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._ 1,0 INTRODUCTION

-_ In consideringwhether federal action is required to protect the public health

andwelfare against o possibleincreasein soundlevels resultingfromthe ;ntroduction

-! of morefuel-efficlent light vehicles, EPAhasfoundit necessaryto obtain baseline noise

data on 1977modelyear vehicles. 11_adevelopmentof a test procedureto measurethe

7 noisaemissionsof light vehicles as they are operatedundertypical urban acceleration
conditionshasbeen described ;n a previousreport! The current report describesthe

application of this and other relevant testproceduresto 66 light vehicles that are repre-

sentative of the makes and modelsenteringthe market in I977 (Chapter2.0), and presents

therequiredbaseline noisedata in termsof recommendedvehicle categories(Chapter 3.0

andAppendixC).

"_ The resultspresented in this reportrepresentthe first full-scale application of

the EPAUrban Noise TestProcedure thatwasdevelopedearlier ;n 1977. In the devel-

.._ oprnentprocess,a limited evaluation of thistestprocedurewasconductedwith encouraging

results,but the resultswere notoonclusivedue to the smallsampleof vehicles listed. The

"_ dataobtainedfrom the testson66 vehicles are thereforeused;n th_sreport to provide a

comprehensiveevaluatlon of the test procedure(Chapter4.0).

Finally, a further evaluationof the proposedCCMC }nterpalation procedureis

-q given in Chapter5.0.

It shouldbe noted that vehicle paramei_rsanddistanoeswere measuredand

-i printed out in Englishunits (feet, pounds,seconds)during the testprogram. Therefore,

;n caoordancewith EPA'srequestto reducethe data reductionand analysiseffort, English
-i

unitsare alsousedthroughoutthis report.

I
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2.0 DESCRIPTION OF VEHICLE TESTS

2.1 TestFacilffies and instrumentation

The light vehicle noise measurementswere conducted at the Marana Air Parkt

locatedapproximately 30 milesnorthwestof Tucson,Arizona. The Air Park wasorigi-

nally a military air baseand is nowprivately operatedas an aircraft storageand main-

tenancefacility. Accordingly, manyof the facilities requiredfor vehicle testingwere

readily available. An abandonedrunwaywas usedasthe testsite. A garage spacewas
e 'available whichwasused for vehicle tuningandInstrumentingprior to t sting. In addi-

tion to thesefacilitles_ the Air Park also afforded supportby the availability of personnell

shopfac_lifiest and specializedequipment.

In additionto the facilities available at the Marana site, several other aspects

of the locationwore conducive to vehicle noise tests. The prevailing weather conditions _

were quite favorable for outdoor soundmeasurement. During the evening hoursin the

Summerof 1977, when the testing was conducted, temperatureswere qu_temoderate, -_

ranging from16°C to 32°C, andthe wind speedwasgenerally below 5 mph. Therewas .._

also very little preoipHation during the testing period. Another favorable aspectof the i._.

site was the low ambient soundlevel, which was typically below 40 dBA. Becausethe _-]
Air Park is usedprimarily for aircraft storageand maintenance, the noise intrusionsusually i,.i

associatedwithaircraft facilities did not occur. A final aspect of the site was its proximity .....
' I

to metropolitan Tucson, Thisafforded a good local selection of test vehicles and an avail- -.

ability of auxiliary equ'pment and suppliesrequ'red to supportthe test program. ..

Toprovideo surface suitable for light vehicle noisemeasurements,an asphalt

test section wasconstructed asan overlay to the exqst'ngrunway. The test pad was200 x

I20 feat, bu_lfand sealed to the samespeaifloatlensas the testpad usedfor vehicular

testing at the EPA Noise EnforcementFacility in Sandusky,C)hto(seeAppendix A). The

area surroundingthe test pad and runwaywasclear for distancesover 300 feet of all

objecls which might act as reflecting surfaces. A trailer was installed in the vlolnlty

of the test padto housethe data collection instrumentationand act asa test control room.

The traiJer waspositionedapproximately 300 feet away from the center of the testpadt

thusassuringthat any sound re[laotians wou_dbe typically at least 20 dB lessthan the

dTrectsoundfromthe vehicle asmeasuredat the microphonepositions. Powerwassupplied

2-_
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.J to the trailer by two d_eselgeneratorsetswhich were parHally enclosedso that the

--_ ambient soundlevel measuredon the test padwasapproximately40 to 45 dBA.

During the pass-by testst the exterior vehlclo soundlevel wasmonitoredby an array

of m_crophones.Vehicle parameterswere monitoredand transmittedto the control room_n

• the trailer bymeansof a telemetry system. The parametersmeasuredwere as follows:

! VehTeleSpeed -- from a fifth wheel attached to the rear bumperof the vehicle.

• A standard Nucleust[nc., fifth wheelassemblywas usedwith a precision rotary

shaft enaoder installed in place of the standardunit to provide an extremely stable

and cons|etentoutputof 100pulsesper revolufiont providingan accuracy of

+0.1 mph.--J

--n Vehlcle Posltlon -- by counting the numberof pulsesfromthe fifth wheel shaft

'_ encoder. The accuracy wasmeasuredat +0.2 percent.

I EngLneSpeed-- by meansof"a capacitotiveplckupattached to the secondary

wife of the ignition ¢011for spark-lgn_tion englnos. Ford_esels_a magnetic

r_! pickupwas usedto sensethe rotational speedof the crankshaftpulley. Accuracy

J ±25 RPM.

_, Acceleration -- by meansel_a stmln-gage oecelerometerhard-mounted to a bracket

on the floor of the vehicle. Accuracy +0.002g.

Interior SoundLevel --by meansof General Radio 1933SoundLevel Meter. The

-'_ microphonewaslocated approximately6 inchesto the right of, and in the same
_jr

horizontal andvertical planeas, the driveds right earr asspecified in the SAEJ336

-7 procedure for the measurementof soundlevels _n truck cobs.2

The signals from each transducer(except the microphoneand soundlevel meter)
q
__ were filtered to eliminate high frequencies,using filters with o time constantoflOOmsecs.,

which is approxlmotely equal to the time constant in the acoustic system. In this way, the

measuredacousticand vehicle parameterdata were HmeeompaHble.

• _ A block diagram of the instrumentatlansystemis shownTnFigure 2.1. The fourJ
-- vehicle parametersand the broadbandsoundlevels fromthe m_crophonechannelswere

, recorded together with e time codeon FM tapeusinga Honeywell 5600C tape recorder

-- operating at a tape speedof 30 ips. The signalsfrom each microphone were also filtered

I _ 2-2
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i

usingan A-welghtlng networkt detectedusingthe "fast" responsecharocteristlcSand

input togetherwith the vehicle parametersto a Varian Data Machine Model 620 mlnl-

computervia a 16-channel differentia[ multiplexer and an analog-to-digltal converter.

Thedata acquisitionwas initiated and endedby the test vehlcle activating infra-red

; switchessuitably placedalongsidethe track. Additional switcheswere usedto identlfy

theend-zone limits on the computerprlnt-out. In test operatlonsthe data were aequ]red_Im digitized andstoredona cartrldge-type discas it was received. At the completionof

eachtestl the data were run throughvariousanalysisand plot programsand the results

._ dlsployadona prlnter/plotter wlthln two m_nutes. Upon examination, the digital data

werestoredon magnetictape for subsequentanalysis.

Individual itemsof equipmentwere callbrated in the Wyle test facilities before

usein the field to check the sensitivity, lineorlty and frequencyresponse. All labcra-

- torycalibrationswere performedusingequipmentwith standardstraceable to the National

Bureauof Standards. Field calibrationswere conductedandrecordedbefore and after
eachvehicle testsequence.

i ;_ Throughoutthe test programl wind speedeair temperatureand relative humidity

were monffored. Thewind speedwas measuredat a height of 5 Feetabove the surface of

l'_ thetest track and 60 feet fromthe vehicle path usinga cupanemometerprovidinga visual
InJ

readoutin the control trailer. Test runswere performedonly when the measuredwind
f'_ ....
_._ speedwas lessthan 10 mph. The air temperatureand relat ve humldtty were monitored

continuouslyover the asphalttest track by meansof a chart recorder. Data from the

three meteoraloglcalsensorswere manually entered into the computer immediately prior
to eachtest run andappearon the printout sheetstogetherw_ththe vehicle parameter

I andsoundlevel data.

_-._ It shouldbe notedthat the instrumentaHonsystemdescribedin this section Far

exceededthe requirementsof the test procedure. It was usedbecauseof its avaiJabillty

-] without modification at the completion of the previous study in which the EPA Urban Nolse
•- TestProcedurewasdeveloped.1 In additlon, it wasnecessaryto obtaTnfull details of the

-_ vehicle parametersduring the tests to document the repeatabili yand appiicabillty of the
I

-- testprocedure. In fact, the EPA testdoesnot require the useof a telemetry systemor e

i computerto measurevehicle soundlevels and operating parameters. A strip-chart recorder
can be usedwith equal effectiveness_aswasdemonstratedin the previous study. I

i 2-4 WYL_: I.AIiOITATOil IIE(-



k

2.2 Vehicle Sefectlon

Thedevelopmentof a data basefor noiseemissionsof 1977model vehicles required

the testingof asmanyvehiclesas posslble, including all available vehicle typesand

i englne/trensmissioncomblnations. Limltationsontheavaifabilityofcertalnvehlcles -

I and in the overall testing timeperiod, however, restricted the numberof vehicles that
! could be tested. Thecriteria usedto select thesevehicles were asFollows: "-
J

• All vehlcles were requTrodto be from the 1977modelyear.
2-

• Modelswith highsalesvolumewere requiredso that the data basewouldbe _ i

truly representatlveof the numbersof vehicles enteringthe fleet in 1977. _ !
! , !

• A rangeoFavailable engineand transmissiontypeswasrequired to examine ''

the different no_sachoracteristlcs, review the applicab_Jltyof the testpro- _'_'!i

cedure, and identify possibleclassification of vehlcles into categories. "_' ;

e Thevehicles selected were to include typesequipped with the smaller capacity i !
' eengm s introducedin recentyearsto obtain increasedFueleconomy.

• Selectedvehicles were requiredto have beenoperatedForat least500 miles, -.

so thatengine and transmissionparts wouldexhlblt operationaltolerances, --

but not morethan 12,000 miles, so that all equipmentwould stilJbe in good

workingcondition and not require replacement.

e Themajority at"vehTcleswere to be acquTrodFromthe Tucsonarea.

Usingthesecrlterla, 66vehicles were selected for testing. The completespecifi-

cationsfor thesevehicles are given in Thble 2.1. A breakdownof the vehicles according

to enginetype and size and type of transmissionis given in Table 2.2.

Thetest vehicleswere obtalnod largely from local rental agenciesanddealers.

However_many of the tesscommonmodelswere provided by domesticand foreign manu-

facturers_whoseassistanceis gratefully acknowledged. Upon receipt, each vehicle was ' i

fully documentedto ensurecompliancewTththe required speclflcaHons. Theywere then
3

tuned according to manufacturer'sspecificationsas Tndlcatedby the vehicle performance i
chart rnF_gure2.2. Finally, the instrumentationwas installed and calibrated, end the "

vehicle brought to its normaloperaHngtemperature in readinessfor the test sequence. _t
J

2-5

WYLIE LAi]O_ATO R I E_



_ ..... _ --7 I _ _ - ......

Table 2.1

Test Vehlcle Specifications

V_h ,j Culh BliP'"' Full 1'c_omy 1'an _Nhau_l

".1 _.,_,,.,h,¢,..... M_Je, Si,e Weigl,t ',_ff*,no_ Eng. CID Ca,b. RPM C tt CH I .... Bf,P/I,,. ClD/'b. A/C D,_ve Ou,',,

I O,_.er_l t,_furl O]dlmahlle Cutle. MS 3696 8,855 V0 350 4V 170"_13UI_ 16 211410 3^ 0.043 0.008 Yes Clulch Right? Chrld_f Oe_lqeRoyalMonac_ L_ 4_65 4,499 V8 360 2V 155 '_ 3600 I_ 16 3^ 0.034 0,079 i Yel Clutch R$ghf

J _'o_J UncolnC©ntin_nlnl LS _OT7 5.9&4 VB 460 4V ;708,g 400(3 II 16 13 3A 0.039 0.00.5 Yes C]ulch Y.;ghl

I lo_ol,_ Corolla SC 2225 4,600 L4 9;? 2V 75_ 5000 25 31 27 3A 0.030 0.0_1 Yet Ctulch Left

Io_oto Cotallo S_'I 23;?$ 4.9§5 L4 9;? ;?V 75,_5000 _8 39 3;? 5M 0.029 0.03;? No Clulch Left

' t,_.l_dn RX-¢ SC 2;?BO 906 Rot0_, fig 4V I10'h_6000 20 32 ;?$ _M 0,036 0,026 Yes Cf_ch Cerise,

f,_rced_-g_n¢ 24(30 C 32]0 2_379 1.4 147 FI 62 I_ 4000 26 30 28 4A 0.018 0.042 Yes D;rect kel¢

I Rord Gmnoda C 3410 1,056 L6 ;?50 IV 90_3400 21 20 24 4M 0*026 0,067 ye_ ID_lect O_nt_l

C.en_,n_]_otolt ChevroletChevette $C 19_0 0_0 L4 85 IV 57 _ _;?0O 2_ 42 3_ 4M 0.02.5 0.0:].5 Nr_ Dffect _ght

I GenemlMo_or_ RonlIacFheb_ SC 3459 6,]30 V8 301 2V 135_14000 15 23 18 4_A ' 0.036 0.0_0 Yes C/ulch Lift

RO,d Van E-3SO LT 44_6 11.044 VO 3.51 2V 16fl@3800 14 20 16 3A 0.034 0.0;73 tqo D;_ect A_ghl

1'o_d PickupF-150 LT 4S90 4,485 V8 351 2V ]6_ _ 31300 14 20 16 4M 0.044 0.0;72 t/o Direct _ght

G_.e,o] t._o_or_ Chevm]_lPickupG-10 LT 33]3 2_47EI V8 350 4V 16.5(_ 3000 34 19 16 3A 0.046 0.09;? No DIi_ct Lift

O_n_ml _-_otor_ BulckS_yla_k C _394 3_;743 V6 231 3V I0_ _ 3]00 IB 25 20 3A 0.020 0.063 Ye_ Clutch Left

Gene,alf._ol_ Chevm]etChevette SC 19_8 8_45.5 L4 97 IV 63_4_00 06 36 30 3A 0.O2.5 0.043 Y.s Clutch Lell

O. VolLtw_9on Rabbit _C ]860 7,7;?0 1'4 97 FI 7_ I_ 5500 24 37 J" i ;?0 4M 0.036 0.04_ Yet Elecltlc Lelt

1';at X-I/9 T_ ;?050 1,433 L4 79 ;?V 6;?_58Cg 23 35 127 4M 0.028 0,034 Yes Electric Lilt
I

/';at 128 S0 1990 66_ L4 79 2V 62@6000 23 3527 4M 0.027 0.034 No Eleclr]c _]ght

Feugeat 504(0) C 3_e0 7,39;? L_ t41 FI 7]@4500 28 3.5 30 4M 0.020 0.040 Yes EI./CI. R;ghl

E_;HshLeyland THumphTR'7 1S ;7371 986 L4 122 ;?V 061_55CO 22 29 24 4_._ 0.040 0.046 Y_ EI./CI. Lift

