performance, and Interfere with warning signals. Other
deletericus effects may also oceur, but hearing loss is generally
conaidered the most severe. Estimates for reducing industrial noise
to levels of marginal protection against hearing loss run Inte
billions of dollars, (Ref. 5)

Machinery

To get a prelinlinary 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, and that most industries have little
or no on-going machinery noise control RD&D whose results will be
generally availabie to the public,

The Federal effort on machinery noise RD&D ia being conducted
by eight agencies; DOD, DOC/NBS, NSF, DOI/BuMinea, NIOSH, EPA,
CPSC, and USDA. The Federal effort has ranged from two to three
million dollars over the FY 1973 to 1975 time peried and appeared
to peak in FY 1974, About a million of this was allocated by the
Navy to quiet ahips, Much of that work in clasaified and is not
currently available to the public.

Noise control for sourcesa is being addressed in the mine envi-
ronment, the industrial environment, the wmilitary environment and
othars, Some research also is directed toward building and struce
tural noise transmission and control, and other work is going on to
characterize noise environments and sourcea,

Although an in-depth asnalyais has not been done, a significant
part of these Federal expenditures is directed toward establishing
applications of currently available technology for future use,
While the Federal Government has machinery nolse RD&D activities
there is not & national policy toward Federal invelvement in
machinery nolse RD&D. Consequently, each agency conducts research
to aupport its own miselon,

47

e T PE P LTV SRR -

I
i
!
!
i



5.0 LTST OF REFERENCES

1. Tederal Register, Vol, 3%, No, 121, Friday, June 21, 1974.
pp. 22297-22299

2, NTID 300.1 Noise from Construction Equipment and Operations,

Building Equipment, and Home Appliances, U.$. Envirommental

Protection Agency. December 31, 1971,

3, NTID 300.13 Transportation Noise and Noise from Equipment
Powered by Intermal Combustion. U.S. Envirommental Protection
Agency, December 31, 1971,

4, Public Health and Welfare Criteris for Noise. EPA 550/9-73-002
U.S. Environmental Protection Agency. July 27, 1973,

5. Belt, Beranek, and Newman, Inc, '"Impact of Noise Control at the
Workplace," Report #2671, submitted to U.S, Department of Labor,
office of Standards. January 1974,

6.

Military Standard 740, "Airborne and Structure Borne Neoise Measure-

ments and Acceptance Criterin of Shipboard Equipment,' January 13,
i 1965, Notice 1. June 22, 1965.

; 7. Military Standard 1474, "Noise Limits for Army Material,” U.5.
i Government Printing Office: 1973-714-917/1266., March 1, 1973.
|
i

8. Military Specification 8806, "General Specification for Sound
Presgure Levels in Aircraft." September 21, 1970,

{

1

! 9, TFederal Surface Vehicle Nolse Research, Development and Demonstra-
! tion Programs: FY 73~FY 75, EPA=-600/2-75-002, U.S. Envirormental
} Protection Agency. March, 1975.

49

S ——————— N o] S e A W e
——



R

CONTENTS:

Appendix 4
Appendix B

Appendix C

Appendix D

Appendix E

6.0 APPENDICES

- Glessary of Agency Acronyms
-~ Federal Machinery Noise Research Panel

- Noise Abatement Research by Trade
Asgoclations

- Machinery Neise Literature Search
Summary

~ Industrial Machinery Noise Levels

Appendix F ~ References (within Appendices)

Appendix G - List of Tables (withip Appendices)

51

PAGE NO.

33

35

57

11

83

109
111




. e g R TR
[

e it e e e e e T e e 3

Symbols
CPsSC

poc
DOC (NBS)
DOD
DOD/USN
DOD/USA
DOI
DOI/BUMines
DOL
por
EPA
HEW

HEW (NIEHS)

HEW (NINDS)

HEW (NIOSH)

HUD
NASA

NSF
USDA

APPENDIX A
GLOSSARY OF AGENCY ACRONYMS

Arencies

Congumer Product Safety Commission
Department of Commerce
National Bureau of Standards
Department of Defense
Department of the Navy
Department of the Amy
Department of the Interior
Bureau of Mines
bepartment of Labor
Department of Transportation
Environmental Protection Agency
Department of Health, Educatlion and Welfare

National Institute of Environmental Health
Seiences

National Institute of Neurological Diseases
and Strake

National Institute for Occupational Safety
and Health

Department of Housing and Urban Development
National Aeronautics and Space Administration

Wetional Science Foundation

Department of Agriculture
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APPENDIX B
FEDERAL MACHINERY NOISE RESEARCH PANEL

Mr. Stephen R, Cordle, Chairman 202/755-0448
Noilse Technology Staff (RD-681)

Office of Research and Development

Environmental Protection Agency

Washington, D. C. 20460

Captain Lester M, Beck, USN 202/692-0872
Naval Sea Systems Command (037)

Department of the Navy

Washingten, D, €. 20362

Mr. Curtis Holmer 301/921-3381
Applied Acoustics Section

National Bureau of Standards

Room A149 Sound Building

Washington, D, C, 20234

Mr. Paul Hopler, Chief 703/664-6711
Systems and Components Branch ~1836
U. 8, Army Mobility Equipment Research

And Development Center (MERDC)
Fort Belvolr, Virginia 22060
Attention: AMXFB-HM

Dr, Morris Ojalvo 202/632-5787
Divieion of Engineering

National Science Foundation

1800 G Street, N. W,, Room 340

Washington, D, €. 20550

Mr. Milford Skow 202/634-1240
Department of the Interior

Bureau of Mines

Room 9035 Columbia Plaza

Washington, D, C, 20240
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pr, Floyd A. Van Atta 202/961-5005

Occupational Safety and Health Administration

U, 8., 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 Wyszpolski 703/557-8292

Office of Noise Control Programs (AW-571)

Environmental Protection Agency

Crystal Mall Building 2

1921 Jefferson Davis Highway

Arlington, Virginia 20460
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APPENDIX C
NOISE ABATEMENT RESEARCH BY TRADE ASSOCIATIONS

Trade assoclations were contacted to:

. Indicate the level of active interest by trade associations
in nolse abatement research.

. Indicate the type of nolse abatement research being conducted
by trade associations,

. Ascertain the availability of the results of the research.

Accordingly, & list of 38 trade assoclations, distributed
over 20 industries, was compiled from Reference 2. "Small"
associations, with annual budgets of less than $250,000, were not
included. Telephone contacta were made to identify the availability
of published results of noise research. These results are com-
piled in Table C-1. Some of the comments ave sunmarized below,

. Thirty~aix of the associations have not dene and do not
plan to do nolse research,

. The research activitiea of 16 of the remaining 22 associla-
tione have been principally neise surveys of machinery.

