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" I.O INTRODUCTORY SUMMARY

This report is the final submittal of data for a test program sponsoredby
_m

_ the U. S. _'nvironmenta[ Protection Agency and aimed at evaluating the potential
degradation of medium and heavy duty truck noise emission levelsover a veh_clefs

_= life. This test program was first described in detail in Interim Technical Report 1,

submitted to EPA by Wyle Research in November 1978 in supportof a technology

_ impact analysis for revision of the interstate motor carrier emission regulations.

!_1 This document presents the results of measurementsandanalysesperformed since

_ the first report. A detailed description of the full test program and a summary of
_".... the complete data base is provided in this report_ therefore no reference to the

original report is necessary.

!'J The results of the test program indicate there is no single discernible

trend with respect to degradation of truck noise levels. Within the populationof

l_ vehicles monitoredt there were examples of trucks exhibiting increasing_ de-

creasing and constant noise leveJsover time.

!,g A complete onalysls of the test results is provided in the sectionswhich

follow. The most significant results may be summarizedas follows=

I_ o For the 26 trucks tested, the fleet average noise level measured

using the "Idle-Max-Idle" test procedure remained essentially con-

stant from the beginningto the endof the test sequence(81.2 versus

81.5 dB). However_ the average maximum changebetween the first

jl any subsequent was dE_t indicating that_ on
test and test I.I the

. average_the trucks exhibited an increase followed by a decreasein

I_ total vehicle noise over the courseof the measurements.

o About 60 percent (or 16) of the trucks tested completedmore than

t_ IOO_000kilometers the end of the twoby program| completed over

500_000kilometers.

ttl o Of the 26 trucks_ six (or 23 percent) exhibited a measuredincrease
in exterior noiselevel of I dB or more. Four of the trucks showed

t _ evidence of enginenoise degradationswhile two showedevidenceof

exhaust gas noisedegradation.

t
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: o Of the trucks exhibiting noticeable increasesin noise level, those
r- employing 2-cycle diesel engines showed the most significant in-

I _ creases in comparisonto _-cycle diesel engines.

P= o All of the vehicles studied here met the appropriatenoise emission

I '_ standard for the year in whichthey were manufactured, both before

and after extensive time in service.

_ The sections which follow provide o detailed summary of the test

procedures(Section 2.0), a complete analysisof the resultingdata (Section 3.0), areview of existing data on truck noisedegradation(Section4.0), and an assessment '

of the potential effects of vehicle maintenanceand modification procedureswhich

_. might influence truck noise degradation characteristics. Supportinginformationp

including photographsof most of the test vehicles, is provided in AppendicesA

.I_ through C.

i'
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: 2.0 TEST PROGRAM

The field test program was designed to enable compilation of data on the

degradation of truck noise emission levels for o representative sample of medium

F_ and heavy duty trucks. It consisted of noise measurements exterior to the vehicle

;: durlng stationary and passby tests_ and interior noise measurements at the driver's

f,11 location during engine run-up tests. A description of the test vehicles and the

1_ associated measurement methodology is provided in this section.

;if 2. I Test Vehicles

The trucks tested in this study were actual in-servlce vehicles loaned by

I_1 rental agencies, motor carriers, private haulers and owner-operators. To quoHfy

i!! for participation in the program, each vehicle was tested prior to placement in

_ fleet service. By July 1978, a total of 30 trucks were participating in the noise
_ degradation measurement program. Eight of these trucks were manufactured in

1978_while the remainder were manufactured in 1977. A description of each truck

!_ according to its key design parameters is provided in Table I. Photographs of most

of the test vehicles are provided in Appendix A. As will be discussed in Section

I_; 2.2, each vehicle was tested either at the owner's facility or at Wyle Laboratories'

Norcot California test facility. The location of each truck noise test site is also

t_ listed in Table I. Note that two of the vehicles which started the program,

Numbers 11 and 12t were subsequently involved in accidents. Truck Number 12 was

i_ rebuilt and returned to service. A second test was performed with this vehicle.i Twenty-six trucks were tested two or more times using the stationary test

procedure (see Section 2.4). Final measurements were made in July of 1979.

I-_I Figure I illustrates the distribution of types of trucks involved in the

program according to vehlcle weight class, cob type and engine type. The total
l_f._ test sample included engine configurations manufactured by Cummins, Detroit

Dieselt Caterpillar, Mack and International Harvester.
I_t

All of the trucks utilized in this test program were equipped with fan

clutches, with the exception of Truck Numbers I0, l/_,16, 18 and 29. Vehicles

_: having standard and automatic transmissions were included in the test sample.

I=:
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Table1

VehicleDescriptions,Owners,endTestSiteLocations

Truck Ralod Exhaus! No. ul Typeof
No. Manu|aclurer&ModelEn01naMake&Mo_l RPM Systnm Axles FanClulch Owner TellSitlLocallan

I Pallrbllt COE-tI.D. CumminsblTC_3S0 2100 $Znglo 3 lhermal II National Norcu,CA
Turbo1°6e4-cyc;le VerJicQI Air OpeataclI CarI_antal

_lnhlSide

2 FmighlllrmrCONV DelrollDil_l 2100 $1nglo 3 Viscous Redwing Tampa,FL
120621'GT° H.D. DD6V921"I" VorllcQI Co.Jlr_

TurboV-6_2-cycle Righ!Side

FmIQhdlr_rCONV CummlnJ 2100 $1n0fl 3 VIscoul Redwing Tompa,FL
40 120621G1"- H.D. vTg03 VarlicQI Ca.lars

Tud_oV'8, 4-cycll Rl_h_Side

_e Fr_i0htllmlrCONV DottelsDllll| 2100 $1ngll 3 Vilcoul Rodwlng Tampa,FL4 120621"G!- H.D. DD6V92_! Var,cal Corrllrl
TurboV-6f 2-.cycll Rlgh!Side

5 Frll0hlll_rCONV Cur_mlm 2100 $1nl)la 3 Viscous Redwing Tampa,FL
'_ 120_2/GT- H.D. V1903 Var,cQI CurrJirs

l"urbaV-8, 4-cycll Righ!$1dm

6 FmIQhtllrmrCOE D_.ol! Dlosel 2300 51nQle 2 VIscou_ Comoli,_._ 5onl_POSptlng_,CA
N.D. DD6V92TT Vir t_c._l Froi0hlliners

Turb_V-6, 2-cy¢_ I_i_h0Sjd_

? FredCONV Ford 4300 Single 2 Vil_oul PostOffico I_l_,l_,_ll,MD
Co600° M.D. Gol V361 Horizontal

t_lu_tly Atpl_ad Righ!Side

0 FordCONV Ford 4300 Single 2 Viscnul PojlOIflcl #h,lr_all, MD
C-600- M.D. Gas V361 H_'lzonlal

Nalutail_Aip_rul_d RIgh!$]_

9 Fm;Qhlllr_rCOE Cummins 2500 Single 2 VIscoul ConsolI,_d Sanl_FoSpringl,CA
H.D. V190_ VI.Icul Frel_ll_limr_

TurboV_0_4"cycll _0h! Side

I0 International Caterplllor3208 2900 $_natg 3 N_no Caleons CnJon,CA
Hat,eliot CONV N_lurnllyAipirnlld VarllcQI
205Q° H.D. V-_ 4o_ycfo RI0h!S_de Diro¢!Drlvo

II Ger_mlMola_I-H.D D_l_oltDIolel 22(]0 $1ng_o 2 lh_rmalAir Arrowhoad No,co,CA
DD 6V92TT VorllcQI Operalod W_lor
TurboV-6_ 2-cycle RightSide
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Table I (Continued)

T_k Ralad Exhaust No. of Typeof• Vienufacturara, Modal EngineMak* &Model RPM Syslam A_lol FanClutch Owner relt Site Locatlan

12 W_I_ CONV Cummlm 2100 Single 3 Tharml Air gurllnglon Budlng_n, NC
RoadBoss]| - H.D. NIC 290 Vorllcal Opataled Indus_rie!

Turbo I-6_ 4-cycle Rioht Sida

13 Whlll COE _umm;nl 2100 Single 3 11m_malAir gurllngton |urllnglon_ NC
RoadCommandar NIC 290 V*rtlcal Opmeorld Indujtrlel
I|. D. TurboI-6, 4-.cycle Right SZda

14 Inllrnallonal Intiemtlonal Harveslol 2900 Single 2 Morn Nalloml Norco, CA
HarvoslwrCONV D-190DT-466 Vertical Direct Cot Ronlul
la_dmlar1750 - M.D. TurboI-6, 4"cycle Right Side Dr]vm

IS WhiteCONV Cummlm 2100 Single 3 ThermolAir §udlagton |udinglon, NC
RoadBml l| - H.D. NTC 290 Vmtical Opemmd Inc_ustrien

Turbo I'6, 4-cycle Right Side

16 General MolorzCONV Genaml Mote. 3600 Single 2 None U.P.S. Orlando_ FL
P000Van - M.D. 292, Gas I-6 Ho¢izonlal Direct

Nalurolly Anplmlld I,.[I Side Drive
4-cyGJe

17 Mack CONV Mock 2300 Single 2 Viscous Cohmru Grm,alQnd, CA
Dump,"H.D. Turbo |-6 Vorllt:al

4-cycle Right Side

IO International Cummlnl 2100 Singlm 2 Norm Collram Whllmme, CA
HorvesmrCONV N|C 250 Vm'lical Dff0ct Drive
Payllar _)00 - H.D. Turbo |-6, 4-Cycle Right Sida (lied Shull_Js

19, General Mot_s CONV General Me/oH 3800 Dual 2 : Viscous Arrawh_d Nmco, CA
20, 6000- M.D. 114"366, Gol V-O Horizonlul Wolmr
27r _ Nalurolly Asplmlmd
2a t

21r t_ck CONV Mock 675 2300 Single 2 Viscous U.P.S. Charlotte, NC
22 if, D. Turbo1-6_ 4-cycle Horizonla!

Right Side

23w Mock CONV Mock T676 2350 51ngte 3 11mrrnalAh' h'lallack Swodatboro,NJ
24, 1_6_6- H.D. TurboI-6, 4-cycl_ Vortical Operaled
25_ _ Right Sida
26 I
29 InMrr_lionol C.ummlns 2300 Singl_ 2 Hare C¢lltrcms Whilmom_ CA

Harvesl|r CONV NTC 250 Verllccll H_t Shutlon
Payslar5000 - H.D. Turbo I-6, 4-cycle Right Side

30 GeneralMotors COE _ummlmNTC 270 2300 Single 2 lhermal Air U.P.S. EarthCity, Me
Astro 95 - H.D. TurboI-6. 4-cycle ttoriz0nlol Actualad

RightSide
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TEST VEHICLE CONFIGURATIONS

TOTAL
30

HEAVY DUTY
22 8

CONVENTIONAL
10 6

DIESEL DIESELI TunooI ITUnBoll

,u.°o,,u,., ,c,oL1rc,c.EII
a I 3 ,/I 2 ,ll 2 1

Figure 1. Test Vehicle Configurations



2.2 Test Sites
I i

When possible, truck noise measurements were performed using the test

I : pad located at Wy/e Laboratories' test facility in Norco, California. However, to

facilitate the utilization of trucks supplied by motor carriers and private haulers,

i ; noise measurements were alsoconducted with the use of a temporary standard test
site setup at the vehicle owners'respective terminals.

_ Figure 2 shows the test pod used for stationary measurements at the
Wyle/Norco facility. It consists of a circular asphalt surface 36.5 m (120 ft) in

! _ diameter. This site was developed in accordance with the specifications set forth
in Section 205.54-1 of the EPA Noise Emission Standards for New Medium and

_ Heavy Duty Trucks. I The test surface wasconstructed according to EPA paving

I _ specifications outlined in AppendixB of this report.

!_= An undergroundductingsystem wasconstructed with the pod to allow for

componentnoise measurements. Intake air was drawn througho 30.5 cm (12 in)

_ diameter steel pipe, with air entering 12 m (40 ft} from the edgeof the pod end

_ exiting at the center of the site. A 20 ¢m (8 in) diameter steel pipe was similarly

l= used to route exhaust gasesundergroundandaway from the pad. The duct openings
j_ at the edge of the pad were shielded by a 1.2 m (4 ft) berm to assure that each

source was 10 dB below the measured truck noise levels. Figure 3 illustrates how

l_ the ducting system was attached to a truck.

A majority of the trucks were tested at the vehicle owners_ facilities,

_I thereby resulting in the useof test sites located in the west, midwest, and east.

Photographsof some of the test sites are provided in Appendix A. In all cases,

l_l" care was taken to select a test site for stationary testing that met the
specifications set forth in Subpart E of the DOT Regulations for Enforcement of

I_t Motor Carrier EmissionStandards,2 and a test site for possbymeasurementsthat
met the specifications set forth in the EPA New Truck Noise EmissionStandards.I

/ _ All tests were performed on hard surfaces consisting of either asphalt or concrete.
..5 With the exceptionof one site, sufficient spacewas available to ensurethat there

_= were no obstacles within 30 m (100 ft) of the microphone or test zone. The
I

exception was the CALTRANS facility at Cojon, California (Truck Numbers 18and

29). Here, only 24._,m (80 ft) of clear space wasavailable between the microphone

t= and the nearest obstacles. This was considered sufficient to avoid significant

I:'
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changes In measured noise levels. At each facility the vehicle and mlcrophene

-- positionswere permanently established by pointed markers, thus assuring repeat-

ability of site characteristics from test to test.

/- Seven of the field test sites were large enoughto a/low performance of
I i

passby tests. Local highways were used far passbytesting at Norco, California,

_- Grovelond, California, and Earth City, Missouri.

2.2. I 5totionory Tests

i _ For stationary run.up noise tests, measurements were mode at the four
mlerophonepositionsshown In Figure 4. Each microphonewas positioned 15m (50

I _ ft) from the center of the front axle, and 1.2 m (4 ft) above the groundplane. A-
weighted noise levels, using the fast meter response,were read on a precision

_= (Type I) soundlevel meter at either measurement posltion A or C (illustrated inI

I _ Figure 4) for each test sequence. Tope recordings of broad-bond noise were made

_.e simultannously far all four positions, The number of microphone positions was
," reduced from four to two (positions A and C) for some vehicles becauseof time

limitations, Measurements were made in successionat each positionwith o sound
Ill
t t level meter end tape recorder. From these sound level meter data, maximum A-

weighted noise levels were tabulated for each microphone position for each test
I;41

run. Note that each truck was always tested at the same site using the identicalts
vehicle/microphonegeometry,

!=
_ 2.2.2 P..assbyTests

Figure 5 Illustrates the site plan usedfor passbytestlng. At each site o
ix
¢= cleon test zone with a diameter of 30 m (100 ft) was established• The center point

of the test zone was established as the "microphonepoint." A truck acceleration

_,s point was established on the vehicle path 30 m (100 ft) from the endpoint of the
test zone and 15 m (50 ft) from the microphonecenterline point. An end or test

I s zone was establishedas the last 12 m (_,0ft) of the vehicle path prior to the end

point.
J¥

_ A-welghted noise levels, using the fast meter response,were read on o
precision (Type f) soundlevel meter for each passbysequence. Tope recordingsof

! ' broadbandnoise were also made for each run. Maximum A-welghted noise levels

read from the sound level meter were tabulated for eachmicrophone position for

I J each test run. As with the stationary testst each truck was always tested at the
_- samesite usingthe identical vehicle/microphone geometry•

9 WYLIE LABORATO_ I IES
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2.2.3 Interior Tests

_, During interior noisemeasuremects, the microphonewas oriented 15 cm
! (6 in.) to the right of, and at the same height aspthe driverts right ear. A-weighted

noise levels, using the fast meier response,were readon a precision(Type I) sound

level meter for each run.up sequence. Tape recordings of broadbandnoise were

made for each run. From these data, A-weighted noise levelswith the enginein a

I_ stabilized speedcondition were acquired.