&;H_hLey]Qnd Jagu_XJ-121L C 4300 3,004 Vl_ 326 FI 244 _ 5;750 I0 ]4 11 3A 0,0.53 0.071 Yes EI./CI. Dual

ro._ f._e_¢uryC_ MS 402_3 8_15.5 vO 30;? 2V 1.50'_3400 15 1917 3A 0.030 0.0;?0 Yos Dff_ct R;oht

hletced.zt.Benz 4_0_1,L M_ 40_3 5_736 VB 276 Fl 180{_4750 13 %0 j 15 3A 0.041 0.063 Y_t Cfulch L_It
Chr__1_ DodgeA_pen C 3_;75 13,52_ I_ ;?;?.5 2V 100 i_03600 IB 24 20 3A 0.020 0,063 Ye_ Dffect R;ght

(:hf_l_@_ CorlJObrl _ 411_ I_,;?t3 VB 400 4V 190'_3600 II 19 14 3^ 0.042 0.069 Yet Clutch 100ht

A_,,._ica,_fAotor_ Gremlin SC 2_0r_ _,SfiO I_ 2.5;? IV 00'_ 3400 18 ;?4 ! 20 3^ 0.0;70 0.075 Yet Dff_ct L_ft<
C3_/d_.r P_,_oulhFwy his 4_50 9,631 V8 31B ;?V 14_,'1'4000 13 13 I_ 3A 0.03_ 0,070 Yes Dffect R_ghl

R_llt Royce S;]_erShadowII L$ 4995 2,_0 V_ 412 ;_V 240'_40_0 II 14 I;? 3A 0,04.5 0.078 Yes Clutch Left

_._1_ _2 SW 5W 2_99 6,847 L4 101 ?V 7_ "_ .5500 20 _6 ;?_ 4M 0.038 0.039 _ Elec. Lelt

Gu_r_l M_a_ Chavr.]el Cnpr;ce LS 3771 80;) VII 30S 2V 145,_'3800 16 21 I_ 3A 0.036 0.075 Yet Clulch I_]_ht

1.onl (3ranoda C 3_12 1,633 VB 302 _V I ;?;?"_ 3_DO 16 ;_;? IB 3A 0,033 0,079 YeS D_lect 1';_ht

Oe,_oralhlc_t_r_ Ro_t]acAslle SC ;?560 9,770 L4 151 2V 08_g_44CQ 24 .52 27 3A 0.031 0.053 Yes CJulch 'Lelt
0 Ford P[_lo $W ;?64;? 1,90.5 L4 140 ;?V 09 _14800 01 ;?9 _4 3A 0.030 0.040 Yes Direct I;gh_

Ame_icnnM_tc_r_ Pacu_ C 3166 :;?,568 L6 2.58 ;?V 120_r_3600 17 23 19 3A 0.03.5 0.074 Yes Dffect Lef_

_'.9.'_ 370i SC ;76S_ 956 ; 1.4 121 FI I 10t_ .5_ 20 29 ;?3 4M 0.037 0,041 Yes Direct C_n_al
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Table2.2

Breakdown of Vehicle Types included

in the Noise Tests
I

-i V12, V8 L4
r" • _J

>351 <351 1.6 V6 >100 <100 Rotary Total
-n CID CID CID CID

i

Aulornallc 11 16 6 3 4 3 0 43

: Manual 0 2 5 0 8 7 1 23

Two Seater(TS) - 1 2 3

Subcompact(SC) 1 2 11 (1D) 1 15

_°' Compact(C) 5 7 3 (2D) 15

I_ M;d-Size (MS) 5 - 5

Large-Size(LS) 8 (1D) 1 9

_ Station Wagon (SW) 3 4 7

_r_ Light TnJck 7 3 (1D) 2 - 12
b_

-j
-_ D signifies diesel,

i
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Complete Engine Performance
ALL VEHICLE iNSPECTION

TEST PROCEDURE

IOEN[IFICA rlON NUMSE/I TC 312D311tq OAIE _/1_/7 7

MAKE,TEAm,MQD(L TO_'[]TA Jq77 CORO_I*% MILEAGE _Jt

T|STPHOC|DU_I( g|AO .ii $P1[C5 _" •X

.qESULTS GOOD OAO

; Dwml_ O_*gll .M4tal _2W

PCV[_tl _ l x
I i

Ow,l_l vaela°gun I I_ I Ln • _.

CO,I poI4f,tv $¢oa| ID,SDlavJ I " CR(I _II_|p_ek PIu_ fle*nq Vall_i ScopeIDtl_l.tvl _tp;y _V •
'.1...... Co,lO ..... Scoo, IDis¢.Iavl ,_.kv. _L_ I ''kv J •

¢oll 4_d (_nd4h$4f Cn_ldlin@n _¢a_It l_4$1_H t l I

C4 Ii. _¢gJ_ ($_4(imp0||¢1) i Ii "J i _l' I •
c, r...o..,., _*////////////ll_ _ ;:

i1700 !E 7_3 ;oo 14 _15 16 j7 (S _,

ERATION _ _ .t -"

I'.-..,'d ...... T,-.q'_..o¢.u.,,i 10_ t#' i • 1 1 --
HIGH SPEED c_'_,_T_*_ol¢_q, vol_m,¢_ ll,_v I [q,v

[*hlqst H_IPI¢IIO_ VIC_UmGluql _1 DI _t _ •

VISUAL Into.el I,_..,_t I •

i i.sp_et U_lnlleelell4q4 I 1 y-,

ROAD TEST I c_°_ _o_,_c¢l,,_ I •
[

I ;
COMMENTS:

Ti'lt_. SIZE l_l_tI13

PRESSURI; rI(ONT 2q *

lIT1]R_ C 15 par¢_
Co ,_ pilr cs

RCP[._CI;D PLIIG5 ' I
=

! I

Figure 2.2, Vehicle Performance Chart
• I

r
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i 2.3 TestProcedures

_- The major objective of the test programwasto developbaselinedata for the noise
i
=

S'emissionsof 1977 model light vehicles u mg the EPAUrbanAcceleration Noise TestPro-

-_ cedurepreviouslydeveloped forEPA and describedin Reference1. The performanceof

J thesetestson a large numberof vehicles also allowed o further evaluatlonof the repeat-

ability of the test procedure,wlth the posHbHityof somes_mpllfleations. Full details of

" the EPA test procedureare givenin AppendixB; a brlef'summary isas follows:

• For vehicles equippedwlth automatictransmissions,there are potentlally twoJ

test eondiHons. Condition 1 requiresa constant-throttle operation to achieve

_j an acceleration of 0.159 just prior to the first to secondgear shift point or

at 22 mph, wh'cleveroccurs first, with the vehicle in_tlally at restandthe
"n
_.! transmissionin Drlve. If durlng th_stest, the 1-2 shiftoccursat a vehicle

speedof lessthan22 mph_*then it is alsonecessaryto test under Condition2,

which requiresa constant-throttleoperationin secondgear to achievean

acceleration of 0.12g at 25 mph.F-I

t-_ • For vehicles equippedw_th manualtransmissions,the test consistsof o constant-

i _ throttle operatTonto achieve an operating conditionof 0.15g at 70 percent
li maximumrated enginespeedor 22 mphs wh_cl_everoccursfirst, w_ththe trans-

missionin the lowestgear (highestnumerical ratio) normallyusedfor aeeelera-

tlon from rest.

=i The testswere performedwlth the vehicles in their standardoperaHngcondition,

namely, at normal operatingtemperatureand wlth all accessoryequipmentturnedoff. [n

this condition, demandcoolingfans (activated by a thermostotTccontrol) were deaetlvoted,

and hence, operatedat a speedsignificantly lessthan the enginespeed. Undermoresevere
• " b" eoperating condiHons,such asthoseinvolwng high am lent t ropeatures, extendedperiods

at lowspeed, or hauling heavyloads, the fan becomesacHvotedto provide the necessary

] addTtlonol cooling, and highervehlcle soundlevels can be generated. To determinethe
[ --

i

-- * Subsequentlychangedto 19mph as a resultof the data collected in this study.

I I
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magnltudeof this potentlal increasein soundlevels the demandfansin sometestvehicles

were artlficlally activated pr;or to the testby rotating the bl.-metallic strip or springto _.

open the clutch valve.

Accordingto the available data on typical driving habits) the soundlevels --

generatedunderthe EPAnoisetest procedureare representativeof the levels to which

urbanand suburbancommunltlesare exposedasa resultof light vehicles operatingin

an acceleration mode. Toprovide data onvehicle noisocharacteristlcsunderother

modesof operatlon, addltional tests were conductedas describedbelow. _

• .F.uiI-ThrottleOperation -- asspecifiedin the Societyof Automotive Engi-

neers Standard,SAE J986a,3 underwhich nearmaximumsoundlevels are

measured. TheSAEd986a procedurehasbeen the standardtestfor light

vehicles noiseemissionsin the United Statesfor manyyears, and is similar

in operation to the Europeanprocedureasspeaiflad in [SO R362.4

• Coast Operation - with the transmissionin neutral andthe engineswitched

off_ to identify the contr'buhon of tire noiseto the overall vehicle sound

levels. Thesetestswere conductedat 25, 35, 4.5, and ,55 mph.

• Crulseat ConstantSpeed-- to providedata for futureuse in estimating

communitynolseexposure from operationsother thanacceleratlon. Tests

were conductedat 35 and 55 mph. For vehicles equippedwith automatic T-

transmissions, the transmissionwasplaced in Drive; for manualsthe trans-

missionwas placedin the gear wlth the lowest numerical ratlo consistent ! ,

with an engine speedgreater than 25 percent rated speed.

Although the EPAUrbanNoise TestProceduremaybe consideredsuitable for '._i

the testingof light vehicles by manufacturersS the requirementfor a pass-byoperation =t
rendersit lesssuitable for enforcementactionsby state and local authorities. For this ,:_

reason, there hasbeena considerabledemandfor an equivalent testthat can be conducted
'f

with the vehicle at rest. Accordingly, soundlevel measurementswere conducted with _._

the vehicles stationary and the transmissionin neutral. The testswere conductedat
't

stabilized engine speedsof 50, 60, 70, 80, and 90 percent of the rated engine speed, ,*

as well asat 3000 RPMasspecified in a procedureproposedby SAE5 . d
I
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• 2.4 Microphone Locations

The vehlcie soundlevels were monitoredconHnuouslythroughoutthe test by an
i

+ array of microphoneslocated in the vicinity of the end zonewherethe requiredvehicle

-_ end condition wasachleved. Initially, six microphoneswere usedto monitorsoundrevels

in the pass-bytests. Thesewere located50 feet fromeither sideoF the vehicle centerllne

-_ as shownin Figure 2.3. Thisnumberwas selected to provide thedata necessaryforthe

-J tdontlficatlon of a single microphonelocation at which the maximumsoundlevel would

be approximated. Twoadditional mlerophoneswere usedin thestationarytests. One of

++ thesewas located 5 feet directly in front of the frontbumperof thevehicle at a height

of 4 Eeetabove the ground, and the other was located20 ;nchesfrom, and in the same

+ --' horizontal plane as the exhaustoutlet, in a direction 45° to the axisof the exhaustpipe
J
j -] at the outlet. Thesound levels generatedin the stationarytestwere alsomeasuredby a

I -' microphonelocated 25 feet fromthe eenterline oPthe vehicle, in a vertical plane passing
J

1_"_ throughthe geometric centerof the vehicle andperpendicularto the direction oFtravel
Nineteen vehicles were testedusingthis microphonearray.*

r_
t_ At this point in the testprogram, inputsfromforeign lightvehicle manuEacturers

indicated a concernthat additional measurementsshouldbe takenat a distanceoP25 feet

t_= fromthe vehicle centerltne, as ts commonin their own countries. The reasonbehindthis

requestwasa desire to measurehigher soundlevels (approximately6 dB higher thanthose

measuredat 50 feet) and hence be able to performthe testsin areaswith higher ambient

soundlevels. Toaccommodatethis request, the numberof exteriormicrophoneswas

increased from 8 to 10, the locationsbeing asshownin Figure2.4. Earlier haddata 1

indleated that the microphonelocationsselected for the 50-foot distancewere the most

_. Hkely to measurethe maximumpass-by soundlevel. The array shownin Figure 2.4 was

used for the remainderof the test program.

J
I -_

f
i p_+ * Vehicle Nos. 001, 002, 004, 007, 010, 011, 013 through016+018, 019, 020, 022,!
! ! ; 023, 029, 030, 034t and 035.

=eI
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i
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FTgure 2.3. Microphone Locations for Inltlal 19 Vehicle Tests.

2-13
WYLE LADORATOIII£ ]

i



1-
-

1.
...

.
l

,."
!

,
!

_
_!

LJ
L-

--
,t

_
_-

--
'i

K
_,

_I
l_

J
L

...
..

_
__

1
.

_1

c g -
]

0 _
",

2-
-+



3.0 NOISE EMiSSiON DATA FOR 1977 MODEL LIGHT VEHICLES

The resultsof the test seriespreviously described are presentedin this chapter.

A summaryof the noise emissiondata faro total of 66 light vehicles operating under

partlol-threttle (EPAtest pracedure)r full-throttle (SAEtest procedure), coast and cruise

conditions is g_ven;n Table 3.1, together with a description of the engine and trans-

mission type. Complete data sheetsdescr;blng the vehicle parametersand rangesat

the end cond;tlon for the EPA test procedure are given in Appendix C. The data for all

testcondiHonsore reviewed in the followingsections.

3.1 EPAUrbanAcceleration Noise TestProcedure

TheEPApart;el-throttle acceleration test procedurewasdeveloped1 in an attempt

tomeasurethe maximumsoundlevelsproducedby light vehicles under the typical accel-

erationcondltlensexhibited in normaldriving. In this study, a majorobjective wasto

implementthisprocedureon a widevariety of vehlele typesto identify increasesin sound

level that mightbe assoe;atedwith the introductionof the more fuel-efflcient vehicles.

Thesound levels produced by the light vehicles tested according to the EPA test

procedureere d_splayedin lermsof vehicle fuel economyas measuredby the EPACity

TestProcedurein Figure 3.1, the engineand transmissiontype be;ng identified for each

vehicle. It w;I] be noticed that, while the statistical correlation between the twoquan-

tities is not high -- indeed it would be surprisingif it wasS consideringthe wide rangeof "

vehicle types andcomponentsincluded in the test sample-- there is a strongtrend towards '_

;nereasingsoundlevels w;th increasingfuel economy. This is particularly true for the

datapoints lying within the area boundedby the dashedlines that are associatedwffh
q

Ihemore commonhighwayvehicles. Thedata po;nts lylng outsidethis area are generally i
=hi

representativeof h;gh-parformaneevehicles and somelight trucks,
I I

To predict the increase ;n l;ght vehicle fleet soundlevels that might result from ,_

Ihe introductionof more fuel-efficTent vehicles, it is necessaryto relale vehlc[e noise
i q

to fundamentalvehicle design parameterswhich are well defined in the current fleet and ..,_

which can be projected for future year fleets, The objective is to establishvehicle aate-

gorles_ntowhich all vehicles can be classifiedunambiguously. Themostsu;table funda- .-..

mental parametersfor thispurpose can be selectedby consideringthe relationships between _
engine designandvehicle sound level. ....

3-1
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Table :3.1

Summaryor"Veh;cle SoundLevel Data

$OUI_D LEVELSriB(A) _(__0 FEEIr iH|E_[OR LEVELS, d_A

CO,_STI CRUI$£ [7;_ CRUISE
V_l,. V_bicle E_01fl_ Tlui]l. ETA SAE U_I,_I
I'r_. T_p_ U_ba,__'_1_ r_r_f 25 mph 3_irl_ph 45 Ir_Th _5 n_ph 35 r.ph 55 mph 1,_ 3S.if_fl 55 r_ph

uu_ OId_,,c*b]J.C_flmL V8 3A 6_,9 7_.7 _9,4 64,4 6B,I 71,1 .... 6:3.4 ....