[ only aix of the remaining 22 associations indicated
activities in nolse reduction, Research included

Burner noise reduction by American Gas Asgociation
Quiet room application by American Newspaper
Publishers Association
- Appliance quieting by Asscciation of Home Appliance
Manufacturers
« Forging noise reduction by Forging Industry Assen.
- VYehicle noise reduction by Motor Vehicle Mfr. Assn.
~ Machinery noise reduction by Weatern Wood Producta Assn,

' Four of the aix asscciations indicated that noise research
results are considered proprietary and expressed concern
about releasing the information to & Government agency,

. The imerican Trucking Association data fs primarily a
survey of truck noise levels. Similar, but more extensive,

information is available from the Motor Vehicle
Manufacturers Association,
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SIC
Code

Table C-1 sSyMMARY OF INDUSTRY/ASSOCATIONS/NOISE RESEARCH ACTIVITY SURVEY

Industry/Associations

Research Activity

Publications Available

16

CONSTRUCTION

Assoclated Equipment Distributors
615 West 22nd Street

Oak Brook, Illinois 60521
(312)654-0650

Associated General Contractors
of America

1957 East Street, N. W,

Washington, D, C, 20006

(202)393-2040

Construction Specifications Inst.
1717 Massachusetta Avenue, N.W,
Washington, B, €. 20036
(202)833-2160

Conatruction Industry Menufacturers
Asmociations

Suite 1700, Marine Plaza

111 East Wisconain Avenue

Milwaukee, Wisconain 53202

(414)272-0943

e e e e

None

Research Conducted
through State
Chapters

None

Conducted a Joint
Program with Farm
and Indugtrial
Equipment Insti-
tute

None

None

None

TR~SAE-R4 A Study

of Noise Induced Hear-
ing Damage for Opera=
tors of Farm and
Construction Equipment,
1969,
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Table C-1 SUMMARY OF INDUSTRY/ASSOCIATION/NOISE RESEARCH ACTIVITY SURVEY (continued)

Code Indugtry/Asgociations

Research Activity pPublications Available

20

21

22

FOOD AND KINDRED PRODUCTS

& Can Manufacturers Institute
1625 Massachusetts, N. W.
Washington, D, C. 20034
(202)232=4677

@ National Canners Association
1133 20ch Street, N, W,
Washington, D. C. 20036
(202)311~5%00

® Packaglng Machinery Manufacturers
Association
2000 K Street, N. W,
Washington, D. C. 20006
(202)331-8181

TOBACCO MANUFACTURERS

o Tobaceco Inatitute, Inc.
1776 X Street, N. W.
Washington, D, C. 20006
(202)296~8434

TEXTILE MILL PRODUCTS

8 American Textile Manufacturers
Institute, Inc,
1501 Johnston Building
Charlotte, N. C. 28281
fT04Y134-471

Plan to start
profect on in-
plant noilse
reduction in the
near future,

None

Nene

None

Survey of Equip-
ment Noise
Levels

None

None

None

None

None, data will be used
for OSHA Hearings
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Table C~1 SUMMARY OF INDUSTRY/ASSOCIATION/NOISE RESEARCH ACTIVITY SURVEY (continued)

SIC
Code Industry/Associations

Research Activity Publication Available

22 (ceontinued)

¢ Carpet and Rug Institute
310 Holiday Drive, Box 2048
Dalton, Georgia 30720
(404)278-3176

23  APPARFEY. AND RELATED PRODUCTS

e American Apparel Manufacturers
Association
1611 North Kent Street
Arlington, Virginia 22209
(703)524~1864

8 Amerjican Footwear Industries Assc,
1611 North Kent Street
Arlington, Virgina 22209
{703)522-8070

24 LUMBER AND WOOD PRODUCTS

& American Torent Inatitute
16819 Massachusetts Avenue
Washington, D. C, 20036
{202)667-7807

o American Plywood Association
119 A Street
Tacoma, Washington 98401
(206)272-2233

Survey of Equip~  Report Available
ment Nolse

None None
None None
Nohe None

None None
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TABLE C-1 SUMMARY OF INDUSTRY/ASSOCTATIONS/NOISE RESEARCH ACTIVITY SURVEY (eontinued)

SIC
Code

Induatry/Assoclations

Research Activity TPublications Available

24 {continued)

25

26

& Natilonal Foreat Products Assoc,

1619 Massachusetts Avenue, N.W.
Waghington, D, C. 20036
(202)332~1050

Weatern Wood Products Assoc.
1500 Yeon Building

Portland, Oregon 97204
(503)224-3930

National Hardware Lumber Assoc.
59 Fast Van Buren

Chiecago, Illinois 60605
(312)427-2811

FURNITURE AND FIXTURES

National Housewares Manufacturers

Aesoclation
1130 Merchandise Mart
Chicago, Illinois 60654
(312)644=3333

PAPER AND ALLIED PRODUCTS

& American Paper Institute

260 Madison Avenue
New York, New York 10016
(212)883- 8000

None None

Program on None, Reports not yet
Machinery Published (1976)
Noige

None None

None None

None None
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Table C=1 SUMMARY OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACTIVITY SURVEY (continued)

SIC
Code Industry/Associations

Research Activity Publications Available

26 (continued)

e Fiber Box Association
224 No, Michigan Avenue
Chicago, Illinois 60604
(312)663=0250

27  PRINTING, PUBLTSHINC AND
ALLIED PRODUCTS

& American Newspapers Publishers
Association
Post Dffice Box 598
Easton, Pennaylvania 18042
(215)253~6155

8 Printing Industries of America, Inc.
1730 North Lynn Street
Arlington, Virginia 22209
(703)527-6000

28 CHEMICAL AND ALLIED PRODUCTS

s Chemical -Specialtiea Manufacturers
Agsaociation, Ine,
1001 connecticut Avenue, N, W,
Washington, D.C. 20036
(202)872-8100
a 011, Chemical and Atomic Workers
Union International
1636 Champa Street
Denver, Colerado 80201
(303)266-0811

Conducted Noise
Survey

Survey of Mg
chine Noise
and Potential
Treatment

None

None

Survey of Mach-
inery Nolse and
Hearing Damage

None

No, information is
considered
proprietory

None

None

No, considered
proprietary
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Table C=1 SUMMARY OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACTIVITY SURVEY (continued)