Be 2.3 Tes.t' Instrumentation
IX

All instrumentation used in this test program met the specifications

FII defined in Sections205.5_1 and205.54-2 of the EPA Noise Emisslon Standardsfor

I _ New Medium and Heavy Duty Trucks. I This includesthe instrumentation listed in

I_ Table 2. Primary data were obtained using o precision (Type I) sound level meter(specified in ANSI S.18-1971)t while simultaneouslythe data were recorded on a

Ill Nagra IV SJ tope recorder. This backup systemuseda separate _-inch canden=er
t_ microphone in a system meeting all requirements of SAE JI84, "Qualifying a Sound

Data Acquisition System/_ 1972. Calibration of both the soundlevel meter (ELM)
Ill
HI and tape recorder were obtainedusinga B&K _,230acoustic calibrator. The 94 dB

SPL9 I kHz signal provided o means of accurately adjusting the sensitivity of the

!_ SLMt and was also recorded on tape. The data recorded on tape were later
If

analyzed in the laboratory to confirm the levels measuredin the field. Thesedual

i_ measurements with correspondingcalibrations produceddata with high validity.
2.4 Test Procedures

!= The test program was designed to obtain stationary run-up, pa_by, andt;I
interior noise level rnea=urementsfrom each of the test vehicles. In conducting

_ these tests, the following standard test procedureswere employed=

o Stationary run-up tests were performed in accordance with the

I _ proceduresprovidedin Subpart E of the DOT Regulations for the
Enforcement of Motor Carrier Noise Emission Standards.2 These

!_ regulotlons specify that the fan clutch be disengaged during the
test.

L;
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Table2

! " Primary Instrumentation Used for
Truck Noise Degradation Tests

r-

I. Bruel & Kjaer Type I Sound Level Meter (Model 2203) with o I-inch
• type _145 microphone.

:_- 2. Recording System:

o Negro IV SJ Recorder

) _ o Bruel & Kjoer I/2-inch type 4134 Microphone

o Kudelski Preamplifier

3. Bruel & Kjaer Calibrator Model/_230

4. EngineSpeed Tachometer accurate to within +2 percent of meter
_I reading. - I

_B S. Meteorological instrumentation to record temperature, humidity, I
and wind. I

t

:
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-- o Passbytests were performed accordingto the proceduresoutlined in

the EPA NoiseEmissionStandardsfor New Medium and Heavy Duty

-- Trucks. I

o Interior measurements were conducted in accordance with the

_' procedures set forth in the DOT Regulations for Vehicle interior
f Noise Levels,3

Six noisemeasurements were made for each test sequence.

In conducting oil of the above described measurements, the following

_'_ general test methodologywasemployed for each test vehicle."

I. At the outset of testing_ information was obtained regarding the

dr_a truckfs specifications and the type of service in which it was

typically used.

i: 2. A set of stationary run-up_passby,and interior noisemeasurements
were performed on each truck prior to its initial entry into fleet

l,_ service,

3. Initiallyt it was established that each vehicle would be subjected to
_a
t_f an identical set of noise level measurements at the following

approximate accumulatedmileage:

f=_ o 32,000 km(20,000 mi)
_1 o 80,000 km (50,000 mi)

_./_: o 160,000km (100,0gomi)
o 240_000km (JSO,O00mi)

bl o 320,000 km (200,000 mi)

._, Later, however, it was determined that it would be more convenient
l,_i for the truck owners if testing was performed on a time interval

i=_ basis (e.g. monthly). Therefore_ a time interval was established
_: that would enable at least three sets of measurements to be

_ performed on each truck prior to completion of the test program.

i z Table 3 summarizes the mileages at which noise measurementswere
i=,

: performed on eachvehicle.

I_lf,
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Table 3

Mileage at Each Tesl Sequencefor All Trucks
(kilomelers)

Tesl Number

TruclcNumber I 2 3 4 S 6

I 11970 511200 201,400 2611400 3331700

2 40 49,000 108,700 184j000 193,800 268,500

3 43 57,500 109,300 181p700 201,400 281,100

4 91 36p400 92,100 144,100 217,700 270,200

S 37 59,000 118iS00 183,100 2291500 317,600

6 ll700 127_200 3441900 501,600

7 520 28,200 60100O 971000

8 600 11,300 56,300 69,100

9 1,600 214,700 513,400

10 700 I1t900

12 3,800 278,200

13 13 02,000 163,600 222,400 249,500

14 1,200 22,600 23,900 72,000

IS 200 62)000 120,000 215,700 346,400

16 700 61900 I0)700 21)000

17 3,900 11,300 16,000

18 1,040 II,000!

: i9 20
i 20 29
)
I

)
I



_ ._. • #mm.i_mm: imu 'if I _ _ _ _ r _ _ m,,,_ _ _

Table3(Continued)

Tes! Number
•., ,,

Truck Number I 2 3 4 5 6

21 1,100 38,000 140,800 3h4_100

22 1,0_0 36,100 140,800 345_400

23 1_700 29,200 46,800 115,100

24 2,400 56,300 136,600

25 3,090 36,900 68,900 157,200

26 2p790 361600 66t200

27 18 130 32,600

28 27 230 12,800

29 340 10,900

30 50 _0,300 89,200 263,800



I 4. When test site geometry gad truck fleet scheduling permitted, idle-
max-idle ([MI) tests were also performed under the following

I conditions:

o Truck in "as delivered" condition!

t _ o Truck exhaustconnectedto remote ductingsystem_

p,_ o Engine fan clutch fully engaged.

_ For eight of the 30 trucks_ it waspossibleto obtain passbyand IMI noise

_,= data from tests conducted by the truck manufacturers at their respective focil-
! _ ities. The data were measuredusing essentiallythe sametest proceduresemployed

in this study. These data are presented in this report for comparative purposes.tl
t_ Maintenance sheetsfrom each vehicle were reviewed at each test interval

_1 to determine compliance with manufacturer's recommended maintenance pro-
/ _I cedures. Particular attention was given to noise generating componentssuch as

the exhaust, Intake and cooling system, and special equipment installed for noise

I_ control purposes.

t_ The degradation of the total vehicle noise as a function of exhaust
I_ componentsand nonexhoustcomponentswas evaluated based uponthe noise levels

measured over an operating period of approximately 2/_0,O00km (150,000 mi).

l Results of this evaluation ere presented in the section which follows.

z.s ComponentNo seOegradatigaTestin.q
In addition to the measurements described above, c selected number of

• vehlcles were subjected to component noise source measurements designed to

t_ better identify the contribution, if any_of engine, font intake and exhaust noise

degradation to total truck noise degradation. Two series of measurementswere

_ undertaken. Inthe first series,emphasiswasplocedon evoluationof the effects of

exhaust system deterioration on total truck noise levels, Eleven vehicles were

[_ tested in a configuration which allowed for removal of exhaustgas noise from the
• measuredenvironment. Truck Numbers 1, I/_, 27 and28 were tested in this manner

'I_; uslng the previously described ductlng system at the Wyle/Norco facility (see
Figure 3). Truck Numbers 2, 3,/_ and 5 were tested at Redwing Carrier's facility in

• __: Tamper Florldat using o 20-foot length of flexible ducting and o muffler attached
=,, to the exhaust stack (see Appendix A). Truck Numbers 7 and 8 were tested at

i : 17 WyLE LAI]ORATORIE 's



Riverdale, Maryland, with a 2S-foot length of flexible ducting attached to the

i , exhaust pipe. The flexible duct was routed toward the front of the vehicle (see

Appendix A). Truck Number 6, tested at Santa Fe Springs, California had a 20-foot

flexible duct attached to the exhaust stack. [t was routed toward the opposite side

El of the vehicle from where the microphone was positioned, in this mannert thetruck acted as a shield to help mask out exhaust gas noise.

In a second series of measurements, Truck Numbers I and I/4 were

subjected to a detailed set of component noise measurements in which the fan

intake, and exhaust noise components were each eliminated in succeSSion, thus

I _ providing measurements of the following configurations;

o Total vehicle noise

o Engine noise only

o Engine plus fan noise only

.I:_.! o Engine plus exhaust noise only
; o Engine plus intake no_se only.

I_ Elimination of the intake and exhaust noise components was accomplished using the
: dueling systems available at the Wyle/Nor¢o facility, while elimination of fan noise

I_ was accomplished by disengaging the fan clutch. Note, however, that elimination4

tg

of fan noise on Truck Number 14 was not possible because it used a fixed fan.

I_ The test here identical to those usedmethodologies employed were

: previously for total vehicle noise. Only stationery tests were performed. For each

1_ configuration tested, four sets of measurements were performed. These data arek

summarized and evaluated in Section 3.0.

i

!
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i , 3.0 TEST RESULTS

3. I Total Vehicle Noise Levels
l

A summary of the truck noise level data acquired in this test program as

_. well as data obtained from the truck manufacturers is presented in Table 4. Allvalues shown represent arithmetic averages of the two highest revels recorded

during each test sequence. Close duplicotFon of the site characteristics and

I_ calibration proceduresbetween tests eliminated the need to apply data correction

feetors_ with the exception of Truck Numbers 6 and 9pwhere a 1.5 dB correction

_ was added to the right side measurements in Test Number 4 to compensate for a
partial soft site. Thiscorrect/on factor was determined by testing Truck Number 6

IT at the Santa Fe Springsfacility _d than repeating the test on the same day at the
; Wyle/Norco facility. The difference in the measurednoise revels was then applied

_:'_ as the correction factor for Test Number 4.
The effects which ambient temperature variations might have hodon the

repeatability of truck noise measurements were considered using the following
relationship=_

_i C=+151og T(°F)+459 ,dB
To (OF)+ 45_

i where C = Ambient temperature correction factor for diesel engine

_; noise (dB)T = Ambient temperature during secondmeasurement(OF)
and

tl To = Ambient temperature during first measurement (OF)

(._ Using the above correction factor, there is an indicated temperature-
J_gl induced variation of 0.25 d_/ZooF. The maximum temperature differences

occurring duringthis program were in the rangeof 20°F. Therefore, the effects of
l_ temperature variations were consideredsecondary.

_i Noise degradation curves have been plotted by using the highest averagenoise level for each test sequenceregardless of whether it was measuredon the

right or left side of the vehicle. In some instances these values did vary by morei

I _i than 2 dR from onesideto the other.
i==
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Tab_o4

Summaryof Truck Noise DegradationTeitt Reitultit

_aclm'yloll led I TIll 2 |oil 3 Toil 4

|luck [shq_l E_lvau_t IEAh_ult Em
hiumJmr 7o,1-_ [Ml P_,.*BI IMI II.locomd Puu*|_ IMI hlocol*d Po.-_f IM_ Ib,h)culsd Pa,t-J_ IMI /hi,

it L it L a L it L it L It L II L It L It L It L it L it L g L it

I T7,6 76,3 79.3 77,0 77,0 75.7 77.1 16*0 76.2176.2 70.0 79,0 I 77,it 77,7 76.(

2 01.0 01.0 S0,0 79.5 79.9 79.6 09.6 70, t 70,7 77.2 a40_ 02,0 82.0 00,J_ 79.0 70,0 112,7 gi.6 70*4 7a,9 O;r,0 al*0 79.(

3 _1.0 _2,0 _4,0 _4,G _4,2 _1,U 03.1 JM.3 _,g Sit*it _4.it _4,7 M,I S7.2 _-_*2 _.6 II_.O _,7 Qb,it 04,2 /M.C

4 02*0 it|.it 01.0 SO,it 79.4 70,0 U0.6 79.0!70,3 77.0 0_.7 S2,3 i_._ SI*| 76.6 77,8 61.2 _0,7 70.6 70*6 iSS.it 02.6 QO,|

5 03,0 03,0 64.5 _5,0 02,it 01,8 _4.4 04,0iu4,3 _4,2 04.2 ;2,9 _.7 _.n 86,0 U6,0 _5,! _5,6 05.6 _6,6 06.0 04,2 IM,{

00,4 7_,i* _6,2 0_,7 80,0 79,2 1_,2 C6,$ 03*6 02,g 0it*$ AS*3 03.2 i_.6 00,5

7 7_,6 77,2 7_,6 77.'* T0*6 7U,O 79,9 79,4 7_.3 7U.I 77,9 70,3!79*6 79,0 _*2 70,4 itl*l 79.71D0,0 79,0 7_,2

g 74,6 7"J,t 7_,2 74.7 T4.2 7_*1 77,0 7_.2 7§,0 70,5 77.1 76*4 7_.4 itl*3 _0.71_0.0 it1*2 _0.2 _4.| _3.7 _,.4

9 _.3 _4,it _*0 AS,2 _.2 g$,O 03.5 _|*0 04.6 _O.it

10 AS,4 03,2 05,0192.0 GS°0 _,0

IS g0,7 70,3

12 77.7 70,4 79,7 79.3 tJO.4 00,7 01.0 _0.7

13 76.6 70.4 00.6 _,5 79.3 10.9 U0,4 7_.2 79,0 79,7 79,0 _.1

.14 91.9 I_1,0 LtO.9 II,0 b.1.7 _1,2 03,0 02,5 02,6 02,3 00,0 01,O

15 7_,0 79,0 79.it 7S_.3 77.2 16,S _2,3 01,it 79.4 7_,3

10 77.0 70.0 77.5 _0,$ 76.5 7_**0 7it*4 77,7

17 76.4 77.0 76.it _.5.0 _/,$1'6.0 76*5 7_.6 _7.3 T4.4

l| LIt.3 S2*I hi.2 r9,7

19 70*1 70.J 77,9 70*1 7&*l 77,0 (Nulbd_)
I

20 77,9 7_,3 70.0 70,0 75,0 77*5 (Noddy)
L

41

All values are A-weighted soundlevels in decibels (dr)
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Table4 (Continued)

rQcloe),felt Tell I test2 rest 3 |ill 4 *

I'lu_k EAhuust Exhausl EMhauss E.houtl
Number _uogj, IhQ po*l*0y [MI hlocatsd iDOll'lly IMJ It*loc'_l*d PolS"0)' IMI I_*locQ_d Pml°it)' iMI II*located