U02 Do_JcR_c_lI,_c,na_o _¢_ 3A 63_6 733 ............ 63.3 ....

IJ_J_ L;_l__In Cof_ll__ll_l V_ 3A 61,1 _'3,0 _8.? 63.9 67.7 70,6 62.6 .. 61._ ....

_ la_olQC_follo _4 3A 6_,4 _,7 57,9 62.9 66.7 69.7 .... 71.7 _ --

_J_ rc,y_r_ Co_a_l.EW L4 _ht 67,5 72.4 ._?_2 61.1 6_.9 69,2 66,5 71.2 79._ _0.4 U2._

L_0/ M,_l_ _X_4 R_tu[y 5_,_ 69,4 73,U _7,? 6-3,6 67.9 7] .4 .... 61.7 _ --

_'_ hl,_rceJc,_D_r_z24Q(0) L4 4A 69,9 74.9 58,2 62._ 66.0 60.9 65,8 70._ 7l)._ b4._ 69.9

UI0 Fol,JG_no_a L6 4ht 67.0 _9,5 59.0 62.6 65.3 67,$ .... 63.9 ....

r_ 011 Ch©vrol_ CJ_v®_r_ L4 4_._ 67.9 73.2 _9,_ 63.7 67,0 69,6 .... 77.9 ....

I_ L)I3 Pof_ri_c7_r,:b_d V8 4ht 6_,8 71,8 .......... 70.U m ..

01,; 7_d Va_ [-_E0 Vfi 3A 68.4 7_.0 62,4 69.3 73*7 77,2 ....

I_ F_r_7i_:kup V_ 4h_ 70,7 74.3 ......... 72_6 _ °-

01_ Ch,_r_J_l p_._ V_ 3A _,_ 75,0 _1_,0 63._ 67.0 70.1 -. 67_$ R ..

01_ D_¢I, _, r fu_, V6 3A 62.1_ 7].0 57,0 61.7 6_.3 _1.1 .. 64._ _ -°

019 Ch,_vrc,l_,l CJ._v._tu L4 _A 69, I -- 59,3 63,7 bT.0 69.6 .. 73,2 ....

U._0 VY_'I_J_l_;_ L4 4hi 69,3 72,7 _7.1 _1,4 ,':'4.6 _7,_ ' .. 69.4 ....

0_2 Fi_t :( I/9 L4 4M 67.7 74.9 _._ 60,6 _4,4 67.4 70.1 _ --

_J._ 7iul I?_ L4 4hl _1.2 74.6 _4.8 60,_ 64.7 68.1 63,9 _ --

II24 _,J_r 504 (O) L4 4_,1 71.9 ?_.1 ...... ¢_7,3 73.7 69,1 64,5 _,_

0_ lr_u_n_h[_o7 L4 _*t 67.6 76.,_ 58,6 63,3 66.8 69.7 6_.2 71.3 ....
• 1[ U_ J_,Ju_f;K.J12L V]2 3A 65.? _7.0 55.2 60.7 64.D 68.1 62.7 69,0" _ -"

/" _J._! _,l,:rc_ C_ VtJ 3A 61.8 78,:_ 5_.0 61.0 b4,7 67.7 62,1 71.9 .....m
(. 0_ h_lc,'d*_l fi_n_450 SEI. V_ _JA 6_.B .... [ -- , -° , .. 66.3 72,9 ....

0

0
;g



Table 3,1 (Continued)

SOU_'_ULEV[L$ d0(A)*_u50 FILET INI[RIOR LEVELS,d_A

Vch. Wh_cl_ Fn(_d_a rJnJl_. EPA SAE COASTI CRUISE U_bur_EPA CRUISE
_., T_,p._ Urbanr_t Ic_t 25mph 35 n_p_l 45ir,pll 5_mph 35m_h 55m_h T_0 3$mph 5_mph

_J".'9 D_jc _n _-_ _A _3._ 73._ _?.2 6_._ _5.9 i,_._ .... 63,6 ....

U_J0 Chly_J_rC,_,JQL_ V_ _A 64.? 74.6 _7.3 63,0 6?.2 70.6 .... 63.._ ....

031 AhlC G_,_n_in L6 3A 63.? 74._ _6,? 6t.9 6_.9 69.1 63,4 ?0.7 6_,1 64.? 7_.2

03._ pl?_nou_hFwfy V_ _A 6_,9 ?4,0 _6._ 61.5 65_1 60,0 64,2 69.6 6_.4 -- 70._

U_]3 R_llbP_ c.s51JrcrSh_a_v V8 3;_ 62.6 7-¢.6 57.0 62.0 65.0 68.8 62._ 69.2 64.5 64.4 6_.0

_J34 R_n_uhI_ 5W L4 ._hl 68._ ?,1.6 _S,0 60,9 _9.5 73.1 .... 7_._ ....

03_ C_l_ol_t C_llcm V8 3A 64.1 72.9 56,6 6_.1 66.2 69.4 .... 63._ _ _"

_3_. Fo_JG_n_da V_ 3A 60.3 -- _7.0 61.? /_5.2 68.0 62.2 _.1 -"

03? porlr_o_Ab_ru L4 3A 60.0 73.6 57,0 6_,1 6_,9 69.0 63.6 69.6 -°

C.,o 03_ FQr_P_,I_ 5_'1 L4 _A 64.._ 77.0 _0.0 63.4 67.4 ?0.? 6,¢,9 70,_ 71.3 6?,8 ?4,0

039 AhlC Poc,_r I-6 3A 63,4 7_.? _.7 6?,0 65,6 _.5 _3._ 70.1 67.6 65,7 72.5

O4O _,_Y 3_C_ L.I 4h_ ?_.8 -- ._0.0 6_).7 67.9 71.3 _1,0 72.1 81,3 ....

_ll 0_._V_01 t6 47,1 6Q,0 ?3,4 _9.4 64,0 6?.3 ?0.7 69.4 ?1._ 67,/_ 6_,_ 63.0

O4: FQf,JL1D$'_'¢ V_ 3A 61.3 77.? _..I 61.¢_ 6S._ 60._ 63,4 ?0.5 ....

044 C_luvf_lcl N_,a VLt _A 64.4 72.9 5_._ 60.? 65.0 _7.9 63._ 69.0 67,9 6_.1 6_,9

g4_ Cadillac D_V_II_ V_J 3A 6_.7 76._ 5_,0 6_.0 64.5 67_6 61.1 69.1 61.9 57,2 64.?

04_ ?,_r_uryt_',_rqulLSW V0 3A _.4 7_,_ _?.1 62,0 65.;* 68,6 _2,6 68.._ ....

_._' Fut,J_ir,:._ V_ 3,_ ,_]._ 71],1 _.l _,0.1 63.9 66,9 62,6 60,_ ....

_-_U f_l_JGI,_,._ _._ _, 6_.2 ?0.4 ._.0 6_._ j 63*9 66._ 6_._ 6_t._ ....
I

u_J _L_fu 4Y/D 5;'_ t14 4?,1 63._ 7_,8 _0.8 63,_ 67.0 69.0 6S.0 71.._ 77._ 69,0 77.1

U_I Chrysler _&C$W V_ _A _,4.6 ....... 64.5 _9,$ ....
'( L_? FaiJ LID V_ 3A 62.Q _9._ ._._ 63.0 66,3 6_.9 6_.6 _9.8 °°

0:_ O_d_:_ilc J_Ir,__9 (D) V_ 3A 69.7 74.5 56._ 61._ 6S.2 6_,1 66.0 70.4 ....

• C._l _un_ _v_ ¢_,_l_J h_ Iv,Jl_l_ _qu_on_ d._wl_f_ t Ir_ da_ I_,en _ _,mi_ _p_'Ji al 2_ _$_ 45_ ur_ _ mp_l_

Ig
Q
_g

Q

-"...-3n ......... ,_I _ I...,_ _ _ .... i .



Table 3.1 (Concluded

SOUND LEV£t.SdB(A)@ 50 fEET INT[RIOR LEVELS.dDA

'¢_h. V=hich' [_l_ir_, Finial. EpA SAE COA_TI CRUISE Ulb_anEP_' CRUISE
I J_ Ir_lJ*. UiLorl r=._ '_f _5 mph 35 mph 45 mph 55 mph 35n_l_ 5_ _lptl T_l 35 ,_p_l 55 ,_ph

U_ _lor_J_C_.H.;CVCC L4 2A 62.U 70.L_ 56.9 61._* 6_._ _.r 6_.3 _._ ....

u_._ J¢_pW_*Jar_==r4WD V6 3A 64.1 00.1 57.2 _2.0 65.6 68.$ 63.0 _*0.3 ....

L)_:. $_J_ 9_ L4 4h_ 6_._ 71.2 _5.9 61.1 6_.0 6_.1 63.5 69.3 ....

0_/ O1_,_511_=Orn_o V_] 3A 63.U 71.2 _6.1 61.3 65.2 68.4 63.3 70.2 ......

L_ D_J_ _200V_r_ V8 3A 62.3 73.7 _9.7 6.3.8 66.0 69.3 63._ 70.3 ......

U_9 Int=_n._rlr._alS_T=rl_{D L6 3A 76.0 80.3 _.6 60.2 63.6 66.4 &7.9 73.7 .....

¢J_.0 VW R.=t_ (13) L4 4/_ 69.2 74.3 _5.fi 60.6 64.1 66.9 _1._ 70.3 .....

L_[ A_.IC .._p CJ-5 L6 3_.1 64.0 75.3 61.2 66!7 70.1) 74.1 69.6 76.7 ......

C..3 L)_ .'*._C _._]_or $W V_I 3A 66.4 ?4.0 _5.6 60.3 63.9 66.0 _3.9 69.3 ....

.4_ _J6:J Ch_rolqr _4ov_ L_ 3A 71.8 _6.4 6].1 64.5 67.3 63.$ 69.9 69._ 64.1 71.0

_ Dor_u, 6._0_=ic_.._p L4 4t._ 70.3 74.9 58.7 6_.7 6_.8 68.2 64.9 69.6 78.4 66.4 76.6

0_ E_d;ll_=¢$ev_ll_ VU 3A 62.3 7_.1 5_.2 60.0 63.6 _6.5 61.0 67.6 64.(] 61.4 65.6

u6_. Ch=w_l K-_ filmier VB 3A 66.7 c_.9 56.9 6?.4 66._ 69.0 63.4 70.2 70.9 64._ 69._

1_7 OlJ_m.=_ih=I_l_a OQ V6 3A 63.7 68.9 54.9 ._9.6 63.4 68.8 61.1 _.5 62.9 59.7 67.4

0_ VW I_u_ L4 4t.I 66*9 74._ 56._ 61._ 65.4 68.6 63_6 7].2 7_.4 71.7 7_.6

L_'_ F_d Pi¢_*_pFIGO L_ 3_._ 60._ 72.9 59.7 63.6 67.1 69.7 63.6 70.3 72.2 6_.6 72.7

(JTIl F¢_f4_ Vcm V8 3A 68.9 ?_.0 60._ 67.0 _71.6 76.2 6S.4 76.4 ....

L)/I Pol_ch=*91 IS H_. _.1 74*2 76.4 _.7 62._ 66.3 69.6 66.6

U/._ P_,liu.: V_nt'_r_ L4 3A 6_._ 7_.3 55.0 61.2 65.3 68.5 62._ 69.8 °-

U/] Po,liu_ _nb_r.4 L4 5t.I 6B.7 71.9 _0.1 63.1 66.9 69.9 63.8 70._. --

._. _*m_ Z_._¢=I¢=l(._t_ b_ v=hi¢l_ r_onanc=.t. _Q _l vc.l_Ic_=_10_3is iIo_ inJud_ _n rll_ Iollow_Lo 0rc_phL.

)
=
0
:0

1
G



,!i

;/! : i

f_rawt A,tD, Monunl

' 4-cyl. • D

,_ O0 6-cyl. •
8-cyl. • 0

Oie_,_l @ O

_751 f

o i :
;'C

*- • • Q 13 13

60 I I " I I f I I r'"
IO 15 20 25 30 35 40 45

FuelEco.o,.y, mph(City) i
--! i

Figure 3.1, Vehicle SoundLevel Measuredat 50 Feet According to the
EPAUrbanAcceleration NoTseTestProcedureasa Function
oFFuel Economy.
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i

! Thesoundlevel producedby a glvon vehicle underany given operatingcondition

is largelydependenton bye operating parameters, namely, the engine speedand the

: throttre setting. Of these, the engine speedis the mostdominantparameter, ascan be

-_ seen fromthe engineperformanceand soundlevel curves shownin Figures5.20 and ,5.21

; of Reference1, and in the typical curves shownin Figure 5.2 of th_sreport. Thusthe

• -- soundlevelmeasuredin the EPAAcceleration Noise Testwill be strongly dependenton
r

-. the maximumenginespeedachieved in Satisfyingthe performance requirementsof the test.

-" Thebasicss_mpllf_ed,mlationshlpbetween the engineperformancetn termsof
i,

rated horsepower(BHP)and the engine speedis as fallows:

_i BHP a CLD x (_ted EngineSpeed) x MEP

-_ whereCID is the aubic-lnah displacementof the engine, the rated engine speedis the
engine speedat the rated engine horsepower,and MEP is the mean effective pres-

'_ sure in the engine cylinders during the powerstroke which is related to the throttle
_ setting. Theperformanceof o vehicle under acceleration is characterized by the

_, horsepower-to-weightratio (BHP/LB)given by the relahonsh'p:

BHP C[D
L'B" a _ x (RatedEngineSpeed) x MEP

Reviewingthe specification data g_vonin Table 2.1 for the 66 vehicles testedin

this program,showsthat the horsepower-to-weightratio varies froman averageof 0,030_J
forvehicleswith 4-cyllnder enginesto 0.035 for thosewith 8-cyllnder engines. In other

r

words, themajority of vehlales ore designedto operatewithin a Fairly ITmitedrange of

performance. Theaverage value of the engine displacementper unit weight ratio (C[D//B),

: however, varies From0.042 to 0.0781 respectively, for the two typesof engine. Therefore,

to satisfythe relationshipshownabove, 4-cylinder enginesmustbe rated at o higher engine

i speedthan 8-cylinder englnesSand mustbe operatedw_th greater relative throttle openings

at higherengine speedsduring acceleratTonto provide slmtlar levelsof performance. This
I

__ trend Tsclearly shownin Figure 3.2. Since vehicle soundlevels are largely dependenton
enginespeed, it _sto be expected that vehicles with small 4-cyllnder engineswill exhibit

-i

i higher levels than thosewith the larger 8-cylinder engineswhenoperated under the typical

aaceleratTonconditionsspecified in the EPA UrbanAcceleration Noise Test Procedure.
i
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With this background, suitable engine parameters for vehTcle classlflcatlon are

as follows:

• Englne capa01ty (C[D)

-- • Engine capacity per unit weight (CID/LB)

• Rated engine horsepower (BHP)

• Horsepower-to-welght ratio (BHP/LB)

• Vehicle weight (LB)

i _ • Engine speed (RPM)
; ]

i

Plots of the vehicle sound level, measured according to the EPA Urban Aceelera-

_j tlon No_so Test Procedure, against each of the above design parameters are shown in

Figures3.3 through 3.8. The first graph, Figure 3.3, indicates a dividing llne at an

englne ¢apoolty of 200 CID, above whloh vehicles wlth lower sound levels are grouped.

