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FOREWORD

This researchprogramin acousticswas initiatedby theGeneralMotors

Corporation in July, 1979. The measurement phases of the project were con-

ducted during August and November, 1979 at IITRI's Riverbank Acoustical

Laboratoryin Geneva,Illinois. For Phase I,a 197gChevroletChevettewas

used as a truck simulation.For the Phase 2 studies,threeheavy-dutytruck

tractorswere measuredin the largereverberationroom. IITRIpersonnelwho

participatedon the projectwere R. S. Norman,J. W. Kopec,R. A. Hedeen,

_o L.D. Williams,and D. Bauer. We wish to thankMr. WaldemarR. 5emrauof

GeneralMotorsCorporation,EnvironmentalActivitiesStaff,for his technical

directionand activeparticipationon the program. Overa]lprogrammanage-

ment was providedby Mr. DonaldWhitneyof GeneralMotorsCorporation.
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lIT RESEARCH INSTITUTE

Robert A. Hedeen
Research Engineer

Engineering Division

!_.- Approved by:

i Engineering Advisor
'-_ Engineering Division
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I. INTRODUCTION

The currentU.S. EnvironmentalProtectionAgencyspecificationfor new

truckmodelsrequiresa passbynoisemeasurementfor certification.Since

passbytestscan be influencedby wind,rain, humidity,.groundcondition,

driverperformance,truck position,and engineoperation,othermeasurement

techniqueshave beensuggested. The idle-maximum-idle(IMI)test for a

stationaryvehicleis one possiblealternative. To date,cemparisonsbetween

passbyand stationarytestshavebeen incomplete.Therefore,the objective

of Phase I of thisprogramwas to establishan accuratedata base for compari-
i J

son of differentmeasurementtechniques.

For this initialstudy,a smallvehiclewas chosento simulatea larger

truck. The smallervehiclewas easierto modifyand more compatiblewith

existingfacilities.GeneralMotorsselectedand suppliedthe appropriate

vehiclefor measurement:a 1979ChevroletChevette. GM engineersalso

selectedfourmethodsto modifythe vehicleso that its noisesignaturewas

! substantiallychanged. Thisvehicle,with appropriatemodifiedparts,was

13 then shippedto IITRI'sRiverbankLaboratoryin Geneva,Illinois(BOmiles
west of Chicago). Our staffmade acousticalmeasurementson the vehiclein

its five configurationsunderthe followingconditions.

_o I. EPA passbytest
2. IMI measurementsoutdoors in a freefield environment

], 3. IMI measurementsin RiverbankReverberationRoom No. 2
4. IMImeasurementsin RiverbankReverberationRoomNo. 5

_ Basedon the favorableresultswiththe Chevettemeasurements,threeheavy-

duty truck tractorswere sentto the RIverbankfacilityand measuredin

Room 5. In the followingsections,resultsare presentedfor the two series

of measurements.
v
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i

2. PROGRAMOBJECTIVES i

The primaryobjectiveof this programwas to determinewhethera station-
i

ary, indoor,transientnoisemeasurementcould be usedas an alternatepro- I

cedureto the standardERA passbymeasurementfor heavy trucks. The EPA )

procedureis similarto the passbymethoddevelopedearlierby the Society _!

of AutomotiveEngineers(SAEProcedureJ366b). The methodselectedto evalu- i

ate thisalternateprocedurewas to simulateseveraltrucksby operatinga I

modifiedsmallervehicle. This vehicle,in severaloperatingconfigurations ]

I

was subjectedto the EPA passbyprocedureand to soundpowermeasurements o l

in two reverberationrooms. ]

Since promisingresultswere obtainedwith the smallvehicleIn an unload-

ed engineconfiguration,the objectivewas extendedto determinethe effects

of engineloadon the transientnoisecharacteristicsof fullscaletrucks.

Threetruckswere measuredin a reverberationroomwithand withouta dyna-

mometerloadto meet this objective.

c;
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3. SCALEMODEL TRUCK

For the first phaseof thisprogram,a smallvehiclewas chosenas a

scalemode] truck. The ChevroletChevettewas selectedbecauseit has a

firingfrequencysimilarto largetruckengines: a four cylinder,fourcycle

I_ enginewith 5200 rpm maximum. Also,the Chevettewould fit throughthe door

=! of the smallerreverberationroomat Riverbank(doorwidth equalto 6 ft).

( The automobilecharacteristicswere:
• !

i 1979 ChevroletChevette
_0

SerialNumber: IBSBOgY260238

Engine: 1.6 Liter,4 cylinder
74 HP @ 5200RPM

Transmission: 4 speedmanual

i_ Temperaturecontro]ledcoolingfan replaced
i' by 5 bladedirectdrivefan.

EstimatedVehicleVolume= 200 ft3.

Gross Weight= 2980lbs.

_!_ The vehicleis shown in Figure3.l at the outdoorsite. The Chevettecould

be modifiedeasilyto increaseor decreasethe noiselevelfromthe standard,

factorycondition. For the Phase I tests,five configurationswereused:

w Configuration Modification

I. Standard Installdirectdrivecooling
fan withoutfan shroud.

If. High ExhaustNoise Disconnectmuffleraft of

C catalyticconverter.
Ill. High EngineNoise Removehood and air cleaner

(shownin Fig.3.1)

IV. Quiet Removecoolingfan and add
overkll]muffler

_3 V. ReducedPower Modifythrottleto restrict
motionto 66% of fullthrottle.

lit RESE4RCH INSTITUTE
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FIGURE3.1 ChevetteTest Vehicleat PassbySite. High EngineNoise
Configuration.
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For eachof thesefive configurations,the Chevettewas run up to four maxi-

mum enginespeeds: 3500,4000, 450D,and 5000rpm. The vehiclewas operated

in gear2 for the 3500 and 4000 rpm passbys,and in gear I for 4500 and 5000.

Then, for the passbytests these fiveconfigurationsand four enginespeeds

producednoise signaturesfor 20 simulatedtrucks.

i_;' Inorder to accuratelyreproducethe requiredmaximumrpm in a passby

r test,GeneralMotorsstaff engineersinstalledan ignitioncutoutcircuit
!
r on theChevette. The maximumenginerpm was thenset by the driverbefore

I each test. A Bruel and KjaerType 2306GraphicLevelRecorderwas used in the

_ car to recordthe enginespeedand assurethatthe properpeak levelwas

reached. The test vehiclewas thenrun througha seriesOf passbytestsand

reverberationroom measurements.

L

I
i

/IT RESEARCH INSTITUTE

J 5



4. TESTSITES

4.1 Passb_Site i

)
The BataviaHigh Schoolparkinglot was selectedas the passbysite. )

This sealed,asphaltsurfacehad the requiredlength,levelsurface,and _i

freedomfromreflectingstructures.The test vehicleis shown at the passby

site in Figure4.1. The standardmicrophonepositionat 50 ft fromthe con°

terlineof the vehiclepathwas usedfor the passbytests. StandardEPA

passbysweremadewith 5 repeatrunsbeing performedin eachdirection. _i

For latercomparisonpurposes,non-standard,stationarymeasurements

were alsomade. For a fixedvehicleposition,a specialtest procedurewas

conceived: the IMCtestor Idle-Max-Cutofftest. Here,the ignitioncutoff

was set at a prescribedlevel (e.g.3500 rpm),and withthe car in neutral ¢'

the acceleratorwas fullydepressed. The enginewouldaccelerate rapidly

to the maximumrpm,cut off,and decelerateto zerorpm. For these IMC

tests,microphonemeasurementswere madeat four positionsaroundthe vehicle

at 25 ft from thevehiclecenter. Finally,steadystate readingswere also C_

made at the four25 ft positionsby holdingthe engineat a constantrpm

(3500,4000, 4500,and 5000).

4.2ReverberationRoomNumber2

At RiverbankLaboratory,thereare six reverberationrooms. Two

were chosenfor thisevaluation,sincethe testvehiclecouldbe driveninto

theserooms. The smallestroomwas normallyusedfor transmissionloss _

measurementsand had a volumeof 6300ft3. The solidblockwalls had been

previouslycoveredwith severalcoats of epoxypaint. Fixed panelsin the

room servedto improvethe diffusivityof the soundfield. In Figure4.2,

the planview of the roomwith an outlineof the vehicleis shown to scale.

Since the Chevettewas a relativelylargenoise sourcein the room (approx.

3% of the roomvolume)severalmicrophonepositionswereused to increase

the samplingaccuracyof the measurements.The six microphonepositions

were selectedrandomlyto obtainsamplesall aroundtheChevette. The

lit RESEARCH tNSTITMT|
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FIGURE 4.1 ChevroletChevetteduringPassbyNoiseMeasurements
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Chevette was greater than one-half wavelength from the walls of Room 2 for

i_ frequenciesaboveabout250 Hz.

4.3 ReverberationRoom Number5

Room 5 is a newfacilitybuilt at Riverbankin 1978 for specialized

vehicleor largeequipmentnoisemeasurements. A plan view of thisroom is

shown in Figure4,3. The roomdimensionsare 30 ft by 50 ft witho 25 ft ceil-

ing. With respectto construction,the walls werebuilt with a lightweight,

ho]lowconcreteblock. The floorwas pouredconcrete,and a steeldeck was

used for the ceiling.Accessto the roomwas providedat groundleveltllrough

i a lO ft by 13 ft door. The Chevetteoccupiedapproximately0.5%of the volume

I of Room 5 and was greaterthanone-halfwavelength from the wallsfor frequen-

cies above about 100Hz. Again,six microphonepositionswere randomlyselec-
!0

ted aroundthe vehicle.

Duringthe firstseriesof measurementswiththe Chevette(August,1979),

Room 5 was not configuredas a typicalreverberationroom. The waitswere not

_o sealed,and no diffuserswere installed. Therefore,during the Augusttests,

Room 5 had ratherpoorreverberationcharacteristics.Prior to thePhase 2

measurementsin Rom 5 (November1979),two coatsof epoxy paintwereapplied

to the room walls. Also, fivefixeddiffuserswereadded to the room. These

L_ skewedsurfaceswereconstructedfromcorrugatedsheetsand mountedrandomly

aroundthe room. Figure4.4 comparesthe reverberatlentimes of Room 5 before

modificationwith thetimes for otherRiverbankrooms. Figure4.5 givesan

indicationof the changein reverberationtime in Room 5 due to modification.

L The combinationof loweredabsorptionfrom the sealedwalls and the improved

diffusitivityfromthediffuserpanelsservedto increasethe reverberation

time in all bands. Figure4.6 showsthe Chevettein Room 5 with two of the

fixed diffusersin placebehindthe automobile. A third modificationto

Room 5 beforethe Novembertrucktestswas the installationof a ventilation

systemto removetheexhaustproductswhen vehicleswere operatedin the room.

lit RES_AR_;H IM_Tf'rUT_
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5. INSTRUMENTATION

The primaryinstrumentationsystemutilizedtwo one-halfinch,Bruel and

Kjaer (B&K)condensermicrophonesrecordedon a Nagra IV SJ tape recorder.

Each channelwas calibratedwith a Gen Rad Omnlcalat a levelof 94 dB at

lO00 Hz. Unweightedrecordingswere made of all the vehicleruns as well as

• ILG referencesoundsourcemeasurementsin the reverberationrooms. Tapes i

were lateranalyzedusinga B&K Type 2112 Spectrometerfor A-weightingand

a B&K Type 2306GraphicLevelRecorder. Detailedinvestigationsof the tapes

were performed with a Spectral Dynamics SD 301C Narrow Band Real Time Analyzer

(RTA),a Gen Rad Model 1921 I/3 octaveRTA withMultifilter,and a B&K Type i

2131 I/3 octaveRTA. Basicdata handlingtasksand some graphicaldisplays )

were executedwith the IITRIPDP-II/45minicomputer.

A separate,backupinstrumentationsystemwas used for on-line,data L_

evaluation.This systemutilizeda B&K Type 2203Sound LevelMeter with one-

inch condensermicrophoneand a B&K Type 2306GraphicLevelRecorder. A-

weightedchartrecordswerethen evaluatedduringthe testprogramfor measure-

ment consistency.In Figure5.1,the dual instrumentationsystem is shown _

in operationat the passbysite. i

L_J
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6. PRESENTATIONOFPHASE1 RESULTS

6.1 ChevettePassbyTests

The first seriesof measurementswas performedwiththe fiveChevette

configurationsat the outdoorpassbysite. Onemicrophonepositionwas used

so thatfive runs weremade in eachdirectionto obtainan overalldBA average.

These averagesoundlevelsare presentedin Figure6.1. For four of the vehi- i

cle configurations,the progressionof increasingsoundlevelwith increasing

rpm is quite regular. However,for the highexhaustnoisecasethe progression

is erratic. With the mufflerand rear tallpipedisconnected,the exhaust I

headerterminatesunder the car. The exhaustnoisespectrumis dominatedby

pure tones beginningat the basicfiringfrequency(SeeAppendixB, Narrow

Band Spectra). Also, the noisegenerationishighlydirectional,emanating
C'

primarilyout the sides and to the rearfrombeneaththe car with very little

radiatingupwards. The basicdatafor all PhaseI tests,bothoutdoorsand

! indoorsare presentedin Table 6.1.L

J

! The relativenoise levelsfor the fiveconfigurationswere orderedproper- r.
i ly beginningwith the quiet configurationand increasingto the highexhaust

case. The reducedpower configurationbehavedsomewhatunexpectedlysince it

has highernoise levelsthanthe standardconfigurationfor two rpm values.

I As a comparison,the outdoorChevetteIMC (Idle-Max-Cutoff)measurementsare

shownin Figure6.2. For all casesexcepthighexhaust,the IMC valuesare

higherby l to 4 dBA. Note that the highexhaustconfigurationproducesalmost

the same level at the three highestrpm readings(Figure6,2 vs. Figure6.1)

but is 5 dBA higherat 3500 rpm. Generally,the inertia-loadedengineof the c

IMC testsproduceshighernoiselevelsthanthe movingvehicle. Apparently,

the distanceto the vehiclein the end zonefor passbytestswas oftengreat-

er than SO' at the moment of maximumnoise level. This effectwould produce

lower passbyreadings.

After the Chevettewas returnedto GMC in September1979,it was evaluated

at the GMC Truck & Coach passbytest siteinMichiganfor comparisonpurposes.

liT RESEARCH INSTITUTE
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These measurementswere conducted by GMCpersonnel with GMCinstrumentation.

The Truck & Coach data were provided by Mr. W, R. Semrauand are plotted again-

st the Riverbank data in Figure 6.3. The correlation is generally good show-

ing someof the data spread between facilities and time periods for passby
tests. The 3500 rpm high exhaust point stands out beyond the normal spread.

Basedon Figures6.1, 6.2,and 6.3,it appearsthat the high exhaust,3500rpm

passb_measurementat Riverbankproducedan unreasonablylow noiselevel.

6.2 Chevette Reverberation Room Tests

For the first seriesof measurements,comparisonsof peak dBA soundlevels

weremade betweenreverberationroomand outdoortests. Therefore,only trends

and consistencyof data were of interest. In Figures6.4 and 6.5,the simple

comparisonof maximumdBA valuesis madebetweenindoorIMC measurementsand

! outdoorpassbytestsin both reverberationrooms.

i It may be seen from Figures6.4 and 6.5 that,as expectedthe reverbera-b

_ tion roomlevelsare consistentlyabovethe outdoorlevels. The offsetin

_¢} the axes of the figuresindicatesthe magnitudeof the effect. Forthe indivi-

dual configurations,the increasingtrendwith rpm is reasonable_exeept for

the highexhaustnoise. The data for four of the five configurationsfollowa

generalized,linearincrease.

The data for the four configurationsare somewhatless scatteredin Room5

than in Room 2. Room 5 has six timesthe volumeof Room 2 so thatthe Chevette

occupiesproportionallylessvolume;it is more difficultfor the soundfield

I© in Room5 to "see"it. Similarly,the vehicleis one-halfwavelengthfrom a

wall for frequenciesas low as Igo Hz in Room 5, but only downto 250 HZ in

Room 2. The resultof these scalingdifferencesbetweenrooms is thatthe

soundfield set up by the Chevettewas more uniformacrossa widerfrequency

C rangein Room 5. The obviousconclusionwas thatfurtherincreasesin the

uniformityof the sound fieldwould decreasethe scatterstillmore. This

increasecould be attainedby increasingthe hardnessof the reverberation

room (andthus the reverberationtime)and by compensatingfor any resonances

the roommight exhibit.

lit RESSAR_H |N$IITUTe
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Except for the unusual behavior of the high exhaust configuration, the

trendsin Figures6.4 and 6.5 were encouraging.Somepreliminarystatements
were made at the conclusionof PhaseI:

I. The reverberationroom trendswereconsistentwith passby
•measurementsfor the standard,highengine,quiet,and

,3 reducedpower configurations.
2. The high exhaustconfigurationproducedunusualresults.