N L It L It L It L It L It L It L 0 L It L R I. R I.. It L 0 L ! L

21 79.3 70.3 77.0 77.4 60,3 79.6 00.6 I 00.9

22 79.5 79,2 79,0 ;9.5 00.3 00,)' 8L.S i 0i.3

23 61.5 00,6 Ol.C 00.7 OO,O 00.2 00.1 O0.O!

i

24 0|°2 79,It 79,8 79,2 61.4 OloO

25 Ol*O 00.0 03.© Bl.O 01.7 01.7 00.7 00.0

26 01.5 00,1 01.6 _.5 00*1 79.0

27 77,7 77,4 TJ**7 '70,$ 70,2 77,2 G_4eI xl)*) 79.7 10,2 79.2 79.7 77,9 77,3

20 70.6 79,2 77,9 7'J.61 70,0 77.3 _cxlx) 83.2 13.7 00.2 02,7 _O.I 77,8 75,1 76,S --_

29 _.2 _°7 0_.1 !Sl 2

20 _0,6 79,0 t9,6 00,i 79.2 00.4 7D,2 79,4 00,e oo,i 79,1 79.3

*No furthertestsof the vehiclesoccurred.

j_ ............
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_" Tab/-. 4 (Continued
i,

• T411¢5 'rise 6

[ Nv'nbm_ Pou*Jy IMJ klocamd Pa_'_ IMI Ibilecdmd

I L L I L I _. R L l L

I 7"/.? _7.4 76.2 27.2

2 al*l 81,2 Sl,O 79,7 79,1 77.6 82.4 81.9I_2,7 a0.2 ;9.7 78.0

3 03.4 a/.9 12.3 02.b 01.$ 11.9 B3.6 _3.2 Bdl.0 64.2163.9 84.3

[3 4 o3.1111.tl8o.8 79.7 76,9 76.6 '181.9 al,d 81.11_.2 _.o ;','.2• ,
_l _,5 M.2 _.4 63.6 B2,0 _3.9 _.8 83.._ 84.4 1_.4 M.5 _*_

6_ ?

|

[:
• ;'_ I0

12

i f_ '' 8'.' _'.9 a4.4 EIdl.,
|,i

; , II
15 _.6 80.1 aO,2 10.2

•I, ,.
_ "18
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Figures 6 through 14 illustrate the noise level of the test vehicles as a

r- function of kilometers of accumulated travel. Three curves hovebeen plotted for
I ,: those trucks which data for IMI end passbytesting were also obtained. The two

curves far IMI testing represent data acquired from the vehicle in the normal
I

t _ operating condition, andwith the exhaust gasducted away.

In reviewing these curves, it should be remembered that=

i _: o An increase in total vehicte noise with engine-relatednoise remain-

_m ing constant indicates the change is the result of increasedexhaust

t _ gas noise )eveis.

_, o An Increase in total vehicle noise and engine-related noise levels
signifies that the change is the result of increasedenginenoise.

_= Further analysis and interpretation of the noise level data compiled in
I U: Table 4 is presented in the sections which follow.

I_ 3.2 Comgarrsanof TruckNoiseLevelstoFederalNoiseEmiss,onStandards

Of the 26 vehicles subjected to two or more IMI tests, eight vehicles

(I_' (Numbers21 through28)weremanufacturedin,978end,therefore,were required

• by the EPA New Truck Noise EmissionStandards to exhibit an A-we[cJhtedexterior

I-_t_-i noise level of 83 dBor lower. The remaining 18 test vehicles were manufactured in1977 and thus were required to meet the maximum A-weighted sound level

standard of 90dB specified in the Interstate Motor Carrier Noise Emission
•_' Standards.

l_ With this in mind, Figure IS presents o distribution of tim measuredstationary noise levels for the entire popu/otion of test vehicles. Theupper graph

j_ is plotted from Test Number I data, while the lower graph is plotted from the final
I_ test results. The 83 dB level is delineated for easy reference, and levershave been

rounded to the nearest _. All the trucks easily met the noise standardsof the

[;: year in which they,were manufacturedt both before end after extensive time in
service. Of the six 1977 trucks which exceeded the 1978standard at the beginning

I _ of the test, four remained in violation at the end and were joined by four more

1977 trucks which previously had met the standard. Of the 1978 trucks,only one
I

I i _ (28} exceeded83 dBA during any part of its service and the rest neverrose aloser
i _ than I dBA to the standard.

!i_ 23 wvl.= I.AaORA'roRI¢=
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3.3 Total Truck Noise Deqradaticn

A comparison is made of the change in total vehicle noise levels far each

l of the 26 trucks tested. The resulting information is summarized in Table 5. First,
• the change in noise level apparent between the first and last test iscalculated for

each truck. Second, because a greater change in noise level was sometimes

apparent during an interim test, the maximum change in noise level is also

presented far each truck. The distribution of maximum noise level variations is

!_ presented at the bottom of Figure 16t supplemented by data regarding the

r,_ distribution of accumulated mileage and time in service for the samplepopulation,
_J A similar dlstribuHon is presented at the top of this figure far the change in noisel__ level between the first and last noise measurementon each truck.

(,_ The average change from first test to last was approximately0.3 d_, a

_l difference reflected in Figure 15 b_,the changein average noise levelfrom 81,2 dB

_'"__ to 81.5 dB. The average maximum difference in level between the first test and
any subsequenttest was I.I dB. This number is significant only in comparisonto

li the average change, 0.3 dB_ for it demonstratesthe variability of measuredlevels
about the apparent average change. It also shows, on the average_that all trucks

i_ had a measureddecrease in level at sometime duringthe test. Thisinitself makes

it dlffiault to draw any relation between noise level and distance or time, because

t_ there will always be at least one point for each truck which deviatesfrom thistrend line by almost three times the amount of the total span of the averaged data.

I_ However, such a linear regressionwas performed between the measuredlevels and_1 the distance traveled by the trucks. The resultant trend line hado slope of

• I_' 0.27 dB/]00,000 km and a correlation coefficient of 0.198. The lowvalue of the
_l correlation suggests that little or no confidence con be placed In the predictive

abilities of what [s already a very weak trend. The scatter about it iss_mplytoo

t; great.

:' Partitioning the trucks on the basis af heavy or medium duty, and

i_i reexamining the changes in level revealed nothing further about the behavior of

truck noise over the course af the tests. A similar division based uponwhether a

! _1 truck had a 2- or /e-cycle engine showed that the Z-cycle trucks experienced

• : noticeably greater increases in level both on a first-to-last test andmaximum
:ii _: changebasis. However, only three Z-cycle trucks completed the tast_sothat even

I ._! though the measured differences do exist_ it seems risky to generalize from sucha

small data sample.
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Table 5

Summary of Changein Exterior Noise Levels for All Test Vehicles

Maximum Change

Change BetweenFirst andLast Test Pass-By IMI

Vehicle Pass-By IMI Mileage Test Mileage I Test Mileage Test

l

No. A dB _ dB km No, &l dB km J No. &, dB km No.

I -0.6 3331738 5 -I.2 51,200 2

2 +2.5 +2.1 268,521 6 +4.3 40,95B 2 +2.2 481958 2

3 -0.6 -0.9 2811140 6 +0.5 57,456 2 +2.1 57,656 2

4 +2.5 +0.5 270,190 6 +3.7 217,696 5 +2.9 144,128 6

5 +1.3 +0.6 3J7,561 6 +1.7 58)974 2 +2.0 58,974 2

6 -I.0 +2.8 502,643 4 -I.0 502,663 4 +5.8 1271153 2

7 +i.5 +0.4 97,008 4 +1.5 97,008 6 +0.4 97,008 6

0 +G.6 +7.9 69,070 4 +6.6 69,070 4 +7.9 69,070 4

9 -I.8 -I.4 513,395 3 +0.9 216,706 2 +0.2 216,706 2

10 0 12,668 2 0 12,668 2

12 +2.3 +l.G 278_224 2 +2.3 278,221i 2 +1.6 278,224 2

13 +3.3 +3.fl 269,685 5 +3.3 249,485 5 +3.8 249,405 5

14 -0.9 72,026 6 +1.9 24,400 3

15 +1.6 t0.7 366,392 5 +1.6 366,392 5 +2.8 120,829 3

16 -0.3 20,960 4 +2.5 6,870 2

17 -0.5 +0.8 15,955 3 -0.5 15,955 3 +1.0 11,331 2

18 -0.9 10,776 2 -0.9 10,776 2
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Table 5 (Continued)

Maximum Change

ChangeBetween First ondLast Test Pass-By IMI ii

Vehicle Pass-By IMI Mileage Test Mileage Test Mileage Test
No. A_ dB A_ dB km No. Ap dB km No. A dB km No.

21 *1.6 344,139 4 +1.6 3_,139 4

22 +2.0 345,390 4 +2.0 345,398 4

23 -0.7 115,075 4 -0.7 115p075 4

24 *0.2 136,637 3 +0.2 136,637 3

25 -I.0 157,162 4 +1.2 36,859 2

26 -I.4 66,161 3 *0.1 3_t577 2

27 -2.3 32,562 2 -2.3 32,562 3

28 -3.6 12,773 2 -3.6 12,773 3

29 -4.0 i0,830 2 -4.0 i0_830 2

30 -0.5 °0.8 263,81i 4 -0.5 263,81i _ *0.3 401291 2
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• ' Because the difference between average noise level from first to last test

was sosmall (0.3 cB)_ it was reasonable to ask what confidence there was that this

change was reaip and not due to random statistical variation. A t-test for the

difference of meanswas performed to answer thisquestion. Its results showedonly

'_ a 30 percent chance that the change was real. On this basispit wasconcludedthat

_,= the trucksshowedno change in average noiselevel over the courseof the tests.

i _ 3.4 ComponentNa,iseDegradation,Analysls
'/_ As summarized in Section 2.0_ an extensive series of measurements were

performed to evaluate the contribution of individual componentnoise sources to
ps
_ overall truck noisedegradation. Results of thesetests are discussedbelow.

3.4.1 Chon_e in Total Vehic/e Noise Due to ExhaustSystem Degradation

P Sufficient data were accumulated on 8 of the 10 vehicles for which

f = exhaustgaseswere ductedaway suchthat the following trendswere apparent;
t _ o Five of the trucks (Numbers I, 3, 5, 7 and 8) showedno increasein:
I_l exhaustgasnoise level. Notep however, that two of these vehicles
_ (NumbersS and 8) did exhibit an increase in overall noise due to an

increase in engine noise, and one vehicle (Number 2) exhibited a

1' decrease due to the same source.

_ o Three of the trucks (Numbers 2, /_ and 6) showed an increase in
overall noise level because of an increase in exhaust gas noise.

These vehicles all utilized the identical type of 2-cycle engine

_ (Detroit Diesel Turbo V-6).
i

: No clear trend is evident regarding the deterioration of exhaust system

._t noise and its contribution to total truck noise degradation. It is appcrent that the

degree of exhaust noise degradation may be directly related to engine type,

_ Additional data are necessary, however, before specific conclusionsmay be drawn.. - tl{,

• _. 3.4.2 Indlvidual. Truck Nolse.Analysis

:_' Several of the trucks involved in this study exhibited changesin IMI test

noise levels of greater than I dB over the length of the program. These vehlcles

are analyzed in greater detail here in an attempt to determine the specific sources

.. _ of total truck noise degradation.

t _ _8 WYL s" LAImO NATOR| I_$
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: TruckNumber2

Data acquired for this vehicle using the IMI test procedure ore sum-

d , marized below:

p,q

' Test Distance Maximum
Number (kilometers) A-Weighted

P* SoundLevel, dB*
I i I

I 40 80.6

! t 2 49,000 82.8

t_ 3 108,700 82.7
I _ 4 18_,000 82.8

8 193,800 81.0

oil 6 268,500 82.7
i

I _ Average of _2tests.

t-_ The above data indicate that the total truck noise increasedduring the first 50,000

_ kilometers andthen remainedconstant,with the exceptionof Test Number S where

i; a noticeable drop in noise level wasapparent,
Data from Test Number 5 showedo reduction in total truck noise with no

_ change in enginenoise level, thus Indicating a reduction in exhaustgas noise. For
_ Test Number 6, however_total truck noise returned to its previous constant level

I _ while enginenoise decreosedj indicatingo significant increase in exhaust gas noise.
._:_1 This increase occurs for both IMI and p<_sby testing and is apparent when one-

third-octave spectra from Tests I and6 are compared. These spectra (AppendixC)

_11 show an increase of 6 dB in the area of 200 Hz, which closely correspondsto the

t _ 210 Hz firing frequency of the V6, 2-cycle diesel whenoperating at 2100 RPM.
k_' Narrow band analysis of the noise data from Truck 2 was performed to

•" determine the actual engineRPM at which 1henoise measurementswere made. It

;_ showedthat changesin noise level were not attributable to RPM variations.

Maintenance information for each of the test vehicles Is summarized in

] _i Table _;. Note that o muffler change is indicated before Truck Number 2 entered

: service. This occurred prior to Test Number I but after factory testing, such that
!_.

_ _9 WYkE I.AJSO RATO Hi E$
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Table6

• Maintenance Summary

Vehicle Maintenance Performed Which Might
Number Affect Noise Sensitive Components

; J

I None

it 2 Replace 5temco Muffler with Donaldson P/N 00605 Exhaust
Leak Repaired (208,000 kin), Replace Shift Boot (220,000 kin)

!_ 3 Replace Stemao Muffler with DonaldsonP/N 000605, Replace
Shift Boot (191,000 km), Replace Flexible Exhaust Pipe (63,000
kin), (240,000 km)t Repair ExhaustLeak (240,000 kin)

4 Replace 5temco Muffler with DonaldsonP/N 000605,
J

!_. Repair Engine Stop (25,300 kin)Repair Governor (48t000 kin)
• Tighten Clamps on Exhaust Stack (61,400 kin)

Ii$ Repair Hood SupportBracket (i09,000 kin)

5 Replace Stemco Muffler with DonaldsonP/N 000605
fll Exhaust Repair (64,000 kin), (82,300 kin)
IiD Hood repair (185,000 km) (209,000 kin), (217,000 kin)

6 None$
7 Replace Muffler and Tailpipe (27,000 km)

f,t¢ Repair Exhaust (31,400 km)
_1 Replace Exhaust Clamp (37,]00 kin)

SecureExhaust Pipes(60,000 kin)

I._ Replace Left Side Exhaust Pipe (60,000 kin)Repair ExhaustLeak at CrossoverPipe (6B,300km)
:_ Replace ExhaustGasket on Left Manifold (72,200kin)

Replace Muffler Exhaust Pipe andTailpipe (71,200 kin)
_ Repair ExhaustSystem(84,600km)

8 Exhaust Pipe Repair (_,800/49,600km), Rebuild Engine
I _ (56,700 kin)
_m

9 Replace Muffler

I0 None

I I'
I

J
tlw
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: Table6(Continued)

_" Vehicle Maintenance Performed Which Might
'_ . Number Affect NoiseSensitive Components

_' 12 Rebuild Truck after Accident, RemOve Engine Side Panel in
WheelWell Left Side

i,

J ' 13 Overhaul Engine

_ 14 None

15 Replace Injector Pump, Repair Exhaust, Remove Engine Side
I _ Panel in Wheel Well Left Side

Y_ 16 None

17 None

t;
18 None

tll 21 I Flexible ExhaustPipe and C Clamp Replaced (213,000 kin)

I_ 22 None.