SIC
Code Induatry/Associations Research Actlvity Publication Available

29  PETROLEUM AND COAL FRODUCTS

& American Gas Association Program to No, program
1515 wilson Boulevard Reduce Burner Just Started
Arlington, Virginia 22209 Noise
(703)524- 2000

® American Petroleum Institute Nene None

1801 X Street, N. W.
Washington, D. C, 20006
(202)833-5600

® Bituminous Coal Research, Inc, None None
350 Hochberg Road
Monroeville, Pennsylvania 15146
(412)327-1600

30 RUBBER AND MISCELLANEOUS PLASTIC
PRODUCTS

¢ Rubber Manufacturers Assoclation None None
1901 Pennsylvania Avenue
Washington, D. C. 20006
(20%)785-2602

31 LEATHER AND LEATHER GOODS

o No Associations Tdentified
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Table C-1 SUMMARY OF INDUSTRY/ASSOGTATIONS/NOISE RESEARCH ACTIVITY SURVEY (continued)
SIC
Code Industry/Assoclations 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

® Glase Container Manufacturers None None
Ingtitute
1800 K Street, N, W.
Washington, D, C., 20006

(202)872-1280

& Portland Cement Association Noise Surveys for Reporta considered
01d Orchard Road Member Companies proprietary
Skokie, Illinois 60076
(312)966-6200

33  PRIMARY METAL INDUSTRIES

® Aluminum Association None None
750 Third Avenue
New York, New York 10017

(212)972~1800
8 American Iron and Steel Institute Survey of Noige No survey, just
1000 16th Street, N, W. beginning

Washington, D, C. 20036
(202)223-9040




Table C~-1 SUMMARY OF INDUSTRY/ASSOCTATIONS/NOISE RESEARCH AGCTIVITY SURVEY (continued)

S51C
Code

Industry/Aspociations

Research Activity Publication Available

33 (continued)

34

o American Foundrymen's Socilety
Golf and Wolf Roads
DesPlaines, Illinols 60016
(312)824~0181

e Torging Industry Association
1211 Illuminating Building
55 Public Square
Cleveland, Ohio 44113
{216)781-6260

& QGray and Ductile Iron
Foundera Soclety
Cast Metals Federation Building
Rocky River, Ohio 44116
(216)333-9600

# Steel Founders Society of
Amerieca
Cast Metals Federation Buillding
Rocky River, Ohio 44116
(216)333-9600

FABRICATED METAL PRODUCTS

# Alr Conditioning and
Refrigeration Inatitute
1815 North Fort Myer Drive
Arlington, Virginia 22209
(703) 5248800

Participating on
Hearing Damage
Survey

Program on
Machinery Noise
Reduction

Survey of

Machinery Noige

None

None

Nene

Yes « At $50, per

copy. Six (6) volumes
ready and gix (6) not
ready. No reproduction
righta,

No, just started

None

None
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Table C-1 SUMMARY OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACTIVITY SURVEY (continued)

SIC
Code

Industry/Associations

Research Activity Publication Available

34 (continued)

American Automobile Association

1712 G Street, N, W.
Washington, D, C. 20006
(202)2226000

Association of Home
Appliance Manufacturers
20 North Wacker Drive
Chicago, Illinois 60606
(312)236-2921

Farm and Induatrial Equip-
ment Inatitute

410 North Michigan Avenue

Chicago, Illinois 60611

(312)321=1470

Industrial Research Institute
100 Park Avenue

New York, New York 10017
(212)683~75626

International Snowmobile
Association

5205 Leeaburg Pike

Falls Church, Virginia

(703)379-9100

22041

None

Equipment
Nolse Survey

Survey of Hear-
ing Damage for
Operatars

None

Nene

None

None

Yes, See CIMA (SIC 16)

None

None
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Table C-1 SUMMARY OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACTIVITY SURVEY (continued)

8IC
Code

Induatry/Associations

Reaearch Activity

Publication Available

34 (continued)

National Association of Engine
and Boat Manufacturers, Inc,

537 Steamboat Road

Greenwich, Connecticut 06830

(203)661-4800

National Association of
Manufacturers

1776 T Street, N. W,

Washington, D. C. 20006

(202)331-3700

35 MACHINERY EXCEPT ELECTRICAL

e Machinery and Allied Products

Inatitute
1200 18th Street, N. W.
Washington, D, ¢, 20036
(202)331-8430

Naticnal Machine Tool Builders
Association

7901 Weatpark Drive

McLean, Virginia 22101

(703)893~2900

National Tool, Die and Precision

Machining Association
9300 Livingston Road
Oxon Hill, Maryland 20022
(301)248-6200

None

None

None

None

Noise Survey

Nene

None

None

None

Yes
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Table C-1 SUMMARY OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACTIVITY SURVEY (continued)

SIC
Code

Induatry/Association

Regearch Activity

Publication Available

a5

36

37

(continued)

National Screw Machine Products
Asmociation

2860 East 120th Streat

Cleveland, Chio 44120

(216)751-0909

ELECTRTICAL AND ELECTRONIC MACHINERY

Electronlic Industries Association
2001 Eye Street, N, W.
Washington, D, C. 20006
(202)659~2200

National Electrical Manufacturers
Assgoeiation

155 Eaat 44th Street

New York, New York 10017

(212)682-1500

TRANSPORTAT TON EQUIPMENT

American Trucking Association
1616 P Street, N, W.
Washington, D, C. 20036
(202)797-4000

Assoclation of American Railroads
1920 1, Street, N. W.

Washington, D, C, 20036
(202)293-4000

Unknown

None

None

Truck Noise
Research

Railroad Noise
Survey

Unknown

None

None

Yes

Yes
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Teble C-1 SUMMARY OF INDUSTRY/ASSOCIATIONS/NOISE RESEARCH ACTIVITY SURVEY ' (concluded)

sic
Code Induatry/Association Research Activity Publication Available

37 (continued)

e Tranaportation Association of None None
America
1101 17th Street, N, W.
Washington, D. C, 20036

(202)296« 2470
¢ Motor Vehicle Manufacturers Survey of Motor Yes
Association Vehicle Noise

320 New Center Bullding
Detroit, Michigan 48202
(313)872-4311

49  UTILTTIES

e American Public Power Association None None
2600 virginia Avenue, N. W,
Washington, D. €, 20037
{202)333-9200

e Edison Electric Inatitute Nona None
90 Park Avenue
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
reviewed and their areas of activity distributed over the 20 industries
shown in Table E-1, Abstracts which indicate apparent application
to saveral industries were distributed into a 'mixed category." A
summary of the publication distriburlon is given in Table D-1 and the
distribution of the publications over the 21 categories is presented
in Table D~2. Briefly, the following comments are glven:

Three hundred twenty-cone publications are identifled as
pertinent to machinery noise research; 161 primarily
single industry oriented and 160 are in the mixed
category. The majority (223) are U.S. publications.
Ninety-eight foreign publications from 19 countries

ara identified,

United States publications are distributed into 13 of
the 20 industrial categories, No publications were
identified in:

- Tobaceo manufacturing

- Apparel manufacturing
Furniture and fixtures
Printing and publishing
Leather and leather goods
Electrical machinery
Transportation equipment

L 2 I B

The Industry with the most publications is chamical and
allied products with 42 publications. Petroleum and

¢oal products has 26 publications, utilities has 18 and
construction 18, Of the 11 publications in primary metals,
only two are from the U.S.