3. The volumeof the vehiclewas prabablytoo largefor Room2.

4. Room 5 reverberationcha_cteristicsshouldbe improved.

5. Some roomcalibrationwitha referencesoundsourcecould
decreasefrequencydependentroomeffects.

Based on these conclusions,Phase 2 was initiated.
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7. TRUCKSELECTION

i
[

Afterthe completionof PhaseI with the Chevette,the programwas con- !
tinuedusing three,heavy-dutytruck tractors. The Motor VehicleManufacturers'

Associationhad recentlycompletedan extensiveseriesof passbynoisetests

with threetrucksat the TransportationResearchCenterin Ohio. Sincethese r.

truckswereavailable,each of the threemanufacturersagreedto send the

trucksto Riverbankfor e seriesof indoormeasurementsin November,1979.

The truckshad the followingstatistics:
r

I. GeneralMotorsCorporation

Astro 95, COE
DDAD 8VTIT,2 stroke,TurbochargedDieselEngine

Governedrpm = 2050 C_

2. InternationalHarvester

TranstarII, COE
Cummins,6 cylinderin line,4 stroke,Turbocharged

DieselEngine,Formula290, 290 HP @ IgO0rpm c
Governedrpm = 2050

3, FordMotorCompany

Custom Cab L800
FordGasolineV8 Engine
391 cu in, Ig5 HP @ 3600rpm £
Governedrpm = 3800

These threetractorsare shownin Figure7.1. Since extensivepassbyinforma-

tion hadalreadybeenobtainedfor thesetrucks,no truck passbyswere made

at Riverbank.

Themajor operationaldifferencefor the truckswas the additionof a

dynamometerfor engineloading. A Go-Power,water braketype, dynamometerwas

installedbetweenthe frame railson eachtruck (Figure7.2). Then, the engine ca:

could be loadedfrom a no-loadconditionup to rated horsepowerby varyingthe

water flowrate throughthe dynamometer.Figure7.3 shows the International

Harvestertruck installedin Room5 with the dynamometerin place. Note that

Room 5 hadbeen paintedand had fixed diffusersinstalledfor all truck tests. _'

lit RESEARCH INSTI?UTe i
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FIGURE7.1 Three TestTrucksManufacturedby GeneralMotorsCorp.,
InternationalHarvester,and FordMotor Corp.
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FIGURE7.2 Go-PowerDynamometerInstalledon the GMC Truck.
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FIGURE7.3 InternationalHarvesterTruck in Roam5.
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8. PHASE 2 DATAANALYSIS i

8.1 Goals

In view of the conclusionsreachedat the endof Phase l (Section6.2), =I

we hopedto make correctionsor adjustmentsto the basicsoundpressurelevel

measurementsmade in Room 5 duringPhase2 in orderto removethe effectof

the room itselffrom the data, Noise sourcesbehavedifferentlywithinrever-

berationrooms than theydo in the openair. Not only is the developedsound i

pressurelevel higherbut the frequencyspectrumis changed,particularlyat _j
the lowerfrequenciesdue to absorptionin the roomand to the actionof the

room resonancesattenuatingsomefrequenciesand accentuatingothers, By the

use of an ILG ReferenceSoundSource,we soughtto calibrateout the effect I
I

of the roomin two steps: ¢_i

I. Adjustfor the room-dependentfrequencyresponseby playing I
the taped data throughspeciallytunedfilterswhichsimu- j
fatedfree-fleldresponse.

2. Adjustfor the room-dependentincreaseof soundpressure
levelby determiningthe sound power outputof each of the !
trucks.

8.2 ReverberationRoom Frequenc_Calibration

To accomplishStep l, we determineda frequencydependentcorrection

curve for each vehicle/reverberatlonroom combination.The curveswere deter-

mined by examiningthe spectrumshape of the ILB noisesourcein eachrever-

berationroom with the appropriatevehiclepresent. The free-fieldspectrum

of the ILG was well known, The reverberationroomspectrumcurvewas deter-

mined and superimposedover the free-fieldcurve,and the two made to coin-

cide at lO00 Hz. The 1000 Hz frequencywas selectedratherarbitrarily,

althoughits use preservedthe levelof the lOOO Hz calibrationsignalat the _,

beginningof every tape. The correctionat this frequencywas forcedto be

zero.
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Comparingthe two ILG spectrain thismannermade the effectof the re-

-' verberationroomand vehicleon the frequencycontentof the noiseeasily

visible. An exampleof thlssuperpositionis illustratedin Figure8.1. The

solidcurve representsthe shapeof the ILG spectrumin a free-field,without

referenceto absolutesoundpressurelevels. The dashedcurve is the average

T: spectrumfrom six microphonepositionsof the same ILG in Room 5 (afterpaint-

ing)with the Chevettein the room. It may easilybe seenhow the effectof

the roombooststhemid-frequenciesslightlyand rollsof the higherfrequen-

cies.

_0
The lowerdottedcurve in Figure8.l is the correctioncurve for this

: configurationof roomand vehicle. It representsthe inverseof the dlffer-

ence betweenthe two ILG curves;that is, the correctionswhich mustbe

13 appliedto the reverberationroomspectrumto make it resemblethe free-field
spectrum. Note how in this caseit, in effect,removesthe room by attentuat-

ing themid-frequenclesand boostingthe highs,

This same procedurewas alsoappliedto the taperecorded ILGdata of the

i_ Chevettein Room 5 beforeit was painted,in Room2, and for the threetrucks

, in paln_dRoom 5. The correctioncurvesfor thesecases are illustratedin

Figure8.2. In all cases,the reverberationroom ILG data from whichthe

curvesare derivedare the averageover six microphonepositionswithinthe

room. The ILG sourcewas locatedon a smallstandaboutfour feet off the

) floor,in front of thevehicle. More completedataon the performanceof the
; ILG sourcein the reverberationroomsmay be foundin AppendixD.

!:w The curves of Figure8.2 weredialedintoa Gen Red Model 1925Multi-
j.

!; filter,a filterwhichsplitsan inputsignalinto30 one-thirdoctave.

i= bands,attentuateseachbandappropriately,and recombinesthe bandsintoa

singlefilteredoutputsignal. A taperecordedsignalof one of the testruns

_i_ was playedthroughits individualroom correctioncurveand then throughan

i A-weightingnetwork. The outputof thatwas monitoredon e graphic level
}

recorder. The maximum,room corrected,A-weightedlevelof each testrun-up

i was extractedfrom thisgraphicrecordto form the raw data of the indoor

:'_ tests.

i
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Each test configurationwas repeatedfive timesand monitoredeach time

for six microphonepositions. This methodproduced,for each test configura- _'i

tion,thirtydatasamples. These thirtypointswere processedfor mean and

standarddeviationacrossmicrophonepositions,run number,and totally. The

resultsof thisaveraginganalysisfor each testconfigurationare reproduced

and discussedin AppendixA of this report. _-

The successof theseroom correctioncurvesin calibratingout differences

in frequencyresponsebetweenreverberationroomsmay be judgedby examining

Figures8.3 and 8.4. Bothfigurescomparethe A-weightedsoundpressurelevels c.

of the Chevettein variousconfigurationsin bothreverberationrooms. The

scatterof the pointsabouta 4B0 lineis noticeablylessfor the corrected

data.

c
8.3 Sound PowerDetermination

The frequency-correctedA-weightedsound pressurelevelsof each testr

configurationwerethen convertedto A-weightedsoundpower levels,again
C

usingthe ILG measurements.The knownrelationshipbetweenpressureand power

levelsin the ILG,both indoorsand outdoors,was used. The definingequation

is

Lw = Lp + Lwr - Lpr ,..
where

Lw = A-welghtedfree-fieldpower levelof vehicle

Lp = A-weightedmean pressurelevelof vehiclein room

Lwr = A-weightedfree-fieldpower levelof ILG = 87.0 dBA c

Lpr = A-weightedpressurelevel of ILG in room.

The quantity(Lwr - Lpr) would appearto be the room correctionfactor
previouslydescribed,but it is not. First,the room correctionis a fre-

quencyfunctimwhilethisis the differencebetweenA-weightedoverall levels. _

Secondly,the termLpr is derivedfrom the tape recordeddata and was played

throughthe appropriateroom correctionfilterso that the quantity(Lwr - Lpr)

liT _E$|AR¢H INiTIIUT|
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representsthe adjusteddifferencebetweenpowerand pressurein a free-field,

C, specificfor a givencombinationof vehicleand reverberationroom. The

quantitymay also be consideredas the absolutedifferencein levelbetween

the two ILG curvescomparedto producea room correctioncurveand neglected

whenthe curveswereequatedat lO00llz.

Thismethodwas usedto derivethe sound powerlevelproducedin a free-

field (in units of dB re I pW) of each of the fourvehicles. The constantsto

be addedto the meanA-weighted,room corrected,soundpressurelevelsas

measuredin paintedRoom5 in orderto producethe A-weightedfree-fieldsound
powerlevelsare as follows:

Chevette GMC _ Ford IH

II ('Lwr- LFr) I0.8 dB ll.9 dB 12.0db ll.8dB

Table B.l SoundPowerCorrectionValues

Finally,the calculatedsound powerlevelswere convertedto the expected. -_ soundpressurelevelsat a distanceof 50 feet away acrossa reflectingplane.I

The familiarexpressionfor this,for hemisphericalradiationand unitsof
feet is

!_ Lp = - 20 log + 2.3 (B.2)Iw r

Substitutingr = 50 feet,we get

Lp50,= Lw - 31.7 (8.3)

This may be combinedwiththe previousexpressionfor Lw to producethe follow-
_" ing relationships:

Lp5O, = Lp - 20.9 dBA IChevette) (8.4a)

Lp5O,= Lp - 79.8dBA (6MCTruck) (8.4b)

Lp5O, = Lp - 19.7 dBA (FordTruck) (8.4c)

Lp5O, = Lp - lg.gdBA (IHTruck) {8.4d)

Cp
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where

Lp5O, = expectedA-weightedsound pressure]evel at 50'

Lp = room corrected,A-weightedsoundpressurelevelmeasuredi:ndoors.
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9. PRESENTATIONOF PHASE 2 RESULTS

9.1 ChevetteTests

i BeforePhase 2 began,Roan5 was paintedwith two coats of epoxypaint
i

i_ and five diffusingpanelswereinstalled. Bothmodificationsweremade in
order to improvethe diffusivityofthe reverberationroom. Additionally,

a ventilationsystemwas insta]ledto remove.exhaustgases from the room

duringtesting(cf. Section4.3). Threeconfigurationsof Chevette(standard,

high exhaustnoise,and high enginenoise)were thenrerunin Room5. Figure

g.l illustratesthe changesin IMC peaklevelsdue to the modifications.

The pointsare tightlycorrelatedto a 45 o line;the y-intercepthas been

shiftedupwardsperhaps1.5 dB. The roomhas becomeharderand thusthe

reverberantsound levelshaveincreased,

! The resultsof the Chevettererunsare summarizedin Table g.l The

peak A-weightedsound levelsarepresented,followedby the A-weightedsound

i powerlevels (dB re Ipw) calculatedfromequation8.1 and by the A-weighted
i_ levelsexpectedat a 50 feetdistanceoutdoors,calculatedby equation8.4.

The sound levelsin the roomarean averageof fiverun-upsmeasuredat six

microphonepositions. Detailsofeach measurementseriesmay be foundin

AppendixA. Also presentedin Table9.I,for comparisonpurposes,are pre-

io viouslymeasuredsound levelsforthe outdoorrun-upand passbytestsof

Phase 1, taken fromTable 6.1. (It shouldbe noted herethatthe outdoor

run-uptests weremeasuredat a distanceof 25 feet,and thenconvertedto

i 50 foot levelsby subtracting6 dB. Thereis inconclusiveevidencethatthe

IC; attenuationrate at the BataviaNighSchoolsitemay have beennearer5 dB).

The predictedversusmeasuredLpBo, for bothrun-upand passbytests
are illustratedin Figures9.2 and9.3. The pointsin Figure9,2 were ex-

,_ pettedto lie closestto a 450 ]Inesincethe IMC run-upoperatingcondition

was the same indoorsand outdoors.The highenginenoisepointslie below

the line, indicatingthat the predictionoverestimatesthe noise levels

in the groundplane.
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3500 4000 4500 5000

i Standard 93.0 95.2 97.7 lO0.1

i Hi Engine lO0,O 102.1 I03.8 I06,8 Lp, Soundpressure

Hi Exhaust I05,0 I06.8 lOS.1 I08.4 (AppendixA)
!

i 3500 4000 4500 5000
!

I Standard I03,8 I06.0 I08.5 llO.9

JO Hi Engine llO,8 II2.9 I14.6 I17.6 Lw, Soundpower

Hi Exhaust II5,8 II7.6 I18,9 I19.2 (eq. 8.1)

3500 4000 4500 5000

Standard 72.1 74.3 76.B 79.2 Lpso,,predicted
Hi Engine 79.1 81.2 82,9 85.9 SoundPressure@ 50'

0 Hi Exhaust 84,1 85.9 87,2 87.5 (eq.8.4a)

t 3500 4000 4500 5000

Standard 73,5 76.0 78,5 80.3 OutdoorIMC level

Hi Engine 75.2 79.9 81,7 83.6 (Table6.1)
Hi Exhaust 88.3 90.0 90.2 90.4

3500 4000 4500 5000

_ Standard 70.8 73.0 75.0 76.7 Passbyleveli

Hi Engine 74,9 76.7 78.7 80.7 (Table6.1
Hi Exhaust 82,8 90.2 89.7 89.9

Table 9.1 Phase 2 ChevetteData Summary

A-weighteddecibelsre 20 pPa
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The standardand high exhaustnoise pointslie abovethe line, indicatingthat

the predictionunderestimatesthe noiselevels. _.

We believethat the deviationfrompredictionis due to the effectsof

directivityof the sources. The predictedlevels,beingderivedfromrever-

berationroommeasurements,averagethetotal sourcenoisefrom all directions.

The two modifiedChevetteconfigurations,however,are stronglydirectional

and the measuredpressurelevelswilldependon the locationof the measuring

microphones.

The high engine noiseconfiguration,sanshoodand air cleaner,would C

radiatenoisemost stronglyvertically.Microphoneslocatednear the ground

(4') to the side of the vehicle,as wasthe case in thesemeasurements,would

underestimatethe total radiatednoise. Conversely,the highexhaustnoise i

configurationwould have a tendencyto radiatemost stronglyto the sides; _:"

the measuringmicrophonesin this casewouldoverestimatethe total noise.

Figure9.3 illustratesa similaranalysis.Here,the measuredlevels

along the ordinateare those of the Chevette,for the sameconfigurations

and enginespeeds,in passby. The predictedlevelsare the same reverberation

room run-updata.

By c_parison with the outdoorrun-upsof Figure9.2,two pointsmay

be noted concerningthe agreementof passbylevelswith prediction.

l) The high exhaustnoise caseremainsessentiallyunchanged:
measured is a littleaboveprediction(withthe obviousex-
clusion of the 3500 rpm pointwhich is widelyremovedfrom
the group).

2) The standardand high enginenoisecases keepthe same rela-
tionshipto each otherbut areshifteddownwardabout3 dB
from the run-upprediction.

)
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Figure 9,4 plots the passby data against the outdoor run-up; the same3 dB

difference is observed. The outdoor run-up values are higher than the corres- r_

ponding passby values, Differences in loading on the engine may explain part

of the disparity. Another possible explanation would consider the "slant

effect". In contrast to the stationary IMC test, the Chevette in passby was

constantly changing its distance from the microphone, Itwas 50 feet from "-

the microphoneat onlyone instant,and thatwas usuallynot the instantof
maximumnoiselevel.

i
9.2 Truck Tests

=,

For the truck measurements, several loading conditions were used to

evaluate load effects on the maximumdBA value. The following abbreviations
were used=

Abbreviation Meanin9
IMI Idle-Max-ldle

NCE Neutral, Clutch Engaged

DNL Dynamometernot loaded

SS SteadyState,ConstantGovernedRPM

WOT Wide Open Throttle,Using IMI Proce-
dure exceptstartingfroman
"approach"rpm

SAI Start at Idle,for beginningIMI
Procedure

Threedynamometerloadingconditionswere used for each truck,in addi-

tionto eachengine'sown inertia. Load 3 used the gearingusedduringtests

at TRC,but that loadwas discontinuedhalfwaythroughthe testsbecauseit _

was felt thatthe resultsweretoo similarto load2. The IMI (NCE)tests

were also dropped,for similarreasons. Each truckwas measuredin three

configurations=

I. StandardConfiguration c_

2. Fan disconnected

3. Fan disconnectedand extramuffleradded.

A chartof the test plan for the truckmeasurementsappearsin Table g.2. It

includeswhichcombinationsof vehicleand loadwere run, the "approach"speeds,

_earingand so forth.
lit RESEARCH INSTITUTE
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IMI IMI LOAD#1 LOAD#2 LOAD#3
(NDE) (DNL1 SS WOT SS WOT SAI .,SS, WOT SAI

OMC
iFrom 1300 From 13DO From1300

Standard (I 0 60 HP j # 95 HP 0 -- 30 HP II 0
No Fan 0 II 40 HP II 85 HP II -- 30 HP II II

'NoFan/XtraMuff I# 0 40 HP II 95 HP | -- 30 HP 0 0

i I iioiiFr m,12ooI IH From ]200 From 1200
Standard 0 0 50 HP 0 HP | - 1 HP 0

I No Fan -- l# 50 HP II 140 HP 0 0 -

I No Fan/XtraMuff -- 0 50 HP | 140 HP II II --

FvRD From 2000 From2000

Standard -- 0 25 HP | 85 HP | | ....