At the time of writing, several manufacturers ore introducing vehicles equipped with

"i
i_= 6-cylinder engines of size approximately 200 CID. The sound levels generated by these

newer vehicles are unknown, and 11"is not ¢ertaln whether they would be grouped into
!4
_, the <200 C10 of >200 CID categories. Accordingly, classification by engine aepa ity

is not feasible at this rme. A similar argument can be made against using the parameter
}

CID/LB for a classification scheme -- see Figure 3.4.

The plot of vehicle sound level against englne horsepower in Figure 3.5 showsa

7 trend towards increasing sound levels with a lowering of rated engine power. This could

I -. be predicted from the data shown in Figure 3.1 since engine power is generally inversely

related to fuel economy. From F_gure 3.6 it is evident that no convenient groupTng is

possTble with the horsepower-to-welght ratio, because the overall range of this parameter

-- is quite limited. If high.performance vehicles and diesels are excluded, the range Is

i from 0.025 to 0.040. Within the range, the spread of values for the different engine and
I

transmlsslan types is greater than the difference in mean values for each type. As men-

-_ tloned previously, this indicates that the majority of light vehicles are designed to operatel

within the same limited performance range.

The relationship between the EPA test sound level and the vehicle curb weight"

is shown TI1Figure 3.7. As before, the data points lying outside the dashed lines represent

3-8
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Figure 3.5. Vehicle SoundLevelsMeasuredat 50 FeetAccording to the
EPAUrbanAcceleration Noise TestProcedureas o Function
of EnglneBrake Horsepower.
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hlgh-performance veh;cles_ light trucks and diesels. There is a fairly strong correlation

_: between fuel economy and vehicle we;ght, but Figure 3.7 shows no convenient method

i of classification. In common with the previous graphs_ however, the data points for

-. different engine and transmisslon types are grouped together fairly closely.

.J
Reviewing the relationships between vehicle soundlevels and the parameters C[D,

i "n CID/LB t BHP, FIHP/LB, and LB, indicates that there are no strong correlations. The dif-

e "terence in sound levels between vehicles is not so much due to the difference in ngme

design parameters as to the engine speed at which they are operated, in this respect

there is a closer relationship between the sound levels generated by different vehicles

operated at the samelevel of performance and the engine speed necessary to attain that

level of performance. This is shown in Figure 3.8 far the vehicles tested in this program.

The EPA Urban Accelerat|on Noise Test Procedure requires that the veh;cle sound

level be measured prior to or at the 1-2 shift or 25 mpht whichever occurs first. However_

i_.i for automatics,, the engine speed at the 1-2 shift dependsstrongly on the design of the

transmissionand cannot be predicted from the engine parameters and vehicle weight. The

.II_i range of onglnes and transmissions available ;n 1977 model year vehicles results in a w;de

range of maximum engine speeds, and hence maximum sound leveJs_ produced by different

t_ vehicles in the EPA test. Hence a strong correlation between vehicle sound level and

engine design parameters is not to be expected.

It will be noticed that in Figure 3.8t the data groups fairly closely according to

the type of engTne and transmission. The fuel economy also groups well wHh thls clcss;-

"; flcat'on scheme1 as indicated in Figure 3.9. Thus, categories representing automobiles

-] equipped with 4-t 6-, and 8-cylinder englnes immediately suggest themselves. Classlf;-
i

-- cation by number of cylinders effectTvely overcomes the previously mentloned problems

7 associated with the use of engine capacity as a parameter. A distinction between auto-
i

-- mafic and manual transm;ssTonsis possTble for automobiles with 4-cylinder engines; a lack

of data for 6- and 8-cylinder engines with manual transmissions does not allow this dis-

= -- tlnction to be made with certa;nty. Furthermore, vehicles equipped with 8-cyfinder

engTnes andmanual transrnTssTonsare sufficiently rare that they may be included in the

automatic transmissioncategory. Diesel engTne vehicles Tngeneral produce significantly

i higher soundlevels than their gas counterparts regardless of engine slze and transmTsslon

! 3-14
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type, and hence require a separate category. A final category is provided for light trucks

wlth 6- and 8-cyllnder engines whlchr taken as a whole, do not appear to belong in any

of tile above categories, even though some individual light trucks do exhibit sound levels

typical of these categories. Light pickup trucks equipped with 4-cyllnder engines are __

essentially the some as the correspondlng automobile models and generate similar sound

levels. Accordingly, they are included in the automobile eategorles.

• A summaryof" the vehicle categories is given in Table 3.2. The distribution of

sound levels for vehicles in each category Tsshown in Figure 3.10, together with the mean '-

sound levels representative of each category, in calculating the mean levels, the data '

for some vehicles were excluded, as indicated in Figure 3.10, because the vehicles were , I

hl
not considered typlcal of their class. In one case, however, subsequent review of" the

operational data showed that one vehicle (#054) may have been operated under the wrong :

test condition. Thls case will be discussedmore fully in Chapter 4. ;i .!

in general, the data polnts separate well withln the six categories, with the I =

exception of 6- and 8-¢yllndor light trucks. Some of the light trucks "_ould appear to

fit quite well in Categories 1 and 2, but others clearly do nott and there is no straight-

forward explanatlon for this inconsistency other than the differences in basic design. The

results indicate that under typical acceleration, the smaller 4-cyllnder engine vehicles

with high fuel economy generate sound levels that are 3 to 5 dB higher than the larger

8-cylinder engine vehloles, while those with 6-cyllnder engines lle somewhere in between.

In general, the automatic transm'ss'on veh'cles equ'pped w'th 6-cyllnder engines of capa-

city greater than 200 CID are little different from those with 8-cylTnderenglnes. The

one example eta 6-cyllnder engine less than 200 CID (vehicle #047) shows a sound level

of 68.6 dBA which is more in llne wlth the general data applicable to 4-cylinder engines.

The mastsignificant increase in sound levels is found with the diesel engine vehicles

that have been recently introduced. With the exception of one vehicle, a I_ght truck, the "-

sound levels for diesel englne vehicles appear to be relatively insensitlve to engine size

or transmission type. The data base is limited, but includes the majority available in the

U.S. in 1977. ii

The test results described above were obtained wlth vehicles operating within
i ,

their normal temperature range. Several of the test vehicles were equipped with fan

3-17
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Table 3.2

-- SummaryoFVehicle Categories

_ Category Vehicle Type Engine TransmissionNo.

1 Automobiles 8-cyllnder Automatic &
gasoline Manual

2 Automobiles 6-ayllnder Automatic &
gasoline Manual

3 Automobiles& 4-cyllndor Automatic :
L;ght Tracks gasoline

4 Automobiles & 4-cylinder Manual
Light Trucks gasoline

5 light Trucks 6- & 8-cylinder Automatic &
gasoline Manual

6 Automobiles 4-, 6-, & Automatic &
8-cylinder Manual

" diesels

i
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Indicates Vehicle Excluded inDetermination of the Mean Level.
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i

clutches that partially or fully disengage tile cooling fan from tile engine drive at normal

•_ operaffng temperatures and engago to on increasing degree as the engine temperature

increases. ]he resulting increase in fan speed can cause an increase in vehicle sound

level for some vehicles. Since a portion oFthe engine power is used to operate the fan,

,LJ the power required to achieve the test operating condition will also increase r thus intro-

-_ during a secondary mechanism that can cause vehlcle sound levels to increase.
To determine the effect of fan engagement on vehicle sound levels, the fan clutches

on 10vehicles were adjusted to achieve the minimum slippage posslble and the sound levels

measuredusing the EPA Urban Noise Test Procedure. The results oF these tests are shown

in Table 3.3, together wlth the data obtained wlth the fans operating under normal con-

diHens. Figure 3.11 shows the increase in sound level plotted as a function of the base-

-_ line level. As would be expected_ the general trend is towards greater increases in sound

i _" level for vehicles exhlbltlng lower baseline levels. The two data points in Figure 3.11

! I_ that done, follow the goneral trend correspond to vehicles that exhlbited transmission
i;]w

! resonancesat the increased engine speed needed to satisfy' the end conditions with the

_ l_ fan engaged. It can be concluded that the Increase in sound level with temperatures gen-
: erally will be greatest for vehicles equipped wlth 8-cyllnder englnes t and least for those
i

i:l: wlth40yllndereng,°os
.I

f"! 3.2 Tire Sound Levels
L.J

The sound level data presented in the previous section for vehicles operating

-_ according to the EPA Urban Noise Test Procedure include contributions from both the
C ° *propulsion system, onsJstmg of the engine, its accessories and the transmission, andi

i the tires. In some cases, and particularly for vehicles with 8-oyllnder engines which

tend to be the quietest, the tires may contribute sTgnificantly to the overall vehicle sound

level. To determine this contrlbut'ont and to assist in the subsequent identlflcat'on of

the effectiveness of noise abatement techniques applied to the propulslon system, meas-

__ urementsoF tire sound levels were made on vehicles coasting at speaified speeds past a

; microphone array, with their engines turned off and transmission in neutral.

Tile measured sound level data are presented in Figure 3.12 as a function oFvehicle

i speed. 111efirst po_nt to notice is the very limited range of sound levels obtained for the

! 3-20
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Table 3,8 .-

The Effect of FanEngagementonVehicle SoundLevels

! Veh. Vehicle Engine Tmns- SoundLevell dBA SoundLevel -
No. mission Normal FanOn Difference, dB

i

003 Uncoln Continental V8 8A 61.1 64.5 3.4

009 Mercedes Benz240D L4(D) 4A 69.9 69.7 -0.2

018 BuickSkylark V6 3A 62.8 72.0 9.2

022 FiatX 1/9 L4 4M 67.7 68.1 0.4

023 Fiat 128 IA 4M 71.2 70.7 -0.5

024 Peugot504D L4(D) 4M 71.9 72.8 0.9

030 ChryslerCordoba V8 3A 64.7 67.9 3.2

034 Renault12 SW L4 4M 68.5 69.2 0.7

035 Chevrolet Caprice V8 3A 64.1 70.9 6.8

050 Suba_u4WD SW H4 4M 63.8 64.5 0.7 '_

!,1
b I

!
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i majority of vehicles equipped wlth the regular hlghway tlre. As shown in Figure 3.12,

_ the majority of data points lie within +2 dB of the mean value at all speeds for vehiclesi

! and tires of all sizes and makes. The mean relationship can he quantified as follows:

k -- 62.5 + 36 log f S'_ , dBA

-'_ where S is the vehicle speed in mph. The standard deviation is 1,3dB.I

The sound levels measured for vehicles equipped with tires having an "aggresslve"
i

tread, such as mud-and-show or town-and-country tires, ere 5 to 6 dB greater then rlb

tires used for normal highway conditions. However, the levels increase at about the same

rate with increasing speed.

m As would be expected [ram these data, there _svery little variation "n tlre sound

levels bet_,een the various vehicle categories. Figure 3.13 showse sllght tendency for

_-. increasing levels wlth the smaller vehicles, and a major increase of 4 to 5 dB for light

I ,_ trucks with aggress've tread t'res at a vehicle speed of 25 mph.

i: _'_ The effect of tire noise on the sound levels measured for the EPA Urban Noise Test

_ Procedure can be determined by subtracting the tlre contrlbut_on at the vehicle speed

• l_lli ,_ where the sound levels were measured. Thls has been done foreach vehicle individually
uslng the 36-lag (speed) scaling [actor and the resulting differences in sound level are

indicated in Table 3.4, only for the 19 vehicles where the tiT[terence is greater than 0.5 dB.

it should be noted that the EPA test level was, in general, less than 65 dBA for these 19

vehleles; notable exceptions were bye light trucks (#014 and #070). Of the vehicles tested

wlth 4- and 6-cylinder engines, only 11 percent exhTblt a change in sound level greater

than 0.5 dB when the fire noise contribution is subtracted. However, for ever 50 percent

o[ the vehicles tested with 8-cylinder engines, the change in sound level is slgnificanb and

is as much as 3 dB in same cases. The associated average reduetlon in sound levels [or the

various categories is less than 0.5 dB, except for Category I where it is 1.3 dB.

i
3.3 SAE J986a Test Procedure

The SAE J986a procedure involves a full-throttle operation o[ the vehicle such

that maximum potential noise is generated. The procedure specifies only a single micro-I

_j phone position, however, so the measured sound level is not always the maximum produced

! 3-24
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Table3.4
i

Effectof Tire NolseonSoundLevelsMeasured
AccordIngto theEPAUrbanNoiseTestProcedure*

i -- Propulllon ) Diffe,e_cn in

EPA TeJr Tire Sound System 5ou,d L._01Du.: to

I Vehicle En._Ine Level at EPA Level of EPA I rlte No_e

i _ Nn. Type Trans. Level_ Telt Candltlan_ Test Condltlon_ Cor_tribuHan.
dBA elBA dg_ dB

- J 001 V II 3A 62.9 59.1 60.6 °2.3

003 V8 3A 61. I 58,6 57.5 o3,6

004 L4 3A 65.4 58.0 64.5 -0,9

014 V8 3A 69.0 63,5 67,6 -I ,d

-_ 01B V6 3A 62,8 55,8 61.0 -I.0

027 V8 3A 61.8 66.0 60.5 -I.3

032 V8 3A 62,9 S3 ,B 62.3 -0.6

] 033 V8 3A 62.6 53.0 60.8 -I .0035 VB 3A &I.l 56.5 63.3 -0.0

036 V8 3A 60.3 56,6 57.9 -2,4

030 L4 3A 64.2 57.9 63.0 -1.2
042 V8 3A 61,3 56.3 62.4 -I.0

[_11 0.16 V8 3A 62.4 56.9 6] ,O -I ,4

'_ I-1 052 V8 3A 62,8 58.4 60.8 -2.0

057 V8 3A 63.0 55.3 63. I -0.7

'._: f'_ 050 V8 3A 62.3 59.6 69.0 -3.3

•_ _tl 065 V8 3A 62,3 55.5 61.3 -0,7
_J

067 V6 3A 63,7 56. I 62.9 -0,8

,_ 070 V8 3A 68.9 60.7 68.2 -0.7

• Data shownonly lot whleles whure Ihe difference In =oundlevel due to flee noise eenttlbution

_'__ IIgreater lhan 0.5 dO.

i
_A

;
1
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duringthe test. The soundlevelsmeasuredfor this testprocedureare shownin Figure3.14.

as o functionof the rated enginehorsepower. [n contrastwith the data for the EPAtest

shownin Figure 3.5, it is clear that them is nogeneral trendin the data. Attemptsto

relate the soundlevels to otherengine or vehicle parametersresult in similar displays.

An il[ustratlon of thedistribution of soundlevels measuredfor the testvehicles

in the six categoriesdefinedin Section3.1 is shownin Figure3.15. Themeier point to

be noted is the relative msens'tlvffyof the soundlevels to the type andsize of engine

and transmissionin the caseof gasollne-poweredautomobilesand I_ght trucks. Themean

value far Categories 1 through5 _s73.4 dBAwith a standarddev_atlonof 2.6 dB. Cam- '

paring thesedata with thosefor 1973vehicles6 (where souldlevels rangedfrom 75 to65 dBA) _-

_t _sclear that SAEd986a vehicle soundlevelshave beenreducedconsiderablyby a com-

bination of modifiedexhaustsystemsand reducedrear-axle ratios. Highersoundlevels '-

are exhibited by vehicles equippedwith diesel engines, the average value being 77.6 dBA.

However, only five dieselswere testedand only one of these (//059)had a level greater

than that exhibited by theother classesof vehicles.