23 None " I

24 None

ea
i_ 25 None

i_ 26 None

f _ 27 Replace Carburetor (32_000km)

!_ 28 None

f_
29 None

i _ 30 None
• h=l

L,
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it did not affect measurementsrelated to noise degradation. Exhaustgas leakage

was notedduring visual inspection priar ta performlng Test Number 2, although na
Increase in noise levels were indicated. An exhaust leak repaired at 208,000t ,

kilometers apparently had no relation to the lower noise levels recorded during

Test Number 5p performed at 193,800 kilometers. As mentioned previously, the
t

Increasein total truck noise inTest Number 6 was apparently due to an increase in

P= exhaust gas noise. These maintenance procedureswere not ta blame far the

_ changesinnoise.

[_ Data accumulated on Truck Number 2 indicates that degradation of the
overall vehicle noise level occurred as a result of increased exhaust gas noise

• p_ levels. This is verified by the one-third octave band data which showsthe increase

I _' occurringover a small frequencyrange, whereasan increase in engine noisewould

_' be a=aciated with an increasein broadbandnoise levels.

{ ', Truck Number 6

f"i Data accumulated using the IMI test procedure is compiled below far
._ Truck Number 6=

tJI

g Test Distance Maximum
Number (kilometers) A-Weighted

If; Sound'eve,g

I 1,700 80.4

l; 2 2,,00 862
3 344,900 83.6

[_ 4 501,600 83.2

f _ *Average af 2 tests.
L,=

The trend seen in this data isquite similar to that shownby Truck Number 2. Note
I'

that both vehicles utilize the identical type of engine (Detroit Diesel Turbo V6,
2-cycle). A noticeable increase in noise levels between Tests I and 2 is apparent

I*: for this truck. This cainaides with the fact that, beginningwith Test 2, the truck

exhaust gas noise characteristics had a pronounced resonance occurring below

, ! m,_ximumRPM during both IMI and passbytesting. Since norelation between noise

-- and test RPM could be dlscerned, it wasconcludedthat significant noise degrade-

, ! tion occurredduring the courseaf the measurements.
t ,
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Engine and exhaustnoise were isolated first during Test 2 andthen during

Test 4. The constant separation in level between total and engine noise indicates

that exhaust noise is the predominantsource. This can be calculated on an energy
J

basis for Test Number 2. Total vehicle noise level is 86 cE3. Whenthe exhaust gas

_' component is removed, the noise level is 80 of3, representing engine noise, The
k

' ' exhaust gas noise level must therefore be about 85 c_3 in order that engine noise

and exhaustgas noiseadd up (onon energybasis) to equal 86 cB.

_ A review of the maintenance logs (see Table 6) revealed that no major

maintenance was performed on any noisesensitive componentson Truck Number 6during the course of the test program. However, exhaust gas leakage was noted

f_ from visual inspectionperformed during the final test sequence. The curvesshown
I _ in Figure 7 Indicate that exhaust leakage had no measurableeffect on vehicle noise

levels. Noise levels recordedfor enginenoise (exhaust gas noiseducted away) did

I _ not change from Test 2 to Test 4. The leakage wasnot present during Test 2 but
was present during Test 4. It is therefore concludedthat engine noise was high

_s enough to mask any increased noise levels resulting from the leakage. Further
Jr

analysis of Truck Number 6 is presentedin Section _;.0.

m Truck Number 8

IMI noise data for this vehicle is summarizedbelow=

Test Distance Maximum
t _ Number (kilometers) A-Weighted
=_ SoundLevel, dB*

f = I 600 76.2

i_'_ 2 I 1,300 78.3

f _ 3 5_,300 81.3
rJ 4 69,100 8_,.I

)'_1 • Average of _2tests.t_

it should be noted that the noise level measured during Test Number I is most
_B

likely lower than normal becausethe engine was not operating as well as could be

expected. Regardless, a noticeable Increase in total truck noise is still evident in

I ( ' Tests 2 through/_. Referring to Figure 8, there is little difference between engine

noise level and total vehicle noiselevel, indicating minimal noise contribution from
f
I the exhaust system,
k=m
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-- A review of the maintenance records (Table 6) for this vehlcle indicated

an engine rebuild between Tests 3 and 4 and exhaust system repair before Test 4.

t" There is no way of knowing whether the indicated repairs were the causeof the
I . increase in vehicle no;solevels.

I" An evaluation of the engine RPM in Figures C25 throughC30 of Appendix
C indicated that the engine was exceeding the factory rated RPM (/tO00)during

p,. these tests9as summarized below
_ Engine RPM

i_ Test Test I Test 4
. Condition . (600..km) (69,100 km)

IMI _25 rpm 5250 rpm

P' Passby 3486 4069
it

SteadyState 4106 5268

t_ A significant difference is shownin the one-third octave spectra (Figures

C31 and C32 in Appendix C) between IMI Tests I and 4. The engine firing

!s frequency at 5250 RPM is 350 Hz. The fundamental engine firing frequency would

t_ therefore be 350 Hz/B-cyl. = 43.75 Hz. There are very pronouncedpeal_ in the

UI range of 40 Hz and 80 Hz for Test 4, but not at the correspondingfiring frequency

Jt in Test It indicating a significant increase In nolse level at the fundamentaland the

first harmanl¢ of the engine filing frequency.
I

I 1 Test Vehicle Number 8 did not perform properly whendelivered from the

!! factory, and the performance deteriorated during in-service operation. The test
l:_ datat both noise level and RPM, indicate that _ improperly functioning engine

governorallowed the engine to exceed factory rated RPM specifications, resulting

_:_ • _n an increase in vehicle noise levels, The malfunction of the governor could be

corrected by replacement or repair of the unit.

Pi Truck Number 12

= This truck was uniquewithin the test progrcm in that it was involved in an
oco_dent,completely rebuilt, and returned to service. Since only two measure-

ments were performed on tNs vehicle (one before and one after the accident),

_, establishment of a trend' in the noisedata was not feasible. However_with obvious

reservat[ons_ conclusionsmay be drawn regarding the dlfferences in noise level
= ' evident between Tests I and 2.

ks,:
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=

' , Results of the two IMI tests are summarized below=

t" Test Distance Maximum
l , Number (kilometers) A-Weighted

SoundLevel, dB*

i, I 3,840 79.7

2 278,220 81.3p,

_ *Average of 2 tests.
pla
t i_ Maintenance records indicate that the only difference between the configuration of

the original and rebuilt truck was the removal of an enginepanel on the left side.

j _ However_ the increase in truck noise level between the first and secondtest was
nearly equal on both sidesof the vehicle, signifying that the panel removal had

I'; little effect.

Analysis of the tachometer readingsrevealed no major anomalies which

!= might have affected the noisedatQ.

A comparison of one-third-octave spectra (Figures C/H - C_J_in Appen-_m
it dix C) suggeststhat engine noisecausedthe increase. While there is a peak at 100

Hzt corresponding to the 10SHz firing frequency of this engine at 2100 RPM, it

does not change level between tests. This eliminates exhaustnoise as the primary
cause. However, there was an Increasein level from 700 to 1000 Hz. Since the

_._ increase was broadbandpand the fan was not running during either test, engine

t_ noise remains as the only passiblecauseof the change.

TruckNumber13
Nolse level data acquired throughIMI testing is summarized below:

Test Distance Maximum
I _ Number (kilometers) A-Weighted
t_ SoundLevel, dB*

_ l 13 80.6
2 81,%0 79.3

I 'i i
= 3 163,600 80./_

/_ 222,_00 80.I

' ' 5 249,500 8/_,4
r

I ; *Average of 2_tests.
N WyL f LADORATOR|I¢_

45



, The trend evident in this data (see alsoFigure 9) would seem to indicate that a

major change in the vehicle configuration occurred after performance of Test _,

i , $peclfically, results of Test 5 showed that the overall vehicle noise level had
jumped considerably. A review of the maintenance records revealed that the

_" engine hod been rebuilt after Test 4 (222,400 kilometers (I38,3B0 miles)). During

Test 5 it was noted that the "diesel knock" was more pronouncedthan in previous

pm tests. Alsot the maximum noiselevel occurredbefore maximum RPM was reached.

• Narrow band analysis indicated that there were no major anomalies

_, betweenmeasuredversusactual RPM levelswhich might affect the noisedata.
Review of one-third octave band data (Figures C49 through C52 in

!] Appendix C) revealed on increase in soundpressure level in the range of 400 to

{_-000Hz_ indicating an inorease in tatar truck noise due to on increase in engine

I! noiseas previouslysuspected.
t1

Truck Number 21

'[,g Results of the IMI tests are presentedbelow:

f_
Jg Test Distance Maximum

Number (kilometers) A-Weighted
t.= SoundLeveJ,dS*
HI

I I,110 79.3

l; 2 37,980 77.8
3 163,600 80.3

l_ 4 3bA,'40 80.9

[ _ *Average of 2 tests.
17 Total vehicle noise was relatively constant through the test program, with the

i!_ exception of Test 2, where a slight reductlon was apparent.
Maintenance records indicate that the flexible exhaust pipe C-clamp was

I * replacedat 213,000 kilometers. This wouldhave been between Tests 3 and 4. This

did nothave any major effect onvehicle noise.

i i

j ,
I
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.. Narrow band analyses (reference Figures C53 and C54) indicate the

following RPM conditionsduring Tests I and8:

, EncJineRPM
Test Test I Test 8

_' Condition (100 kin) (344,100 kin)
i I

IMI 2175 rpm 2276 rpm

i , SteadyState 2175 2276

A significant point shownwith the narrowbandspectra is that the maximum engine
, RPM corresponds with the steady state RPM indicating no overshoot character-

istias for the governor.t_

_1 A review of the one-third octave spectra in Figures C55 and C56 indicates

+4 a decreasein the 40 Hz area, but a consistent increaseover the rangeof 150- 2000
P

t I HZ. The broadbandnature of the increat_ suggests engine noise was the primary

sourcet with the 100RPM difference between tests the causeof the increase.

I+ Truck Number22

+_ Data from the IMI tests is summarized below_
+s

i

t _ Test Distance Maximum
tl Number (kilometers) A-Weighted

Sound Level, c_*
t_
l_J I 1,080 79.5

2 3G,140 79.8

_-_ 3 140,8I0 80.7

4 345,400 8 hS

t"_ *Average of 2 tests.

t'
No maintenance was performed that would affect any noise-sensitive

* , components. A visual inspectionat the final test did indicate exhaust gas leakage
_, from the flexible exhaustpiping.

I ! Narrow band analyses (reference Figures C5"} and C58 in Appendix C)
.. revealed nomajor differencesbetween measuredversusactual RPM levels.

r
_M
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The one.third octave spectra (reference Figures C59 and C60 in Appendix

C) show increases in soundpressurelevels over a broad range from 400 to 4 kHz.
+

There are nosignificant peaksshownin the spectra.

.-- Although no increase in RPM is indicated, the broad range of one-third

i , octave bond noise level increaseswould indicc_tethat engine nolse was responsible

: for the increase in total vehicle noise.

;, To summarize_ of the 14 trucks tested or analyzed for component

degradation, four showed specific evidence of an increase (greater than I ¢_3)in

r engine noise over time, and two showedspecific evidence of an Increase in exhaust
g_s noise over tlme. One vehicle (21) displayed a change greater than I _ but

pa this was attributable to RPM differences betweentests.
I!

3.4.3 Additional ComponentNoise DecjrodationAnalysis=Truck Number 14

Truck Number 14 was examlned duringthe componentnoise test program

I-_ because it was equippedwith o fixed fan. The component noise test configurations
for this veh=clewere as follows=

P_ I. Total vehicle
I

2. Engine plus fan and exhaust
:t

I_s 3. Engineplus fan and intake

t_=_ 4. Engine plus fan

_ Results of those tests ore tabulated in Table 7. The data shown for Truck

f j; Number 14 is representative of a vehicle where fan no_se is the predominant noise
source,

I: Tabe,
Stationary Test, ComponentNoise Levels

I_ Truck Number 14, Test Number I
A-Weighted SoundLevel, dB

_i Test Condition I 2 3 4

I t _ Kilometers 1,200 22,600 23,900 72,500
: _i Total Vehicle 81.9 83.7 83.8 81.0

Engine, Fan and Exhaust 81.0 -

Engine,Fan and Intake 80.9 -

: Engineand Fan 81.0 82.8
t_' wYL¢ UAnO.ATOnS==
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_':i If the engine aid fan noise levels of 81 clBare subtracted, on an energy
I basistfrom the total vehicle noise level of 8].9 dB, the resultant contribution from

the intake and exhaust sourcesis approximately 75 dB. This would indicate that

small changes in fan and engine noise would have a noticeable effect on total

vehicle noise. On the other hand,significant changes(4 c_3or greater) in intake or

_" exhaustcomponent noise would have to occur before any measurabledifference (I

I ! _ or greeter) would be noted in total vehicle noise. Engine and fan noise

_ increasedby ].8 clBafter the third test, indicating the sourceof total vehicle noise
I, increase to be engine noise. From the first to the final test, total truck noise

decre0sedby 0.9 dB, Engine RPM did not change, further indicating that thef-
j _ enginealone was responsiblefor the changein noise.

_al 3.5 Correlation Analysis of PassbyVersusStationary TestInq

Most of the noise tests performed duringthis program were stationary

I_= (IMI) tests. Passby testing was performed on eight vehicles by their respective
manufacturers wh_lethe vehicles were still at the factory. These eight trucks plus

=l four additional vehicles were subjected to repeat possbytests during this program.

i_ The results of all of the pcssbytests compared against corresponding stationary

f | tests have been plotted in Figure 17. The resulting linear regression fit and 90
I I percent confidence intervals are also displayedin the figure.