No Fan -- 0 40 HP 0 90 HP | | -- -- --

No Fan/XtraMuff -- | 35 HP | go HP | | ....

Gearing _:l l:l I:1 TRC/Sthgear

Table9.2 Phase 2 TruckTest Plan



The basicroom-correctedmaximumdBA levelsare 11stedin Table g.3 for

all the truckmeasurements.The IMI-DNL valueswere obtainedwith the trucks

in gear but no loadon the driveshaftfrom the dynamometer.These results
!

are consistentfor the threeconfigurations:dBA levelsdecreaseas the fan

is turnedoff and as a special,overkillmuffleris addedin serieswiththe

standardtruckmuffler, The threeloadingconditionshavelittleeffecton r_

the GMC trucknoise. The InternationalHarvestertruckhas lowervaluesfor

Load 3 whilethe Ford truckproducessimilarvaluesfor the IMI-DNL,Loadl,

and Load 2 conditions.

In an analysissimilarto that donefor the Chevette,theselevelswere

convertedto sound power levelsusing equation8.1 (Table9.4)and then con-

verted to the sound levelsexpectedin a free-fieldat a distanceof 50 feet

by equation8.4 (Table9.5). Also includedin Table9.5 are 50 footpassby

sound levelsdeterminedby H. L. BlachfordEngineeringat TRC for the same

vehicles.

A comparisonof the reverberationroombased predictedsoundlevelswith

the correspondingmeasuredpassbylevelsis illustratedin Figures9.5, 9.6,

and 9.7 for the three trucks, The fit of the pointsto the 450 lineis within

3 dB for the worst casesand generallybetterthanthat. Somewhatsurprisingly,

the lower loads (IMIand load1) providea betterfit for mostcases. It

must be rememberedthat a predictionbasedon a stationaryrun-upis being

comparedwitha non-stationarypassby. The samedisparitybetweenthe levels

of stationaryand movingvehic]esobservedwith the Chevette(cf.Sectiong.l)

probablyalsoapply to thesetrucks. For reference,the rangeof acceleration

times for the differentlyloadedtruckconfigurationsare listedin Table9.6.

lIT RESEARCH INSTITUTE

SO



IMI IMI LOAD #I LOAD#2 L0AD#3

(NCE) ....(DNL) SS WOT SS WOT SAI SS WOT HI

GM¢

Standard 103.9 I04.0 I03.0 103.8 ]03.0 ]03.9 102.5 103.5 103.4

No Fan 99.9 99.6 99.0 99.7 99.0 ]00.2 98.5 99.6 99.2

No Fan/XtraMuff 98.9 98.6 98.5 99.2 98.0 09.4 98.0 98.6 98.5

IH 101.0

Standard 104.9 104.3 102.5 103.1 I03.0 104.0 -- 102.6 104.6

No Fan -- 102.0 99.0 100.7 99.0 102.8 I02.7 --

No Fan/XtraMuff -- lo0.l 98.0 I00.4 gg,S 102,3 102.0 .

FORD 101'.3 I

Standard _ 102.6 102.4 101.7 103.0 103.0 _ _

No Fan 99.6 97.3 I00.2 98.7 I01.3 101.7 --

I No,Fan/XtraMuff 98.3 96.3 98.6 98.0 90.I 99.9 . -- --

Table 9.3 SoundLevelsof Phase 2 Trucksin Room 5;

A-weighteddecibelsre 20 uPa



IMI IMI LOAD #1 LOAD #2 LOAD #3
(NCE) (DNL) SS WOT SS WOT SAI SS WOT SAI

GMC

Standard 115.8 115,8 114.9 115.7 114,g 115.8 -- 114.4 115.4 115,3

No Fan 111.8 I11,5 110.9 111.6 110.9 112,1 -- 110.4 111.5 111,1

No Fan/XtraMuff 110.8 110,5 II0.4 I11.I 109.9 111.3 -- 109,g 110.5 110.4

I IH
Standard 116.7 116.1 114.3 114.9 1'14.8 115.8 u 112,8 114.3 116.4

J No Fan _ 113.8 110.8 112.5 110.8 114.6 114.5 -- --

J_d Fan/XtraMuff _ 111.9 109.8 112.2 111.3 114.1 113,0 -- --

FORD ..... J

Standard 114.6 113.3 114,4 113.7 115,0 I15,0 ....

No Fan 111.6 109.3 112,2 110.7 113.3 113,7

No Fan/Xtra Muff 110.3 108.3 110,6 110.0 111,1 111,9 --

Table 9.4 SoundPower Levelsof Phase 2 Trucks;

A-weighteddecibelsre I pg



ii

IMI IMI LOAD#] LOAD#2 LOAD#3 MEASUREDPASSBY

.(NCE1 (DNL1 SS WOT SS WOT SAI SS WOT SAI BLACHFORD(TRC

GMC

Standard 84.1 84,2 83.2 84.0 83,2 84.1 82.7 83.7 83.6 81.0

No Fan 80.1 79.8 79.2 79.9 79.2 80.I 78.7 7g.8 79.4 78.6

No Fan/ 79.1 78.8 78.7 79.4 78.2 79.6 78.2 78.8 78.7 78.5
Xtra Muff

IH

Standard B5.O 84.4 82.6 83.2 83.1 84.1 81.1 82.6 84.7 81.5

No Fan -- 82.1 79.1 80.8 79.I 82.9 82.8 80.7

No Fan/ 80.2 76.I 80.5 79.6 82.4 82.1 80.I
Xtra Muff

FORD

Standard -- 82.9 81,6 82.7 82.0 83.3 83.3 82.6

No Fan 79.9 77.6 80.5 79.0 81.6 82.0 8l.l

No Fan/ 78.6 76.6 78,9 78.3 79.4 80.2 78.2
Xtra Muff

Table 9.5 PredictedSoundLevelsat 60' for Phase 2 Trucks;

A-weighteddecibelsre 20 _Pa.
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C_ ,4 © _- _, -_ _,

IMI IMI LOAD #1 LOAD #2

.. (NCE} (DNL) WOT WOT SAI

GMC

Standard 2 3-4 4-4.5

No Fen 1.5 2.5-4 3-4

No Fan/Xtra Muff 1.5 Z.5 3.5-4.5

IH

) Standard -- l l-I.2 2.5-3
No Fan _ l 1.2-2 1.5-3.5 3-4

No Fan/XtraMuff _ 1 l-I.2 2-3 2.5-4

FORD

Standard -- 1.5 I-1.5 3-6.5 4-IO.5

No Fan 1.5-2 1.2-I.5 2.5-5 4.5-I0

No Fan/X_raMuff 1.2-1.5 l-l.2 2.5-5 3.5-12

Table 9.6 Range of AccelerationTimes in Secondsfor Phase 2

Trucks. j

f
i



10. RESULTSAND CONCLUSIONS

e_

The fol]owingresultscan be derivedfrom this researchproject:

i. A modifiedChevroletChevettecould be used as a representa-
tionof several,largetrucks.

Z. Transientsoundmeasurementscan be made in reverberation
ro_s while retainingindividualvehiclecharacteristics.

3. The sound fieldin a largereverberationroom (I064m3) is
relativelyuniformeven if a largetruckis usedas the sound
source. _!

i
4. Thereare strongindicationsthata vehlc]esoundpower test

in a reverberationroom can be used to predict50 ft. passby
soundpressurelevels. The predictionis appropriatefor
uniformhemisphericalsoundradiation.

5. The changein soundlevelproducedby vehiclemodification
can be accuratelymeasuredIn a reverberationroom.

6. Thereis a strongpossibilitythat a reverberationroom
measurementcan be usedas an alternateprocedureto a
passbytest. The effectsof differenttypesof dynam_eter
loadingmuststill be evaluated.

In orderto obtainthe necessaryinformationon dynamometerloading,

the next phaseof thisresearchwould be to measureseveraltrucksusing

a roll-dynamometer.Sucha dynamometerfacilitywould permitrapid _

measurementof truck noise, Vehicleswouldbe drivenintoa reverberation I

room onto a rolldynamometerand measuredduringan IMI sequence.

Therefore,no timewould be requiredfor dynamometermountingand c_i

demounting. !

: In conclusion,thisconceptappearsto be feasibleand shouldbe

pursued to achieve a simple, efficientroom test procedure.

_.JL

liT RESEARCH INSTITUT_
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APPENDIX A: REVERBERATION ROOM DATA

Includedin this appendixare the A-weighted,room correctedsound pres-

r sure levels for all vehicles in all reverberation rooms..Thirty values serveI
to characterizea specificcombinationof vehicleconfigurationand room:

0 five runs at six microphone positions. The tables indicate five runs as a

convenience. Therewere actuallyfifteenrun-upsfor each testsequenceas

follows: Five run-ups with microphones at positions one and two, then five

more run-upswithmicrophonesat positionsthree and four,and fivefinal

0 run-ups with microphonesat positionsfive and six.

Figure A1 identified the numbers on each table. The mean and standard

deviationof the datawere calculatedacross runsand acrossmicrophoneposl-

tions, as wall as for the entire set of thirty. Additionally,at the bottom
of each tableare the averageof the means acrossbothmicrophonepositions

I runs. Notehow, themean valuesare samethe spreadof the data
and while the

i is greaterwhen,averagedacrossmicrophonepositionthanwhen averagedacross
_ run number. This is an indicationof the similarityof truckrun-upsand of

the spatialvariabilitywithinthe reverberationroom.

IFT RESEARCH INSTITUTE

Ai
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CHEUETTE, STaNDaRD, 3580 RPM (ROOM I2)

RUN NO.
1 2 3 4 5 MEAN SIG

M
I 1 98.0 98.0 100.0 99.5 99.5 99.1 0.94
C
R 2 96.S 98.S 99.5 99.5 99.5 98.8 1.30
0
P 3 100.0 99.0 100.0 101.0 100.5 100.1 0.?4
H
0 4 99.0 98.5 100.0 101.0 100.0 99.8 0.9?
N
E S 99.0 100°S 100.0 101.0 101.0 100.4 0.84

N 6 98.0 99.0 99._ 99.0 98.5 98.8 0.5?
O.

MEAN 98.6 99.0 99.8 100.2 99.9 99.6
5IG 1.20 0.86 0.28 0.93 0.88 1.es

REAN 5IG

MIKES 99.6 0.68
RUNS SS.B 0.?1

TT5 -- STOP

o

i



CHEVETTE,STANDARD,4000 RP_ (ROOM t2)

RUN HO.
I 2 3 4 5 MEAN SIG

M
I 1 102.S 102.0 100.5 102.S 102.5 102.1 0.8?
C
R 2 102.0 102.5 101.0 102.0 102.0 101.9 0.55
0
P 3 103.0 102.0 103.0 103.0 102.0 102.6 0.55
H
0 4 102.0 102.0 102.0 102.5 102.0 102.1 0.22
N
E S 102.0 102.0 102.5 103.0 102.5 102.4 0.42

N 6 102.0 102.5 102.0 102.0 102.5 102.2 0.27
O.

MEAN 102.3 102.2 101.9 102.5 102.3 102.2
SIG 0.42 0.26 0.93 0.45 0._? 0.54

MEAN $IG

MIKES 10a.2 0.26
RUNS 102.2 0.22

TT5 -- STOP



CHEVETTE, STANDARD, 4S00 RPM (ROOM t2)

RUN NO_
1 2 3 4 S MEAN 51G

M
I 1 105.S 10S.0 10S.0 10S.0 10S.0 10S.1 0.22
C
R 2 104.5 104.0 104.5 105.0 10S.0 104.6 0.42
0
P 3 105.0 105.5 105.5 106.0 106.0 105.6 0.42
H

_ 0 4 104.5 105.0 105.0 105.0 105.0 104.9 0.22
N
E S 105.0 106.0 104.0 104.5 104.5 104.9 0.76

N 6 104.5 104.5 104.0 104.5 105.0 104.5 0.38
O.

MEAN 104.8 105.0 104.? 105.0 105.1 104.9
SIG 0.41 0.71 0.61 0;55 0.4g 0.54

BEAN $IQ

MIKES 104.9 0.40
RUNS 104.9 0.17

TTS -- STOP



CHEVETTE,STAHDARD,500e RPM(ROOM_2)

RUN NO.
1 2 3 4 S MEAH SIG

M
I 1 108.5 108.S 108.0 108.0 108.0 108.2 0,27
C
R 2 107.5 108.5 108.5 109.0 108,5 108.4 0.55
0

> P 3 108.5 108.5 108.5 108.S 108.0 108.4 0.8a
H
0 4 108.0 107,0 108.0 108.5 107.S 10%8 0.5?
H
E 5 107.0 107.0 108.0 108.0 107.5 107.S 0.$0

H 6 107.0 108.0 107.5 107.8 t08.0 107.6 0.48
O.

REAN 107.8 108.0 108.1 108.3 107.9 108.0
$IG 0.69 0.74 0.38 0.58 0.38 0.55

REAN SIG

RIKE$ 108.0 0.40
RUNS 108.0 0.18

TT5 -- STOP



CHEVETTE,STANDARD,3see RPM (ROOMtS UNPAIHTED)

RUHNO.
1 2 3 4 5 MEAN SIG

M
I 1 91.0 91.S 91.0 91.5 91.5 91.3 0.27
C
R 8 98,S 98.5 93.0 93.5 94.0 93.1 0.65
0
P 3 92.6 92.S 92.0 92.0 93.0 92.4 0.42

> H
0 4 9_.S 93.8 92.5 92.0 92.0 92.4 0.42
H
E S 91.0 98.S 92.0 90.0 90.6 91.e 1.14

N 6 90.0 90.5 90.0 90.0 90.0 90.1 0.22
O.

REAN 91.? 9_.2 91.9 91.? 92.0 91.9
9IG 1.07 0.92 1.e8 1.34 1.60 1.16

MEAN $ZG

RIKES 91.9 1.10
RUNS 91.9 e.80

TT5 -- STOP



CHEVETTE, STANDARD.4000 RPM (ROOM;5 UNPAINTED)

RUHHO_
1 2 3 4 5 MEANSIG

M
I 1 94.0 95.0 94.S 95.0 94.0 94.5 0.S0
C
R 2 95.0 95.0 95.S 94.5 94.5 94.9 0.42
0
P 3 95.0 9S.0 95.0 94.0 9S.0 94.8 0.45
H

> 0 4 94.0 94.0 94.0 94.0 94.0 94.0 0.00
H
E 5 93.0 93.0 93.0 94.0 94.0 93.4 0.55

H 6 92.0 92.5 92.5 92.5 93.0 92.5 0.35
O.

RERN 94.0 94.2 94.2 94.1 94.1 94.1
SIG 1.1? 1.11 1.16 0.84 0.66 0.94

REAH SIG

nllCE5 94.1 0.93
RUM 94.1 0.11

1'1'5 -- STOP



CHEUETTE,STANDARD,458e RPM(ROOM_5 U'tmAINTED}

RUN NO;
i 2 3 4 S MEAN 51G

M
I i 95.e 95.5 95.5 9S.O 95.5 95.3 e.27
C
R 2 96.5 97.e 96.5 9?.5 97.e 96.9 e.4_
0
P 3 9?.5 97.e 96.5 9?.5 97.e 97.1 e.42

> H
0 4 96.e 96.e 96.e 96.e 96.e 96.e e.ee
N
E 5 96.e 96.e 96.e 96.e 95.5 95.9 e.22

N 6 94.5 96.e 95.e 94.5 95.e 95.e e.61
o.

MEAN 96.e 96.3 95.9 96.2 96.1 96.1
SlG 1.e7 e.61 e.58 1._4 e.84 e.85

MEAN 5IG

MIKES 95.1 e.84
RUH6 96.1 8.14

TT5 -- STOP



CHEUETTE, $TAHDARD, See@ RPM (ROOM _5 UNPAINTED)

RUN _0.-
i 2 3 4 S _ERN SIG

M
I 1 9?.e 98.8 97.6 97.5 9?.5 97.4 8.46
C
R 2 99.6 99.5 lee.e lee.e 99.5 99.6 6.42
0
P 3 99.6 99.S 99.5 99.6 99.5 99.3 e.27

= H
0 4 99.6 99.5 98.5 99.6 99.6 99.6 6.35
M
E S 98.e 98.5 92.5 99.6 99.6 98.6 6.4_

N 6 98.6 98.e 98.e 97.5 99.6 9?.9 6.2_
O.

MEAH 98.4 98.9 92.? 98.8 98.8 98.?
SIG 6.82 e.75 1.e? e.98 e.8E e.8S

MEAN SIG

MIKES 98.? e.s4
RUltS 98.? e.18

1"r5 -- STOP



TT5 -- _T,_P
i >

CHEUETTE,HIGH ENGIHENOISE,- 3S00 RPM(ROOM42)

RUN NO.
I 2 3 4 S flEAN SlG

I 1 104.0 107.0 106.5 107.0 107.0 106.4 1.30
O
R 2 106.0 108.0 107.5 108.0 108.0 107.4 1.30
0
P 3 106.0 106.0 106.0 106.0 106.5 i06.1 0.22

> H
0 4 107.0 107.5 107.S 108.0 107.S 107.S 0.35
N
E S 105.0 105.0 105.0 105.5 105.0 105.1 0.22

N 6 105.6 105.5 105.0 106.0 106.0 105.6 0.42
O.