A plot of the soundlevelsmeasuredaceordTngto the SAEtestagainst the EPA

test levels "sshownin Figure3.16. Examinationof this figure indicates that the corre-

lation be_veensoundlevelsmeasuredby the two test proceduresisvery low. Recalling

that the EPA testprocedure'sdesigned to simulate typical acceleration conditionsencoun-

tered in urbandriving, andhenceduplicate the noiseexposureof the local eommunTty, ._

Tt appearsthat the usefulnessof the SAE.J986atestprocedureis strictly limited to the ....

measurementof near-maxlmurnsoundlevels thatare unrelated to communitynoiseexposure. _J

A comparisonof thesoundlevels measuredaccordTngto SAEd986a and the EPA

Urban TestProcedureis givenin Table3.5 asa function of vehicle category. The dif-

ference in soundlevels, rangingfrom5 to 10 dBasshownin this tab/e, is only partly due ' !

to the increasedthrottle setting required in the SAEprocedure. Themain reasonfor the "

increasein soundlevelsis that the engTnespeedsachieved in the SAEprocedureare con- ' i
slderably hlgher than thosein the EPApartlal-throttle test, approachingratedengine

speedin somecasesat the time when the maxTrnurnlevel ismeasured. However, there ' !

appearsto be no consistentrelationshipbetweenthe difference in soundlevelsmeasured

in the two testsand parametersrelating to vehicle performance. As a result, there appears i '
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Table 3.5

Comparisonof SoundLevels MeasuredAccording to the
SAE d986a andthe EPAUrbanAcceleration TestProcedures

i Vehicle Category SoundLevels(dBA)AeaordingTo: Difference in
'J EPA Urban SoundLevel,

No. Vehicle Type SAE d986a TestProcedure dB

1 8A 73.6 63.4 10.2

2 6A & M 72.3 65.2 7.1

3 4A 74.5 66.6 7.9

4 4M 73.8 68.9 4.9

5 Light Trucks 74.2 66.6 7.6

6 Diesels 77.6 70.2 7.4

i

i!
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to be novalidity to the hypothesisthat the soundJevelsmeasuredby the SAEtest could

be "adjusted"by meansof a correction factor to provideequivalent levelsunder partial--!
throttle operation. A proceduredevelopedby the Committee of CommonMarket Auto-

mobile Manufacturers(CCMC) attempts to dojust this by meansof an interpolation techn|que. 1
-.i that is applied to each vehicle. Thismethodwasreviewed in a prevmusreport, end

additional data are presentedin a later chapter.
.... j

3.4 Cruise SoundLevels

"_ Thesoundlevelsgeneratedunder cruise conditionswere measuredin the testseries

to provideadditional informationonvehicle noisecharacteristics, andfor input into noise

predictionmodelsthat _ncludeoil modesof operation. Measurementswere conducted

with the vehicles cruising at 35 and 55 mphusinga throttle settingsufficient to achieve

zero acceleration. The maximumsound levelsmeasuredduring a pass-byat 35 mph are

-_ plotted against fuel economyin milesper gallon in Figure3.17. It con be noticed that
'_ the majorityof data po_ntslie within o bandw_tha rangeof about4 dB, and there isa

I_L_ definffe trend towardshigher soundlevels at high fuel economy. At least 70 percent of
the data paints lie within the range of tire soundlevels, i.e., 62..5 4-2dBA, measured

i_ _nthe testprogram. With few exceptions, the data po_ntsthat lie outsideth_srange

b_ correspondto veh'cles w_th4-cylinder or dTeselengines, or to hlgh-performancevehicles

!'_ wHh manual transmissions.Twoof theseveh_aleslidentified in Figure3.17, are light
_r

-- trucks equippedwTth Hreshaving "aggressive"treads.
_-_

I The cruisesoundlevel data for speedsof 35 and 55 mphare presentedfor the sTx

veh'ele categories _nFigure 3.18, together wlth the mean value for each category. For

__ vehiclesequlppedwith gasolineenginesand regular-rib Hres, there _sa maximumvaria-
tion of 2 dBbetween any of the categoriesat eachvehicle speed. As expected, vehicles

t equippedw_th d_eselenginesproduceh_ghersoundlevels due to the dominanceof engTne

noise. TheJight truck categoryshowsconsiderablescatterof the data at each vehicle

i speed, the soundlevel at cruTsebeing highly dependenton the type of tires installed. In

Fact, thesoundlevelsgenerated by vehicles equippedwith tires having an "aggressive"

_: tread, suchasmud-and-snow or town-and-country tires, are 5 to 6 dBgreater than vehicles

wTth the regular hlghway-rib Hre. Basedon the data taken at the two speedsonly, it appears

_ that averagecruhe noTselevels increasewith vehicle speedsaccording to a relatlonship

given by 32 log (S). 3-32
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Asexpected, the soundlevelsare lower for cruiseat 35 mphthan for the EPAtest

operation, the difference in levelsbeing mostnoticeable for vehicles equippedwith 4-

and6-cyllnder engines, but negliglble for thosewith 8-cylinder engines. Thls result

verifies the hypothesisusedin the developmentof the EPAUrbanNoise TestProcedure--

namely, the introductionof morefuel-efflclent vehicles wlth smallereng[neswill cause

greater increasesin soundlevels producedunderacce/eratlon than undercruise conditions.

3.5 Interior SoundLevels

Durlng each of the tests, the soundlevel insidethe vehicle wasmonitoredcon-

tinuouslyby meansof a microphonelocated approximately6 inchesfrom, and in the same

• ehorizontal and vertical planesasthe drlveHs right or. Themicrophonelocation was

establisheduslngthe methodprescribedin the Soctety of AutomotiveEngineer'sStandard,

SAEJ3362 The maximumsoundlevel up to and_ncludingthe endcandltion for vehicle

operotlonaccording to the EPAUrbanAcceleration Nolse TestProcedurewasthen recorded•

Ingeneral, it wouldbe expected that the soundlevels inslde the larger, heavier vehicles

wherethe manufacturersattempt to provlde a senseof luxury, would be lower than in

thesmaller, lighter vehicles whereoverall economyis the ma_orfactor. Since fuel economy _

isstronglydependenton vehicle weight, thls would imply that theinterior sound level .

Tncreasesas the fuel economyincreases. Thls general trendcan he observedin Figure3.19.

Tiledifference in levelsbetweenvehicles equippedwlth the large 8-cylinder engTnesand

thosewlth 4-cylinder englnesandmanual transmissionare on the orderof 10 to 15 dB. .._

Thlsis the result of two factors. First, the difference in exterior soundlevelsgenerated *.p
, i

is 3 to 5 dB; and second,considerablymore attention is given to soundinsu]ation of the

enginefirewall and doorseals in the larger., heavier, and moreexpensivevehicles as

notedabove. _.

It is interesting to note that somevehicles do not follow this general trend -- " '

wltnessthe small cluster of data po_ntsrepresentingvehicles with a Fueleconomy in the

range16 to 21 milesper gaJlonand interior soundlevels in the range60 to 65 dBA. One

of thesevehicles (#007) is equippedwith a rotary engine. Fourof the othersare equipped -"

with 6-cylinder engines, but, judging from a comparisonof tile exterior and interior sound

levels, theTrbody structuresmoreclosely resemblethosenormally found in larger vehicles.
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In factt the curb weightsof these four vehicles are about400 poundsgreater than for the

other similar 6-cylinder vehicles included ;n Figure 3.19, hence the lower interior sound

levels.

Figure 3.20 presentsthe interior soundlevel data for tiresix vehicle categories,and

allowsa further conclusionto be maderegarding the vehicles equippedwith 8-cylinder

englnes. Thetwo data points at the top of Category | ore for vehicles defined ascompact

or subcompactby virtue of their interior volume, whereasthe remainderare mid-slze and

large-size vehicles. Thisrelnforces the assumptionthat low interior soundlevels for 1977 -.

modelvehicles ere associated w'th h'gh vehicle weight.

Someinteresting conclusionscan also be drawn fromthe data for Category 4

vehlereswith 4-cylinder enginesand manualtransmissions.In thiscategoryt threevehieles

exhTbitexterior soundlevels that are significantly lower thanthe others. A characteristic

commonto twoof thesevehicles (#020 andE023) is that they incorporatea Front-wheel

drive; the other is equippedwith o rotary engine. In each case, the gearbox is located

closerto the engine and further from the passengercompartmentthan in vehicles with

front enginesand rear-wheel drive, potentially resulting in lower interior sound levels.

3.6 Stationary TestSound Levels

The stationary testswere conductedat six stabilized engine speeds,as described

in Section2.3, with themicrophone locationsshownin Figure3.21. Thepurposeof"the

testswasto determlnewhetherany relationshipexistedbehveenthe soundlevels meas-

ured andthoseobtained from the EPAAcceleration Procedure. Themeasureddata for each

microphonelocation are presented in Tables3.6, 3.7, and 3.8. included in thesetables

are thesoundlevels measuredat 50 feet according to the EPAUrbanAcceleratTon Noise _.

TestProcedure,and the levels measuredwith the vehicle statTonaryand the engine stabi-

lized at a speedequal to that at which the maximumsoundlevel in the EPAtest was

generated.* Figure 3.22 showsthe stationarysoundlevelsmeasured25 feat from the

veHele plotted against the EPAUrbanAcceleration NoiseTestProcedurelevels. The

* The25-foot stationary test soundlevels were measuredon onesideof the vehicle only -
the sideon which the exhaustoutlet was located. Therefore, to obtain a realistic com-
parison,the UrbanAcceleration Testsoundlevelsare quotedin Tables3.6, 3.7, and 3.8
for thesameside of the vehicle.
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: Tabl,}3.8

-" SoundLevel Dala Measured5 Feet
i in Front oFStationaryVehTcles

Stat;a_ty Tetr Sound Levalt. dSA, at 25 Feet SPA

. , Vehicle Percent R:_led Eng;ne Speed rest
Na, 3CO0 Love

50 60 I 7Q 75 ' If 20 I 90 I_PM dBA I

.! 003 79,1 80,3 82,0 0_,1 05,4 68,3 60,6
008 74.7 80.4 84.3 85.5 86.7 88.1 67.5

! -_ 089 79.4 85.3 85.5 87.3 89.5 91.5 69.9'
L

01l 76,7 78.6 82,7 02,4 83,6 85,3 67,9

014 77,3 78,2 79,7 81.2 83.7 63,6 67.5

, _ 015 80,7 81.3 65.9 87.0 87.3 22.0 70.7i

__ 019 75,7 79.2 80.9 00.4 81,S 82.7 66.2

022 82.7 89,3 90.4 91.3 92.2 95,6 67,7

! _ 023 Q6,4 QQ,8 85.7 90,8 91,4 91,6 71.2

! 824 84,0 86.5 91.5 92,4 95,5 97,0 71,0

026 77,0 79,4 20.9 82,4 84,8 87.6 64.4

.=_ 028 21,9 83,5 88.3 86.4 86.8 87,7 65.8
030 62.9 65.7 67.7 69,4 74.2 77.2 64,7

031 77.6 79,9 84.7 86,5 88,3 91,5 63.7

_.*,j 038 50.5 84,8 87.7 89,6 91.2 94,0 62,0|

'! 825 77.8 5o.8 51.7 8a,s 84.5 86,5 28.8

034 78.o 83.o 88.3 86.7 I 2d.6 ,_1,2 67.4t,_.2 77,7 79,8 64.1o_8 78,8 78.0 78.7
8'12 r8.7 t;',8 50.7 20,6 8_.6 8,=,8 64.2
039 80,0 0,t,3 87,4 89,7 I 91,0 i 9d,2 63,4

0.t0 83,0 87.0 91,0 92,6 94, i 97,0 72,8

q 041 77,3 79,4 0_,0 83,0 03.1 88,7 68,3

O.t2 ,t0.3 8B.3 52,5 23,7 84,8 d6.7 6) ,5

04_ 79.4 50.8 5_,0 53,7 E_6,0 82.0 68.4

048 76,5 50,$ 80,5 82,5 85,0 07,5 62.,I

848 70,0 74,0 77,0 79,0 79.8 82,5 64,0

i 080 73.3 78.3 21.2 22.7 83.7 87.5 63.8

I 022 20,9 83.0 88,0 89,0 9l,O ?4.0 69,4

O_ 81,0 82,2 52.0 22,5 25,9 a2,o _2,2

085 81.7 83.7 86.5 29.0 90,8 8%3 _.1

i 086 7,1,6 77,5 77,7 613 83.3 02,2 66.6
. ._j

05;' BS.O 84,8 87,0 87,0 87,0 9q.5 61,9

-,_ 028 81,8 8.1.5 86,0 66.0 87,8 9O,O 62.3

I 089 84,8 28,7 91,6 93,,I 92,0 97,4 75.0
..2

061 78.0 75.2 51.4 23.0 84,5 87,2 64,0

062 82,0 26.0 I]2.5 90,4 91.1 93.7 66,4

"--] i
I 0e..1 81.6 23.7 82,7 2b.4 87.7 9C.3 70.3I

-- _65 77.2 80.0 23.0 _4..] 28.4 $'1.1 I _2, -_ _2.2

_i _._ ;3.._ 18,s, :2.0 J_,2 ,]_'l'e 2.;._! _s ,l ,_,1
= ,,%7 7,1.3 ;3,3 7LO i 74," ', "L _. 77 _ "t _ i_,2

.C 1 E ,,_.=8 _.LO ]._0 t S_.5 2*'J _,_,0 i ,3.3 i
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stationarylevels in this figure correspondto a normalizedengine speedof 60 percent for
i

all vehleles - theenglee speedat wh;ch the h;ghestcorrelation (r = 0.59) wasobtained.

Lowervalues of the correlation coefficient are obtained for the other two microphone
I

"_ locationsat all engine speeds.

,_ Sincethe purposeof a stationarytestprocedureis to allow simpleenforcementof

noise regulationh it is notnecessaryfor the soundlevels measuredby the two procedures

to correlate exactly. It is only necessaryfor the simpletest to identify the vehicles not

complylngwlth the regulation, without discriminatingagainst thosewhich do comply. To

-7 this end, contingencytable analysishasbeenusedin the past. Suchon analysisattempts

to flnd an independentvariable (in thls casethe stationary test soundlevel) that can be

i used to discr_mlnatebetween different groupsof the dependentvariable (the EPA testsound

level), assumingthat different groupsdo in fact exist. Reviewingthe data in Figure 3.22,i
_ there is a tendencyfor groupingof Category4 vehicles, but manyanomaliesexist for other

categories. Thereis also a noticeable spreadin the data (up to 10dB) in both coordinate

_j directions, which would lead to significant errorsof omlssion(vehicles incorrectly passed

_ by the stationarytest) andcommlsslon(vehicles Incorrectly failed by the test). Thus, the

_. basic assumptionnecessaryfor contingencyanalysis is not valid, andso the methodis

unsuitablein thlscase.

_,1 The lack of agreement betweenthe soundlevels measuredby the two test methods

_ can be ascribedto the following r asons.

• The stationary test procedurewasnot performed at the samethrott]e setting
H

usedin the EPAUrbanAcceleration Noise TestProcedure, due to the require-

ment for achieving a stabilized engine speed. Previous tests1 have shown that

I the vehicle soundlevel is sensitive to throttle setting, although much lessso

than to engine speed.
i
.- • In CandiHonI of the EPAUrbanAcceleration NoiseTestProoedure,vehicles

:"i equippedwith automatic transmisslonstend to shift from first to secondgear
-- at a lower normallzed engine speed(50 to60 percent) than thosewlth manual

-! transmissions,where the shift polnt isdeflned as70 percent rated engine speed.
-- Thus,although this difference is consideredlyp;cal of normal driving, a good

• cerrelaHon with a stationary test conducted at any one engine speed would nat

- be expected.
3.-44
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• The maximumsoundlevelsmeasuredinthe EPAUrbanAcceleration Noise

TestProcedurefor vehicles equippedwith automatictransmissionsmaybe

producedunderCondition 1 or Condition2, dependingon the transmission

characteristics. These characteristicsalso detarmTnethe endconditionat

which the soundlevel is measuredundereach of the test cond_tlons_but

they are notconsidered at all in the stationary test procedure. -_

Acaordingly_it Tsconcluded that a stationary test procedure involving sound

level measurementsat a fixed, stabilized engine speed, is not suitable as a simpJe

test for the enforcementof noise regulationsthat might be basedon soundlevelsmeasured ....

by theEPA UrbanAcceleration Noise TestProcedure.