Foreign publicatlons are primarily from Gemmany (28) and
England (23). Both of these countries' publications are
broadly scattered throughout the categories but pockets
of concentration appear in primary metals and fabricated
metal products industries and in the mixed category.
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The review of the abatracts resulted in virtually no
quantitative technical information which could be used

in elther asseasing machine noise lavels, nolse reduction
techniques, or the effectiveness of the application of
technology. The reports must be pathered and reviewed
before any assessment of this type can be made,

Generic noise problems seem to be treated by several
industries. For instance:

- Valye Noise -~ Reductien activity is evident
in the utilities, chemlcal and allied products
and in the mixed category.

- Pump Noise is treated by chemical and allied
products and in the mixed category.

~ Piping System Noisze reduction techniques are
used by utilities, chemical and allied pro-
ducts, petroleum and coal products and in
the mixed category.

- Combustion Noise has literature in construction,
papex and allied products, chemical and allied
products and in the mixed category.

For the genaric noise problems, it would appear that transfer
of technology could be effective and research activities
could be defined which have relatively broad applicability

to several industries.
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Table D=1

SUMMARY OF PUBLICATION DISTRIBUTION

321 Publications on Machinery Noise,
1:3 ) Publications which are primarily single industry oriented,
160 Publications in mixed category applicable to several
industries,
223 J.3. publications broadly scattered except weak in primary
metals,
28 German publications broadly scattered throughout.
23 English publications broadly scattered throughout.

6 Russian publications in utility and machine noise, noise
measurement, combustion noise, health effects and
standards.

7 Japanese publications on fans, turbines, gears, grills
and analytical techniques,

6 Swedish publications in construction, primary metals and
fabricated metal products.

5 French publications in construetion, industrial noise
sources, nolse measurement and cireculation pumps.

5 Polish publications on analysis techniques, pumps and
gear noige,

k] Canadian publications on refinery noise and plant noise
standarda,

3 Netherlands publications on refinery and power plant neise,

2 Australian publications on valve and fan noise.

2 Indian publications on industrial noise sources.

1 Austrian publication on noiae standards,
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Table D=1 SUMMARY OF PUBLICATION DISTRIBUTION (Contilnued)
Belgisn publication on plant noise control,

Hungarian publication on pump nolge.

1 Iranian publication on oil cushions.

1 Norwegian publication on construction equipment.
Swiss publication on heat exchanger noige.
Tasmanian publication on water turbines.

1 Yugoslavian publicatfon on milling and grinding,
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Table D=2

MACHINERY NOISE PUBLICATION DISTRIBUTION

s1¢/ Number of
Industry Publications Area of Publications
16 18 e Construction slte noise (5-U.5.)
Conagtruction ¢ Pneumatic rock drill (3 - 2-U.S., 1l-Norway)
Equipment s Pile drivers (2 - l-Germany, 1 - Sweden)
¢ General discourse (1 = U.S.)
e Construction equipment in general (2 - 1,5.)
e Cooling systems (2 = Il~France, 1 - England)
e Compressora (1 =U,8.)
e Pneumatic equipment (2 ~l-England, 1 -U.S5.)
20 6 @ Agricultural machinery(3- U.5.)
Food and e Bottle cap plant noise (1 -U,5.)
Kindred # Brewery noise (1l -U.S8,)
Products e Agricultural noise (1 =U,S.)
21 None
Tobacco
Manufacturers
22 5 o Rotating textile spindles (1 =U.S.)
Textile e Textile machinery noise (1l ~U.S.)
Mi11 ¢ Textile manufacturers nolse sources (1 ~I,8.)
Productsa ¢ CGuidelines for neise control (2 -U,5.)




9L

Table D=2 MACRINERY NOISE PUBLICATION DISTRIBUTION

(Continued)

sIC/ Number of
Industry Publications Area of Publicatiloms
23 None
Apparel
24 3 ¢ Sawa (chain) (1 -U,8.)}
Lumber and s Planer (2 ~U.S5.)
Wood Products
25 None
Furniture and
Fixtures
26 6 s Medical aspects of noise (1 ~U.5.)
Paper and e Stock preparation machinery (! -U5,5.)
Allied Products ¢ Compressors (1 =U,S.)
¢ Gears {3 =U.5.)
27 None
Printing,

Publiashing
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Table -2 MACHINERY NOISE PUBLICATION DISTRIBUTION (Centinued)

sIc/ Number of
Industry Publications Areas of Publication
28 47 # Valve noise (20 -17 -U,5., 2 =~ Germany, 1 = Australia)
Chemical and e Piping nolse (3 = U,S.)
Allied o Combustion noise (2 -U,S,)
Products e Centrifugal compressor (1 ~U,S.)
e Pumps (3 -2 ~U.S.,, 1 -England)
» Heat exchangers (1 -Switzerland)
® Exhaust vent (1 -U.8,)
& Acoustic insulation (1 ~U,S.)
e Process noise (10 -U.S.)
29 26 & DProcess machinery noise (2 -U.S.)
Petroleum and @ Fan noise (2 - 1 -U.5,, 1 =Australia)
Coal Products ® Furnace and heater noise (2 =0.8,)
¢ Steam pipeline noise (1 =1.5.)
o Stack noise (1 -U.S.)
& Tlare noise (1 -U.8.)
& Refinery noise {10 -7 -U,5,, 1 =Netherlands,
1 -Canada, 1 ~England)
s Rock noise location (1 ~U.S.)
& Noise in coal preparation plants (2 -U.S.)
¢ Noise in underground operations (3 -2 -U.S.,
1 =England)}
o Coal car unloading (1 =U.5.)
30 & ® Plant noise gources (2 =U.5.)
Rubber and o TDrocessing plant noise (1 -U,S.)
Plastic ¢ Materials handling (!} ~U.8.)
Products e Combustion (1 -England)
o lealth aspects (1 -U.S.S5.R.)
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Table D-2 MACHINERY NOISE PUBLICATION DISTRIBUTION