MEAN 105.S 106.6 106.4 106.9 106.8 106.5
SIG 1.02 1.18 1.13 1.02 1.08 1.13

MERH SIG

RIKES 106.S 0.97
RUNS 106.5 0.54



CHEUETTE,HIGH ENGINE NOISE, 4000 RPM (ROOM _2)

RUN NO,
1 2 3 4 S MEANSIG

M
I 1 108.S 108.0 108.5 108.0 108.0 108.2 0,2?

R 2 108,0 108.0 108.5 108.0 108.0 10B.1 0.22
0
P 3 109,0 108.0 108.0 108.0 108.0 10S.2 0.45
H
0 4 10g.0 10g.0 108.0 10g.0 108.5 108.? 0.45
N
E 5 108.0 108.0 108.0 10S.0 107.5 107.9 0.22

N 6 106.0 107.0 108.0 107.0 108.0 107.3 0.84
O.

MERM 108.2 108.0 108.2 108.0 108.0 108.1
5IG 1.11 0.63 0.26 0.63 0.32 0.62

_ERN SIG

RIgE$ t08.1 0.48
RUNS 108.1 0.0S

?T5 -- STOP



OHEVETTE, HIGH ENGINE NOISE, 4S00 RPM (ROOM t2)

RUN NO.
1 2 3 4 S MEAN SIG

M
I 1 110.5 110.0 110._ 110.S 110.S 110.4 0.22
C
R 2 111.0 111.5 111.5 112.0 112.0 111.6 0.42
0
P 3 111.0 111.0 111.0 110.0 110.S 110.? 0.45
H
0 4 110.0 110.5 109.0 109.5 110.0 109.8 0.57
N
E 5 110.0 110.0 110.0 110.0 110.0 110.0 0.00

N 6 110.0 110.S 110.5 110.5 110.0 110.3 0._?
O.

MERN 110.4 110.6 110.5 110.5 110.6 110.5
5IG 0.49 0.58 0.86 0.86 0.77 0.68

MEAN SIG

MIKES 110.5 0.64
RUNS 110.5 0.0?

TT5 -- STOP



CHEVETTE, HIGH ENGINE NOISE, 5000 RPM (ROOM t_)

RUN NO_
1 2 3 4 5 MERN SlG

N
I 1 112.0 112.0 112.0 112.0 112.0 112.0 0.00
¢
R 2 113.0 112.0 112.0 112.5 113.0 112.S 0.50
0
P 3 114.0 113.5 113.5 113.0 114.0 113.6 0.42
H
0 4 114.0 114.0 114.0 112.0 113.0 113.5 0.89
M
E 5 112.0 112.0 112.5 112.0 112.5 112.2 0.2?

N 6 113.0 113.0 113.0 113.0 113.0 113.0 0.00
O.

MERN 113.1 112.8 112.9 112.4 113.0 112.2
SIG 0.89 0.88 0.22 0.49 0.66 0.74

RERN SIG

MIKES 112.8 0.67
RUNS 112.8 0.23

11'5 -- STOP



"-! , _ _" _ t', 1_'_ r'_ i_

CHEUETTE, HIGH ENGINE NOISE, 35e8 RPM (ROOM t5 UHPAIHTED)

RUN NO."
1 2 3 4 5 MEAN SIG

M
I I 9g.e 99.5 99.5 99.e g9.e 99.2 e.27
C
R 2 97.e 98.e 96.5 g8.e 97.e 97.3 e.6?
0
P 3 99.e 99.0 99.5 99.e 99.5 99.2 0.2?
H

E 0 4 96.s 97.e 96.s 97.0 97._ 96.8 0.2_
N
E S 97.5 9?.e 96.5 97.5 97.e 97.1 0.42

N 6 96.e 96.5 96.e 95.5 96.@ 95.8 e.5?
O.

RERH 9?.? 98.e 97.7 9%8 9?.7 9?.6
SIG t.a6 1.al 1.63 1.33 1.63 1.33

NEAN SIG

RIKE$ 9?.8 1.36
RUNS 97.8 e.14

TT5 -- STOP



CHEVETTE, HIGH ENGINE NOISE, 4000 RPM (ROOM _5 UNPAINTED)

RUN NO..
1 2 3 4 S MEAN SIG

M
I 1 99.0 99.5 99.S 99.S 99.S 99.4 0.22
C
R a 100.0 100.0 100.0 99.5 100.0 99.9 0.22
0
P 3 100.0 100.0 100.0 100.0 100.0 100.0 0.00
H
0 4 99.5 100.0 99.0 99.0 g9.5 99.4 0.42
N
E 5 99.0 100.0 100.0 100.0 99.0 99.6 0.55

N 6 98.0 98.5 98.5 98.5 98.S 98.4 e._a
O.

REAM 99.3 99.? 99.5 99.4 99.4 99.S
Sle 0.?6 0.61 0.63 0.58 0.58 0.61

MERN 9IG

MIKES 99.5 0.5?
RUNS 99.6 0.15

TT9 -- STOP



OHEUETTE, HIGH ENGINE NOISE, 4B00 RPM (ROOM ;5 UNPAINTED_

RUN NO."
1 2 3 4 S MEAN SIG

M
I 1 102.0 102.0 102.0 103.0 102.0 102.2 0.4S
O
R 2 103.0 102.B 101.0 104.0 103.0 102.8 1.10
0
P 3 102.0 103.0 102.5 102.S 102.0 102.4 0.42
H
0 4 103.0 104.0 104.0 102.5 103.5 103.4 O.GS
N
E S 102.0 102.5 102.0 101.0 102.0 101.9 0.55

N 6 101.0 101.0 101.0 101.0 101.0 101.0 0.00
O.

_ERN 102.2 102.6 102.2 102.5 102.3 102.4
SIG O.?S 1.00 1.tl 1.1? 0.88 0.94

MERM SIG

MIKES 102.4 0.82
RUNS 10_.4 0.1?

TT5 -- STOP



CHEUETTE, HIGH EHGIHE HOISE, 5000 RPM (ROOMtS UNPAIHTED)

RUH HO_
1 2 3 4 S _EAH SIG

M
I 1 105.0 104.5 104.5 104.0 105.0 104.6 0.42
C
R 2 104.5 104.0 104.0 104.0 104.0 104.1 0.22
0
P 3 103.0 102.5 104.5 104.0 105.0 103.9 1.04

> H
0 4 104.5 106.0 106.0 106.0 106.0 105.5 0.?1
H
E 5 104.0 104.0 104.5 104.0 105.0 104.3 0.45

H 6 108.5 103.0 103.0 103.5 103.0 103.0 0.35
O.

RERN 104.0 103.9 104.5 104.3 104.8 104.3
SIG 0.9? 0.93 0.9? 0.88 1.03 0.94

REAN SIG

RIKES 104.3 0.84
RUNS 104.3 0.35

TT5 -- STOP



CHEUETTE, HIQH EXHAUST, 3SOQ RPM (ROOM _Z

RUN NO_
I 2 3 4 S MEAN SIG

M
I I 111.0 111.0 110.0 111.S 110.0 110.7 0.67
0
R 2 112.5 112.5 112.S 112.S 112.B 112.5 0.00
0
P 3 110.0 110.0 110.0 110.0 110.0 110.0 0.00
H
0 4 110.0 111.0 111.0 111.0 110.S 110.? 0.45
H
E 5 110.5 111.0 111.0 110.0 111.0 110.? 0.45

H 6 110.0 110.0 110,0 110.0 110.0 110.0 0.00
O.

MEAN 110.8 111.0 110.8 110.9 110.8 110.9
SIG 0.98 0.92 0.99 1.03 0.98 0.92

MEAN $IG

MIKES 110.9 0.92
RUNS 110.9 0.10

TTS -- STOP



CHEUETTE, HIGH EXHAUST, 4000 RPM (ROOM t2

RUN NO.-
1 2 3 4 5 MERN 5IG

M
I 1 110.0 110.0 110.0 110.0 110.0 110.0 0.00
0
R 2 114.0 113.0 113.0 113.0 113.0 113.2 0.45
0
P 3 110.6 110.6 111.0 110.S 110.5 110.6 0.22
H
04 112.5 112.5 112.5 112.5 112.5 112.5 0.00
N
E 5 113.0 113.0 113.0 113.0 113.0 113.0 0.00

N 5 111.0 111.5 111.0 112.0 111.0 111.3 0.45
O.

MEAN 112.1 111.9 111.9 112.0 111.8 111.9
SIG 1.57 1.29 1.25 1.29 1.33 1.26

MEAN SIG

MIKES 111.9 1.33
RUNS 111.9 0.08

TTS -- STOP



CHEUETTE, HIGH EXHAUST, 4S00 RPM (ROOM12

RUN NO."
1 2 3 4 S MEAN SIG

M
I 1 114.0 114.0 t14.0 114.0 114.0 114.0 0.00
C
R 2 112.5 112.0 112.5 112.5 112.5 112.4 0.22
0
P 3 112.S 112.5 113.0 112.5 113.0 112.? 0.27
H
0 4 112.0 112.0 112.0 112.0 112.0 112.0 0.00
N
E 5 113.0 113.5 113.5 1t3.5 113.5 113.4 0.22

N 6 111.0 112.0 112.0 112o0 112.0 t11.8 0.45
O.

BERN 112.6 112.? 112.9 112.8 112.9 112.8
5IG 1.00 0.88 0.82 0.22 0.82 0.82

BERN SIG

BIKES 112.8 0.84
RUNS 112.8 0.12

TT5 -- STOP



CHEUETTE, HIGH EXHAUST, 5eee RPM (ROOM _2)

RUN MO.
I 2 3 4 5 MEAN SIG

M
I I 114.5 114.S 114.S 114.0 114.0 114.3 e.27
0
R 2 113.0 113.0 113.0 113.0 113.0 113.0 0,00
0
P 3 113.0 113.0 11a.5 113.0 113.0 112.9 0.22

> H
0 4 112.5 112,5 112.0 112.0 112.0 112.2 0.2?
M
E 5 114.0 114.0 114.0 114.0 114.0 114.0 0.00

N 6 113.0 113,0 113.0 113.0 114.0 113.2 0.45
O.

MERN 113.4 113.4 113.3 113.2 113.4 113.3
SIG 0.75 0.75 0.93 0.75 0.82 0.?S

MEAN SIG

MIKES 113.3 0.7?
RUMS 113.3 0.08

TT5 -- STOP



_ _ I"_ Ch ,_ C" _*-

CHEUETTE, HIGH EXHAUST, 3500 RPM (ROOM 15, UNPAINTED)

RUN NO;
I 2 3 4 S MEAN SIG

M
I 1 104.0 103.0 104.0 103.0 103.5 103.5 0.$0
C
R 2 103.0 103.0 10_.5 102.5 103.0 102.B 0.27
0
P 3 103.0 103.0 103.0 103.0 103.5 103.1 0.22
H

_ 0 4 102.5 102.0 10_.0 102.0 102.0 102.1 0.22
N
E 5 i04.5 104.5 104.5 104.0 105.0 104.5 0.35

N 6 104.0 104.0 104.0 104.0 104.0 104.0 0.00
0.

MERM 103.6 103.3 103.4 103.1 103.6 103.4
5IG 0.?? 0.88 0.98 0.80 1.00 0.84

MERN SIG

MIKES 103.4 0.86
RUMS 103.4 0.18

TT5 -- STOP



CHEUETTE,HIGH EXHAUST, 4000 RPM (ROOM _S, UNPRIHTED)

RUNNO.
1 2 3 4 5 MEAN SIG

R
I 1 104.9 104.0 104.0 103.5 103.5 103.8 0.27
C
R 2 104.0 104.5 104.5 104.5 105.0 104.5 0.35
0
P 3 103.0 103.5 103.5 103.5 104.0 103.5 0.35
H
0 4 104.0 104.0 104.0 104.5 104.0 104.1 0.22
N
E 5 108.0 108.0 107.5 107.5 107.5 107.? 0.27

N 6 106.0 106.0 106.0 106.0 106.0 105.0 0.00
O.

MEAN 106.2 105.3 105.2 105.2 105.2 105.2
5IG 1.83 1.?0 1.53 1.56 1.52 1.52

MEAN 5IG

MIKES 106.2 1.61
RUNS 105.2 0.06

TT$ --- STOP



CHEUETTE,HIGH EXHAUST,4S00 RPM (ROOM_S, U_P_INTED)

RUN NO;
1 2 3 4 5 MEAN S!G

M
I 1 106.5 107.5 10?.0 107.0 107.S 107.1 0.42
C
R 2 107.0 106.5 10?.5 107.0 107.S 107.1 0.42
O
P 3 107.0 107.5 107.0 10?.S 107.0 107.2 0.27
H
0 4 105.5 105.5 105.5 106.0 105.5 105.6 0.22
N
E 5 108.5 108.5 108.0 108.5 108.5 108.4 0.22

N 6 108.0 108.0 108.0 108.0 108.5 108.1 0.22
O.

MERN 107.2 107.4 107._ 107.4 107.5 107.3
5IG 1.07 1.08 0.93 0.88 1.11 0.95

_ERH SIG

MIKES 10?.3 0.98
RUH5 10?.3 0.13

TT5 -- 570P



CHEVETTE, HIGH EXHAUST, 5000 RPM (ROOM ;S, UMPAINTED)

RUN NO.-
I 2 3 4 5 MEAM 51G

M
I 1 107.0 107.0 107.5 107.5 107.5 107.3 0.2?
¢
R 2 187.0 107.0 107.0 107.0 107.5 107.1 0.22
0

> P 3 107.0 107.0 107.0 107.5 107.0 107.1 0.22
H
0 4 106.0 106.0 106.0 106.0 106.5 106.1 0.22
N
E 5 108.5 109.0 108.5 108.0 108.5 108.5 0.35

N 6 107.5 108.0 108.5 108.5 108.0 108.1 0.42
O.

MEAN 107.2 107.4 107.5 107.5 107.5 107.4
SIG 0.82 1.03 0.97 0.86 0.71 0.83

MEAN SIG

MIKE5 10?.4 0.85
RUNS 107.4 0.12

TTS -- STOP



CHEUETTE, aUIET , 3S00 RPM (RO0_ t2)

RUNNO.
I 2 3 # 5 MEAN SIG

R
I 1 97.0 98.0 98.5 98.0 97.5 97.8 0.57
C
R 2 99.8 100.0 100.0 99.0 100.0 99.6 0.55
0
P 3 99.0 98.5 98.0 98.5 99.0 98.6 0.42
H
0 4 100.0 98.5 99.0 100.0 100.0 99.S 0.71
N
E S 98.S 98.0 98.0 98.0 98.0 98.1 0.22

N 6 98.0 98.S 98._ 98.0 98.0 98.2 0.27
O.

RERN 98.? 98.6 98.? 98,6 98.9 98.?
SIG 1.02 0.74 0.7S 0.80 1.08 0.83

REAN SIG

RIKES 98.? 0.76
RUNS 98.7 0.09

TTS -- STOP



CHEUETTE. QUIET , 400o RPM ROOM _21

RUM NO,
I 2 3 4 _ MEAN SIG

M
I 1 100.0 101.5 100.5 101.S 101.0 100.9 0.6_
C
R 8 101.0 101.0 101.5 101.0 101.0 101.1 0.22
0
P 3 100.5 100.5 101.0 101.0 100.5 100.? 0.27
H
0 4 108.0 108.0 102.0 101.5 108.0 101.9 0.28
N
E S 101.0 101.5 101.5 101.5 101.5 101.4 0.22

N S 108.0 102.0 102.0 102.0 101.5 101.9 e.82
O.

MERN 101.1 101.4 101.4 101.4 101.3 101.4
SIG 0.80 0.S8 0.S8 0.38 0.5a 0.$0

MEAN SIG

MIKES 101.4 0.S0
RUNS 101,4 0.13

TT5 -- STOP



CHEVETTE, OUIET 4500 RPM (ROOM _2)

RUM NO;
1 2 3 4 S MERN 5IG

M
I 1 104.0 104.5 104.5 104.0 104.5 104.3 0.27
C
R 2 104.0 104.5 104.0 104.0 104.S 104.2 0.27
0
P 3 103.0 103.0 103.0 103.5 103.5 103.2 0.2?
H
0 4 104.0 103.5 104.0 102.5 104.0 103.6 0.65
H
E 6 102.5 102.0 102.5 103.5 103.0 102.? 0.S?

M 6 103.0 104.0 103.0 103.0 103.0 103.2 0.46
O.

RERH 103.6 103.7 103.6 103.4 103.8 103.6
SIG 0.66 0.97 0.?? 0.58 0.69 0.71

RERN $IG

RIKES 103.6 0.62
RUH5 103.6 0.15

TT5 -- STOP



CHEVETTE, QUIET 5000 RPM (ROOM t2)

RUN NO.-
1 2 3 4 S MEAN SIG

I 1 106.0 106.5 106.0 106.0 106.6 105.8 0.27
C
R 2 107.S 107.5 106.0 107.0 107.0 107.4 0.42
0
P 3 107.5 108.0 106.6 107.0 107.5 107.2 0.96
H

_ 0 4 10?.0 106.6 106.6 106.0 106.0 108.4 0.42
N
E 6 104.S 106.0 106.0 106.0 105.0 106.3 0.67

rt 6 105.0 106.0 106.0 106.0 106.0 106.8 0.46
O.