As would be expectedt a muchstrongercorrelation existsbetween the sound

levelsmeasuredby the EPAUrban Acceleration Noise TestProcedureand the levels

measuredat thesameenginespeedwith the vah'cle stationary. The relationship isshown

in Figures3.23 and3.24 for stationary test levels measuredat 25 feet to the s_deand at

20 inchesfrom the exhaustoutlet, respectively - see Figure 3.21. Thecorrelationooef-

ficlent Farthe data taken at 25 feet is 0.89 andthe standarderror of estimateis 2.2 dB.

If the threevehicles identified in F_gura3.23 (l_gbt trucks//014 and//070, andauto-

mobile//023) are excluded_ the correlation coefflclent increasesto 0.93 and thestandard

error of estimate reducesto 1.7 dB, indicating a fairly strongrelationshipbehveenthe

two measurementsof vehicle soundlevel. "[hecorrelaHoncoefficient for the data taken

20 inchesfrom Ihe exhaustoutlet is lower (0.72) becausethe exhaustsystemis often not

the majorsourceof vehicle noise, ff vehicles/t023,//040, //059, and//061 are excluded,

as _ndicatedin Figure 3.24, the correlotlon coeFfTclentincreasesonly slightly to 0.73.

The soundlevels measuredto the front of the stationary vehTeleexhibit a very low cor-

relation w_th thosemeasuredat ..50feet in the _:PAUrbanAcceleration No_seTestProceduret
J

leadingto the conclusionthat the soundenergy radiated to the front is not representative _I
of thatmeasuredat the vehicle sldellne.

The resultsof this analysis showthat the soundlevels measuredat 25 feet From _

the velficle and at 20 inchesfrom the exhaustoutlet correlate reasonablywell with those _

measuredby the EPA UrbanAcceleration NaTseTestProcedurefor mostvehTcles,provTded r_

that the measurementsare conducted at the sameengine speeds. Theproblem Tnspecifying . !
lIJ
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a stationarytest condition is that the engine speedscorrespondingto the maximumsound

level measuredin the EPAAcceleratlan Testare not knownunlessthis test is first conducted.
i

kJ A review of the data _nthe SummaryTables(seeAppendix C) showsthat, for

-'1 vehicles with manualtransmissions,the mean engine speed at the maximumsoundlevel
e "g nerated in the EPAUrbanAcceleration Noise Testis 69 percent of the rated speedwith

a standarddeviation of 1.3 percent. Accordingly, it would be satisfactory to test all
_J

manuals at 70 percent rated engine speedin o stationary test procedure.

I Theengine speedsat maximumsoundlevel for the automaticstested are presented

_nTable 3.9 for each vehicle category. It will be noted that the range of"values is much

greater than for manuals. However_it appearsthat suitable engine speedsfor a stationary

test are asfollows:
-7

._ • Automobilesand light trucks with 8-cylinder engines _ 50 percent rated

engine speed.

• Automobiles and light truckswith 4- and 6-ayllnder engines-- 60 percent

I : rated engine speed.
I.'!

• Diesels-- 75 percentrated engine speed.

I_ The soundlevels produced at 25 feet _n the stationary test conductedat the above settings

can be extracted fromTable3.6 and ore plotted as a funeHanof the EPAAeeeleraHonTestlevels in Figure 3.25. Thecorrelation coefficient betweenthe two quanHHesis 0.77

!_ and the standarderror of estimateis 2.1 dB. If veh|eles #014t #070 (heavy vans)t and

'9023are excluded_ the coefficient is 0.83_ and 93 percent of the data points l_e wlth_n

a "4"2.5dB bandabout the meantrend of the data.
...J

[n summaryt the stationarytestdescribedabove invalvlng spec_riedengine speeds

'1 for each vehicle providesthe bestcorrelation with the levels measuredby thecategory

EPA UrbanAcceleration TestPracedure if the actual engine speedsachieved in tNs pro_

-1_ cedure are unknown. It shouldbe noted that the relaHonshlpsdeveloped and the definition_J
_Ftest engine speedsstrictly apply only to the vehicles tesled in thisprogram. It is not

known whether similar relationshipsapply to vehicles manufactured prior to or after 1977.
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Table 3.9

EngTne Speeds for Automatics at Wh;ch
Max;mum Sound Leve]s Are Produced in the

EPA Urban Acceleration Ne;se Test Procedure
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Figure 3.25. Vehicle Sound Level Measured at 50 Feet According to the
EPA Urban Acceleration Nolse Test Procedure as a FuncHon

-- of the StaHonary Test Sound Level of Prescribed Engine Speeds
for Eoch Vehicle Category.
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3.7 Summaryof SoundLevel Data

A summaryof the soundlevel data generatedfromtestsconductedon 66 light

vehicles and presentedin this chapter is shownin Table 3.10 foreach of the vehicle

categories. It mustbe slated that the trendsin thesedata, and the conclusionsthat will

be drawnin thissection, may only be applicable to ]977 modalyearvehicles since modl-

fications to vehicles manufacturedin subsequentyearsmay affect the soundlevelsgen-

eratedwithout changingthe vehicle parameters. The conclusionsare asfollows:

• Thereis a general trend towardsincreasingsoundleveJswith increasingfuel

economy. Forexample, veh'cles equ'ppedwith 4-cyl'nder enginesendmanual

transmlsslons,with an average city fuel economyof 23.5 milesper gallon,

producesoundlevels that are, onaverage_5.5 dB greater than thosefor

vehicles wlth 8-cylinder engtnesandan average city fuel economyof 13.5

miles per gallon. Vehicles equippedwith diesel engTnesproducesoundlevels

that are almost7 dBgreater than thosewith 8-cylinder gasollneengines.

• The application of demandcooling fanswith mechanical or electromeahanlcal

clutches can decreasevehicle soundlevels by up to 4 dBfar vehicles with

8-cylTnder engines. The Tncreaseis in the order of 0 to 1 dB for vehlcles ..

wHh 4-cylinder engines. ,_

• With the exception of vehicles in Category 1 and light truckswith aggressive- I ;

tread fires, the sound levels measuredaccording to the _:PAUrban Acceleration ....
I

Noise TestProcedureare not significantly influenced by tire noise. _'_ i
! ,

• The sound levels measuredaccording to the SAI: J986a test procedure appear

to be reJat[vely independentof vehicle type, size, andengine parameters.

The levels for almost70 percent of the vehicles tested lie wHhin +2.5 dBof

the overall mean of 74 dBA.

• The difference in sound levels measuredaccording to the FPA test and for

cruise at 35 mph is greatest for vehicles in Categories2, 3, and 4, but nag- -.

llgible Forvehicles _nCategory I. 111rsshowsthat the hltroductlon of more

fuel-efficlent vehicles with smaller engTneswill causegreater increasesin

soundlevels producedunder acceleration than under cruiseconditions,
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Table 3.10

Summary of Sound Level Data for Vehicle Categories

EpA U;ball Te_t
Cat. Vchic[u Cut,_Qory Traf_sm;ssion Sc_und L._v.'[ _._..e Tc_t C_uise L_wl. dBA Coa_t L'_vuJ, dfiA

Nn. V_:hlcl,' [_p_ En_in_ d_ 35 mph 55 mpil 2_ niph 35 _ph 55 mph

I Aulornobil_s 8-cylinder Au_o_allc 63,4 23.6 63.0 69.6 _.B 61.0 68.6

2 Aulom,_bil_ 6-cyllr,J_r ,'_urorna_;c 65,2 72.3 62.9 69.4 -_,O 61.7 68.4

_o 3 AuJom,_bH,:s & 4 -c ylir_,J_r Auto_al;c 66.6 74.5 63.4 69.5 5_.5 62._ 69.3I

l.l_h f Truck1 Qas_l_r_

4 Aut_n,c_b;l_ & .l~cyllnd_r _,_a,luol _8.9 73.Q &4,Q 70.Q _7.3 62.1 69.3
L_ht r,_ck_ _alal;n_

5 L;_ht T.ucks 6- & Au¢_ic 66,6 74.2 65.0 72.4 59.2 _4.4 71.5

6 Aut,_.,_b;I,_s 4-, _-, & AulOmotic 70.2 77.6 66.3 71.2 _.,6 61.2 _7._

.<
r"
p_
f=

0
_g

1
G

m



• [nterlor sound levels appear to be related to vehicle weight and eng;ne

horsepower. There is a significant difference of 10 to 15 dB between the

levels in small vehicles w'th 4-cyl'nder eng'nes and those in large veh;cles

] with 6- and 8-cylinder engines operating accord;ng to the EPA Urban Accel- __
J

t eration Noise Test Procedure.
.. • The stat;onary test procedure involving measurementsat different engine

• t speeds according to the veh;cle category allows the EPA Urban Acceleration

I Noise Test Procedure sound level to be estimated within ±2.5 dB with e
' 93 percent confidence. However, a procedure [nvolvlng a measurement of

I the vehicle sound level at a s_ngle, fixed, stabilized engine speed, doesnot
I

appear to relate well with the EPA Urban Acceleration Noise Test Procedure,

and hence should not be considered as a useful enforcement technique.

; ! !
i i,._ !

!*T

i i
: r

i

'1

I
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: 4.0 ANALYSIS OF THE EPA TESTPROCEDURE

-- Thedevelopmentof the EPAUrbanAcceleration Noise TestProcedureis described

in a prevlous report) together wlth the resultsof a preliminary impJementatlondesigned

to identify potential problemsthat might occur in practice. ThEseprelimlnory testswere
i

- conductedon 10 light vehlcles and the resultswere usedto introduceslight modifications

-7 in the procedure. Thedata oblalned from the subsequenttestspresented in Chapter 3.0 of

this report allow for an additional evaluatlon and refinement of the procedurebasedupon

-- the resultsfrom66 vehiclesthat representa cross-.sectionof thosemanufactured in 1977.

Thlsevaluation is given in the following sections. Plrst, however, it may be helpful in

- following the evaluatlon to exp/oin the detailsof the EPAUrbanAcceleration Noise Test

Procedure.

J
J 4.1 TheEPAUrbanAcceleration Noise TestProcedure

The basic EPAtestprocedureis performedwlth the transmlsslon in first gear and
._J

involves a constant-throttle operatlon with the throttle set to achieve an acoeleratlon of

0.15g at the "operatlng" conditlon -- deflned as 100 RPMprlor to the maxlmumenglne

speedat the 1-2 shift point (70 percent ratedenglne speedForvehicles equlppedwlth

i manual transmissions)or22 mph, whichever occursfirst. The soundlevel recordedis the

maximumvale occurringup to and includlng the "end"conditlon! definedas the I-2 shift

_' point (which will occur at a speedgreater than22 mph if the throttle is set to achieve 0.15gi4
at 22 mph) or 25 mph, whichever occurs flrst. Thisbaslc test is known asCondition 1.

]_ Note that the operating condition, which establishesthe vehlcle operatlant and the end

condltlon, where the soundlevel ismeasured,are not the same.
II
h= Forsomevehicles equippedwith automatic transmissions,the 1-2 shift may occur

at sucha low vehlcle speedthat a higher soundlevel may be generatedunderaccelerationH
I :

m secondgear at speedsupto 25rnph-- the maximumspeedof interestin this acceleration
. !

i'_ test procedure. Previoustests indicated that this wasmost likely to occur if the I-2 shift
in Condition 1 takesplace at speedsless than22 mph, whereupono secondtest is requlred

'_I to ensure that rbe maximumsound level is measured. Thissecondtest is conducted wlth
-- the transmissionin secondgear andthe operating condltlon is 0.12g at 25 mph. rhe sound

-I level recorded is the maximumvoJueoccurrlng up to and including the end condltlon, in

-_ this case, 2Smph. Thls test is knownas Condltlon 2.
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Somevehicles with automatic transmlss;onshift fromfirst to secondgear in

Condition I without anyappreciable changein engine speed, making it difficult to

define accurately the shift point. Since this small change in enginespeedwill result

in a correspondinglysmallchange in soundlevel, a highersound level can be expected

in secondgear at speedsup to 25 mph. Hence, for vehicles that exhibit a change in

englne speedof lessthan 150 RPMat the 1-2 shift, testing is only required under Condition 2.

In all tests, the vehicle is required to aehleva the end condition within a given

"endzone", defined asa distance of 4-10feet about the "end point" -- seeFigure 2.4.

A run that satisfies th_scondH;on ;s called a "valid" run.

In performlng thevehicle tests, it is expected that the acceleration at the

operating condition will vary fromrun to run about the required value. A test sequence

for a vehicle consistsof at least 4 valid runsat the samethrottle setting, where the

average of the values of acceleration at the operating cond;tlon is within ±0.005g of

the required value for vehicles equip_oedwith automatic transmissions,or w_thln±O.Olg _I

formanuals. It is important to note that all valid runsmustbe included in thls average,

regardlessof the actual acceleration at the operating conditionfor each run. If, after

4 valid runs, the averagevalue of the acceleration is not within these limits, then one

of two options ;s available. First, if the average is close to the allowable tolerance, !_
additional runs may be conducted at the samethrottle setting in the hope that the average

value of all the runs mayeventually lie within the tolerance. Second, the throttle setting

may be changed, whereuponat least 4 valld runs are again required meetingall the above

requlrements.

The maximumsoundlevels obtained from each valid run of a test sequenceare

comb;nedarlthmetically to obtain a slng]oaverage maximumlevel for each slde of the

vehicle. The reported soundlevel for a vehicle is then the average maximumlevel far

the louder side of the vehicle. Foryah'ales equipped with cutomahc transmissions,

the reported level is thehighest of the average maximumlevels measuredunderCondl- .

tions 1and 2. .-

At first reading, it may seemthat the test procedure is unnecessarilycomplex. , I[
m

However, as wilt becameor{dent from the data presented in the Followlng section, the

procedure _srather stralghtforward ;n practice, and the many requirementsto be satisfied _!

are necessaryto ensure its repeatability.
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4.2 Test Repeatability

To assessthe repeatability of the EPA test procedure, it is necessaryto review

the variation in vehicle parametersat the operating aondhlon and the sound levels

"_ recorded. A summeryof the variations in vehlcle accalerat'on, enginespeed, position,
j _ eand soundlevel is glv n in Table 4.1 for the vehicJesequippedwith automatic trans-

-_ missionsthat were included inthe study. A similar presentation for thevehlcles with

- ! manual transmissionsis given in Table 4.2. Also included ;nthe tablesare the number

of runsrequired to complete the test sequences, and the overage aceelerotlon at the

operating eondltion. The column entitled "Condition No." refers to the TestCondition

- number(1 or 2) underwhich the maximumsoundlevel was recorded.