{Continued)

51C/ Number of
Industry Publications Areas of Publication
3l None
Leather and
Leather Goods
32 5 ® Ball-mill noige (1 -U.S5.)
Stone, Clay e Cement plant noise (1 ~Germany)
and Glass e Quarrying noise (3 -U.S.)
Products
33 11 ® Electric-arc steelplant (1 ~England)
Primary o Steel plant noise (1 -Germany)
Metals e Torging (3 =1 -U.5., 1 -Germany, 1~-England)
¢ Air conditioning (1 =Germany)
® TFoundry noise sources (5 -2 ~Sweden, 1 -Germany,
1 ~England, 1 ~U.5.)
34 12 ¢ Impact machines (2 ~U,S,)
Fabricated o Metal forming (I -Germany)
Metal o Riveting machines {2 ~U.S.)
Products # Cable making machines (2 ~-Cermany)
¢ TPunch preases (5 -3 -U,S., 2 -Sweden)
35 3 e Milling and grinding (1 -Yugoslavia)
Machinery @ Spherical tool against vibrating rod (1 -U.S5.)
Except Electrical ® Scale models of turbomachinery faeility (1 ~U.S5.)
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Table p-2 MACHINERY NOISE PUBLICATION DISTRIBUTION (Continued)

51C/ Number of
Industry Publicationa Areas of Publication
36 None
Electrical
Machinery
37 None
Transportation
Equipment
49 18 ® Fans for utility boilers (1 -Japan)
utilities o Switching room (1l -U,8,5.R.)
s Power plant nolse (4 ~U.8.)
© Valves for steam plants (I-U.S.)
® Machinery noise sources (1 =U,5.)
® Gas turbines (2 -U,S.)
& New plant noise considerations (5 -1 ~U.S.,
2 =Netherlands, 2 «~Germany)
e Steam piping systems (3 =2 =1,5,, 1 =England)
Mixed 27 Industrial Nolse Sources
Category & TIdentification and aurveys (8 -2 =Cermany,

2 «England, 2 -India, 2 ~1.S.)

@ Noise criteria (2 -U,S,)
¢ Plant neoise control approaches (17 -13 -u.8.,

1 «Canada, 1 -Germany, 1 -Belgium, 1 ~France.)




03

Table D~2 MACHINERY NOISE PUBLICATION DISTRIBUTION (Continued)

s1c/ ' Number of
Industry Publications Areas of Publication

Mixed 18 Noipe Measurement Techniques
Category ® Machines in reverberation rooms (2 ~U,8,)
(continued) e Principles of preception and measurement (1 -TFrance)
8 Plant noise messurement techniques (2 -U.5.)
¢ Machine noise measurement techniques (12 -9 -U.S,,

1l =U,8,8,R., 1 ~Germany, 1 =France)
¢ Errors in measurement of machine noise (1 =Germany)

11 Noise Criterlia and Standards
e Community impact (4 ~U,S.)
e Standarde (7 -1 -Canada, 1 =U,5,8.R., 1 ~Austria,
1 -Sweden, 3 ~U,S.)

5 Analysis Techniques
e Nomograma (1 =Germany}
& Empirical (1 =Japan)
o Dynamic analysis (3 -2 -U.S5,, 1 ~Poland)

15 Equipment, Mechanical

e Conveyoras (1 =Cerminy)

e Compressors (7 -6 ~U,5,, 1 -Germany)

® Gas turbines (3 1 «U,5,, 1 =-Japan, 1 ~England)
» Lift truck (1 ~U.S,)
’
*
.

Power toola (1 =U.5.)
Prime mover (1 -U.S5.)
Dust collectoras (1 -England)
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Table D-2 MACHTNERY NOISE PUBLICATION DISTRIBUTION (Contilnued)

s1¢/ Number of
Industry Publicatiens Areas of Publication

Mixed 24 Equipment, "Pneumatic’
Category e Fan Noise (B - 5-U.S., 2-Japan, l-Germany)
(continued) e Combustion Noise (13 - 4-U.S., 1-U,8,S.R,, 2-Gemmany,
6-England)
e Nolse from airflow through a grill (l-Japan)
® FExhaust noise (2-U.8.)

15 Equipment, Hydraulle

Pumps (5 ~ 3-Peland, l-Hungary, 1-U,S.)
Valves (1-U.S.)

Piping systems (1~U.S.)

Water turbines (l=-Tasmania)

0ll Cushion {l-Iran)

"Wydraulic equipment" (6 = 5-U,S., l=England)

10 Components
e CGears (6 -~ 4-U.5,, l=Poland, l-Japan)
¢ Rotor (l=England)
@ Bearings (2-U.8.)
® Clutch {1-U.S,)

8 Vibration Isolation
e Correlation of machine vibration and radiated noise
(1-England)
¢ Structural damping (1-U.S8.)
Machinery foundations (1-U.5.)
¢ Machine noise reduction (5 - 4-0,5., 1-U,S8.S5.R.)
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Table D-2 MACHINERY NOISE PUBLICATION DISTRIBUTION (Concluded)

sic/ Number of
Industry Publications Areas of Publication
Mixed 16 Apoustical Treatment
Category e Barriers and enclosures { 6 - 5«U.5,, l-Germany}
(continued) e Ducts and pipes (3-U.S5.)

e Fluid and electrical components (1-U.S.)

s Laminated metal composites (1«U.5.)

o Machines (5-U.S.)

11 Heating, Ventilating and Alr Conditioning

Alr handling system (1-U.S.)
Residential alr conditioner (1-U.S.)
Air conditicner cabinet (l-Cermany)
Chiller {2-10.S.)

Cooling tower (l-Germany)
Circulating pump (1-France)
Unducted HVAC equipment (1-U.8.)
Dust systems (2-U.S.)

Fans (l~-Germany)




APPENDIX E
INDUSTRIAL MACHINERY NOISE LEVELS

Machine types and nolse levels were compiled by industry in order
to identify:

& Machine types within each industry.
® Noilse levels associated with each machine type.