_1 Regarding the least-squares regression fit, the squared value of the

_ correlation coefficient (i.e., coefficient of multiple determination) is .733, indi-

i_ catlng that 73 percent of the variation in stationary noise levels is explained
_ throughassociated variation In possbylevels. Further, the correlation coefficient,

R, is significantly different from zero beyond the 99 percent level, indicating that

t i this equation con be utilized with confidence to predict stationary noise levels for
a truck baseduponassociated pas_bynoisedata.

f'
The data shown in Figure 17 exhibits mean levels of 81._,dB for possby

tests and81.7 d8 for stationary tests, a difference of only 0.3 dB. Note, however,

I ' that the resulting regression fit displaysa slope of 0.83 (a slope of 1.00 would!,
indicate perfect correlation between stationary and possby noise levels over the

I ! ' entire range of data). Therefore, while the data compare closely in the vicinity ofi

'- 82 dB, over a wider range the data begin to disperse, indicating that the noise level

I ' measuredusing IMI test procedure is typically r_t equivalent to the level measured
_= under the passbytest procedure.

i

I;
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3,6 Factory Versus Wyle Test Results

I-- As mentioned earlier, factory measured data were obtained for eight of
' ' the 30 test vehicles. These data are used here for the purpose of Identifying

_, possiblevariations between new truck noise levels as measuredat the factory and
i , those measuredof the customer facility prior to the truck entering service. Table

8 summarizes the results of this comparative analysis, Maximum variation
= between the factory and Wyle initial test results for any one truck is 2.6 dB for the

possby tests and I.I dB for the IMI tests. In general, correlation between the

_, factory and field noise measurements is very good_ thus indicating that the

procedures employed in this test program coincide well with the qualification

I_ proceduresemployed by the truck manufacturers.
tl

3.7 Interior Noise Levels

I_ A tabulation of interior noise level data is given in Table 9. Of the 26

vehicles testedt I0 exhibited an increase in interior nolse level, while 15 showeda
FI
I! decrease. One truck, Number 10, exhibited no increase in interior level. There-

fore, while many of the vehicles exhibited increased interior noise levels, o

I:_1 majority of the trucks tested displayed interior noiseenvironments which actually

improved with time.

t_ Table 10 presents a comparison of the change in exterior noise level

versus the change in interior noise Jevel for each truck. The data suggestno

I_ consistent pattern. Of the 26 trucks involved in the testing, Iz_of the vehicles
displayed changesin interior noise levels which opposedthe associated change in

I= exterior noise level (e.g,, Truck Number 2 exhibited a +2.1 dB change in exterior
level and a -3. =:¢E_change in interior level}, Of the remaining 12 vehicles, five

showed coincidental increosest six showed coincidental decreases, and one

1: remained unchanged,

f,

I =

t'
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Table B

Factory Data VersusWyleDala_ LA (dB)

Pass-ByTest, dB IMI Test_dB

Vehicle
Number Foolery Wyle A Factory Wyle ,x

2 81.O 79.9 -I. I 80.0 80.6 +0.6

3 83.0 8_,.2 +I .2 84.0 85.I +I. I

4 82.0 79.4 -2.6 81.0 80.6 -0.4

S 83.0 82.5 -0.5 85.0 8_.8 -0,2

19 78.1 77.0 -I.1

20 78.5 77.5 -1.3

27 78.5 78.2 -0,3

28 77.9 78.0 +0, I

Mean -O.SdB Mean -0,19dl_

Standard Standard
Deviation 1.6 dB Deviation 0.80 dB



Table 9

Interior Noise Levels LA_dB

Test Number
Truck

Number I 2 3 4 5 6

I 78.5 77.5 80.7 80,5

2 87.3 85.9 81.8 85.3 83.8

3 84.2 84.1 8tl.3 86.5 82.9

4 84.4 83.7 83.0 85.4 83. I

5 83.9 84.6 83.0 86.7 81.4

6 85.I 87.8 83.0

7 87.0 82.5 82.9

8 82.4 84.0 92.0

9 87.7 83.3

I0 85.0 85.0

I I 85.0

12 80.7 83.5

13 75.4 74.9 78.5 77.0 76.0

I zl 86.7 87.5 87.8 85.6

15 83.5 80.5 04.5 82.3 81.5



Table 9 (Continued)

Test Number
Truck

Number I 2 3 4 5 6

17 79.2 80.8 80.0

I8 87.5 84.6

19 88.5

20 85.0

21 80.4 79.0 81.9 83. I

22 8b,.5 84.5 82.2 81.0

23 83.5 85.0 84.7 82.5

24 84.0 86.4 83.7

25 83.5 85.0 86.0 83.9

26 83.5 84.9 86.4

27 87.2 87.0 82.6

28 82.8 83.2 85.0

29 85.8 83.9

30 78.0 78.9 82.9 79.0



i

, Table10
ChangeinExteriorandInteriorLevels

t.
Truck ExteriorNoise interiorNoise

[_ Number A LA,dB(I) ALA,dB (I)

I -OJ: +2,0

2 +2.I -3.5
3 -0.9 - 1.3

4 +0.5 *h3
$ +0J; -2.5

l_ 6 +2.8 *h3
7 +0.4 -4. I

H 8 +7.9 +9.6
t_ 9 - 1.4 -4.4

_j 10 0 0
t_ 12 +l.6 +2.8

13 +3.8 +1.6

"'I; 14 +0.9 -hi
15 +0.7 -2.0

I'. I' +0.8 +0.8
Va

18 -0.9 -2.9

I_ 21 +I._; +2.722 +2.0 -3.5

23 -0.7 -I.0It
_:, 24 +0.2 *0.3

25 -hO +0.4

. 26 -I.4 +2.9
27 -2.3 _,6

B_

l.: , .3.,
29 _.0 * 1.9

I' 30 -o.8 +,.o
r

(I)ChangeinA-we;ghtedsoundlevels from initial test to currenttest results.P

f
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4.0 EXISTING DATA ON TRUCK NOISE DEGRADATION

Supplementaldata on truck noise degradation were solicited from publica-

tions and through direct contacts with the trucking industry. Data were found

from two truck noise degradation programs performed by two separate argoniza-q J

tions St 6 Other manufacturers and operators expressedpersonalopinionson truck

r_= noise degradation_ but none had supporting data. Opinions indicated that some
tt

believed trucks becomenoisier after they had beenin service, whi]e others thought

_i they became quieter.
IS

Two truck noise degradation programs hove been performed in recent

_,_ years which resulted in the publicationof data. InternationaJ Harvester measured

I_ noise levels of the four heavy duty trucks Involved in the DOT Quiet Truck

Ji_i Program. 6 Wyle Lnhorotorles performed a truck noise degradation program for the
i _ Motor Vehicle Manufacturers Association.5

lj All four of the International Harvester trucks had beenmodified for noisereduction on the DOT Quiet Truck Program. Twoof the trucks had partial engine

enclosureswhile the other two had full engineenclosures. Results of this program

I_ are shownin Figure 18. The number of kilometers over which this data were taken

is high enough to consider o trend being established with regard to noise

t4 degradation. The results have been interpreted by International Harvester as
showing a maximum changeof 0,5 dB in noise level, Increasesin noiselevels above

t_ 0.5 dBwere the result of damageand are so indicatedon the graphs,
The Wyle/MVMA data were accumulated on eight heavy duty vehicles

I_ much shorter of time. The maximum kilometers accumulated
over a period on o

given truck was 64,000 kilometers. All vehIcJesinvolved in the program were

production vehicles being used in normal service. Results are shown in Table II
and Indicate an average increase in total vehicle noise level of 0.S dB. Both of

t _ these test programs indicate a very small increase in noise levels. In the case of
_* the previous Wyle data, the trend over such a low mileage isnot statistically

t ' reliable since, as indicated in the last column of Table I1_ the observed changesin
_= level could have occurred by chance with a probability of 30 to 80 percent.

i c

i
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Figure 18. Vehicle Exterior Noise Levels versusCumulativeKilometers
Source: International Harvester (keference6)



Table 11

SummaryoFObservedChangesin Averaga Noise Level with Cumulative Kilometers

Source: Wyle Reportto MVMA, Reference5

AVERAGE
APPROXIMATE NUMBER CHANGE PROBABILITYTHAT
KILOMETERS OF FROM STANDARD CHANGE WAS
COMPLETED VEHICLES INITIAL VALUE DEVIATION DUETO CHANCE

(dB) (d_) (%)

161000 8 "JO.4 I.I 35

32,000 7 _O.5 1.0 30

48,000 7 -tO.2 I. 1 60

64,000 4 -0.2 1.7 80



1 It is not advisable to consider the resu[tsof these two previousprograms

for applicationto present day truck noisedegradation for the following reasons:
o Internotlonal Harvester trucks were not representative of produe-

_,, tton vehicles.
o The Wyle/MVMA test program was too short and the data too sparse

_1 to placeany reliance on the indicated trends.

i

_. F

i

i

!{,
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S.0 COMPONENT AND VEHICLE NOISEDEGRADATION RELATED TO
PROPER MAINTENANCE AND OPERATIONS

' information has been compiled on both the recommended and actual

_- maintenance and operational procedures associated with each testvehicle in order

, to assesstheir effects on component and vehicle noise degradation. Sourcesfor

this information include the following=p_

_ o Arrangements for testing of the 30 trucks utilized in this program

i,_ included a request to each vehicle owner for a copyor accessto the
I _ maintenance records for each vehicle. Responseto this request

varied from agreement to supply copies of the records to verbal

= communication of maintenance performed.

o A sample of drivers was contacted to accumulate information on_4
f typical vehlcle operating procedures.

,_ o Manufacturer's recommended maintenance and operational prate-
!= dures for the various engine types considered in this study were

t"l obtained from either the factory or local manufacturer's represent-
II atlves.

_= o Manufacturer's data on component noise specifications were also
: acquired through the respective representatives.

:_j_ 5. I Manufacturer RecommendedOperational Procedures

:. Factory operational procedures for the different diesel engines are very

.!_r similar for all manufacturers. Warningsare given to not overspeed the engine
_ when using it as a brake an a downhill grade. Efficient operating ranges for

i_ highway driving are recommended at three-quarter to full rated RPM. Specific
Lv recommendationsby manufacturers include=

!!i o DetroitDiesel

:_ a. Run the engine at I0 to 20 percent below governedRPM for

highwaycruising speed.

_" b. in the city and other reducedspeed zones, match enginespeed
iI

t " to the lower load requirements to conserve fuel and lower
' "; vehicle noise level.

,i
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• c. Avoid "overspeeding"the engine.

r'- d. The recommended range of engine speeds during cruise for

variousenginesisshownin Table 12.

r', o Cummins

o. For improved operating efficiency (fuel economy and engine

_' life), operate in top gear at reduced RPM rather than in the
' next lower gear at maximum RPM.

_ b. Cruise at partial throttle whenever rood conditions and speed

* requirements permit.

f_ c, Care shauld be exercised, when using the engine as a brakes

not to overspeed the engine.

o Caterpillar

o. Cruising speed should be between three-quarter and full gov-
erned RPM.

b. On upgrade, downshift until a gear is reached in which the
!.S

t.= enginewill pull the loadwithout lugging.

F= c. On downgrade,donot allow engine speed to exceed high idle.
'_' 5.2 Manufacturer RecommendedMaintenance Procedures

l_J Manufacturers all supply a recommendedschedule of maintenance with
their respective vehicles. The owner is given o range of maintenance intervals

_ from which to selects based upon fleet operational characteristics. Table 13 listsi

t_ the specified change or adjustment schedule for the most important engine

!_ components. Daily Inspections are also recommended for oil level and coolant,
_e dependinguponthe numberof miles driven.

! ! 5,3 Manufacturer Data on ComponentNoise Specifications

_' Literature published since the issuanceof the Background Document7 in

supportof the New Truck Noise Standardshasbeen primarily on muffler configura-

_" tions. By using the muffler manufacturers'specification Sheets, the matrix can be

I i developed as in Table 18 to show the lowest noise level muffler systems for the
_., engines used in this program. These data, when combined with results from the

noise degradation-remote exhaust testing, would enable one to project noise

_ degradation for these engine-muffler configurations.
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P_ Table 12!l

Recommended_nge in Engine SpeedsDuring Cruise

p_

f_ Eng|ne GovernedSpeed (RPM) H|ghwcly_PM) Cif'y (RPM)

SorlQ$71 & 92 2100 1650 to 1850 1400 to 1600

1250 to 1600
Series 71 & 92 8V-92TT 1400

f_ Fu_l _ueezers 1800to 2100 1400 to 1900 to 1600
_m

Sor_es53 2400 to 2800 2250 to 2400 1800 to 2000

1'1

t .I

_,

t¢i
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Table 13

Factory RecommendedN_alntenance

Oil Filter Fuel Filter
Mako OII Chanf/e Ruplacement: Replacemen Valve Ad]. Injector pumpAd.I°

GM

Dotroll _ *4,000"6,000 4,0Q0-6,000 8a000-12,000 .50,000 50,000

Cummlm(CI) 10,000 IO,000 10e000 50,000 50,000

(D2)Ga_ (4500..6500) 3,000 ""3,000 12,000 '*'12,000 ---

INTERNATIONAL
HARVESTER

Diosol(i2) 4_000 8,000 4.000 16,O00-20,000 IO,O00

Gos(_2) 2,000 4,0_0 2,000 6, O00-10,OQO ---

MACK _uc_

; ' t-H-DIe_ I (M3) 16,000 16,000 180,000 200,000 300,000

CUMMINS

Dl_al (el) 10,000 I0,000 I0,000 50,000 50,000

CATERPILLAR

(C2)320_ D1elml +6,(3(_O 6,000 24,000 24a000 As Noodod

3306 DioNI 410,000 10,000 As Noaded I00,(_0 As NoodGd

3406 Dle_l +10,000 10_000 AI fqeedad 100,000 AI hk_edod

II00 DleNI t61000 61000 24,000 +_6,000 As Noodod

° lnlllol Oil Chongoa! 3,0(]0 MI. and 4,000-6,000 MI. Ihoroafter
**A|tor Initial 3,000 M]. Chock, ovary 6,000 MI. thozeahor

*"Aftor MItlol }21(_0 M;. ulo rjO,O00MI. Ihoroaher
tlnlorvals Dependon SulphurCcntont. If bolwomi.4_and 1.0_rsduco interval by h/2. If confon!h abovo

I .O_uso I/4oF fhe menllonodIntezvQh.
+eEvary6 mafllh!aftor InlllcdadJustmanlra_rdJess of mllno91.

H-tGui_llnos dependhoovlJyon lype o[ ulo9o, fhesoInlor_h aro foeiF.S .I. usage.



_ ExhaustNoise Levels for EnginesUsedin Noise Degradation TestProgram

(Taken from Muffler/v_nufacturers* Spealflcation Sheets)LA, dB

I t

i Muffler Manufacturer

Eng_rm Donaldson Walker $temco

CummrnsNTC 350 73 Dual 76 73.5

. DD 6V92 TT 71 78

_ CUMVT903 72 75

!I P  oosv36,
_ I _ Cat V8 3208 69 70 Dual 68
• _il

_'_ CUM NTC 290 71 73.5

'/ _ Mock END7675 73 66.5
_3h

: l ' _ CUM NTC 250 71 72 70

1

t

All of the specified noiselevelsare referencedto a 50-_"aotnoisemeasurementat a
f _, test site complyingwith the Federal noisemeasurementspecification 40 CFR205.

!1'

,L_
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, . The cooling fan is another component for which only limited noise data

are available from a manufacturer. Only one fan manufacturer, who was working

• with a truck manufacturer to reduce overall truck noise levels, was able to provide

such data. He revealed that fan nolse has been successfully reduced to a level

where the overall truck noise level of 83 cB was not affected by having the fan on

or off. The fan used slightly more than 3 HP. In" this case, fan noise was not

_= expected to be a contributor to observed degradation of truck noise levels. For

¢i fans with higher noise levels which contribute significantly to the overall levels,

_* changes in fan noise levels with use are not likely to be significant unless airflowt

_ through the fan changes. Thus, any degradation in overall truck noise is unlikely to

be attributed to changes in fan noise. However, fan noise does increase overall

j _ truck noise where fan clutches are used and the fan clutch is engaged.