The third columnin Table 4.1 (secondcolumnin Table 4.2) providesdata on the

I numberof runsrequired to completethe test sequence. In this study, the procedurefor

establishing the required throttle setting was as fallows. First, the driver set the throttle

at a poslt;on that axper;enceshowedwasapproximately correct Formany vehicles. Trial

runswere then performedaway from the test pad, and adjustmentsmadeto the setting
IJ4

I i! after each run. It wasfound that nomore than three, and often only two, trial runswere

required to obtain an approximate setting. The next runs were conductedon the testpad

to the setting and to ensure the condltion occurred;nthe endzone.finalize throttle that end

The Firstnumber in the third column refersto the numberof initial runsperformedon the

test pad. The secondnumber refers to the number oFruns requiredto complete the test

sequence. Thus, if 2 runswere required to establish the and condition in the endzone,

-1 followed by 4 to complete the sequence, the entry under the correspondingconditionn_

number would be 2/4, or 6 in total. If the first number is 0, then this indicates that the

first run on the testpad waso valid run, and hence could be included aspart of the test

sequence. If the entry under the third columnis 1/-, then the First run on the test pad

showedthat the changein engine speedat the shift point was lessthan 150 RPM, andhence,

testingwas requiredonly underCondition 2. Threevehicles (has. 003, 027, and 03B)of

__ the test sample were found to exhlblt this characterisl;c.

Reviewing the data in Table 4.1 shows that for automatics theaverage total number

-- of runs required ForConditions I and 2 were 6.5 and5.5, respectivery, and 12 whenboth

conditions were required. Significant problemswere encountered only twlce, with
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Table4.I

SummaryoFVehicle ParameterRangesForAutomatics

Range _n PammefeM Qt Range _n h_a._.

No. Qr I_nl Avg. Operati._g Cond;f;on Sound Level
Vehicle Condlt;on Cond. Cond. Accel. Accal. RPM I Dlstonca 50 Feet 20 f_a

No. No. t 2 (0'_) (+-_'_) (±_) I I:t.rt.) (±d,] (+_.dS)

0(31 I 3/4 0.147 0 .C'06 0.4 i 2.5 0.4

002 I 7/4 2/0 0.155 0.C02 1.0 2.5 0.0

003 2 I/- I/4 0.120 0.002 0.0 7.0 0.1 0.5

•' 004 2 I/4 2/4 0.]25 0.003 0.6 7.4 0.3

009 ) 0/4 0.133' 0.002 0.2 ; 2.9 0.4 0.3

014 2 I/4 0/4 0.120 0.002 3.2 5.2 0.5

016 I 1/4 0,146 0.004 0.2 1.4 0.3

019 I 4/5 0.147 0,004 8.6 6,2 1.1
I

019 I 0/4 0/4 0.152 0.003 I _.0 1.8 0.2

026 1 2/4 0.J55 0.015 0.5 3,5 0.2 0.2

027 2 I/- I/4 0.122 0.001 0.5 2.9 0.0 0.5

029 I 0/4 0.145 0.000 0.3 0.9 0,0 0,9

029 I 0/4 O/O 0.149 0.003 0.7 4.2 0.4

050 I 3/6 0.146 0.003 0.4 0.7 0.4

001 1 2/4 3/5 0.150 O.OOS 1,8 4.6 0,7 0,7

032 I 4/4 6/4 0.153 0.004 0.9 I .I 0.2 0.3

033 2 0/4 0/4 0.119 0,002 0,5 6.3 0,3 0,5

035 I I/4 0.t52 0.C09 2.0 1,4 0.5

036 2 6/4 0/4 0.119 0.C02 t.2 4.6 0.7 0.1

037 I I/4 0.156 0.009 0.7 3.5 0.3 0.2

038 2 2/- 0/4 0.119 O.C_O 1.5 4.6 0.0 0.9 r-I
039 2 0/6 I/5 0,121 0._3 0.7 5.0 0.4 0._ I 4

042 2 0/4 0/4 0.I_9 0.00.3 0.7 5,2 0.2 0.2

044 I 2/4 l/4 0.147 0.007 4.5 2.8 0.6 0.5

045 I 6/5 0.147 O,Oll 1,5 6,3 0.2 0,4 ,_ !

046 2 3/4 0/4 0.118 0.C04 0,7 1,8 0,3 0,3 w,,I

047 1 4/4 0.152 0.002 1.3 1.4 0.1 0.4
I. 1

048 I 6/4 0.149 0.005 _.1 3.7 0.2 0.5 i ]

051 I I/4 0/4 0.150 0.009 3.3 3.9 0.9 0.5 _'

002 ] 21/4 13.150 0.004 0.6 5.6 0.2 0.5

052 I 12/4 0.149 0.C04 2.3 2.2 0.6 0.4

004 I I/4 0.149 0.005 0.9 5.3 0.2 0.0 _"

055 I 7/4 I/4 0.1_) 0.C07 0.0 2.2 0,4 0.4
i

057 I I/4 0,140 0,007 0.5 3,5 0,5 0.4

058 2 0/4 1/4 0,12[ 0,002 0.4 6,3 0,5 0.1

059 I 0/4 0.159 0.005 2.0 I.Q 0.2 I.I

062 I 1/4 0/4 0.149 0.003 0.9 7.4 0.5 0.5I

_'63 1 O/,I 0.150 0.C04 0.7 6.0 5.9 ! ._.4

065 I 0/.4 0.[49 0.010 3.3 ¢.I 0.9 I $._

066 2 6/¢ 3/4 0,117 0,005 I 0.4 ; 5,3 3,J 3._
I

067 I O/.l 0.1_5 0.004 ; I.I 4.2 1.0 I.t "--

r_70 2 0/4 I/5 0,L29 0,005 0,_ 2.d 0.5 _ 0,_

072 I 0/5 0,144 O,C:OQ 03 1,3 0,5 ' LI,_

_,'ecn '/,llue 0._5 ] 1.4 i 3._ 0.5 _)
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! Table4.2

-_ Summary of Vehicle Parameter Ranges for Manuals

J
Average Ronge ol Cp_rolln9 Rat190in RPtv_ R_i_gein #,lax, f

VehTele No, of Candlt;Qn at _,_ax. Sound Level (d8)
_ Na. Run1 Accel. Accel. ' Oistan¢_ _*Jnd Level I

-, (g,_)
, , ; (_+9's) {__Fh) (_) 50 f_et 25 feet

.J

005 I/4 0.153 0,002 2,6 1,4 0.2 0,5

--" 007 I/4 0.151 0.006 2.1 0.7 0,2

; 010 I/4 0.153 0.004 2.5 0,9 0,0

011 I/5 0,101 0,002 3.5 4,2 0.6

i 013 2/4 0.147 0,012 6,7 1,0 0.5

: ' 015 1/5 0.154 0,016 2,1 3,2 0.8

-i 020 0/4 0.155 0.003 3,4 0,4 0.4

j 020 3/4 0. t54 0.003 4,6 1,5 0,5

023 4/4 0.157 0.003 1.8 0.9 0.5

--_ 024 6/4 0.147 0,006 0,4 0.I 0,4 0,2025 6/4 0.149 0,017 4.6 0.7 0.5 0.3

034 I/4 0.149 0,007 5.0 4.2 0,4

_J 040 2/5 0.153 0,005 1,1 I .I 0,4 0,2
041 I/4 0.146 0.002 2,1 I .2 0.4 0,4

050 I/4 0,)51 0.005 3,1 I .I 0.3 0,4

056 1/4 0.I,18 0.012 5.1 0.4 0,5 0.0

060 0/.1 0.154 0.006 3.9 0.9 0,4 0,3

_ C,61 4/4 0.163 0,010 1,0 3.2 0,6 1.0

064 0/4 0.147 0.003 2.8 0.2 0,2 0.6

060 0/4 0.1.19 0.003 3.5 1.2 0,2 0,2

059 0/4 0.147 0.017 4,9 2.1 0,4 0,6
071 I/5 0,146 0.001 3,0 0,3 0,4 1,2

--_ 073 0/5 0,150 0*005 0.a 3.7 0.7 0,5
]

"J t_eon Value 0.007 3.3 1.6 0.5 0,5

-i

i

!

r

J 4-5
WYLE: Ir.A I]0 R ATO I_ I E-"



i

vehicles//052 end//053, where the operating condition wasextremely sensitive to throttle

settlng. Thevehicles were testedin approximatelythe order representedby their iden-

t'f_cation number, and it can be seenthat the experiencegained resulted in fewer tests

being required in the later stagesaf the study. Formanuals, the average total numberof

runswas lessthan 6, and therewere nosignificant problemswlth any vehicle. It should

benoted that only occasionallywere more than4 runsrequired to complete a test sequence

• d'once the throttle settinghad beenestablished, n cahng that the end condition could be

achieved within the endzone with a high degreeof repeatability.

With one vehicle (//054) there wassomauncertainty in the appropriate test con-

dition. Thisvehicle wasequippedwlth a 2-speedautomatic gearbox requiring a manual

shift to changegear. TestingunderCondition 1 wasnot possiblebecauseof the absence
• e *of an aufomaha g ar shift. Therefore, it wastestedunderCondition 2 (an operating con-

dltlon of 0.12g at 25 mph). In retrospect0it wouldhave beenmoreappropriate to test

thevehicle asthoughit were equippedwith a manualtransmission,by achieving an oper- =_
afing conditionof 0.1,5gat 70 percent rated enginespeed.

TheFollaw_ngcolumnsin Tables4.1 and 4.2 presentthe measuredrange in pc=ram-

etersat the operating condition for the 4 or morevalid test runsrequired in a test sequence.

Forconvenlenee, the rangesare given as+ one-half of the difference between the maximum

andminimumvaluesmeasuredfor each parameter.

Theresultsshowthat tile mean range in vehicle acceleration at the operating '-

condition was±O.gOSg for automatTas;rangeslarger than this often, but not alwayh "

resuiting in larger rangesin enginespeed. Since the engine speedis largely dependent

onthe acceleration at the operating condition, and to a large extent determinesthe max- [

imumsound level, this result justifies the requirementfor _ncZudlnga fairly small allow- "

able tolerance (:kO.OOSg)in average aeceJeretionover the runsin o test sequence. The _i

meanrange of +O.O07gfor manualswasslightly greater than that for automatics, aswas

discovered_nthe developmentof the test proceduret and justifies the greaterallowable I I
L-I

tolerance (:LO.Olg)in the meanvalue, it shouldbe notedthat there is no apparent

correlation between the larger ranges_nacceleration and the number oFrunsrequired _/
to complete a test sequence,
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i Themean ranges in englne speedat the operating condition were ±1.4 percent

and ±1.6 percent for automatics and manuals, respectively, corresponding to a range of

i about _+0.3dB in vehicle soundlevel (usinga 45 log (engine speed)scaling low which

-- is typical at the 1-2 shift polntl). Of the 66 testvehlcles, only 11exhibited ranges

__ exceeding :k3 percent, which correspondsto a rangein sound level of 4-0.6 dB. The

rangesof engine speedoccurring at the instant when the maximumsoundlevel was meas-

.j ured were essentially the same.

The rangesin distance at which the vehicle end condition occurredare given as
i

+ feet aboutthe endpolnt-see Figure2.4. Themeanvalues are +3.9 feet and :k3.3 feet

: for automatlcsand manuals, respectively. Over 75 percent of the vehicles achieved the
i

end condition wlthln a range of _+5feet. Furthermore, lessthan 5 percent of the total

"- numberof runsforall vehicles were invalid, i.e. t with the end conditionoccurringout-

sTdethe endzone. The range is muchlessthan the±10-foot end-zone tolerance allowed

in the test procedure. However, sincethere is nocorrelationbetween the extent of the range
in distanceand the range in measuredsoundlevel, there is no reasonto change this tolerance.

l_ The final two columnsin Tables4.1 and 4.2 provide data on the range of sound

levelsmeasuredat 50 feet and 25 feet. The figures in thesecolumnsrefer to rangesas meas-
i Jg

ured by the microphonesin llne with the end polnt at each distance-see Figures2.3 and 2.4.

Themeanvaluesof the ranges for automaticsandmanualsat both 50 feet and25 feet were

,;_1 +0.5 dB which is the sameorder of magnitudeasthe accuracy of theacoustic instrumentation

system. It is interesting to note that the automatics whlch exhibited ranges in engine speed

_-i of lessthan, and greater than, +3 percent at the operatingcondition, produced rangesin

soundlevel of +0.4 dB and4-0.9 dB, respectively. Again, this justifies the small allowable

tolerance in average acceleration for thesevehicles.

In general, the rangein soundlevel was significantly lessthan_+1dB. However,

-- notableexceptions were vehicles #018, #063, and #066, each of which exhlbhed notice-

able resonancesof narrow frequency bandwidth. The larger than usual ranges_nsound level

for these vehicles were due to the variations in englne speed at the end condition that either

coincided with theseresonancesor mlssedthem entirely.

The time required to conduct the tests isshown_n Table 4.3. The instrumentation

installed in Ihe vehicle included a fifth wheel_ accelerometer, engine speedpickup,
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interior microphoneand soundlevel meter, slgna]conditioningequipment,vlsual readout

devices for thedriver, a chain and turnbuckle for constant-throttle operation, and telemetry ..

equipment. Thetotal Hmefor installation wasabout 30 minuteson average. ColibrcHen

of the completesystem, including the 10exterior mTcrophones,wasachievedin 45 to 60

minutes. Fore systemwith 1or 2mlcrophones(as required in the finalized testprocedure -

seeAppendix B) it is estimatedthat this time would be reducedto about 30 minutes.

• 2Thenext step in the prooeduret nvelvmg or 3 runs off the pad to establish an

approximatethrottle setting, took about 5 minutes. The Hme taken to determinethe exact

throttle settingand the starting posiHonForautomaticssothat the end conditionoccurred

w_thin the endzone dependedon whether testlng wasrequiredunder Condition 1, Condl- -"

tions 1 and 2, or Condition 2 only. The figuresgiven in Table 4,3 are basedon a weighted :_

average of thenumberoFrunsrequiredasg_venin Table4.1 andthe averagetotal timefor "-

each test conditionasobtained from the computerlogs. The averaget_meto completea test '-"

sequenceis obtained in a similar manner. Finally, a post-testcalibration to check each

systemcomponenttook about 20 minutes. Thusthe average total time Forthe complete test

procedurewas115 to 130 minutesForautomaticsand 100to 110minutes for manuals.

Summarizingthedata obtained fromthe testsconductedon66 lightvehicles, ;t

can be statedthat the rangesin vehlc]e parametersandsoundlevel are smell, end that

the tolerancesare necessary,achievable, and adequateto provide repeatable results. The

numberoFrunsrequired to determTnethe vehicle soundlevel ;sconsideredreasonablefor

the accuracythat is obta;ned. It mustbe rememberedthat the testprogramincluded a

large numberof vehicles of different types_mostoFwhichwere unfam_Harto the test driver. .....

]t is probablethat the time taken to conductthe procedurewouldbe shorlened[f the driver

was famil;ar wTththe vehicles.

4.3 Criteria ForMeasuringUnderCondition2
mJ

In thebrief explanation of the EPAtest procedure_nSection4.1, the two tests

required for somevehicles equipped with automaHetransmiss;onswere discussed, it wil) ..

be rememberedthat testing underCondiHon 2 is requiredonly ;f the 1-2 shift in Condl-

fion ] occursat such a low speedthat a higher soundlevel may be generated ;n second ,.,,

gear at speedsup to 25 mph. 11_isis most unlikely if tl_e1-2 shift in Cond;tlon I occurs

4-8
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' Table4.3

-"_ Average Timesto CompleteVehicle Tests
I

, -- "rimeRequlredin Minutes
J

.. Task Aufomat;cs Manuals

' J r Vehicle Instrumentat;on 30

• 301-- SystemCallbration

-J Approximate Throttle 5
Setting (Off Pad)

, Determinationof Exact
.... Throttle Settingand 10-152 5-10
-! Starting Point
J TestSequence 20-302 10-15

"1
PostCollbration 20

TotalI 115-130 100-110

r'1 i
" AssumingI or 2 microphones.