Accordingly 357 machines, distributed over 20 industries, were
identified. PBases for the identification were;

@ Department of Commerce reports of the 1972 Census of Manufac=
turers, Reference 5. These documents formed the primary basis
of the machinery and industry distributions,

# References on machine nolse (References 1, 3, 4, 8, 9, 10, 11,
12, 13) yielded both noise level data and information on
machines used by industry. Machine types of the construction
and ukility 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 Iin some industries, such
as the fabricated metal products industry, than in others, such as the
tobacco manufacturers industry. Also, there are many specles of some
generic machine types which are of various manufacture and in various
stages of useful life, with varying associated noige levels. The noise
levels may also depend on the type of workplece being handled. There-
fore, a rigorous structure of the machine-noise lavel-industry matrix is
very large and beyond the scope of this effort. _The machinery noise
level presented is an indicator rather than as an absclute value,

A search for machinexy noise data indicated that most of the
avallable data is in the form of A~weighted sound pressure levels (SFL).
Little nolse spectra data was found, with the exception of that in

Reference 4.

Table E-1 is a summary of the machinery nolse by industry, The
complete machine~industry-noise lavel matrix i1s given in Tables E-2 to
E=18, Table E~1 iz a compilatdon of the SIC code for each industry, the
industry, the number of machines identified with each industry, the num-
ber of machines for which SPL's were available, and the mean SPL for the
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machines identified. The mean SPL is Intended to serve as a gross
indicator of the noise level of the machines in the Industry and should
not be taken as an lndicator of the nolse level of the industry (which
must be related to the number of machines of each type within the in-
dustry and the typlcal plant acoustics).

Noise levels were identified for approximately 67 percent of
the machines, This is a relatively high value primarily because
many of the machines within the industries could not be readily
identified during this effort and many of those machines which were
identified were drawn from the nolse measurement data base,

Mean SPL's for the machines range from 85 dBA 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 agsoclated with industries in which metal forming and cuctting are
the predominant operations, Noise levels of the petroleum and coal
products industry machines are primarlly the nolse of the machines
agsoclated with mining operations.
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SIC

Code

16
20
21
22
23
24
25
26
27
28
29
30
31
a2

33

Table E-1 SUMMARY OF MACHINE NOISE BY INIUSTRY

Indus&gx
Conatruction
Food and Kindred Products
Tobacco Manufacturers
Textile Mill Products
Apparel and Related Products
Lumger and Wood Preducts

Furnitura and Fixturas

. Paper and Allied Products

Printing, Publishing, & Allied Producta
Chemical and Allied Products

Petroleum and Coal Products

Rubber and Misec. Plastic Products
Leather and Leather Goods

Stone, Clay and Glaas Products

Primary Metal Induatries

# 15.2 meters (50 feet)

Meanr SPL for

Number of Number of Machinea, dBa
Machines Machines (2 -5 ft,)
Identified With SPL Data (.61«1.52 mtra.)
36 19 (B5)*
42 18 94
6 0 N.A.
15 10 93
Included in SIC 22
15 11 96
Included in SIC 24
21 9 a1
22 11 90
15 15 88-
29 ? 99
Included in SIC 28
10 10 85
12 12 91
38 38 98




98

SIc
Code

34
35

37
49

Table E-~1 SUMMARY OF MACHINE NOISE BY INDUSTRY ({Concluded}

Industry

Fabricated Metal Products
Hachinpry Except Electric
Electrlcal & Electronic Machinery
Transportation Equipment

Utilitiesn

TOTALS

Number of
Machines

identified

41
21
13
13

8

357

Number of
Machines
With SPL Data

Mean SPL for
Machines, dBA
(2 - 5 ft)
(.61=1,52 mtra)

27
17
12
12

8

236

99
101
95
99
93



Table E-2 TINDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 16)

Industry

Construction Other Than
Building Construction

Machine

Bulldozers
Serapera

Trucks
(Construction)

Pavers Self=
Propelled

Backhoes
Compacters
Graders
Frontloaders
Shiploaders
Concrete Mixers
Conveyors
Vibrators
Concrete Pumps
Rock Crushers
Cranes

Pile Drivers
Drop Hammers
Preumatic Tools

Off~Highway
Tractors

87

QOverall Ref.
Level dBA No.
80%* 8
88+* 8
91+ 8
89+ 8
85+ 8
85+ 8
79*% 8
85+% 8
76% a
82% 8
Bi* 8
101+ 8
B5*% 8
80* 8




Table E-2 INDUSTRY~MACHINE-NOISE LEVEL DISTRIBUTION (Concluded)

Industry

Construction Other Than
Building Construction

(5IC Code 16)

Overall

Machine Level dBA
Braglines
Shovels
Street Sweeper
Rock Drill 98%
Derrick g
Clamshell
Rippar
Pipe Layer
Roller
Ttencher
Fork Lift
Travel Lift
Comprasaor a1*
Generator 78%
Jack Hammer 88+

Stripping Pump
Well=Point Pump

*  SPL Measured at 15.2 maters (50 feet) from machina.

Ref.
No.
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Table E-3

Industry
Food and Kindred Products

INDUSTRY-MACHINE~NOISE LEVEL DISTRIBUTION (SIC Code 20}

Ovevall Retl,
Machine

Bottling & Packaging 93 9
Machinery

Washing & Sterilizing
Equipment

Pasteurizers
Homogenilzers CRTE 9

Ice Cream Freezers

Butter & Cheese Pro-
cessing Machinery

Dry Milk Processing
Machinery

Slicers
Choppers g2 4
Grinders

Dicers

Mixers

Tenderizers

Cvens

Continuous Bread=
Making Equipment

Wrapping Machines
Bottling Equipment

Meat & Poultty Pro-
cassing Equipment

89

Level dBA No,

e AR G



Table E=3 INDUSTRY-MACHINE-~NOISE LEVEL DISTRIBUTION

Industry
Food and Kindred Products

(SIC Code 20)

Machine

Fruilt & Vegetable
Canning Machinery

Flour & Graimmill
Machinery

Sugar Plant Mach=-
inery

Oilseed Crushing &
Extract. Machinery

Bottle Washers &
Sterilizers

Uncasers & Casers
Capping Machines

Packing & Packaging
Machines

Carbonators

Filling & Labeling
Machines

Molding Machine

Peanut Blanching
Machine

Bottle Fillers
Lift Truck

Peanut Sizing
Machine

Salt Pulverizor

90

{Cont 'd}

Overall Ref.