+^, 5.4 Vehicle Operational Procedures

The vehicles involved In this program are typically utilized in the

_ following modes of operation:
/1

o Line Haul - "slip seat" operation

fJ o Line Haul - single driver
b_

o Pick up and delivery - shift work by two or more drivers
f |

•t _ o Pick up and delivery - single driver

_ _ Discussions were held with various drivers and shop managers to acquire

t_ direct feedback on the operation of vehicles in their fleets. Typically, line haul

_ operators will tend to be more experienced than those who drive smaller pick up

_ and delivery vehicles. This difference in experience translates into a difference in

level of knowledge of truck operation and maintenance.

|_' Experienced line haul drivers know the speed/RPM relationship in each

gear and thus will use the tachometer rather than the speedometer as a more
t=
L_ accurate measure of speed. In comparing this with pick-up and delivery operations,

one fleet found the use of automatic transmissions saved money because of the too

! _, frequent clutch changes or transmission repairs required with standard

transmission.

I

2.
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, , A distinct difference was noted in the care and operation of vehicles

driven by the samedriver versus those usedby many drivers, Pride resulted in an
overall cost savingsfor the carrier because of better care and maintenance by the
driver.

Most heavy duty drivers who were questioned indicated driving habits

correspondingto factory recommendedprocedures, Mediumduty trucks are mostly

involved with traffic conditions which govern the type of operation. The inherent
J

nature of city traffic operations is more severethan Hnehaul operation,

The present trend of motor carriers is toward the use of high-torque-rise
!

engineswhich allow use of transmissions with fewer gears. Fuel consumption has

been the primary goal of this trend_but noisereduction hasbeen o spin-off. One

¢ manufacturer_ General Motorst relates engine operation directly to noise levelsl "in

_. city and reducedhighway zonespcruise on Series7[ and 92 engines between 1400

_ and 1600RPM and Series 53 between 1800 and2000 RPM. By utilizing a gear that

f_ = will enable you to do this, you will increase public acceptanceby reducing noise
.__. level..8

I_ One other concept being usedby somemotor carriers is to "de-rate" the
:_ engine by reducing the maximum allowable RPM. This procedure will allow the

i_i driver to operate the engine only of engine speedsbelow maximum rated RPM
! _ which correspondsto the factory recommendedmode of operation,

.!_ The results of driver contact end shop manager interviews reveal a
t_ specific trend in actual vehicle operation which tends to correspondwith factory

recommended operation. While individual drivers will tend to form their own

:t_t habits, the use of hightorqueenginesandthe de.rating of enginesby some carriers
appears to help conslderably in confining operational proceduresto those recom-

'I _ mendedby the factory.

-_ Two large motor carriers cited problemsassociated with drivers operating

=' new trucks which are muchquieter inside the cob. Drivers ore used to listening to

: the engine end monitoring the audible cues of engine performance. Specific
! = instances were quoted where the engine hod developed a mechanical problem buti

the driver continued driving resulting _n extens[ve damage to the engine. It was
I

I ! _ the feeling of these motor carriers that noise reduction had presented them with
= _ another problem in the operation of vehicles.b
I
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, . 5.5 Vehicle Maintenance

Actual VersusFactory

All the motor carriers within this program hove Preventive Maintenance

(P-M) schedulesestablishedand procedures for collecting driver comments on any

' vehicle problems. Medium duty and some heavy duty trucks used in local mountain

. areas hadP-M schedulesevery 12,800kilometers (7936 miles). Heavy duty vehicles
, ranged from 48,000 to 80t000 kilometers (29)760 to _,9,600 miles) for their P-M

schedules. One carrier utilizing heavy duty vehicles specifies 64)600 kilometers

( _ (39,680 miles) or one month as his inspectioninterval. All the P-M discussedabove
was compatible with factory recommendedprocedures.

a Maintenance Performed Versus Noise SensitiveComponents

_ A review of maintenance records at each test interval indicated only
) three types of noisesensitivecomponentrepair or replacement.

i_= o Replacement of injector pump an a heavy duty diesel; nochange in
) noiselevel.

t l o Replacement of muffler on heavy duty dlesel; noise levels reduced.

o Enginerebuilt on heavyduty diesel and medium duty gasoline; noise
):= levelsincreased.

o Engine side panel removed an heavy duty diesel) no record of when

i i r.,_! panel was removed so no relationshipto change in noise ,evels conbe determined.

_A o Repair hood on heavy duty diesels) noise level increased on one

truck, decreasedon another.

o Replace on duty gasoline)
carburetor medium noise level reduced,

o Replacement of muffler and exhaust pipe on medium duty gasoline

___ engine truck; accomplishedjust prior to measurement) no data to
determine prior effects.

e=I o Tightening of exhaustpipe connections) no measurable difference in
noise level.

t'
I =.
i
i

t

(
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J

o Replacement of shift boot inside cab of heavy duty diesel; noise
d

level increased on one truck and decreased in another. Table I I_

presented in Section 4.Or page 58_ summarizes the maintenance

' " performed on each vehicle,

I

: P'
;j

4y

t! •

I t
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" 6.0 COMPONENT MODIFICATION: TAMPERING, REMOVAL OR

_._ REPLACEMENT OF PARTS

An analysis of component tampering on a truck must take into consider-

,.- otian the concepts associated with truck purchasing. Trucks ore selected to
i

, perform an established task, defined by the type of cargo, terrain, weather

_ conditions, type of operation, and the present type of trucks in service, These

_ constraints t combined with operators' prior experience, will determine the engine

size and type, transmission, differential, exhaust system, intake system, fan drive

"_ and accessories such as air conditioning that are specified for the vehicle. The

actual truck which is delivered to the motor carrier is o preselected vehicle with

_ these desired components. It is not surprising to find, therefore, that most of the

_! motor carriers contacted indicate no major cases of tomperings removal, or

I._ replacement of noise-sensitive parts.

( _ However, discussions with motor carriers did reveal the following types of

! ;: accepted component modifications or replacements:

o Substitution of mufflers at the dealer to correspond with existing

_| types used on the present fleet,

o Reduction of the governed RPM of the engine,

{;: a Replacement of exhaust pipe clamps.

A review of the literature indicates that components which ore sometimes

t_ added to the trucks after purchase include turbochargers and engine noise covers,

as well as different fan clutches which are substituted for original equipment to

t_4 ensure fleet uniformity. However, no specific instances of these component
additions or substitutions were reported by the vehicle operators cooperating in

I _: this program.

: Engine RPM is typically not changed far noise emission purposes, but

_jl rather to enhance engine life and fuel economy. However, decreasing the

: maximum RPM of the engine con reduce the noise level of the truck. As noted

I _ eorliert the engine manufacturers recommend operation of the truck at 3/zl-to-full

_i throttle to achieve maximum efficiency. Although comments were received from

! ._ some of the drivers indicating their displeasure with operating a vehicle de-rated
.-_ to 1900 RPM from 2100 RPM, none of these drivers expressed any desire to try to

readjust the RPM as they realized it was beyond their control to introduce such• t 1

I_,= changes.
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r . Exhaust leaks are sometimes reported by drivers, Other exhaust leaks

show up during preventive maintenance checks. During this program exhaust gas

leakage was documented through visual observation (see Section 3.4). When the

trucks were subjected to noise testingt however, there generally was no indication

! that the noise levelhad increased. Most exhaust leaks were eventually corrected
i J

by simply tightening the clamps or installing sheet metal sealing clamps during

f" preventive maintenance checks.

_.1 Muffler.Substitution

I"
_1 Inquiries to vehicle operators revealed muffler substitution as a common

form of component modification which results in changes in total vehicle noise

P= levels. While muffler manufacturers indicate that no deterioration in muffler
J;

performance is likely before 160_000 kilometers (100,000 miles), variations in the

f_ insertion loss characteristics of different muffler types were evident in this study.

Muffler substitutions were made on four trucks in order to assess the

i _ effects on total vehicle noise levels. Two of these vehicles_ Numbers 6 and 7_ were

:t involved in the noise test program described in Section 3.0, while the other two,

!;_ Numbers 40 and _1. were used only for muffler substitution testing. A complete

• t _ description of these vehlcle configurations was provided in Table I.

1:= Mufflers used in this substitution study were procured from truck parts

I _ suppliers by specifying the truck model and engine, in order to reflect industry

!.! practice, no efforts were made to use the guides published by muffler manufac-
•_ turers in selecting the quietest muffler. Note that none of the parts suppliers

mentioned noise levels relative to muffler selection.

i,w Stationary IMI tests, performed in accordance with the procedures out-

I_ lined In Section 2.4 were conducted after each new muffler configuration was
_= installed. Results of these measurements are summarized in Table 15. Factory-

measured IMI noise levels are presented along with information regarding the

factory _nstalled muffler (where possible).

Regarding Truck Number 6, a 2.1 dB reduction in noise level was achieved
I'

when a Donaldson Super Stack was installed in series w_th the existing muffler. A

Super Stack is a tailpFpe extension lined with acoustical absorption material. A

! _ further reduction of 0.9 dB was obtained when a new [_onaldson muffler was used

i I
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Table 15

Change in Stationary Runt Noise Levels of Selected Trucks Exposedto Muffler Substitutions

Vehicle Muffler Configuration
Number Maximum

and Substitute Substitute Substitute Substitute Change
Description Factory I 2 3 4 (dB)• m

#6
Fretghlllner COE
Diesel V-6_2-cycle 83.2 8I. I 82.0 80.2 -3.0
SingleVert. Muffler (I)* (2) (3) (4)

t/7
Ford Cony°
GasV-8 79.9 79.7 82.5 +2.6
SingleHoriz. Muffler (5) (6) (7)

,,l

#40
Freightliner Cony.
Diesel V-8s/i-cycle 8S,8 86.1 85.9 96,2 86.2 +0.4
Single Vert. Muftier (8) (9) (I O) ( I I ) (12)

=.

//tU
Freicjhtliner Cony.
Diesel V-6, 2-cycle 8 I. 7 81.9 8th 9 80.4 83, S +3.2
Single Vert, Muffler (8) (9) (I 2) ( IO) (I I)

*Muffler Type and Part No.:

(I) Not available (7) MarernountKE/1118G
(2) Existingmuffler plus DonaldsonSuperStack 16021 (8) DonaldsonMPM09 01831"-7
(3) Donaldson I I i65 (9) Walker 22829
(LI) Donaldson I 1165plus SuperStack 16021 (10) Riker 43-003-001
(5) Not available (I I) Heavy Duty A8 080074
(6) Morernount TDT 20 566 (12) Stamco

n,=..._ .............



F..

along with the Super Stack, thereby enabling a total reduction in vehicle noise level

of 3.0 dB. Truck Number 6 was the only vehicle out of the four tested for which

_.. muffler substitution led to a decrease [n total vehicle noise level. Noticeable

reductions were anticipated, however, as exhaust noise represents the dominant

source an this vehicle (see Figure 7).
i

. In contrast, Truck Number 7, a medium duty truck with a gasoline-

,.= powered V-8 engine, exhibited significantly different noise emission character-

_ istics. Its engine and exhaust noise contributed almost equally to total vehicle

noise. Substitution of two types of mufflers produced by the same manufacturer_._
I led to quite different results. As revealed in Table 15, the second of the two

Maremount mufflers proved less efficient, resulting in a 2.6 dB increase in total

f_ vehicle noise. These data would suggest a wide variation in the insertion loss

=_ characteristics of mufflers available for medium duty trucks.

_' Baseline component noise data was not acquired for trucks _,0 and 41, thus

• _ _ eliminating the possibility of assessing beforehand the relative contribution of

Is= exhaust noise to total vehicle noise. Regardless, these similar vehicles exhibit
comparable trends within the muffler substitution tests. Note that each muffler

i_ tested on Truck Number 40 was also tested on Truck Number 41, Compared
_,_ against the factory-tested noise levels, two of the mufflers, Walker and RIker,

produced little or no reduction in noise levels on both vehicles. The remaining t,vo_4

mufflers exhlb_ted differen,'charaeteristics between the two vehicles. I_oth the

i ': Heavy Duty and Stemco mufflers had essentially no effect on the overall noise

f'= level of Truck Number 40. However, the identical mufflers caused a noticeable

rise in the noise level of Truck Number _,1, compared to that measured with the

_', stock muffler Installed. Explanation of this phenomena may be found in the engine

type. Recall in Section 3.4p it was noted that those trucks in the test program

_ having Detroit Diesel V-_; turbo, 2..cycle engines exhibited significant increases in
;1 exhaust gas noise levels. Further analysis of one of these vehicles, Truck Number

! = _, revealed a marked resonance in the exhaust system noise. Addition of o toilpipe
_, extension with absorptive lining eliminated this resonance and reduced total

vehicIe noise. Truck Number b_l employed the identical type of 2-cycle diesel

_,_ engine as Truck Number 6, and exhibited the identical exhaust resonance charac-
teristics. The Walker and Riker mufflers did not affect this resonance condition,

I
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while the Heavy Duty and Stemco mufflers enhcnced the resonance_leading to

jumps in total vehicle noise. Basedon these data, it would appear that addit[anal

care must be taken in selecting the exhaust system for a 2-cycle engine to ensure

minimization of exhaust gas noise. Use of a tailpipe extension having absorptive

lining is recommended with the 2-cycle engine in order to reduce apparent
J :

' ' resonancecharacteristics.

e"

it.i

, ._
i'

:2

_.,
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:' 7.0 FAN CLUTCH EVALUATION

The fan clutch has become a very significant noise reduction device on heavy

duty trucks within recent years. This has occurred beacuse_

o Fan clutch reliability has been dramatically improved resulting in

' ' increased confidence in the product by truck manufacturer and user!

o Test programs by various organizations have shown a definite fuel

• savings when fen clutches are used_

I o The Interstate Motor Carrier Noise Regulation allows testing with the

fan clutch in the off-mode.

il _' In order to assess the impact of this retrofit device on reducing truck noise

;. emissions, current information on fan clutch usage, acceptance, maintenance and

_' projected usage has been compiled and reviewed. Results of this evaluation are

presented _n this section.
(,4

'! t Published literature on fan clutch evaluation was acquired from three

e sources_ International Harvester (for U. S. Department of Transportation); 8 WyleLaboratories (for Motor Vehicle Manufacturers Association); 5 and Regular Common

='= Carrier Conference Maintenance Committee cooperating with the Society of

,_ Automotive Engineers and the U. S. Department of Transportation. 9

The results of the International Harvester study were presented in the EPA

i f_ Background Document for New Truck Noise Emission Standards 7 and are the most

_z= comprehensive to date. Program objectives were to determine total fan-on time

f _ and noise significant fan-on time. No data were collected that would allow the

k_ determination of noise levels with the fan an and off. It was concluded that the

_ significant fan-on time never exceeded I percent of the engine time. The
"significant" fan-on time was defined as the time that the fan speed exceeded two-

thirds of its maximum possible speed for o modulating-type fan clutch and 1600

_,_ rpm for on-off clutches. Figure 19 depicts the results of the International
Harvester Test Program.