_ENI 106.4 106.5 106.4 106.,I 106.3 t06.4
SIG 1.29 1.16 0.88 0.62 0.93 0.92

MEAM SIG

MIKES 106.4 0.83
RUHS 106.4 0.10

TT5 -- STOP



_HEJETTE, QUIET 3500 RPM {ROOM;5 UNPAINTED)

RUN MO:
I 2 3 4 5 MEAN 51Q

M
I I 89.0 90.0 90.0 90.0 90.0 89.8 0.45
C
R 2 89.0 89.0 89.0 89.0 89.0 89.0 0.00
0
P 3 89.0 89.0 89.0 90.0 90.0 89.4 0.55
H
0 4 91.0 90.0 99.0 90.0 89.5 90.1 0.55

E 5 90.5 90.5 9e.e 90.0 90.5 90.3 0.27

H 8 88.5 89.5 89.0 89.0 89.e 89.0 0.35
o.

MEAN 89.6 89.? 89.5 89.7 89.7 89.6
SlG 1.00 0.61 0.95 0.52 0.61 0.64

MEAN SIG

MIKES 89.6 0.56
RUNS 89.6 0.08

T¥5 -- STOP



CHEUETTE, QUIET #bee RPM (ROOM t5 UNPAINTED

RUN NO,
I 2 3 4 5 MEAN SIG

M
I 1 91.0 91.0 91.0 92.0 91.5 ' 91.3 0.45
C
R 2 93.0 92.5 93.5 93.5 93.5 93.2 0.4S
0
P 3 93.0 93.0 93.0 93.0 93.0 93.0 0.00
H
0 4 93.0 93.0 93.0 92.5 93.0 92.9 0.22

° N
E 5 91.0 92.0 92.5 91.0 9@.5 91.5 0.82

N 6 92.0 9a.0 92.0 9_.0 92.0 92.0 0.00
O.

MEAN 92.3 92.3 92.6 92.4 9_.4 92.4
SIG e.98 0.76 0.89 0.88 1.13 0.88

RERN SIG

MIKES 9_.4 0.83
RUNS 92.4 0.1a

TTS -- STOP



CHEUETTE, QUIET 4508 RPM (ROOM_5 UNPAINTED)

RUN NO.
1 2 3 4 S MEAN SIG

PI
I 1 94.5 94.e 95.e 9S.e 94.e 94.5 @.Se
C
R _ gS.8 9S.S 96.8 9S.e gs.e 9S.S e.SO
0
P 3 9$.8 96.0 96.5 96.e 96.5 96.0 e.61
H

>_ 0 4 95.8 95.e 94.0 94.5 95.e g4.? 0.45
N
E S 99.8 gs.s g6.e gS.e 96.e 9S.S 0.90

N 6 99.0 94.5 94.e 94.5 95.8 94.8 0.42
O.

flERN 94 • 9 95 • 1 95 •4 95 •0 99 •5 99 •
SIe 8.a0 8.74 1.88 8.SS e.g2 6.?3

NEAN 9ZG

RZKES 95,2 8.62
RUNS 95.2 8.24

TT5 -- STOP



CHEUETTE,QUIET 5000 RPM qOSMIS UNPAINTEDJ

RUN NO.
I 2 3 4 S MEAN SIG

M
I I 99.0 98.0 99.0 98.0 98.0 98.2 0.4S
C
R 2 99.0 99.0 99.0 99.0 99.0 99.0 e.ee
0
P 3 99.5 99.0 96.0 96.5 96.0 96.6 0.65
H
0 4 98.0 97.5 97.0 97.0 97.5 97.4 0.42
N
E S 96.5 97.0 96;5 97.0 97.0 96.8 0.27

R 6 96.0 96.0 95.0 95.5 96.0 95.? 0.49
O.

RERN 9?.8 97.5 9?.1 9?.3 97.4 97.4
SIG 1,25 1,02 1.43 1.E1 1.1? 1.16

RERM SIG

MIKES 9?.4 1.18
RUNS 9?.4 e._6

TT5 -- STOP



CHEUETTE, REDUCEDPOWER 3500 RPM 'ROOM t2)

RUN NO."
1 2 3 4 S MEAN SIG

M
I 1 97.S 98.e 98.S 97.5 97,0 97.? 0.$7
¢
R 2 96.0 97.0 97.0 97.0 9?.0 96.8 0.45
0
P 3 98.0 98.0 98.0 98.0 97.5 97.9 0.22
H
0 4 9?.e 9?.9 97.e 9?,5 9?.8 9?.1 e.22
N
E 5 96.S 9?.0 97.0 96,5 96.5 96.? 0.2?

N 6 96.5 96.0 96.0 96,0 96.0 96.1 0.22
O.

MERN 97.0 9?. 2 9?. 3 97.1 96.9 97.1
SIG 0.?4 O.?S 0.88 0.74 0.52 O.?O

RERN SIG

MIKES 9?.1 8.6?
RUNS 9?.1 0.19

TTS -- STOP



CHEVETTE,REDUCEDPOWER 4$@@RPM(ROOM_2

RUNNO.-
1 2 3 4 S MEAN SIG

I 1 99.0 100.0 100.0 99.0 100.0 99.6 0.55
C
R 2 100.0 99.S 99.5 99.0 99.9 99.S 0.3S
0
P 3 100.0 100.0 100.0 100.0 100.0 100.0 0.00
H

> 0 4 99.0 99.0 99.0 100.0 99.9 99.3 0.49
N
E 5 100.0 100.0 100.0 100.0 99.0 99.8 0.45

H 6 99.5 99.0 99.S 99.0 99.0 99.2 0.27
O.

RERN 99.6 99.6 99.? 99.5 99.S 99.6
SlG 0.49 0.49 0.41 0.95 0.45 0.45

RERN SlG

RIKE$ 99.6 0.30
RUNS 99.6 0.06

TT5 -- STOP



CHEUETTE,REDUCEDPOllER 4500 RPm(ROOM¢2)

RUMNO°
1 2 3 4 _ MERM SlG

M
I 1 102,0 102.0 102.0 102.0 102.0 102.0 0.00
O
R 2 102.0 102.0 102.0 102.0 102.0 102.0 0.00
0
P 3 102.0 102.0 103.0 102.0 102.0 102.2 0.46
H

> 0 4 101.0 101,S 102,0 10t.5 101.5 101.5 0.35
H
E 5 102.5 102.0 102.5 102.5 103.0 102.5 0.35

H 6 102.0 102.5 102.0 102.0 101.0 101.9 0.55
O.

MERH 101.9 102.0 102.3 102.0 102.0 102.0
5IG 0.49 0.32 0.42 0.32 0.66 0.45

RERN SIG

MIKES 102.0 0.33
RUNS 102.0 0.14

TTS -- STOP



CHEUETTE,REDUCEDPOWER SeOe RPM(ROOM_2)

RUN NO.
1 2 3 4 S MEAN SIa

I 1 104.5 104.S 10S.0 104.S 104.S 104.6 0.22
C
R a 104.9 104.5 106.0 10S.0 10S.0 10S.0 0.61
O
P 3 106.0 106.0 105.0 105.0 106.0 105.8 0.45
H

> 0 4 105.0 104.0 105.0 104.5 104.0 104.5 0.50
N
E S 104.0 104.5 104.0 104.5 104.0 104.2 0.27

N 6 104.9 105.0 104.5 104.0 105.0 104.5 0.42
O.

MEAN 104.8 104.8 105.1 104.6 104.8 104.8
5IG 0.69 0.59 0.80 0.38 0.76 0.65

MEAN SIG

MIKES 104.8 0.56
RUNS 104.8 0.20

T'r5 -- STOP



CHEUETTE,REDUCEDPOWER 3See RPM(ROOM_S UHPAIHTED)

RUNNO."
1 2 3 4 S MERN SIG

M
I i 89.5 89.g 88.5 89.0 89.0 89.0 e.3S
C
R 8 89.e 98.8 89.e 9O.e 9e.e 89.6 e.ss
0
P 3 98.0 9e.e 98.5 98.5 96.5 96.3 6.27
H
0 4 ge.o 89.5 8g.e 8g.e 8g.e 8g.3 e.45
ff
E 5 ge.e 9e.e 9e.e 9e.e 9e.e 9e.e e.ee

N s 88.e 28.e 28.e 22.e 82.e 88.e e.ee
O.

nEAN 29.5 29.5 89.3 29.5 89.5 29°4
SIQ e.SO e.so e.93 e.92 e.9_ e.2_

MEAN SIG

MIKES 89.4 e.B_
RUNS 89.4 @.le

TTS -- STOP



CHEUETTE,REDUCEDPOWER 4000 RPM(ROOMt5 UHPAIHTED)

RUH NO..
1 2 3 4 5 MEAN SIG

M
I 1 90.5 90.5 90.5 92.6 92.0 91.3 0.97
C
R a 90.5 91.5 91.0 92.5 92.0 91.6 0.79
0
P 3 92.0 91.0 91.0 92.e 92.0 91.6 0.55

> H
0 4 91.5 90.5 91.0 91.0 91.5 91.1 0.42
N
E 5 91.0 91.0 92.0 91.0 91.5 91.3 0.45

H 6 90.5 90.0 90.0 90.0 90.0 90.1 0.22
o.

REAN 91.0 90.8 91.0 91.6 91.6 91.2
SIG 0.63 e.s2 0.66 1.00 0.?? 0.75

MEAN SIO

RZKES 91.2 0.55
RUNS 91.2 6.37

TT5 -- STOP



CHEUETTE, REDUCED POWER 4500 RPM (ROOM $5 UNPAINTED)

RUN NO :
1 2 3 4 S MEAN SIG

M
I 1 95.0 94.9 94.S 94.0 95.0 94.6 0.42
C
R 2 94.0 94.0 94.0 94.5 94.0 94.1 0.22
0
P 3 94.9 94.9 99.0 94,S 95.8 94.7 0.2?
H

> 0 4 94.0 94.8 93.0 94.0 94.0 93.8 0.49
'= N

E S 9S.e 9s.e 95.e 94.s 93.0 94.8 0.8?

II 8 92.5 93.0 93.0 93.0 93.0 92.9 0.22
O.

MEAN 94.2 94.2 94.2 94.1 94.1 94.2
SIG 0.93 e.SS 0.92 0.S8 e.89 O.?S

RERM SIG

RIKES 94.2 0.S9
RUNS 94.2 0.0?

TT5 -- STOP



CHEUETTE, REDUCED POWER Se00 RPM (_OOM t5 UHPAIHTED)

RUH HO.
I 2 3 4 5 REAM 516

M
I 1 96.0 96.S 9S.0 99.0 96.0 95.7 0.67
C
R 2 96.5 96.6 97.$ 96.$ 96.e 96.4 $.42
0
P 3 96.$ 97.e 96.5 97.e 96.e 97.e e.74
H
0 4 9?.6 97.6 96.6 95.6 96.6 96.3 6.84
N
E 9 94.5 96.5 96.0 96.e 95.0 95.7 6.8_

H 6 96.0 94.5 94.0 94.5 94.5 94;6 O.3S
O.

MERN 96.3 96.4 96.9 96.7 95.6 96.$
6IG 1.a9 6.93 1.68 e.9a e.66 e.98

REAN 6IG

RIKES 96.e e.84
RUNS 9G.¢ e.37

TTS -- STOP
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CHEUETTE,STANDARD,3see RPM (ROOM15 PAINTED)

RUNNO.
1 2 3 4 5 MEAN SlG

m
I I 92.e 92.@ 92.@ 92.5 92.5 92.2 e.2?
C
R 2 94.e 94.e 93.5 9#.5 94.5 94.1 e.42
0
P 3 g3.e 92.5 92.5 93.e 92.5 92.7 e.2?
H

> 0 4 94.e 94.e 94.6 94.e 94.e 94.8 e.eo
N
E 5 92.6 93.e 93.6 92.e 92.5 92.5 e,se

N S gE.S 9O.S 92.5 92.e 91.5 91.9 0.84
O.

flEAN 93.e 92.8 93.0 93.1 93.e 93.e
SZG e.92 1.33 e.?4 1.e5 1.11 e.98

REAN SIe

RIKES 93.e e.94
RUHS 93.e e.ll

TTS -- STOP



CHEUETTE, STANDARD,4000 RPM (ROOM $5 PAINTED)

RUN NO.
I 2 3 4 5 MEAN $1G

M
I i 94.5 94.e g4.S 94.S 95.e 94.S e.3S
C
R 2 9S.e 96.0 96.0 95.5 gs.e 9S.S e.SO
0
P 3 95.e 9S.5 9S.5 96.e 9S.e 9S.4 e.42
H

>_ 0 4 96.5 96.5 96.0 96.0 9S.e 96.e 0.61
N
E 5 94.5 94.5 94.5 95.e 95.e 94.7 e.a?

N 6 9S.0 94.e 94.9 94.e 95.e 94.5 e.se
O.

MEAN 95.1 9S._ 9S.a 9S.a 9s.e 9s.2
$IG e.74 1.e? e.?5 e.8_ 0.e0 e.71

MEAN SZG

MIKES 9_._ e.63
RUNS 99._ e.le

'l"r5 -- STOP



,_; _ :'_ t-_ ,_ ; • ,_ -, r_ f,

CHEUETTE, STANDARD, 450_ RPM (ROOM ;5 PAINTED)

RUN NO.
1 2 3 4 5 MEAN 5IG

M
I 1 96.e 97.e 96.5 96.e 96.5 96.4 0.42
C
R _ 98.0 98.0 98.e 98.e 9B.5 98.1 e.22
0
P 3 99.0 98.5 98.5 99.0 98.0 98.6 0.42
H
0 4 97.5 98.5 97.5 98.0 98.0 97.9 e.42
N
E 5 97.0 97.e 97.e 97.0 97.0 97.e e.ee

N 6 98.e 97.e 97.5 97.5 97.5 97.5 0.35
o.

MEAN 97.7 97.7 97.5 97.7 97.6 97.7
SIG 1.02 O.TS 0.71 1.02 8.74 e,So

nEAN 9IG

MIKES 9?.7 0.?9
RUNS 97.7 e.eS

TTS -- STOP



CHEUETTE,STANDARD,5000 RPM(ROOMtS PAIHTED)

RUNNO.-
1 2 3 4 S _EAN $IG

M
I 1 100.0 100.0 100.0 100.0 100.0 100.0 0.00
C
R 2 100.5 100.5 101.0 100.5 101.0 100.? 0.2?
0
P 3 100.0 100.0 100.0 100.0 100.0 100.0 0.00
H
0 4 100.5 100.0 101.0 100.5 101.0 100.6 0.42
N
E 5 99.0 99.0 99.0 99.S 99.0 99.1 0.22

N 6 100.0 100.0 100.0 100.0 100.0 100.0 0.00
0.

MEAN 100.0 99.9 100.2 100.1 100.2 100.1
SIG 0.55 0.49 0.75 0.38 0.75 0.5?

MEAN SIG

MIKES 100.1 0.5?
RUNS 100.1 0,11

TT5 -- STOP



OHEUETTE_ HIGH ENGINE NOISE, 3S00 RPM (ROOM _S PAINTED)

RUN NO.
1 2 3 4 S MEAN SIG

m
I 1 100.0 99.S 99.S 100.0 100.0 99.8 0.2?
¢
R 2 100.0 99.0 100.0 100.0 100.0 99.8 0.45
0
P 3 101.0 101.0 101.0 101.S 101.0 101.1 0.22
H
0 4 99.0 99.0 100.0 99.5 100.0 99.5 0.50
N
E S 99.0 99.5 100.0 99.5 100.0 99.6 0.42

H 6 100.0 100.5 100.0 100.0 100.0 100.1 0._
O.

MERM 99.9 99.8 100.1 100.1 100.2 100.0
SIQ 0.?5 0,B2 0.49 0.?4 0.41 0.64

RERM SlG

MIKES 100.0 0.58
RUNS 100.0 0.16

TT5 -- STOP



CHEUETTE, HIGH ENGINENOISE, 4_00 RP_ (ROOM t5 PAINTED)

RUM NO.
1 2 3 4 S MERM SIG

M
I 1 101.0 101.0 101.0 101.0 101.0 101.0 0.00
C
R 2 102.0 102.0 102.0 102.0 102.0 102.0 0.00
0
P 3 102.5 103.0 103.0 104.0 103.0 103.1 0.55
H

> 0 4 102.0 102.5 102.0 102.0 102.0 102.1 0.22
N

E 5 102.0 101.5 102,0 102.0 104.0 102.4 0.97

N 6 102.0 101.0 101.0 101.0 103.0 101.? 0.89
O.

MEAN 101.9 101.9 101.9 102.1 102.6 102.1
SIG 0.49 0.8_ 0.75 1.10 1.05 0.89

MEAN SIG

MIKES 102.1 0.71
RUNS 102.1 0.30

TT5 -- STOP



_ _ C_ , 4 • ._

CHEUETTE, HIGH ENGIHE NOISE, 4500 RPM (ROOM _S PAINTED)

RUN NO:
i 2 3 4 S MEAN SIG

M
I 1 104.0 104.S 104.5 104.5 105.0 104.5 0.35
C
R 2 104.0 104.0 104.0 104.0 104.S 104.1 0.22
0
P 3 103.0 104.0 104.0 103.0 104.0 103.6 O.SS
H
0 4 104.0 104.0 104.0 103.5 103.S 103.8 0.27
N
E 5 103.0 103.5 103.0 104.0 103.5 103.4 0.42

H 6 104.0 104.0 103.0 10_.5 103.0 103.3 0,67
O.