Level dBA No,
g3 [*)
86% 4
85% 4
Qh** 9
gl¥¥* 9
g5 9
95% 9




BV R

Table E-3 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (Concluded)

Industry

Food and Kindred Products

(5IC Code 20)

Machine

Vibrating
Conveyor

Metal Cenveyor
for Botcles

Pacan Shell Cracker

Paper Container
Shear

Candy Cane Twister
Wash Tank

Refrigeration
Compregser

Candy Print
Machine

Overall Ref,
Level dBA Na,

ol g
04 % 9
101 9
100%* 9
954 9
100% 9
1008 g
99k 9

*  SPL measured .61 = 1,52 meters (2 - 5 feet) from machine.
*% §PL measurement distance not specified.

Table E-4  INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 21)

Industry

Tobacco Manufacturers

R e s

Machine
Conveyors
Driers
Fans
Cutting Equipment

Washing Equipment

Packaging Equipment

91
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Leval dBA
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Table E=5

Industry
Textile Mill Products

(Iticludes apparel and other
finished products, SIC 23)

Machine

Cleaning & Opening
Machinery

Carding & Combing
Machines

Drawing & Roving Frames

Spinning Frames
Twisting Frames

Yarn Preparing
Machines

Power Looms
Knitting Machines

Bleaching, Dyelng &
Finishing Machinery

Drying Machinery
Reducing Machines

Reducer Transfer
Machines

combing Machines
Pin Drafrers

Preparers

INDUSTRY-MACHINE-NOLSE LEVEL DISTRIBUTION (SIC Code 22)

Overall Ref.

Level dBA No.
g2x 4
83+ 4
97% 4
102% 4
100%* 4
96% 4
89+ 4
95% 4
92% 4
90 4

%  SPL measured .61 - 1,52 meters (2 - 5 feet) from machine.
*% SPL measurement distance not specifled.
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Table E-6 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTICN (SIC Code 24)

Industry

Lumber and Wood Products
(Includes fumilture &

Fixtures, SIC 25)

Machine

Veneer & PFlywood-
Heking Machinery

Saws

Jolnters
Matchers
Molders
Mortisers
Shapers

Tenoners

Lathes

Planing Machines
Surfacing Machines
prills

Batkers
Slashers

Sanderts

Cverall Ref.
Level dBA No.
111* 4
88« 4

99 4

89+# 4

95% 4

9B+ 4
108* 4
98* 4

91%* 4

97% 4

85% 4

*  SPI, 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)

Industry
Paper and Allied Products

Overall Ref,
Machine Level dBA No,

Barkers g1 4
Chippers

Knotters

Splitters

Chipscreens

Grinders

Deckers

Digesters

Beaters

Jordans

Calenders 93% 4
Fourdriniers

Bagmaking Machines

Corrugated Box Making

Machines 97% 4
Box, Carton & Shipping
Container Making Mach. a5% 4

Toilet Roll and Napkin
Making Machines

Slashexrs 97« 4
Pulp Preparation Machine B2% 4
Mixers Q4% 4
Paper Machines 88 4
Pumps g% 4

*  SPL measured .61 ~ 1,52 meters (2 - 5 feet) from machina.
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Table E-8 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 27)

Industry

Printing, Publishing &

Allied Products

Machine L

Overall Ref.
evel dBA No.

Lithographie Printing
Presses

Nawspaper Presses
Business Form Presses
Commerclal Presses
Gravure

Flexographic

Typesetting Machinery
Saddle Binding Equipment

Perfect & Haxrd Case
Binding Equipment

Electrotyping Machines
Stereotyplng Machines
Papar Cutting Machines
Collating Machines
Gathering Machines
Printer-Slotters
Stitchers

Folders

Shears

Ink Mills

Cleaning Tanks
Newsprint Rewlnders
Alr Ejectors

g2 4
BL¥ 4
90% 4 ,
98+ 4 !
85% 4 E
!
94k 4
103% 4
915 4
87 4 i
85% 4
83 4

%  SPL measuyxed .61 = 1,52 meters (2 ~ § feet) from machine. :
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Table E-9 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 28)

Overall Ref.

Industry Machine Level dBA No.
Chemical and Allied Products Ink Mills 93% 4
(Includes rubbar & misc. plastic
products, SIC 30) Pigment Mills 91
Pebble Mills 80 4
Mixers 80% 4
: Drum Cleaners 78% 4
Five-Roll Mills 97% 4
; Hammer Mills 98+* 4
. Compounding Rolls 92% 4
‘ Ball Mills 99 4
: Fabriec Coaters 81+ 4
| Rewind, Fabric Beaming 80* 4
' Rotary Kilnas Ba% 4
| Rubber Mills 86% 4
Tread Tubers 90* 4
| Curing Presses Q4% 4 ;

: #  §PL 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)

Indusgtry

Petroleum and Coal Product

Overall  Ref,
Machine Level dBA _No.

Rotary Drilling Sur-
face Equipment

Rotary Drilling Subsur-
face Equipment

Cable Tool Drilling
Machinery

Flowing Well Equipment
Rod Lifting Machinery
Pumping Units

011 & Gas Separating,
Metering & Treating
Equipment

Well Surveying
Machinery

Crushing, Pulverizing
& Screening Machinery 86+ 10

brills 110% 10
Cutting Machines 96% 12

Longwall Mining
Machines

Gathering Amm Loading
Machines 9% 12

Slusher Hoists Loading
Machines

Continuous Mining
Machines

Borers
Rippors

97#% 12

97
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Table E-10 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (Concluded)

Overall Ref.

Industry Machine Level dBA No.
Petroleum and Coal Product Shuttle Cars 93% 12
(Loading)
Mine Gars

Flotation Machines
Wet Cyclones
Centrifugal Driers
Scrubbera

Thermal Drilers
Feeders

Grinding Mills

Screens

Shakers

Roof pPolter 112% 11

* SPL measured within ,914 meters (3 feet).