The data shown in Figure 19 were accumulated for the on-off clutches by
using elapsed time meters on the engine and fan clutch. A multichannel

! I _ tachograph was also used to monitor engine rpm and provide an event marker
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indicating clutch engagements. The top curve represents the total fan-on time as a

percentage of engine-on time. The lower curve depicts fan-on time occurring

_-_ above 1600 rpm, which is "significant fan-on time" by definition,
!

Data for the modulating-type fen clutch were recorded on a strip chart

r'_ recorder. Parameters recorded were engine rpm, fan rpm, coolant temperature
r

and ambient temperature as a functEon of time. The "significant fan-on time"

•_ curve represents the time duration relative to the total engine (in percent) for

which the fan speed exceeded two-thirds of its maximum possible speed.

_ Consideration must be given as to what total truck noise level was used in

_'_ establishing the significant fan-on time, This IH project was completed in 1974,

i'f_ Figure 20_ taken from the Background Documentp I0 shows that 95 percent of the

t _ trucks manufactured in 1973 produced levels less than 88 dBp with the remaining

:=;= 5 percent ranging up to 92 dB.

• I _ The typical heavy duty truck configuration in 1973 hod two major noise

_., sources= the cooling system (fan), and the exhaust. The trucks on which fan noise

was the predominant noise source hod direct driven fans. The fan drive ratios used

t,s ranged from I.O to 2.0, meaning that if, for example, the engine was rated at
_ 2100 rpm, the fan speed range would be from 2100 to 4200 rpm, depending on the

drive ratio used.
J;|

[; Extensive component noise analysis performed during the DOT Quiet Truck

Program resulted in data relating fan rpm to fan noise. 6_ I I, 12 These results

l_ indicated that for those truck configurations where total vehicle noise ranged from

86 to 88 dB, fans operating at less than 1600 rpm would not be contributing to total

[i_ truck noise. It was on that basis International Harvester used 1600 in
rpm

: determining significant fan-on time for the fan clutch evaluation program.

t_ In order that fan noise have influence on total vehicle noise, it must be
no

: 10 dB below the total truck noise level. Thus, it can be estimated that with a truck

f J noise level of 86 dB in 1973, the fan noise level would have to have been on the

_ order of 76 dB. New 1978 trucks are required to meet on 83 dB level. Based on the

fi 1O dB-down criteria_ the fan noise would be required not to exceed 73 dB. Fan

_ no_se varies approximately 1.6 dB per 100 rpm. 6 Therefore_ in order that fan noise

would not influence new truck noise levels, the new significant rpm would be
I'

f J
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: 1400 rpm, This would indicate that slgnificont fan-on time may be higher than the

J percent for present vehicles shown in the International Harvester test results.
r,=%

• f Z The study done by Wyle far the Motor Vehicle Manufacturers Association 5

indicated a fan-on time of 13.8 percent of engine-on time for summer, and

I
i ,: 2.6 percent for winter. Seven of the eight fan clutches monitored were on-off

. type. No fan rpm measurements were recorded so it is not possible to assign a

'_ noise significant fan-an time to these data.
J

' A Fuel Economy Demonstration study was performed in St. Louis by the

i _ Regular Common Carrier Conference Maintenance Committee in 1977. Fan on_
• time was not monitored, but fuel consumption testing with and without a fan clutch

• F_: resulted in a 3.7 percent decrease in fuel consumption. 9

Seven of the major manufacturers of fan clutches were contacted under this

i _= study, Rased upon discussions with these manufacturers, the following observationsI,
con be made."

I'°_: o Most of the fan clutch manufacturers have done testing by themselves
or had it performed by some other organization such as RCCC or

f_i International Harvester. International Harvester, under the DOT Quiet

t:_- Truck Program, tested 24 trucks with on-off and modulating type fan

iI_ clutches. 6 One manufacturer indicated that they are in the process of
I_¢ setting up a lab for a fan clutch noise testing.

I'_ o Manufacturer estimates as to the number of 1978 trucks equipped with
t_i fan clutches vary from 52 to 60 percent for Class VII and VIII trucks.

I s Truck users estimate that 80 percent would be using fan clutches to

k_i meet the 1978 Interstate Noise Regulation. 9 Almost all the fan clutch

manufacturers agreed, that in 1982, approxZmately 90 percent of the

'_ !, Class VII and VIII trucks will be equipped with o fan clutch.

o Noise degradation as a result of in-service use of the truck fan clutch is
ILl
_:_; very small. Most of the manufacturers agreed that there is not enough

test data to prove or disprove that noise levels increase or decrease as

L i the fan clutch is engaged.

o No_se reduction from 2 to 6 dR can be obtained by the use of fan

i'_ clutches.

K
p • ,
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o Failure of the fan clutch system will cause an increase in noise leveJs.

However, most of the manufacturers point out that the failure rate of

I _ the fan clutch is less than I percent. Failure usually occurs in the

i bearings_ loss of viscous fluids or air leaks in the clutch.

i ,
J _ o All of the manufacturers pointed out that the fan clutch not only

reduces noise but saves fuel from 5 to 12 percent. Therefore, fuel
p,=

: _ _ economy would be expected to be the dominant selling point for use of

fan clutches.

.1,i Table 16 presents a summary of operational and noise data collected from the.

following manufacturers of fan clutchesp not necessarily presented in the some

order as shown in the table= Horton, Schwitzer, Rockford, Evans, Eaton, Facet,j-f

. and Bendix.

t,

I'S
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Table 16

Summaryof Operational and NoiseData Collected from Manufacturers of Fan Clutches

Predicted% for Fuel
Type of "rime On Noise ClassesVII & VIII Warranty Failure Saving

Manufacturer Fan % Reduction 1978 1982 Kilometers/Year % %

A. Modulaled 1.25 3-6 d13 25-30 90 < I
In-Cab

B. On/Off 3.0 75 100 < I 6-10

C. On/Off 5,0 2dB 55-60 95 All Hove 0.9 L2

Exterior

D. On/O ff 5.0 160,000 I0

E. On/Off 1.0 3 dB 52 90 or 10
2.0 Exterior

F. On/Off 5,0 " - More 5

G. On/Off - I 5.33

m
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F|gure A]. Vehicle Configuration for Truck Numbers2, 3, 4, 5

Figure A2. Vehicle Configuration for Truck Numbers6, 9
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Figure A4. Truck Number 10
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Figure AS. Truck Number I]

Figure A6. Truck Number 13
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Figure A7. Truck Number /6

Figure AS. Truck Number 17

=

; A-5
I

, _ WYI. E LABORATORIES



'_' Figure Ag. Truck Number 18

I

! -

_-:,_ ' _ "P_ ,-._

Figure AI0. Vehicle Configuration for Trucks 21, 22
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Figure All." Veh|¢leConFigurationfor TruckNumbers23, 24, 25, 26
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FTgureA12. TestSite for Truck Numbers2, 3, 4, 5
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Figure A13. Test Site for TruckNumbers7t 8
t
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Figure A14. TestSite for Truck Numbers6, 9

f_

Figure A15. Test51re for Truck Number ]O
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Figure A16. TestSite for TruckNumbers12, 13, 15

'_° Figure A17. Stationary TestSite f'or Truck Number 17
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Figure A20. ExhaustDucting Usedan Truck Numbers2, 3, 4, 5

Figure A21. ExhaustDucfing Usedon TruckNumbers7 and 8
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} _ APPENDIXB

Stationary Test Site

"_ Pavin_ Specificationl_
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' ' APPENDIX B

, Stationary Test Site

f-
j , Paving Specification

r-
' _ BackgroundDocument for Medium & Heavy Truck Noise EmissionReguJations

(EPAReport No. 550/9-76-008, March 1976)

The surfaceshall be fEat within _+0.0Smeters (+1.97 in.)

p_

Type40/_Asphaltic Concrete (3" nominalthickness)

Composition -

I_ Ao_re0ateSize
:A Sieve % Passin_!

: _1 I/2 100%

_.# 3/8 90-100%
Lit

,: #4 45 - 75%
n

{;' #.
': l_ #50 3-22%

h_ #200 o - 8%

t,: BituminousContent - 4.5 to 9.5%
Sealant - R-P-335-D (Federal Specification)

i _ Trade Name - Jennite (Example)
Application - 2 coastsapplied withou, dilution

 ysqueegee1

_.,
Jim

Iv _-2
WYI.£ LAaORATOI_ I ES



l

._ APPENDIX C

Spectral Dora Analysis
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APPENDIX C

, Spectral Data Analysis

The level and spectral content of truck noise is directly related to englner

RPM. Engine RPM was monitored during testing with the tachometer installed in

the instrument panel or a temporary installation just for the test duration. One
I t

vehicle. Number 6. had no permanent or temporary tachometer installation because

r- of no tachometer drive gear on the injector pump.

It was therefore desirable to determine engine RPM from another source

_' to substantiate the tachometer readings.
iV

The following data analysis procedure was used to determine maximum
I.WN

t i engine RPM from the recorded noise data.

Figure C l illustrates the instrumentation used for the data reduction.

! A narrow band (1-1/4 Hz) analysis was performed using the Nicolet Mini-

f_ Ubiquitous Spectrum Analyzer. Graphs were plotted using the x*y plotter.
If Analysis of the data to determine RPM was performed by displaying two traces on

the CRT of the analyzer. A trace was taken from a steady state condition of the

I _ engine and another from the point of maximum engine RPM during either passby or

IMI testing. The cursor of the Ubiquitous Analyzer has two functions and both

[-_ were used in determining maximum engine RPM, First, the cursor can identify any
;_ frequency on the trace displayed. Secondly, the cursor will identify the harmonics

I_ of that frequency. Traces were used from the steady state as a basis for analyzing• ,It the maximum RPM because it was found that most of the steady state traces

exhibited very distinct peaks corresponding to the engine firing frequency and itsli
_"t subharmonics.

i_ Engine RPM was calculated from the firing frequency (Hz) using the
_:_t following relationships for the respective types of engines:

o 2-cycle, 6-cylinder engines= RPM = 10 x (Frequency in Hz)f_
o 4-cycle, 8--cylinder englnes= RP_V_= 15 x (Frequency in Hz)

I i
r . o 4-cycle, 6-<:ylinder engines= RPM = 20 x (Frequency in Hz)

C-2 WYLI[ I.A I)ORATO R I Z$



IN°gr°lVsJtMi°bqult°ulI ITape 440A x-y Plotter
Recorder Spoctrum

Analyzer

FiguroC1. InstrumentationUsedfor RPMDeterrnimtion



The curves shown in Figure C2 can be usecl as an example in demon*

strating the RPM identification procedure. Curve B, engine steady state running

r condition, was first displayed and the trace evaluated by scanning with the cursor.

An approximate range of engine RPM was known for this vehicle because the

I , engine is factory rated at 2J00 RPM. A distinct peak is shown at 203.7 Hz on trace

.,., B with a subharmonic peak at 33.95 Hz, The conversion factor for this engine is

i i 10. If we consider 203.7 Hz as resulting from the firing of the enginet the RPM

would be by 2037. If we consider 33.95 Hz as o subharmonic and convert it to RPM
p.-

1' directly by multiplying by 60, we again arrive at 2037 RPM_ indicating this

frequency represents the engine RPM fundamental.

Curve A was then evaluated in the same manner using the cursor as the

means of identifying frequency. Above 212.5 Hz_ there is a definite dropaff which

we considered characteristic of the transient signal occurring from the acceler-.ll
otion mode of the engine. Similar to Curve t3t there is a distinct subhormonic peak

t '= occurring at 35.42 Hz. The maximum engine RPM is therefore identified at 2]25

"_ RPM by Curve A.

_'_ This prooedure was followed in determining engine RPM for selected

vehicles in th_s test program.

1.1'
I _ A second type of analysis was performed using one-third octave spectra.

These spectra were then used on o comparative basls to determine if any change in

f_= frequency content had occurred from t_'_ebeginning to the end of the test program.

ll

i i
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TRUCKNUMBER: = 2
TESTNUMBER: 1
MICROPHONE POS: A
TESTI_'PEAND RPM

CURVEA: IMI
MAX. RPM: 2125

./_,.A _' 212.5 CURVE B: SteadyState

r'U1 RPM: :_0'37

203.7

I I ., I l_J' I I I
0 100 200 300 400 500

Frequency(Hertz)

I:iour¢ C2 . TruckExterior Noise Speclra (NarrowBandAnalysis )-1/4 Hertz) MeasuredatS0 Foot°
Tim SpectraA_aU_edForDel_rmining EngineRPM.



TRUCK NUM_R: _. ,?
TESTNUMBER_ )
MICROPHONE POS; A
TEST1YPEAND RPM

-- 200 CURVE A_, Pass-by
MAX. RPM: 2000

CURVE B_ SteadyState
RPM: 2037

.7

O. 100 200 300 400 500

F;nquoncy(t_rtz)

Fin_e C3 . Truck ExluriorNoim Spoclrn (Narrow BandAnnlysisI-I/4 I'_,rlz) Maosurndat.50 Eeot.
1"1_S_ctrQ Aro Umd For Dat.rminin0 EngirmRPM.
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TRUCKNUMI]_Rz 2
TESTNUMBER: 2A
MICROPHONE POS; RtS.
lEST TYPEAND RPM

CURVE A: IMI
MAX. RPM_ 2025

CURVE B_ Sle,ady Stale
RPM: 1975

0 100 200 300 400 500

Frequency(Herlz)

Fiouro C4 . TruckExterior Noix| Spectra'(Norrow BondAnalysis1-|/4 Hertz) Measuredot,50 Rat.
The 5p_clro ,e_oUsedFor DeterminingEnglrmRPM.
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TRUCKNUMi}ER: _, . 2
TESTNUMBER: 2
MEROPHONE PC)S; R,S.
TEST"POPEAND RPM

__ CURVE A: Pass-by

197.5 MAX, RPM: 1975
CURVE I_: St_QdySi'ato

RPM: 1975

I I I ......, I 1, I I I
0 IO0 200 300 400 500

Frocluun_'y(H_rlz)

Figure C6 . TruckExlarior Noiw Spectra (Narrowfiand Anaiylii I- I/4 H_rtz) M_asurod al ._0 hot.
TI_ Spectra_'o Uwd FQrD_lurminingEnnirmRPMo
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TRUCKNUMBEIll 2
TESTNUMIIERi 6
MICROPHONE POSl R.S.
TESTTYPEAND IIPM

CURVEAi IMI
MAX, RPM: 1975

CURVEll: Slead_,S/ale
RPMI ' 1975

./,_/j • 197.5 "
i[,.P t.,

ji'j)
0 100 200 300 400 500

Frequency(l'kirlz)

Figure C7 ° TruckExterior Noil_ Speclra (Narrow BandAnalysis l-I/4 Hertz)Measuredat 50 Feet.
The SpectraAre Uled Far I_llsrmining EnninoRPMo



TRUCKNUMBERI 2
TESTNUMBERI 6
MICROPHONE POSl R.S.
TESTWPE AND RPM

CURVEAi Pass-by
MAX, RPMI 2012

CURVEliz Steady Siate
RPM_ 1975

#"\(_ _ 201.2

,!JlY" I
. k,lL.,,!,'._I ft !'_;J _ ,,.,, . j.__'v',.,._',,;_,,,."'_:.,["',_,!r_A,°

_Jv"_t ,,,,,.i'_'"'''!.,,,_:_,,-,r,-,;_j' .",V'v'_i,

.. I .,._',.: i il_t ! , .':li']:' I V 'J

II ' I ' l" J, i ,,[.. 'l, '' I '"
I00 200 300 400 500

Frequency(tttirtz)

Figure C8 , TruckExteriorNoiie Spectra (l_larrowBandAnalylil I-1/4 Heriz) Measuredat 50 Feet.
TheSpectraAre UsedFor Detormininit EngineRPM.