MERM 103.? 104.0 103.8 103.6 104.0 103.8
SIG 0.52 0.32 0.61 0.74 0.?4 0.58

MEAN $IG

MIKES 103.8 0.44
RUNS 103.6 0.1?

TT5 -- STOP



CHEUETTE, HIGH ENGINE NOISE, 5eeO RPM i_OOM tS PAINTED)

RUN NO_
1 2 3 4 S MEAN SIG

M
I 1 107.0 106.0 106.5 10?.0 106.B 106.6 0.42
C
R 2 107,0 107.0 108.0 107.0 107.0 107.2 0.45
0
P 3 107.0 107.0 107,0 108,0 107.0 107.2 0.45
H
0 4 108.0 107.6 107.0 107.5 107.0 107.4 0.42

E S 106.0 106.0 106.0 107.0 106.0 106.2 0.45

N 6 106.0 106.0 106.0 105.0 106.0 105.8 0.45
O.

BEAN 106.9 106.6 106.8 107.0 106.6 106.8
SIG 0.75 0.66 0.?6 1.02 0.49 0.?2

BEAM SIG

MIKES 106.8 0.64
RUNS 106.8 0.18

TTS -- STOP

.S -_' Z J C, J . L.



H

_ CI r'_ ,-_ _ C _" _ 4 _

CHEUETTE, HIGH EXHAUST,3500 RPM (ROOM;S, PAINTED)

RUN NO."
1 2 3 4 5 MERN SIG

I 1 104.5 10B.5 105o5 105oB 105oS 105.3 0.4S
C
R 2 t04.5 104.5 104.0 104.5 104.S 104.4 0.22
0
P 3 106.0 106.5 106.0 106.0 106.0 106.1 0.22
H0 4 104.5 104.0 104.S 104.0 104.0 104.2 0.8?
N
E S 106.0 105.5 105.5 105.5 105.5 105.6 0.22

N 6 104.0 104,0 104.5 104.0 104.0 104.1 0.22
O.

BERN 105.0 105,1 105.1 105.0 105.0 105.0
SIG 0.86 1.00 0.77 0.86 0.86 0.81

MEkN SIG

_IKES 105.0 0.83
RUNS 105.0 0.05

TT5 -- STOP



CHEUETTE, HIGH EXHAUST, 4000 RPM (ROOM _S, PAINTED)

RUNNO.
I 2 3 4 S MERN SIGM

I 1 10S.0 10S.5 106.0 106.0 106.0 10S.7 0.45C

R 2 106.0 106.0 106.5 107.0 107.0 106.S 0.S00

P 3 106.S 107.0 106.5 108.0 108.0 107.3 0.76H

> N0 4 106.0 106.5 106.6 106.6 106.5 106.4 0.22

E 6 108.0 108.5 108.5 108.5 108.6 108.4 0.22

N 6 106.0 106.0 106.0 106.0 106.0 106.0 0.00O.

MERN 106.3 106.7 106.8 107.1 107.1 106.8
SIG 0.99 1.07 0.93 1.05 1.0S 0.99

MEAN $IG

flIgES 106.8 0.98
RUNS 106.8 0.32

TT5 -- STOP



_-) _ _ r'_ _ _ _i ,_ /_, 7"

CHEUETTE, HIGH EXHAUST, 4500 RPM (ROOM_S, PAINTED)

RUM NO.
1 2 3 4 5 MEAN SIG

M
I 1 107.0 107.0 107.0 106.5 106.5 106.8 0.27
C
R 2 108.0 108.0 106.0 108.0 108.0 108.0 0.00
0
P 3 108.0 108.0 108.5 108.$ 108.S 108.3 0.2?
H
0 4 109.0 109.0 109.0 109.0 109.0 109.0 0.00
N
E 5 108.S 108.0 108.5 108.0 108.5 108.3 0.2?

N 6 108.0 106.0 108.0 108.5 108.0 108.1 0.22
O.

BERM 108.1 108.0 108.2 108.2 108.2 108.1
9IG 0.66 0.63 0.68 0.86 0.86 0.70

BERN SIG

BIKES 108.1 0.?_
RUNS 108.1 0.07

TT5 -- STOP



CHEUETTE, HIGH EXHAUST, 5000 RPM (ROOM$5, PAIHTED)

RUN NO.
1 2 3 4 5 MEAN 5IG

M
I 1 107.5 107.5 108.0 108.5 108.5 108.0 0.50
C
R 2 108.5 108.5 108.5 108.S 108.5 108.5 0,00
0
P 3 108.5 109.0 108.0 108.S 108.5 108.3 0.2?

> H
0 4 108.0 108.5 108.5 109.0 109.0 108.6 0.48
M
E 5 108.0 109.0 t09.0 109.0 109.0 108.8 0.4S

N 6 108,0 108.0 108.0 108.0 108.0 108.0 0.00
O.

MERM 108ol 108.3 108.3 108.6 108.6 108.4
$IG 0.38 0.52 0.41 0.38 0.38 0.43

MEAN $IG

MIKE5 108,4 0.33
RUNS 108.4 0.21

TTS -- STOP

i_ • ....



I , ! 4"% _ _'1 q_" S ¸ f_ C"¸'¸

GNC TRUCK, STANDARD, lffl _r,:E

RUM NO."
1 8 3 4 S MEAN SIG

m
I 1 104.0 104.0 103.0 103.S 104,0 103.? 0.4S
C
R 2 104.0 104.0 104.0 104.0 104,0 104.0 0.00
0
P 3 104.5 104.0 104.0 104.S 104.0 104.8 0.87
H
0 4 104.0 104.0 104.0 104.S 104.0 104.1 0.22
N
E 5 104.5 104.0 104.0 104.0 104.0 104.1 0.28

N 6 103.0 103.5 103.0 103.0 102.0 102.9 O.SS
O.

MERN 104.0 103.9 103.? 103.9 t03.? 103.9
SIG 0.55 0.20 0.5_ 0.58 0.8_ 0.55

MERN $IG

MIKES 103.9 0.48
RUNS 103.9 0.15

TT5 -- STOP



GMC TRUCK, STANDARD, IMI (DNL)

RUN NO.
1 2 3 4 5 MEAN$IG

M
I 1 104.0 104.0 104.0 104.0 103.S 103.9 0.22
O
R 2 104.5 104.0 104.0 104.0 104.0 104.1 0.22
O
P 3 104.5 104.0 104.5 104.5 104.0 104.3 0.2?
H
0 4 104.5 104.5 104.0 104.0 104.0 104.8 0.8?
N
E S 104.0 104.5 104.0 104.5 104.0 104.2 0.27

M 6 103.0 103.0 103.0 103.0 103.0 103.0 0.00
O.

MEAN 104.1 104.0 103.9 104.0 103.8 104,0
$IG 0.58 0.55 0.49 0.55 0.42 0.50

_EAM 5IG

MIKES 104.0 0.49
RUMS 104.0 0.13

TT5 -- STOP



GMC TRUCK, STANDARD,LOAD tl

RUNNO.
1 2 3 4 S MEAN 5IG

M
I 1 103.5 103.5 103.5 103.5 103.5 103.5 0.00
C
R 2 104.0 104.0 104.0 104.0 104.0 104.0 0.00
0
P 3 104.5 104.5 104.5 104.S 104.0 104.4 0.22
H
0 4 104.0 104.0 104.0 104.5 104.0 104.1 0.22
M
E S 104.0 104.0 104.0 104.S 104.0 104.1 0.22

M 6 103.0 10a.5 103.0 102.S 103.5 102.7 0.27
O.

MEAM 103.9 103.8 103.9 104.0 103.? 103.9
$IG 0.S2 0.69 0.S2 0.80 0.61 0.60

MEAN SIG

mIKES 103.8 0.61
RUNS 103.8 0.09

TTS -- STOP



GHCTRUCK, STANDARD,LOADt2

RUMNO.-
1 2 3 4 S MEAM SIG

M
I 1 104.0 104.0 104,0 104.0 103.5 103.9 0.22
C
R 2 104.0 104,0 104,0 103,S 103.0 103,? 0.45
0
P 3 104.0 104.0 104,5 104.5 104,S 104,3 0.2?
H
0 4 104.0 104.0 104.0 104.0 104.S 104.1 0.22
H
E S 104.0 104.0 104,0 104.0 104.0 104,0 0.00

N 6 103.0 103.0 103,0 103.5 103.0 103.1 0.22
O.

MERM 103.8 103.8 103.9 103.9 103.8 103.9
SIG 0.41 0.41 0.49 0.38 0.69 0.46

MEAN SIG

MIKES 103.9 0.4a
RUNS 103.9 0.07

TT5 -- STOP



_ _ _ -_ :, _- _ C_

GMCTRUCK, ST_:_DARD,LOAD $3

RUN NO;
1 2 3 4 S MEAN 5IG

M
I 1 103.0 103.0 102.S 102.S 102.5 102.7 0.27
C
R 2 103.0 103.0 103.5 103.0 103.0 103.1 0.22
0

> P 3 104.0 104.0 104.S 104.0 104.0 104.1 0.22

0 4 104.0 104.0 104.S 104.0 104.0 104.1 0.22
N
E S 104.0 104.0 103.5 104.0 104.5 104.0 0.3S

M S 102.5 103.0 102.5 102.0 103.0 102.6 0.42
O.

MERN 103.5 103.S 103.6 103.3 103.6 103.5
SIQ 0.66 0.55 0.89 0.88 0.?? 0.72

MERN SIG

MIKES 103.S 0.71
RUNS _03.5 0.11

TT5 -- STOP



GMC TRUCK, 5TAMDARD, 5AI

RUN NO_
1 2 3 4 5 MEAN$IG

M
I 1 103.0 104.0 103.5 103.0 103.0 103.3 0.4S
¢
R 2 103.5 103.0 103.0 104.0 103.0 103.3 0.4_
0

> P 3 104.0 103.5 104.0 103.5 104,0 103.8 0.27
H
0 4 104.0 104.0 104.0 104.0 103.0 103.B 0.45
N
E 5 103.5 103.5 103.0 103.0 103.5 103.3 0.27

M 6 103.0 103.0 102.0 102.5 102.S 102.6 0.42
O.

MERM 103.5 103.5 t03.3 103.4 103.2 103.4
$IG 0.45 0.45 0.76 0.61 0.52 0.54

MEAM $1G

MIKES 103.4 0.44
RUNS 103.4 0.14

TT5 -- STOP



GPICTRUCK, HO FAH, IPII (NCE)

RUN NO."
I 2 3 4 5 MEAN SIG

M
I 1 100.0 100.0 100.0 100.0 99.5 99.9 0.22
C
R _ 100'0 100.0 99.5 100.0 99.5 99.8 0.2?
0
P 3 100.0 100.0 100.0 100.0 100.0 100.0 0.00
H
0 4 100.0 100.5 100.0 101.0 100.0 100.3 0.45

> N
E 5 100.0 99.5 100.5 99.5 100.0 99.9 0.42

N 0 99.5 99.0 99.0 99.0 99.0 99.1 0._
O.

REaR 99.9 99.9 99.9 100.0 99.? 99.9
SIG 0.20 0.52 0.52 0.66 0.41 0.46

NERN 9IG

NIKE5 99.9 0.40
RUNS 99.9 0.10

TT9 -- STOP



GMC TRUCK, NO FAN, IMI (DML)

RUN NO.-
1 2 3 4 S MEAN SIG

M
I I 100.0 99.0 99.0 99.0 9g.0 99,2 8.45
0
R 2 100.0 100.0 100.0 99.S 99.9 99.9 0.27
0
P 3 100.0 100.0 gg.s 100.0 99.5 99.8 0.27
H
0 4 100.0 100.0 99.5 100.0 100.0 99.9 0.22
N

= E 5 99.5 100.0 100.0 99.9 100.0 99.2 0.27

N 6 99.0 99.0 99.0 99.0 99.0 99.0 0.00
O.

RERN 99.8 99.7 99.5 99.5 99.5 99.6
SIG 0.42 0.92 0.46 0.49 0.45 0.44

RERN SIG

RIKES 99.6 0.38
RUNS 99.6 0.11

TT5 -- STOP

) 0 :; g' _ ..J



• _-_ _'_ _ _ F" ?_ _' r_'

GMC TRUCK, NO FANt LOAD$1

RUNNO.
1 2 3 4 5 MEAN 5IG

M
I 1 99.5 99.5 100.0 100.0 100.0 99.8 0.27
C
R 2 100.0 99.0 99.0 99.5 100.0 99.5 0.50
0
P 3 99.9 99.5 99.S 99.S 100.0 99.6 0.22
H
0 4 99.5 99.5 100.0 100.0 99.S 99.? 0.2?
N
E 5 100.5 100.0 100.5 100.0 100.5 100.3 0.2?

M 6 99.0 99.0 99.0 99.5 99.0 99.1 0.22
O.

REAM 99.? 99.4 99.? 99.8 99.9 99.?
SIG 0.52 0.38 0.61 0.2? 0.52 0.46

MEAN SIQ

RIKES 99.? 0.40
RUNS 99.7 0.16

TT5 -- STOP



GMCTRUCK, NO FAM, LOAD$2

RUN NO.
1 2 3 4 5 MEAN _IG

M
I 1 100,0 100.0 100,0 100,0 100,0 100,0 0.00
C
R 2 100,0 100.0 100,0 100,0 100,0 100,0 0.00
0
P 3 100.0 100.0 100.5 100.5 100,5 100.3 0,27
H
0 4 101.0 101.0 100.S 101.0 101.$ 101,0 0.35
N
E 5 101.0 101.0 100.S 100.0 100.0 100,5 0,50

N 6 99.0 99.0 99,5 99.0 99.5 99.2 0,_7
O.

NERR 100._ 100.2 100,2 100.1 100.3 100,2
SIG 0.?5 0.75 0.41 0.66 0.69 0,62

nERN 510

RIKE5 100.2 0.61
RUNS 100,2 0.04

TT5 -- STOP

_ C ,



GMCTRUOK, MO FAN, LORD 53

RUN NO.
1 2 3 4 5 MEAN 5IG

M
I 1 98.5 99.0 99.0 100.0 99.5 99.2 0.57
C
R 2 99.5 100.0 99.0 99.0 100.0 99.5 0.50
0
P 3 99.5 99.5 100,0 100.0 100.0 99.8 0.2?
H
0 4 99.5 100.0 100.0 100,0 99.5 99.8 0.2?
N
E 5 100.0 100.5 100,0 100,0 100.0 100.1 0.2_

N 6 99.0 99.0 99.0 99.0 99.0 99.0 0.00
O.

MERR 99.4 99.? 99.5 99.7 99.7 99.6
9IG 0.52 0.61 0.S5 0.52 0.41 0.50

MEAR 9IG

MIKES 99.6 0.41
RUNS 99.6 0.15

TT5 -- STOP



GFICTRUCK, NO FAN, SAI

RUN NO.
i 2 3 4 S MEAN SIG

M
I 1 99.0 99.0 99,0 100.0 98.5 99.1 0.55
C
R 2 99.5 99.0 99,0 99.0 99.e 99.1 0.22
0
P 3 99.0 99.0 99.0 99.0 99.5 99.1 0.20

>. H
= 0 4 99.0 99.0 99.5 99.0 99.5 99.2 0.27

N
E S 100.0 99.5 100.0 99.5 100.0 99.8 0.27

N 6 98.5 98.5 99.0 98.5 98.5 98.6 0.22
O.

REI:IN 99 •=?, 99.0 99.3 99.2 99.2 99.2
5IG 0.52 0.32 0.4a e. S2 0.61 0.46

MEAN SIQ

RIKE5 99.2 0.38
RUN_ 99.2 e.10

TT5 -- STOP

_ ;. _



'_ r_ r'_ ,'_ r-i _ ,_ "'_ C__ r,

GI_P TRUCK, NO FAN, EXTK_ MUFFLER, IMI (NCE)

RUN NO;
1 2 3 4 5 P1EAN SIG

m
I 1 98.S 98.5 98.5 99.8 98.5 98.6 8.22
C
R 2 98.5 98.5 98.5 99.8 99.e 98.7 8._-7
O
P 3 99.e 99.e 99.8 180.0 99.5 99.3 8.45

:=" HO_

= 0 4 99.5 98.5 99.8 99.8 99.9 99,8 8.35
rt
E 5 99.0 99.0 99.8 99.8 99.0 99.0 0.00

N 6 97.5 98.8 98.e 97.5 98.8 97.8 8.i]?
o.

RERH 9S.? 98.6 98.? 99.8 98.9 98.8
SIG e.e8 0.38 e.41 e.80 e.5;_ 0.55

REAM SlG

MIKES 98,8 8.52
RUNS 98.8 8.15

TT5 -- STOP



GMC TRUCK, MO FAN, EXTRA MUFFLER, IM! (DNL_

RUNNO,
1 2 3 4 5 MEAN SIG

M
I 1 99.0 98.S 98.5 98.0 98.0 98.4 0.42
C
R 2 99.0 98.5 98.5 99.0 99.0 98.8 0.27
0
P 3 99.0 98.5 99.0 99.0 99.0 98.9 0.28
H
0 4 99.0 99.0 99.0 g9.0 99.0 99.0 0.00
N
E 5 99.0 99.0 99.0 98.0 99,0 98.8 0.45

N 6 97.5 98.6 97.5 98.0 98.0 9?.8 0.2?
O.