*% SPL measurement distance not apecified.
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Leather & Leather Products

*®

Table E-11 TINDUSTRY~MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 31)

Industry

Machine
Fleshing Machines
Hair Driers
Lime Mixing Tubs
Setting Out Machines
Splitting Machines
Coloring Drums
Plating
Seagsoning Machines
Spraying Machines

Measuring Machines

Overall

Ref,

Level dBA  No,

89+
88+
7%
103%
a5%
90*
81+
80%*
78%

77%

SPL measured .61 = 1,52 meters (2 - 5 feet) from machine.
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Table E-12 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 32)

Industry

Stone, Clay & Glasa Products

Machine
ctlay Crushers

Clay Till Extrusion
Machines

Packing Machines

Bottle Forming
Machines

Mixers

Pneumatic Chippers
Cut Off Saws

Stone Planers
Cranes

Stone Saws
Concrete Aggregate

Clay Tile Kiln
(Unloading)

%  SPL measured .61 ~ 1,52 meters (2 - 5 feet) from machine.
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Overall  Ref.
Level dBA _No,
92% 4
82% 4
Bo* 4
9g* 4
935 4
84% 4
89+ 4
98+ 4
B4* 4
99+* 4
89* 4
97%* o
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Table E-13 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 33)

Industry
Primary Metal Industries

Machine
Crinders

Prneumatic Chippers

Furnaces (Ingot Heating) 93*
Furnaces (0Ll Heating) 93%

Wood Planers
Friction Saws
Shake Quts
Pneumatic Rams
Tumblers

Push Up Machines
Core Blowers
Core Draw Vibrators
Alr Holsts
Electric Furnaces
Sand Slingers

Jolt Squeeze
Machines

Crucible Heaters
Roughing Mflls
Levelers

Decoilers

Anealing Furnaces
Lectromalt Furnaces
Open Hearth Furnaces

101

Overall Ref.
Level dBA No.

=~

90*
117%

107#
107+
103%
84+
99*
99%
116%
108%
108%
96%
96%

P R . T L T T L - L

97*
81+
102#
90*
116*
93*
95%
80*
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Table E-13 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION
(5IC Code 33)

Industry
Primary Metal Industries

Scarfing Equipment
Bloomer Mills

Strip Mills
Conveyors

Forging Hammers
Coke Ovens

Sinter Plants

Blast Furnaces
Basic Oxygen Furnaces
Soaking Pita
Rolling Mills
Continuous Picklers
Pipe Milla

Wire Drawing

Nail Mills

(Concluded)
Overall  Ref.
Level dBA _ No.
J6* 4
90% 4
97+ 4
98+ &
109% 4
93k 1
100%* 1
93%% 1
95%+ 1
Gk 1
95%% 1
95%+ 1
Gh** 1
95%% 1
98%* 1

*  SPL measured .61 = 1,52 metars (2 - 5 feet) from machine,
*% SPL measurement distance not ldentified,
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Table E=14 INDUSTRY~MACHINE-NOISE LEVEL DISTRIRUTION (SIC Code 34)

IndustTy
Fabricated, Matals Product

Overall Ref,

Machine Level dBA _No.
Boring Machines 97 % 4
Driiling Machines 98% 4
Gear-Cutting Machines 88* 4
Grinding Machines 106+ 4
Polishing Machines 95% 4
Lathes 107* &
Milling Machines B9* 4
Saws 107% 4
Broaching Machinesz
Planers
Shapers 93* 4
Cut Off Machines 103% 4
Tapping Machines 4k 4

Threading Machines
Automatic Chucking Lathes
Screw Machines 20%* 4

Station & Tranpfer
Machines

Electric Discharge
Machines

Elactrochemical
Machines

Honing & Lapping
Machines

Welding Machines 82% 4
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Table E~14 INDUSTRY-MACHINE-NOISE LEVEL DISTRLBUTION (Coneluded)
(SIC Code 34)

Industry
Fabricated Metals Product

Machine
Punches
Shears
Bending Machinas
Forming Machines
Mechanical Presses
Hydraulie Prasses
Pneumatic Presses
Extrusion Preases
Headers & lpsetters
Swaging Machines

Gear & Spline Rollin
Machines

Thread Rolling Machi
Marking Machines
Riveting Machines
Die Casting Machines
Impact Wrenches

Power Driven Hand
Tools

Drop Hammers
Sand Blast Machines
Vibrators

*  SPL measuraed ,61 - 1,52 maters (2 - 5 feet) from
%% SPL measurement distance not specified,
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Overall

Level dBA

98+
ba%
92
108%
107+

101+

106#

g
B9*

nes 89%

117%

954k
111%
121%
104%

machine.

Ref.

No.

4

4
4
4
4
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Table E~15 INDUSTRY-MACHINE~NOISE LEVEL DISTRIBUTION (SIC Code 35)

Industgx
Machinery, Except Electric

Overall  Ref.

Machine Leval dBA No.
Milling Machines 89% 4
Borlng Machines 97% 4
Pneumatic Presges 101 4
Hob Grinders Bo* 4
Multiple Drills 96+ 4
Turret Lathes 107+ 4
Welders 112% 4
Riveting Machines 125% 4
Chippars 127% 4
Grinders 95% 4
Shears 94 4
Punch Press 99+ 4
Drilling Machines 98* 4
Gear-Cutting
Machines 89 4
Lapping, Polishing &
Buffing Machines
Broachlng Machines
Planers
Shapers 93% 4
Tapping Machines 94 4
Saws 107#% 4

Thread Machines

*  SPL measure .61 = 1,52 metars (2 - 5 feet) from machine.
** SPL measurement distance not specifiled.
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Table E-~16 INDUSTRY=-MACHINE-NOISE LEVEL DISTRIBUTION

Industry

Electrical and Electronic
Machinery

Machine
Drilling Machines
Grinding Machines
Polishing Machines
Saws
Tapping Machines
Threading Machines
Welding Machines
Punches
Shears
Bending Machines
Forming Machines
Riveting Machines

Powar Driven Hand
Tools

Overall

Level dBA

98+
106%
95%
107%

9k

B2%
o8
93%
92%
108+#

117%

102%*

% SPL measured .61 =~ 1,52 metars (2 ~ 5 feet) from machine.

*% SPL measurement distance not specified.
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Table E~17 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code n

Industry

Transportation Equipment

Machine
Rivating Machines
Drills
Saws
Routers
Welding Machines
Punches
Shears
Bending Machines
Forming Machines
Mechanical Presses
Hydraulic Presses
Pneumatic Presges
Impact Wrenches

Power Driven Hand
Tools

Overall

Level dBA

133%
88*
107%
86%
gow
98+
93%
92%
108%

101+

101+

95%%

*  SPL measured .61 - 1.52 meters (2 = 5 feet) from machine,

%% SPL measurement distatce not specified,
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Table E-18 INDUSTRY-MACHINE-NOISE LEVEL DISTRIBUTION (SIC Code 49)

Overall Ref.

Industry Machine Level dBA _No.
Utilities Fans 110%* 3
Cas Turbines 0#* 3

0il Bummers 8 Gk 3

Diesel Engines 100%¥ 3

Rotary Blowers 1204k 3

‘Turbo-Alternators 8%k 3

Feed Pumps 9 Ok 3

Transformers 60=-100%* 3

(855 GedE)

: #+%* Noise measurement diatance not specified.
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