TRUCKNUMBERs 6
TESTNUMI3ER: 1
MICROPHONE POS_ R.F.
TESTTYPEAND RPM

CURVE Az IMI
MAX. RPM: 2125

CURVE fi: Sloady Stolu
RPM: 2125

212.5

A

I

0 100 200 300 400 500

Frequency (Hertz)

Fi_]uroCI3. TruckExterior Noize Spectre'(Narrow BandAnalysis 1-1/4 Hertz) MeasuredorS0 faOto
Th_ Sf_ctro Ate U_d For D_lermininnEn0ineRPM°
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TRUCKNUM_R." 6
TESTNU/vIBER: 2
MICROPHONE POSz " RtFn
TESTTYPEAND RPM

CURVEA_., IMI
MAX. RPM-" 2075

CURVE P,_'Steady Stale
RPMz 2075

207.5

A

207.5--

O IO0 200 300 400 500

Frequency(tbrlz)

fI0ura C14. Truck Exlerior Noi_ Spectra (Narrow BandAnQlysi_I-!/4 I'lerlz) Measwed atS0 foot.
Tim SpectraAre Umd For DalorminingEnoin_RPM.

i
I



m _ _ . ._ _ F _'i _ _ ;'_"i. _ w i'_--: ',"'"': _, m . _ ' _, '"''

TRUCKNUMBER: 6
TESTNUMBER: 2A
MICROPHONE POS: _tF,
TESTTYPEAND RPM

CURVEA: IMI W/Ex. Ext.
MAX, RPM: 2100

CURVEB: Steady Slal_
RPM: 2100

210

210 ' !_ A

B

I I I I I I I I
0 100 200 300 400 500

Frequency(Horlz)

Fi_luroC15 • TruckExteriorNoim Spectra(Narrow l_andAnalysisI-I./4 l_rlz) Moasurodat 50 Foot.
TheSpoclraAra U_d For D_l_rminingEn0inoRPM°



TRUCK NUM_RI 6
TESTNUMfiERI 4
MICROPHONE POSI R.S°
TESTTYPEAND RPM

CURVEAi IMI
MAX. RPMI 2237

CURVE Bi Stead),Stale
RPMI 2100

.J_'.,."!Af\ i_ /sV/,_,._
p X

_, gII

,p,;,l/'t,,,I/h"°
0 I00 200 300 400 500

Frequency(Herlz)

Flnuro C16. TruckExterior Noi_ Spectra(Narrow BandAnalylis I-I/4 Hertz) Mual_ad at 50 Faot.
TheSpeclra _o U_d ForDelormlningEnf]inoRPM.



TRUCKNUMBER: 6
TESTNUMBER: 4
MICROPHONE POS: R.S.
TESTTYPEAND RPM

CURVE A: Pcass-by
MAX. RPM: 2lr)l.)

CURVE fi: Stead)sStol_
RPM: 2100

O 100 200 300 400 500

Frequency(H_rtz)

Finuro C17. TruckExtariar Noi_ SpoctrQ(Narrow I_andAnalysis 1"1/4 I_rt'z) MaosurodatS0 Foot.
Tim SpactraAro U_d For I_lorrnlninl) EnnirmRPM,

E

r



1RUCKNUMBER; 6
TESTNUMBER: 4A
MICROPHONE POS: R.S.
TESTTYPEAND RPM

CURVE A; IMI W/Ex. Ext.
MAX, RPM: 2212

CURVE 8: ,,Slead_Slam
RPM: 2100

.2

A

0 100 200 300 400 500

Fraquancy (l'b rI'z)

FiQuraC18, TruckExlarlor Noiw Spectra (Narrow fiandAnalysis I-I/4 I_rtz) Mea_urodorS0 Feat.
The SpectraAro U_d For DeksrminingEnnirmRPM,
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TRUCKNUMBER: B ,im

TESTNUMBER: I
MICROPHONE POS: R.S. . ,,
TESTTYPEAND RPM

CURVE A; IMI
MAX. I_PM_ 4125

CURVE B" Stuody Store
RPM: 4106

275

A

B

i

I I
0 i 100 200 300 400 _uO

Frequency(l'_r t'z)

fin_ro C25. TruckExtorior Nai_ Spectra (Narrow RandAnalysi_ I-I/4 Hertz)Maasurod at .50 _at.
Tim Sl_¢lra Ara U_d Far DelarminingEnoinoRPM.
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TRUCKNUMBER; 8
TESTNUMBERz
MICROPHONE POS; R.S.
TEST1YPEAND RPM

CURVEA: Pass-by
MAX,, RPM: 3486

CURVEP,I SleudyStalo"'
RPM_ 4i06

0 I 100 200 300 400 500

Frequency(Herlz)

FlouraC26, TruckExterior Noi_o Spectra(Narrow BondAnalysisI-1/4 Hertz) Moolurod at 50 Foot,
The SpectraAre Uzed ForD_hsrminin9EnoirmRPM,
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TRUCKNUMI1ERz 8
TESTNUMBERs 1A
MICROPHONE POSs RoS.
TEST1YPEAND RPM

CURVE As IMI W,/Ex° Ext.
MAX, RPMs 4087

CURVE fi: Stead_ Stal_
RPM: 4087

! /
|00 200 300 400 500

Froq_ncy (Hortz)

Fl0uro C27, TruckExterior Noi_ Sl_clra (Narrow BandAnalysis I-1/4 I'l_rlz) Momuecdat 50 Faot.
Thu S_¢tra Aro U_d For DetorminingEn[lirmRPM.
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TRUCK NUMBER: 8
TESTNUMEERz 4
MICROPHONE POS: R.S.
TESTTYPEAND I_PM

CURVEA: IMI
MAX, RPM: .5250

CURVEB: Steady State
RPM: 5268

350

l%. .
, t,I I I ,

O 100 200 300 400 ,500

Frequency(Hertz)

Figure C28. TruckExteriorNoi_ Spectra(Norrow BandAnalysis1-1/4 Hertz) Measuredat 50 Feet.
Tim SpeclreAre UsedFor DeterminingEngineRPM.



TRUCKNUMBER_ 8
TESTNUMBER: 4
MICROPHONE POS: R.5.
TESTTYPEAND RPM

CURVEAx Pass-by
MAX. RPM: 40_9

CURVE I1: Stead),Stato
RPM: 3956

e!

27,.3

I I I I I I I I I
0 100 200 300 400 500

Frequency(Hertz)

Fi0uro C29. TruckExterior Noize Spectra (Narrow BandAnalysis I-i/4 Hertz) MaasurodotS0 Foot°
TheSpootroAro U_odFor DoturmininoEngineRPM.
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TRUCK NUMBER: _ 8
TESTNUMBER: 4A
MJCROPHONEPOS: RISj
TESTTYPEAND RPM

CURVEA: IMI W/Ex. Ext.
MAX. RPM; 3956

CURVE13: ' S,toadySlate
RPM: 3956.

263.7

A

":_ F__ _\ J _ ]I /" JI _ ?,_, y_
,J J l5: i_,:,:,

,/ ._:.,_ ._,J A

_!i,'I I ' I' " /'!.;'i[ ...a',....,"j' Lj". I 'i._./_,:l.:ll
0 i00 200 300 400 500

Fr=quency(Herb=)

Figure C30° TruckExterior Noim Spectra(Narrow BandAnolysis I-I/4 Hertz) MooiB'od at50 Foot.
TheSpectraAte U_sdFor DeterminingEngineRPM,
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TRUCKNUMDER: 12
TESTNUMBER: 1
MICROPHONE POS: _e_t
TESTTYPEAND RPM

CURVEA: iMl
MAX. RPM: 2126

CURVE P-i Slead_ Slate
RPM: 2126

106.3

/1 'fv,,Ji,,li7' )t '" j: '
j / 13

,I 1 q I I
0 100 200 300 400 500

Frequency(Hottz)

Figuro C37. Truck ExtoriorNoise Speclra(Narrow BandAnalysis I-1/4 Hertz) Maasurodat ,50 Feet.
TheSpectra Are UsedFor DelermlningEnginoRPM.



TRUCKNUM_R_ 12
TESTNUMBER_ 1
MICROPHONE POS_ L.S.
TESTTYPEAND RPM

CURVEA: Pass-by
MAX. RPM_ 2100

CURVEB_ Steady Stalo
RPM_ 2126

f) ,05

/,
H J., , I1 I ]!,,_.Jl,dk;.;../ '_/Ui.ll,"!t,i

l ,'._,I'!!,_._!lil'.;- '':'Qr_tJ'_I
J I I I, I I' I I I I

100 200 300 400 500

Frequoncy(Hertz)

Fl0ureC38 • TruckExterior Noi_ Spectra (Narrow BandAnolysis 1-1/4 Heriz) Measuredat 50 Feet.
The SpeclraAro U_d ForDel_rminingEngine RPM.



TRUCK NUMBER; 12
TESTNUMBER: 2 i

MICROPHONE POS: R.S.
TESTTYPEAND RPM

CURVE A_ IMI
MAX. RPMz 2176

CURVE B: Stead}/Stalo
RPM: 2176

f"_'_/l" loe.8

I I I, I I I I
0 100 200 300 400 500

Frequency(Hertz)

FigureC39. TruckExterior Nolle Spectra (Narrow BandAnolysi_ I-I/4 Hertz) Measur©dat 50 Feat.
Tim SpectraAre UsedFor DeterminingEngineR?M.



12TRUCKNUMBER= ....
TESTNUMBER= 2
MICROPHONE POS= L.S.
TEST"WPEAND RPM

CURVEA= Pass-by
MAX. RPM: 2126

CURVEB= , Steady Ste_
RPM: 2176

_o8.8 "', _,!j.,W_\l _,tV. , _W_xJ\,.A.

I I I I I I
0 100 200 300 400 ,500

Frequency (Hertz)

Figure C40. TruckExterior Noim Spectra (Narrow BandAnolylis 1-1/4 Hertz) Measuredat ,50Feet.
TheSpectraAre U_edForD_lerminingEngine RPMo
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TRUCKNUMBER: 13
TESTNUMBER: 1
MICROPHONE POS: R,S.
TEST"WPEAND RPM

CURVEA: IMI

MAX. RPM: 2150
CURVE B; Steady Stale

i_PM: 2126

- 107.5

J
I I I I I I I I I

100 200 300 400 500

Frequency(Hertz)

FigureC45 • TruckExterior Noi_ Spectra (l_larrow13andAnalysis I-1/4 Hertz) Moalured at 50 Feet.
TI_ SpectraAre U_d For Daterminin0EngineRPM.



TRUCK NUMBER: 13
TESTNUMBER: I
MICROPHONE POS: ' RfS.
TESTTYPEAND RPM

CURVE A: .Pass-by
MAX. RPM: ' 2100

CURVE il: Stead),Slate
RPM: 2126

Ik ,, ,o`5

,_ / I 1 1

I I I I I I I I I
0 10O 200 300 400 ,500

Frequency(Hertz)

Figure C46 , Truck Exterior Noilo Spectra (Narrow IlandAnalysis 1-1/4 Heriz) Measuredat 50 Feet.
The SpectraAre UsedFor DeterminingEngineRPM.



TRUCKNUMI_ER: 13
TESTNUMBERz 5
MICROPHONE POS: ' R,S.
TESTTYPEAND RPM

CURVE A= ... Pass-by
MAX, RPMI 2200

CURVEIll " Steadl.,Slale
RPMI .... 2250

112.5 _v V _' _/V _I A

I/ ,

,, ,I I ' I I "l " I " I
0 100 200 300 400 500

Frequency (HertZ)

FiguroC47, Truck Exterior Noise Spectra (Narrow BandAnalysis I-I/4 Heriz) Mealured at 50 Feet,
Tim SpeclraAre Uled ForI_i_lorminingEngineRPM,
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TRUCKNUMltERs 13
TESTNUMBER: 5
MICROPHONE POSt R.S_
TESTTYPEAND RPM

CURVEAt IMI
MAX. RPMz 2250

CURVEIll SteadyState'
RPM" 2_50

rp ;1- 112.50

100 200 300 400 500

Frequency(Hertz)

Filiuro C48. TruckExterior Noise Spectra (l_larrowBandAnalysis I-1/4 Hertz) Measuredat 50 Feet.
T_ SpectraAre Used For DeterminingEngineRPM.
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TRUCKNUMBER: . 21
TESTNUMBER: I
MICROPHONE POS: R,S.
TESTTYPEAND'RPM

CURVEA: IMI
MAX. RPM: 2175

CURVEfi: Stead_ Slalm
10B.75 RPM: 2175

108.75

0 100 200 300 400 500

Frequency(Hertz)

FigureC53. TruckExlerior Noise Spectra(Narrow I)andAnQlysisI-I/4 Hertz)Measured at 50 Feet.
The SpectraAre U_d For DeterminingEngineI_PM.



TRUCKNUMBER: 21
TESTNUMBERi 4
MICROPHONE POS: " R.S.
TESTTYPEAND APM

CURVEA: IMI
MAX. RPM: 2276

CURVED: Steady Stalo
RPM: 2276

/k ! " 113.8

' ,!hI '

O 1DO 200 300 400 500

Frequency(H_rtz)

Figuro C54. TruckExtarior Noi_ Spectra (Narrow BandAnalysis|-1/4 Horiz) Moalured at 50 Feet.
The SpectraAra U_d For D_lermining EngineRPMo





TRUCKNUMBER: 22
TESTNUMBER: 1
MICliOPHONE POS: R.S.
TESTI"YPEAND RPM

CURVEA: !MI
MAX,, RPM: 2300

CURVEB: Steady Stem
RPM= 2300

-- 115

A

,
0 100 200 300 400 500

Frequency(Hertz)

FigureC57 • Truck Exlerior Nai_ Spectra(Narrow BandAnalysisI-I/4 I'_rtz) Measured at 50 Foot.
The SpectraAra U_d Far DeterminingEnginellPM.



TRUCKNUMBER: 22
TESTNUM_ER: 4
MICROPHONE POS: R.S.
TESTTYPEAND RPM

CURVEA: IMI
MAX. RPM; 2350

CURVEB; Sleady Slalo

117.5 RPM: 2350

6

0 100 200 300 400 500

Frequency (Hertz)

FigureCSB. TruckExterior Hoise Spectra (Harrow BandAnalysis I-]/4 Hertz) Measuredat 50 Foot,
The SpectraAre UsedFor DeterminingEngineRPM.