NEAN 98.8 98.6 98.6 98.5 98.? 98.6
5IG 0.61 0.38 0.58 0.55 0.52 0.50

MEAN 51Q

MIKES 98.6 0.45
RUNS 98.8 0.09

TTS -- STOP



GMC TRUCK, NO FHN, EXTRA MUFFLER, LOAD _!

RUN MO."
1 2 3 4 5 MEAN SIG

M
I 1 99.0 99.0 9g.0 99.0 99.0 99.0 0.00
C
R 2 99.0 98.5 98.5 99.0 98.5 98.7 0.2?
0
P 3 100.0 99.0 98.5 99.0 99.0 99.1 0.55

> H
0 4 99.5 99.5 99.5 100.0 99.5 99.6 0.22
H
E 5 100.0 100.0 99.5 99.5 100.e 99.8 0.27

N 6 98.0 99.0 98.0 99.0 99.0 98.6 0.55
o.

RERN 99.3 99.2 98.9 99.3 99.2 99.2
SIG 0.76 0.52 0.61 0.42 0.52 0.56

RERN SIG

hIKES 99.2 0.48
RUNS 99.2 0.17

TT5 -- STOP



OMC TRUCK, NO F_N, EXTRH MUFFLER, LOAD )_

RUN NO.-
1 2 3 4 S MEAN SIG

M
I 1 100.0 99.8 99.5 100.0 99.5 99.6 0.42
C
R 2 99.0 99.0 99.0 99.0 99.5 99.1 0,22
0
P 3' 99.S 99.S 99.6 99.S 99.5 99.S 0.00
H

= 0 4 99.8 99.0 99.0 98.S 99.0 98.9 0.22
N
E S 100.0 100.0 100.S 100.0 100.0 100.1 e.aa

N 6 99.5 99.0 99.0 99.0 99.0 99.1 0.22
O.

RERR 99.S 99.3 99.5 99.4 99.4 99.4
SIG 0.4S 0.42 0.58 0.61 0.38 0.47

MERM SIG

MIKES 99.4 0.44
RUNS 99.4 0.09

TT5 -- STOP



GMC TRUCK, NO FAN, EXTRA MUFFLER, LO_D :3

RUN NO."
I 2 3 4 5 MEAN SIG

M
I I 98.5 98.0 98.S 98.5 98.0 98.3 8.87
O
R 8 99.0 98.5 98.5 98.5 98.5 98.6 e.88
0

> P 3 98.5 98.5 98.5 98.5 98.5 98.5 o.eeo,
H
0.4 99.e 99.0 99.5 99.e 99.e 99.1 0.88

E 5 99.e 99.0 99.0 98.5 99.5 99.% e.35

N 6 97.5 9?.5 9?,5 98.5 98.e 97.8 0.45
O.

MERH 98.6 98.4 98.6 98.6 98.6 98.6
9IG e.58 e.58 e.66 e.2e e.58 e.51

MEAN SIG

MIKES 98.6 e.4?
RUNS 98.6 e.88

TTS -- STOP



GPICTRUCK, NO FMI, EXTRF_i_IUFFLER,SHI

RUN NO.
1 2 3 4 5 MEAN SlG

M
! 1 98,5 98.e 98.5 98.0 98.5 98,3 0.27
O
R 2 98.5 99.0 98.e 99.0 99.0 98.? 0.45
0

:=. P 3 98.e 98.5 98.0 99.0 98.5 98.4 0.4a
H
0 4 99.0 99.e 99.0 98.5 99.0 98.9 0.28
H
E S 98.0 99.e 98.5 9S.e 99.$ 98.5 0.50

N 6 98.e 97.5 97.5 98.0 98.0 9?.9 e.a?
o.

REAM 98.3 98.5 98.3 98.4 98.? 98.5
SIG 0.41 0.83 0.52 0.49 0.41 0.49

REAM SIG

RIKES 98.5 0.38
RUNS 98.5 0.16

TT5 -- STOP



IN TRUCK, !Pl! (NCE)

RUNNO.-
1 2 3 4 S MEAN gIG

M
I 1 10?.0 106.0 104.S 105,0 109.0 109,6 1,00
C
R 2 105.0 104.0 104.0 104,5 104.5 104.4 0.42
0
P 3 107.0 105.0 105,0 109.0 104.5 105.4 0.9?

0 4 106.0 104.5 104.0 104.0 104.0 104.6 0.87
N
E 5 107.5 105.0 104.0 104.5 105.0 105.4 1.35

6 105.0 103.0 102.5 103.0 104.0 103.6 1.00
O.

E1ERM 106.4 104.7 104.1 104.4 104.S 104.9
SIG 1.08 1.0a 0.84 0.?5 0.45 1.13

_ERN 9IG

NIKES 104.9 0,77
RUH5 104.9 0.90

TT5 -- STOP



IH TRUCK, IMI (DNL)

RUN NO,
1 2 3 4 S MERN SIQ

M
I 1 107.0 103.0 104.0 104.S 104.0 104.? 1.50
¢
R 2 104.0 103.0 103.0 103.0 103.0 103.2 0.45
0
P 3 106.S 104.5 104.0 104.5 104.5 104.9 0.97
H
0 4 105.5 104.0 104.0 104.0 104.0 104.3 0.67
M
E S 106.5 104.0 104.0 10S.0 104.0 104.8 1.10

M 6 105.0 103.0 10_.5 103.0 103.0 103.4 O.g?
O.

8EAN 105.g 103.6 103.6 104.1 103.8 104.3
SIG 1.13 0.$0 0.6B 0.84 0.B1 1.12

MERM SIG

MZKES 104.3 0.?5
RUffS 104.3 0.95

TTS -- STOP



IH TRUCK, LO_D $i

RUN NO;
1 2 3 4 5 MEAN _IG

D
I 1 104.0 104.0 104.0 104.0 103.0 103.8 0.45
C
R 2 103.0 103.0 102.0 102.5 102.5 102.6 0.42
0
P 3 104.0 103.0 103.0 103.0 103.0 103.2 0.45
H
0 4 103.0 103,0 103.0 103.0 103.0 103.0 0.00
M
:E 5 103.0 104.0 103.5 104.0 104.0 103.? 0.45

N 6 102.0 102.0 102.5 102.0 102.0 102.1 0.22
O.

MEAN 103,2 103.2 103.0 103.1 103.0 103.1
SIG O.?S O.?S 0.?1 0.80 0.66 0.69

mEAN SIQ

mIKES 103.1 0.65
RUNS 103.1 0.11

TT5 -- STOP



IH TRUCK, LOAD_8

RUN NO.-
1 2 3 4 S MEAN SIQM

I 1 105.0 104.5 104.0 104.0 104.B 104.4 0.42¢

R B 104.0 103.5 103.5 103.5 103.5 103.6 0.2B0
P 3 104.S 104.0 104.0 104.S 104.0 104.2 0.27> H
0 4 104.0 103.5 103.0 103.0 103.0 103.3 0.45N

E S 106.0 105.0 105.0 105.0 105.0 105.2 0.45

N 6 103.0 102.5 103.0 103.0 103.0 102.9 0.22O.

_EAN 104.5 103.9 103.B 103.9 103.9 104.0
SIG 1.02 0.88 0.?6 0.8_ 0.82 0.84

_EAN SIG

MIKES 104.0 0.84
RUNS 104.0 0.a9

TTS -- STOP



IH TRUCK, LOAD =_

RUNNO.
1 2 3 4 S MEAN 5IG

M
I 1 102,5 102.5 104.0 103.0 104.0 103.3 0.76
C
R 2 102.5 102.5 103.5 103.0 103.0 102.9 0.42
0

> P 3 104.5 103.0 104.0 103.0 103.0 103.5 0.71
H
0 4 106.0 104.0 104.0 104.0 104.0 104.2 0.45
N
E S 105.0 104.0 104.0 103.0 104.0 104.0 0.71

N 6 104.0 103.0 103.5 103.0 103.0 103.3 0.45
O.

MEAM 104.0 103.2 103.8 103.2 103.5 103.6
SIG 1.16 0.58 0.26 0.41 0.55 0.71

REAM 5IG

RZKES 103.6 0.50
RUNS 103.6 0.37

TTS -- STOP



IH TRUCK, 5AI

RUN NO,
1 2 3 4 5 MEAN 51G

M
I i 106.8 104.0 103.S 103.0 103.S 104.1 1.17
C
R _ 105.0 104.0 104.0 104.0 104.0 104.2 0.45
0
P 3 105.6 104.0 104.5 104.0 104.5 104.5 0.61
H
0 4 106.0 106.0 105.0 104.5 104.6 105.0 0.61
N
E S 106.0 105.0 105.6 105.0 105.0 106.3 0.45

N 6 t05.5 104.5 103.5 104.0 104.5 104.5 0.74
O.

MEAN 105.? 104.4 104.4 104.1 104.4 104.6
$IG 0.41 0.49 0.8a 0.66 0.52 0.80

MEAN SIG

MIKES 104.6 0.4?
RUNS 104.6 0.62

TTS -- STOP



"_ ,'_ rl r_ r'/ r_ _ F_ r

IH TRUCK,NO FAN, IMi (DNL)

RUN NO.
I 2 3 4 B MEAN SIGM

I 1 103.5 102.0 100.5 102.0 102.0 102.4 0.65C
R 2 103,0 101.0 100.5 100.0 100.5 101.1 1.170
R 3 103.5 101.0 101.0 101.0 101.0 101.6 1.12

> H
-_ 0 4 103.0 101.0 101.0 102.0 100.5 101.6 1.00N

E 5 105o0 102.5 102.5 102.0 102.5 103.0 1.19

6 104,0 101.0 101.0 101.0 101.0 101.8 1.34O.

MERM 103.? 101.5 101.5 101.4 101.3 102,0
SIQ 0.75 0.6S 0.86 0.82 0.82 1.19

MERN BIG

MIKES t02.0 0.69
RUNS 102.0 1.03

TT5 -- STOP



IH TRUCK, NO FAN, LOAD_1

RUN NO.
I 2 3 4 S MEAN 51Q

M
I 1 100.5 100.5 100.5 100.0 100.0 100.3 0.27
C
R 8 100.0 99.0 89.0 100.0 100.0 99.6 0.55
0
P 3 101.0 101.0 101.0 101.0 101.0 101.0 0.00
H
0 4 100.5 100.5 100.5 100.6 100.5 100.5 0.00
N
E 5 102.0 108.0 101.0 101.S 101.0 101.S 0.50

N 6 101.0 101.0 100.0 101.0 101.0 100.8 0.4S
O.

MEAN 100.9 100.8 100.4 100.7 100.6 100.7
$IG 0.68 0.98 0.75 0.61 0.49 0.69

MERN SIG

MIKES t00.7 0.6S
RUNS 100.7 0.18

TT5 -- STOP

) _, _i, ._, ,_ _" •



IH TRUCK, NO FAN, LORD$2

RUNNO.
1 2 3 4 S MERN SIG

R
I 1 103.5 104.0 103,0 103.0 103.0 103.3 0,45
C
R 2 102.5 103.0 103.0 102.5 102.0 102.6 0.42
0
P 3 103.0 102.5 103,0 102.5 102.5 102.? 0.2?
H
0 4 103.0 102.5 102.0 102.0 102.0 102.3 0.45
N
E 5 104.5 103.0 103.0 103.0 103.0 103.3 0.67

N S 103.5 102.5 102.0 102.S 102.5 102.6 0.55
O.

MEAN 103.4 103.0 102.7 102.0 102.5 102.8
SIG 0.68 0.S8 0.52 0.38 0.45 0.58

MEAN SIG

MIKES 102.2 0.41
RUNS 102.8 0.35

TT5 -- STOP



IH TRUCK, NO FAN, LOAD $8 SAI

RUN NO;
I 2 3 4 5 MEAN 51GM

I 1 103.0 103.0 103.0 102.5 102.B 102.B 0.27C
R 2 103.0 102.0 102.5 102.5 102.0 102.4 0.420

P 3 103.0 102.5 102.0 102.5 103.0 102.6 0.42H
0 4 103.0 102.S 102.0 102.5 102.5 102.5 0.3SN
E 5 104.0 103.0 103.0 103.0 103.0 103.2 0.45

N 6 103.0 102.0 102.0 102.0 102.5 102.3 0.45O.

MEAN 103.2 102.S 102.4 102.S 102.6 102.?
SIG 0.41 0.45 0.49 0.32 0.38 0.4?

MEAN SIG

MIKES 102.? 0.32
RUNS 102.? 0.30

T75 -- STOP



IH TRUCK, NO FRN, EXTRA MUFFLER, IMI (DNL

RUN NO."
1 2 3 4 S MERN SlG

M
I 1 101.0 100.6 100.0 100.0 100.S 100.4 0.42
¢
R a 101.0 100.0 101.0 100.0 100.0 100.4 0.65
0
P 3 100.6 100.5 100.0 102.0 99.5 100.6 0.94
H
0 4 100.6 100.0 100.0 100.0 100.0 10:0.1 0.22
N
E S 100.6 100.5 100.5 100.0 100.0 100.3 0.27

H 6 99.0 98.5 99.0 98.5 99.0 98.6 0._7
O,

RERH 100.5 100.1 100.1 100.2 99.9 100.1
$IG 0.?4 0.77 0.66 1.11 O.Sa 0.76

MEAN $IG

MIKES 100.1 0.66
RUHS 100.1 0.22

TT5 -- STOP



IH TRUCK, NO FAN, EXTRA MUFFLER, LOAD ;I

RUM MO,
1 2 3 4 5 MEANSIQ

M
I 1 100.5 100.0 t00.5 100.5 100.0 100.3 0.27
¢
R 2 99.5 9g.5 99.5 99.S 100.0 g9.6 0.22
0
P 3 100.0 100.5 101.0 100.5 100.0 100.4 0.42
H
0 4 100.0 100.0 100.5 100.5 100.5 100.3 0.2?
N
E 5 101.0 101.0 101.5 10_.0 10e.0 101.5 0.50

N 6 100,0 9g.S 99.5 g9.5 100.0 99.7 0.2?
O.

MEAN 100.2 100.1 100.5 100.5 100.5 100,4
SIG 0.S2 0.68 0.80 0.92 0.80 0.?0

MEAN SIG

MIKES 100.4 0.69
RUNS 100.4 0.18

TT5 -- STOP



IH TRUCK, HO FAH, EXTRA MUFFLER, LOQD t2

RUNNO;
I 2 3 4 S MEAN $1Q

I I 102.0 102,S 102.S 102.5 102.5 102.4 0.22
C
R 2 103.0 102,0 102.5 102.S 102.0 102.4 0.42
0
P 3 102.5 102,0 102.5 102.S 102.5 102.4 0.22
H
0 4 102.0 102,0 102.0 102.0 102.0 102.0 0.00
M
E 5 103.5 102,0 102.S 102.5 102.0 102.5 0.61

M 6 102.0 102.0 102.0 102.0 102.0 102.0 0.00
O.

MEQN 102.5 102.1 102.3 102.3 102.2 102.3
SIG 0.63 0.20 0,26 0.26 0.26 0.36

MERH SIG

MIKES 102.3 0.24
RUHS 102.3 0.17

TT5 -- STOP



IN TRUCK, HO FAN, EXTRA MUFFLER, LOAD _2 5AI

RUN NO,
i 2 3 4 S MEAN 51G

M
I I 102.5 102.0 102.0 102.0 102.0 102.1 0.22
C
R 2 102.0 101.0 102.0 t02.0 102.0 101.8 0.45
0
P 3 102.0 102.0 102.0 102.0 102.0 102.0 0.00

> H=
0 4 102.0 102.0 102.0 102.0 102.0 102,0 0.00
N
E S 103.0 102.0 102.0 t02.0 102.5 102.3 0.46

N 6 102.5 101.0 101.5 t01.0 101.5 101.5 0.51
O.

mEAN 102.3 101.? 101.9 101.8 102.0 102.0
5IG 0.41 0.52 0.20 0.41 0.32 0.42

MEAN SZG

fllKES 102.0 0.27
RUNS 102.0 0.24

TT5 -- STOP



FORD TRUCK, 5TRNDRRD,IMI (DNL)

RUN NO.
1 2 3 4 B MEAN 5IG

M
I 1 103.0 102.0 103.0 102.0 102.0 102.4 0.55
C
R 2 102.5 103.0 103.0 103.0 102.5 102.8 0.2?
0
P 3 102.5 103.5 103.5 102.5 103.0 103.0 0.50

> H
0 4 102.5 102.5 103.0 103.0 102.5 102.7 0.27
N
E 5 102.5 102.5 102.5 102.5 10_.5 102.5 0.00

N 6 102.0 102.5 102.0 102.5 102.5 102.3 0.27
O.

HERN 102.5 102.? 102.9 102.6 102.5 102.6
SIG 0.32 0.52 0.5_ 0.38 0.32 0.41

RERN SIG

MIKES 102.0 o.26
RUNS 102.6 0.14

TT5 "- STOP



FORD TRUCK, STANDARD, LOAD $I

RUN NO.-
I 2 3 4 S MEAN SIG

M
I I 102.5 102.5 102.0 102.5 102.0 102.3 0.27
C
R 2 102.5 103.0 103.0 102.5 102.5 102.7 0.27
0
P 3 103.0 102.0 102.0 102.5 103.0 102.5 0.50

> H
0 4 102.5 102.5 102.5 102.5 102.5 102.5 0.00
N
E 5 102.5 102.0 102.0 t02.0 102.0 102.1 0.22

N 6 102.0 102.0 102.0 t02.0 102.0 10_.0 0.00
O.

MEAN 102.5 102.3 102.3 102.3 102.3 102.4
$IG 0.32 0.41 0.42 0.26 0.41 0.35

MEAN $IQ

MIKES 102.4 0.a7
RUNS 102.4 0.09

7T5 -- STOP



_'_ '_ Ch tm_ ?h n fh I--' f_' C_ I_

FORD TRUCK, 5TAMDARD, LOAD ;2

RUN NO.
1 2 3 4 S MEAN $IG

M
I 1 102.5 102.0 102.S 102.0 102.0 102.2 0.27
C
R 2 102.5 102.0 102.5 102.5 102.5 102.4 0.22
0
P 3 103.0 103.0 103.0 103.0 103.0 103.0 0.00

H
0 4 103.0 103.0 103.0 103.0 103.0 103.0 0.00
N
E S 103.0 103.5 104.0 102.5 102.5 103.1 0.65CO

N 6 104.0 104.0 104.0 104.0 103.5 103.9 0.22
O.

MEAN 103.0 103.0 103.2 102.9 102.8 103.0
SlG O.SS 0.80 0.68 0.68 0.52 0.63

MEAN SIG

NIKES 103.0 0.60
RUNS 103.0 0.16

TT5 -- STOP



FORD TRUCK, 5T_t_D_RD, 5_I

RUH NO_
I 2 3 4 S MEAN SIGM

I 1 102.B 103.0 102.S 102.0 102.0 102.4 0.420
R 2 103.0 102.5 102.0 102.5 102.S 102.5 0.350
P 3 103.0 103.0 103.0 103.0 103.0 103.0 0.00
H
0 4 104.0 103.0 103.0 102.S 103.0 103.1 0.55

E S 103.0 103.0 103.0 102.5 103.0 102.9 0.22

H 6 104.0 104.0 103.0 103.5 104.0 103.? 0.45O.

MERN 103.3 103.1 102.8 102.7 103.0 103.0
SIG 0.61 0.49 0.42 0.52 0.66 0.55

MERN SIG

MIKES 103.0 0.4?
RUHS 103.0 0.24

TT5 -- STOP



FORD TRUCK, 5MALL FRM, IMI (DHL)

RUN NO."
I 2 3 4 _ MEAN 51G

I 1 100.0 100.0 100.0 100.0 100.0 100.0 0.00
O
R 2 98,5 98.0 9B,0 98.S 98.5 g8.3 0.27
0
P 3 100.0 100.0 100.0 100.0 100.0 100.0 0.00
H

0 4 99.0 99.0 99.0 99.0 99.0 99.0 0.00
N
E S i00.5 100.S 101.0 100.5 100.5 100.6 e.aa
N s 99.0 100.0 100.0 99.0 99.0 99.4 e.ss
O.

MEAN 99.6 99.7 99.8 99.6 99.6 99.6
SIG 0.77 0.92 1.03 0.77 0.77 0.80

MEAN SIG

RIKES 99.0 0,82
RUNS 99.6 0.09

TT5 -- STOP



FORD TRUCK, SMALL FAN, LO_D tl

RUN NO."
1 2 3 4 S MEAH SIG

M
I I 101.0 102.0 102.0 101.0 100.S 101.3 0.6?
C
R 2 99.0 99.0 99.S 99.0 99.0 99.1 0.22
0
P 3 100.5 100._ 101.0 100.5 100.5 100.6 0.22

> H
0 4 99.0 99.0 99.5 99.5 99.0 99.e 0.27
H
E 5 100.5 100.0 101.0 100.5 101.S 100.? 0._?

N 6 100.0 100.0 100.0 100.0 100.0 100.0 0.00
O.

MEAN 100.1 100.2 100.6 100.1 100.2 100.2
SIG 0.84 1.11 1.00 0.74 0.9? 0.89

RERN SIG

RIKES 100.2 0.89
RUNS 100.2 0.21

TT5 -- STOP



?'_ t% ?% rh ?h _ :- _ t'h f_

FORD TRUCK, 5MALL FAN, LOAD 12

RUN NO:
1 2 3 4 S MEAN 5IG

I 1 102.0 102.0 102.0 101.5 102.0 101.9 0.22
O
R 2 101.5 100.0 100.0 100.0 100.0 100.3 0.67
0
P 3 102.0 101.0 101.5 101.0 101.0 101.3 0.4S
H

> 0 4 101.0 100.0 100.0 100.5 100.5 100.4 0.48
N
E 5 102.0 102.0 102.0 102.0 108.0 102.0 0.00

M 6 100.5 101.0 102.0 102.0 101.5 101.4 0.6S
O.

MEAN 10t.5 t01.1 101.3 101.2 101.2 101.3
SIG 0.63 0.89 0.99 0.82 0.82 0.80

RERN SIG

RIKES 101.3 0.?1
RUNS 101.3 0.17

TT5 -- STOP



FCR:_TRU_,:_,SM_LL FHf_, SHI

RUNNO;
1 2 3 4 S MEAN SIG

M
I 1 102.0 102.S 102.S 102.0 102,0 102.2 0.27
¢
R 2 101.5 101.0 100.0 100.S 101,0 100.8 0.S7
0
P 3 102.5 102.0 102.S 102.S 102.0 102.3 0,27
H
O 4 102.0 101.0 101.0 100.5 100.0 101.0 0.74
N
E S 102.S 102.0 102.0 102.0 102,0 102.1 0.22

M 6 101.0 102.0 102.0 102.0 101.0 101.6 O.SS
O.

MEAN 101.9 101.8 101.8 101.7 101.4 101.7
SIG 0.58 0.51 0.98 0.86 0.82 0.?6

MEAM SIG

MIKES 101.? 0.65
RUNS 101.7 0.20

TTS -- STOP

I
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FORD TRUCK, 5MALL FAN, EXTRA MUFFLER, IMI (DNL

o

RUN NO.
1 2 3 # S MERN 5IG

M
I I 98.0 98.5 98.% 98.0 98.0 98.1 0.R2
C
R 2 99.0 98.e 99.0 98.e 98.0 99.4 0.55
0

> P 3 98.5 98.5 99.9 99.0 98.5 98.7 e.27
H
0 4 99.0 99.e 98.5 99.e 98.5 98.8 0.27
N
E S 98.e 98.5 98.e 98.e 98.5 98._ 0.27

N 6 98.e 98.e 97.5 97.e 97.e 97.5 e.se
O.

MEAN 98.4 98.4 98.4 98.2 98.1 98.3
SIG 0.49 %.38 e.61 @.?5 0.58 @.55

MEAH SIG

MIKES 98.3 %.47
RUNS 98.3 0.14

1'1'5 -- STOP



FORD TRUCE, SMALL FArl, EXTRA MUFFLER, L]4D ::

RUN NO..
i 2 3 4 S MEAN SIG

I 1 98.5 98.5 98.5 98.e 98.5 98.4 e.22
C
R 2 9g.e 99.e 98.e 98.0 99.e 98.6 e.55
0
P 3 99.0 gg.e 98.5 99.e 99.0 98.g e.22
H
0 4 99.e 99.e 99.6 99.e g9.e 9g.e e.ee
M
E 5 99.e 98.5 99.O 98.e g9.e 98.? e.45

N 6 98.6 98.e 9?.5 97.6 97.e 97.5 e.seo.

MEAN 98.8 98.? 98.4 98.2 98.6 98.6
SIG e.48 9.41 e.58 e.75 O.Be e.61

MEAN SIG

MIKES 98.6 0.53
RUNS 98.6 0.82

TT5 -- STOP



FORD TRUCK, SMALL FAN, EXTRA MUFFLER,LOAD _@

RUK NO:
I 2 3 4 S MEAN SIG

M
I I 99.e 99.S 99.e g9.e 99.0 99.I e.@@
C
R 8 99.@ 98.5 98.S 99.@ 99.e 98.8 8.87
0

> P 3 99.e 99.e 99.Q 99.e g9.e 99.0 Q.Qe
= H

0 4 lO@.e 99.@ 98.5 98.5 99.e 99.0 e.61
N
E 5 le8.@ 100.e 99.S 99.e 99.e 99.5 Q.50

N 6 99.e 99.e 99.0 99.0 98.5 98.9 e,88
o.

MEAN 99.4 99.2 98.9 98.9 98.9 99.1
SIG e.S2 Q.52 8.38 e._e 8.2e e.4e

REAM $IG

RII_S 99.1 @.SS
RL_IS 99.1 e.8o

TT5 -- STOP



FORD TRUCK, SMALL FAN, EXTRA MUFFL_, _N_

RUN NO,
1 2 3 4 5 MEAN5IG

M
I 1 100.5 100.5 100.0 100.0 100.0 100.2 0.27
C
R 2 100.0 100.0 99.0 100.0 99.0 99.6 0.55
0
R 3 100.0 100.0 100.0 100.0 100.0 100.0 0.00
H
0 4 100.0 100.0 100.0 100.5 100.0 100.1 0.22
N
E 5 100.5 100.0 100.0 100.0 100.0 100.1 0.22

N 6 100.0 99.0 99.0 99.0 99.0 99.2 0.45
O.

MEAN 100.2 99.9 99.7 95.9 99.? 99.9
$IQ 0.26 0.49 0.52 0.49 0.52 0.47

MEAN 5IG

MIKES 99.9 0.38
RUNS 99.9 0.20

TT5 -- STOP

i
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APPENDIX B: NARROW BAND SPECTRA
i

i

Includedin this appendix are plots of reFresentativenarrow band (15 Hz i:
I

bandwidth), A-weighted spectra for three Chevette configurations --standard,

high engine noise, and high exhaust noise --in each of three test modes --

passby,outdoorrun-up,and indoorrun-up. The ratedspeedfor eachexample

is 4000 RPM. The indoor run-ups were recorded in the #5 reverberation before

it was painted.

These spectra should be considered primarily as indications of the rela-

tive A-weighted frequency structure of the vehicles and not as indicating

absolute sound pressure levels at any particular frequency. This is due to

the method of obtaining the spectra from the real-time-analyzer. As the data

tape was played through the analyzer, the operator monitored the output and

pressed the hold button when he judged that the maximum sound level had been

_ reached. Tilecapturedspectrumwas then plotted. Variabilityin theopera-

tor'sresponse,time and judgementalmostinsuresthateach spectrumwas

0 capturedat a differentinstantwithrespectto the maximumsoundlevel,and
: hencethe amplitudeof individualfrequencypeakswillvaryfrom plotto plot.

A snallervariationInfrequencyis also observeddue to thosenoisesources

:_ whichwerespeed-dependent.The enginespeedwas not controllablefrom

!o plot-to-plot.Thisvariationin enginespeedmay be notedby observingthe
; positionof the largepeak at the exhaustfundamental.This peak shouldbei

at a frequencyof 133 Hz for the nominal4000 RPM of the plots.

1

io
i

! lIT RESEA,I_H INSTITUT|
I
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Figure BI. Chevet_e'passby,4000 RPM, standard noise
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APPENDIX C: ONE-THIRD OCTAVE SPECTRA

The Figure C1 through C4 indicate maximum A-weighted one third octave

band pressure levels for several representative cases of vehicle run-ups in

the reverberation room. They were acquired from tape recorded data process-

In ed B&K 2131realtime setto "maxhold".Inthismodethrough a Type analyzer

! of operation,each one-thirdoctavebandbehavedlike a sound levelmeter set
!

i to max hold. Increasingsignal level caused each band level to rise and re-
! mainat itshighestlevel.

Figures of this kind may be misleading unless one keeps in mind that all

bands do not necessarily reach their maximum level at the same time. A spec-

tral peak which increasesin frequencyduring the samplingperiodwould result

in a "smeared" spectrum under this mode of operation as it would cause a high

to be reached sequentially in several adjacent hands. This effect may be seen

in Figure C1 in the area around 12E Hz where the exhaust system fundamental

shifts as the _ngine speed is increased,

With thatwarningin mind, it shouldbe noted that suchfrequencyshift-

ing was only observed in the vicinity of the exhaust fundamental. The remain-

ing frequency bands are rather accurate assessments of the maximum A-weighted

levels attainedduring run-up. Beyond that, the spectra speak for themselves.

It is Interestingto observe,in the three truckspectra,the effectof alter-

ing the operating condition of the vehicle.

There is practically no difference between the maximum levels of standard

and fan-disabledtrucks in the lower frequency bands but the addition of an

extra muffler has a dramatic effect in this region. At higher frequencies,

disabling the fan lowers the maximum levels appreciably but the further

addition of an extra muffler produces no additional attenuation.

PJT RESEARCH INaTITUTE
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APPENDIXD: ILG LEVELS

One measure of the diffusivlty of the sound fields in the reverberation

rooms is the variation in sound level of the ILG Reference Sound Source as it

and the receivingmicrophoneare shiftedaroundin the room.

Tab]es D-l and D-2 tabulate the variation in A-weighted level with Room 5

empty and with the Chevette in it. The four ILG positions are on the floor

to the front and rear and to either side ef the vehicle. The microphone posi-

_ tionsare the sameas in the othertestsof thisreport. There is 0.2 dB
differencebetweenthe cases,indicatingthatthe Chevettehas littleinfluence

on the diffusivityofthe room,

I TableD-3 tabulatesthe same typeof variationover sixmicrophonesfor

one ILG positionin each of Room2, Room 5 unpainted,and Room 5 painted.I

I The ILG positionwas on a standbeforethe frontof the Chevette(orwherek

the frontwould be for the emptyroomcases). The microphonepositionsare
t

the same as in the other tests. It can be seen how the presence of the vehiclei .

makes increasinglylittle difference as the reverberationroan becomes larger
and morereverberant.

Finally,tabulatedbeloware the A-weightedsoundlevelsof the ILG in

ie paintedRoom 5 withvariousvehiclespresent. The valuesare the average
over sixmicrophonepositions,and are appropriatelyroom-created.Theseare

J

!_ the valuesof Lpr used in Section8.3.

_o

Chevette GMC Ford IH I

I Lpr 76.2 7S.l 75.0 75.2 l
iw

liT RESEARCH tNSTIT+JTE



TABLE D-I UARIATIOH OF ILG LEUELS IH PAIHTED ROOM 15 EMPTY ROOM)

ILG POS.
1 2 3 4 MEAN SlG

M
I 1 ?6.5 ?7.0 ??.0 79.5 77.7 1.3S
O
R 2 79.0 78.0 79.0 77.5 78.4 0.75
0
P 3 78.5 76.5 ?6.0 ?6.0 76.9 1.19
H
0 4 79.0 ?8.S ??.0 ?8.5 78.3 0.8?

0 N
E S 77.0 82.0 76.5 77.0 78.8 6.59

N 6 ??._ ??.S 81.0 ??.5 78.? I.?S
O.

RERH ?8.6 ?8.? 78.1 ??.8 78._
6IG 1.07 1.97 1.89 1.a1 1.50



TABLED-_ VARIRTIOM OF ILG LEVELS IH PAIMTEDROOM;5 (VEHICLE IN ROOM)

ILG PO6.
1 2 3 4 flEAN SIG

R
I 1 ?S.e 76.e 76.5 86.5 ??.6 2.42
C
R 2 ?g.e ??.e ??.e ??.e ??.6 1.ee
0
P 3 ?B.e 76.e ?6.0 76.0 ?6.6 1.ee
H
0 4 ?9.6 ?S.$ ??.# ??.e ??.8 e.96
N
E S ?6.e 63.e ??.e ?6.s ?9.6 3.26

H 6 ??.e ??.e 81.e 7?.5 78.5 1.93
O.

flEAH ??.6 ?8.? ??.6 7?.? ?8.6
6IG 1.63 2.64 1.86 1.59 1.84



Microphone Position
C"

l 2 3 4 6 6 AVG

empty 83.0 83.0 83.0 82.5 83.0 82.0 82.7

Chevette 82.0 81.5 83,0 81.0 (32,0 81.0 81.8

a) Room2

MicrophonePosition

l 2 3 4 5 6 AV6 C

empty 73.0 72.0 72.0 7].5 72.5 71.0 72.0

Chevette 72.0 71.5 72.0 71.6 72.5 70.6 71.7

b) Room 5, unpainted c

MicrophonePosition

1 2 3 4 5 6 AVG
r

[77.0 77.0 77.0 77.0 76.5 76.5 76.6empty
l

Chevette L77.0 76.5 77.0 76,5 76.5 76.5 76.6

I c) Room 5, painted

Table0-3 ILG VariationBetweenMicrophonePositionsfor Reverberation
Rooms, Chevettebothpresentand absentfromrooms. ILG on
standbeforefrontof vehicle. A-weightedsound levelsre
20 NPa.
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