Calculated usingweightedaverageoFthe numberof runsrequired
2

for each testconditionobtainedfrom Table 4.1.
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at orabove 22 mph, and this tentative speedcriteria wasusedin the testsdescribed

earrler in thisreport. One of the objectivesof: the testswasto establisha firm criteria

thatwould eliminate unnecessarytestingunder Condition2.

The applicatton of the tentative speedcriteria in the vehicle testsresulted in

the requirementto test 18 vehielas underConditions1and2. Thespeedsat which the

1-2shift occurred in ConditionI are given in Table 4.4, togetherwith the maximum

soundlevels measuredunderboth conditions. The difference in maximumsoundlevel
I

measuredisplotted against thespeedat which the 1-2 shift occurred in Condition I in

Figure4.1. In caseswhere thedifference in soundlevelsis negative, i.e., a higher

soundbevel measuredForCondition 1 than for Condition2, thenit is unnecessaryto test

underCondltion 2. It is clear from Figure 4.1 that the 22 mph criteria isoverly conser-

vatlve, in that it requiresmore tests underCondition2 thanare actually required to

establishthe maximumsoundlevel. IF the criteria wereset insteadat 21mph, then2 of"

the IB vehlcles would needto be testedunder Condition1 only, with a corresponding +.

savingin test Hme. As the criteria speedis lowered, however_there comesa point

between19 and20 mphwhere a posTtivevalue of the soundlevel dfff"erenceis shown

foronevehicle, and hencean error will be madeif Condition2 is not implemented.

Theeffect of reducing the criteria from22 mphin incrementalstepsof" 1mph is shown .

in Table4.5. On the basisof thesedata, it is recommendedthat the criteHa speedb_

reducedfrom22 mph to 19 mph, resulting in a 50-percent reducHonin the numberof "'i
t

tes/srequired underCondition2 while affecting (lowering)the measuredsoundlevels ....

for approximately 6 percent of vehicles (one outof the 18vehicles tested)....

4.4 Mic:rophoneLocations

The seriesof.noisetestsdescribed in Chapter3 wasconductedinitlally using a

totaJof 6 exterior microphoneh 3 each on either side of the and zone, situated 50 Feet +

fromthe centerllne oFvehicle travel asindicated _nFigure4.2(a). With this conFig-

uraHon, 19 vehicles were tested. The remalnlng 47 vehicleswere testedusinga total of ' i

I0 mlcrophones,2 at 50 feet and 3 at 25 feet on bothsidesof the centerHneas indicated -"

_nFigure 4.2(b). One of the objectives of the test serieswas to identify a single micro- ' '

phoneposition Ihat would adequately representthe soundlevels measuredby Ihese arrays. --

4-10
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i
Table 4,4

"_ Vehicle SoundLevels asMeasuredUnder
_J Conditions1 and 2

_ Maximum SoundLevel
Vehicle I-2 Shift Speed (dBA) Difference inSoundLevelsNo. (mph)"-1

• _.I 1-2 Shift 25mph (dB)

002 19.9 63,6 61,8 -1.8

004 13.0 59.2 65,4 +6,0

019 18,9 69.1 68.2 -0.9- 029 19.9 63,8 63.6 -0.2

031 19,7 63,7 62,6 -1, l

032 20,9 62,9 62,5 -0.4

033 ]8.0 6l ,3 62,6 +1.3
r

'_J 036 13,9 56,2 60,3 +4.1

14 039 13,5 59.2 63.4 +4,2-_ 042 18,3 60,0 61,3 +1.3

l_ 044 20,2 64,4 62,9 -I ,5046 19.3 60.6 62.4 +1.8

051 20.7 64.6 63.8 -0,8
-- 055 21.4 64, 1 62,6 -1.5

058 16,0 59.7 62,3 +2.6

-J 062 21.7 66,4 65.0 -1.4

"n 066 16.2 65. I 66, 7 +1.6

_; 070 I O.9 62.8 68, 9 {6. I

r

r
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Table 4.5

EfFectof Reducingthe SpeedCriteria forJ TestingUnder Condition 1

I
_-_ No. of Vehicles PercentageoF Percentageof

SpeedCriteria

i :I __ (mph) Requiring Testing ReductionIn No. Vehicles for Whichr Under Condition 2 of Tests SL isAffected

i 22 18 0 0

J 21 16 11 0

20 13 28 0
• -J 19 9 50 6

18 6 67 17

7

A

_2

I 4-13
J WYLE L.A BOil ATO R | I_ 5



m

I
-25' O' +25'

-_-- _ ., .._ ._--|
50' _| LHSt_ Vehlcle Pa/h Zone.
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!i

Figure 4,2(a). Initial Nicrophone Locations,

_
ol6.4' O' +16.4 _ / _'_ !

J 'P-- "P"-- -k -- so, / ',

25'l I_ Zo.o _i

Vehicle Path I _ _l

25' i

-16.4' 0 +16.4 : ! I

• I !

o' +25' _I i

I ,
f I ;

i

Figure 4,2(b). Subsequen/ Microphone Locat'ions.
! i
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i Thesoundlevel data measuredby the two microphonearraysdiscussedabove are

presentedIn Tables4.6 and4.7 Formlcrophoneslocated50 feet and25 feet, respec-

tively I fromthe cehterline of vehicle travel. The data are g;ven in termsof the differ-

-_ ence betweenthe maximumlevel asmeasuredby any of the microphonesat the same;
_ dlstanceandon the samesldeof the vehicle, and the maximumlevel asmeasuredby each

indlvidual microphone. At the bottom of each table, the meanvaluesof the d;fferences-i
• . _ are given for all vehicle tests, aswell as for testswheresound levelswere measuredat

_ all 6 microphonesat the samedistanceon bothsidesof the vehicle. It shouldbe noted

that the latter meanvaluesare taken fromdifferent vehicle samples.

In general, it w;ll be noticed that the meandifferencesare small, except for

.... microphonespositionedat -I-25feet (for the 50-foot microphonedistance), and +16.4feet

(Forthe 25-foot microphonedistance)- see Figures4.2(a) and (b). Thesetwo locations
are clearly unsuitablefor measuringthemaximumsoundlevel during the test, andcan

be discardedin the FollowingdlsaussIon. For m;crophonesat bath50 feet and 25 feet
from the vehicle, there is I;ttle to choosebetweenthe remainlnglace,lens -- ;n fact,

I_ dlfferent aonelus;onscan be madeas to the optimumlocation Forthe left- and right-hand

s;desof the vehicles. S;nceall of themean differencesare lessthan 1 dB, and most less

I_ than 0.5 dB, it doesnot seemmalistla to makea strongpoint for any location. There-

Fare, for the sakeof aonvenienoe_mTcrephoneslocatedatong a llne perpendlcular to

the vehiale path and passingthrough the center of the end zone are selected to provide
a representativemeasurementof the maximumlevel producedby a vehicle in the EPA

'_ Urban Accelemtirm Noise Test.
_J

Todeterminewhether the optimummicrophonedistanceis 50 feet or 25 feet From

the vehicle centerline, the following pointscan be madeon the basisof the data obtained

in the testseries:

• Themeanvariation in soundlevel laken over a vehicle test sequenceis

+_.0.5dBat 50 feet and 25 feet.

• Themeandifference betweenthe maximumsound[evel and that measured
i

by the selectedmlcrophone locationsis essentiallythe sameat both50 Feet

and 25 Feet. The sameis true for the standarddeviationof the dTfferences.

i However, the mean difference in levels for the loudestside of the vehicle

only is 0.5 dBat 50 feet and 0.3 d_ at 25 Feet.
_-15 WYLIE: LAnORATORII_e
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I

Table4.6 (Continued) s,!

RIGHI-HAND SlOE I.[I_oHAND SIDE

/ ' I
i . OIff,tence;, d3 I._o.. Oirr,,=,=,;, do m=.. /|_I:: Veh. fett $¢l_,e_n Ma,. SL cznd SL MeaturBd by

fiat'._,;en ;_a,* 3L rJnd
"_ Sound rjr_und

No. Cond* SL Meature3 by Level Leval
t_Ic fophO_leor:

hlicrophone <31: (dBA} {dBA)

+ 0,+ .2,.,3..,3, ;vliI Q66 I 0 0.7 64.8 OJ 0.2 63.1

+, _ 2 3.2 Q*6 66.1 O.2 0.3 66.7

067 ' 0 2.4 63.2 0 2,2 63.7 _'1
1m

063 I 0 0.8 66.9 0 2.0 66.8 rl
069 1 0 0.6 68*2 0 O*1 63.9

070 ' 3 0,7 62.6 - 1,4 0, l 61.0 +_!

2 0 1.4 63.9 - O,I 0.$ 66.2 _ i

for oll 0.4 0,2 1.0 0,6 0,6 0.6 ! i
Vehtcre ,_+

1"ells

hlerln ,
fe+r 16 3+3 0,3 ].3 0.7 0.9 0*? _ I
Veh[¢los'

Standnrd 0.3 0.4 0.9 0.6 0.9 0.7 I
Oa,+_or_on I

• For '#hlch cratesor_t avoila_+le c+lcHI m;crophone pollt_ons,

J

[. ,

2_
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TabJe 4.7 (Continued)

J
!

i
RIGH_-HAND SIDE LEFT-lIAr40 SIO_ ' i

Offferenco in 40 O;Ifmtenee In dB

II Veh. Test 2et_een t_ox. $Land tanx. Be_ee_ t_ov. SL<rod _,Inw, __ _i
[ No. Cand. SL lae=_urad by 2o_d 0au,'_ I' Level 2L Mealur_6 hy Level

• i h_icrophanet c,: (62A) hqclooho_ ah (dEA) '
1

-16.4' O' _16.4' ol6.4' 0* I *t6.4'

054 t 0.3 0.1 0.0 67.9 0 2.1 1.4 60.0

005 I 0 2.9 0.3 74.1 0 0.8 60.9 _'"

2 0 _.5 6.0 72.6 0 0.5 67.0

056 I 0.6 0.1 2.B 73.0 0 2.0 73.6

057 _ 0 _.0 0.5 69.7 0.7 0 1.3 70.1 _.

058 I I,I 0,4 0 64,2 0,8 0,3 0,2 64.0

2 0,7 0 0,7 67,0 0,7 0 0,7 67.0 , ,

i 060 I 0.5 0.2 2.6 Z3.$ 0.7 0.1 0.9 74.9 _.._
i

!' 061 I 0.1 I*1 0.9 71.9 0.9 0.1 0.7 71.9

i 062 [ 0.4 0.4 0.4 71.5 0.6 0 71.6 P"

2 0 0.6 0.6 70.1 - 0.6 0.2 70.3 i

063 I 0 1.8 .4.2 77.3 0.6 1.4 1.8 77.3

06-t I 0 0.9 t.2 72,7 0.[ 0 2.0 75,4
065 I 0 0.8 1.8 67.0 0.9 0 2.2 68.7

066 I 0 0.9 I.I 72.3 0 0.1 2.1 ' 73.9

2 0 1.0 2.0 23.3 0.1 1.0 1.2 73.0 ,.

067 I 0 0.0 4,5 70,6 0 1,6 4.5 70.3

060 I 0 1.0 0.7 73.L 0 0.9 3.4 70,5

069 I 0.1 0.6 1.9 74.7 t.3 0 0.0 70.7 r_"
J

070 I 0 0.0 1.9 62.2 0.7 0 5 0 66.1 !

2 0 I,I 0.6 72.2 0 0.7 1.9 79,7 i

j
I I

i fo, -JII 0,2 0.6 i,7 0.0 0,3 1.8 ='_
J VrJh;cle !

! I: i
i : . ;

fo, 30 0.2 0.6 1.0 0.5 0.4 0.0
Veh;¢f_l*

Stond_r d

Day[orlon 0.3 0.6 I*1 0.6 0.6 I*0 _J

!,

• FOI *l,;=k_ d_l_ q_, qvqihlul_ qt all mlctophc_e _oiit_t, , +

I
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I

• In 11 casesout of the 66 vehicles tested• the s_deof the vehicle registering

_ the highestsoundlevel is different for measurementsat 50 feet and 25 feet.

The difference in sound level in thesecasesis up to ].8 dB. Ibls result is

._ interesting butdoesnot indicate which m_crophonedistanceis optimum.

• e There is a strongcorrelation (r = 0.97) between tile maximumsoundlevels

• "_ measuredat 50 feet and 25 feet. Themean difference in levels is 6. I dB

with a standarddeviation of 0.9 riB.

• Themaximumsoundlevels for all vehicles were measuredunderthe same

test condition at bath microphonedistances.
-7

i Theseresults do not lead to e strongjustification for selecting one microphone

d_stancoover another, ln_fiallyt there wasa concern that the 25-foot microphonewouldtend to measurethe soundlevels from the front and rear of the vehicle separately, resulting

in a lowermaximumlevel, The data do not indicate that th_sconcernwasvalidt even

for the longervehicles w_thgreater separation between the engine and the exhaust outlet.

_ Another concernwasthat the soundlevel measuredat 50 feet could be extrapolated toi!
L_ greater distancesusinga typleal decay law, whereasthat measuredcloser to the vehicle

[_ would not obeythe samelaw between 25 feet and 50 feet. Typically, for a point source,
_" the soundlevel decaysat a rate of about 6 dB per doubling of distance over a hard surface.

At distancesclose to o vehicle, it _snot valld to assumeo point source, and the sound

-J level decaysat a rate lessthan 6 dB per doubllng of distance. The meandecreasein

-i soundlevel between 25 feet and 50 feet asmeasuredin the test serieswas6. ] riB, indi-

/ catlng that measurementscan be conductedas closeas 25 feet from thevehlc/e without

-. being in thenear field of the soundsource. The advantage of measuringthe soundlevel

at 25 feet is that higher values of the ambient soundlevel (in the absenceof the vehicle

noise) can be to_erated. Furthermore, refleetlng obstaclescan be closer to the micro-
!

phonesand the vehicle than if the measurementswere conductedat 50 feet. Accordlngly,

to provide additional flex_billty in test site solection_ a microphonedistanceof 25 feat

-- _srecommended.

i
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5.0 THE CCME NOISE TESTPROCEDURE

5.1 Introduction

An alternative test procedure to determine vehicle noise em;sslonsunder partial-

throttle operation has been proposedby the Com;t_Jdes ConstructeursD'Automobile du

March_ Commun(Committee of CommonMarket Automobile Constructors-- CCMC)7 The
i

methodtakes advantageof the relative slmpl;city and repeatability of the full-throttle test

proeedure_and involves the interpolation of sound levels measuredduring full-throttle end

cruiseoperationsaccordingto a formuladeveloped from urban driving studies. As proposedt

the methodappllesonly tovehicles equippedwith manual transmlsslons-further develop-

mentof on equivalent test methodsuitable for automatics_scurrently understudy.

1
In a previous report devotedto the developmentof the EPA UrbanAcceleration

No;se TestProcedure_a preliminary evaluation of the CCMC approachwaspresented.

The testsconducted ;n that evaluaHondid not correspondexactly to thosespecified _nthe

CCMC proceduret becauseat the tlme it wasnecessaryto comparethe resultswith others

obtainedunder varying operatingconditions. Howevert the results did indicate a range

of errorthat wasconsideredto be excesslve, leadingto the conclusionthat a direct part;el ....

throttle testprocedurewasmoresuitable than the indirectt interpolatlon methodfor defining "-

soundlevelsproducedunder urbanacceleraHon. Nevertheless, it wasconsidereddesirable _'-

to performthe exact CCMC procedure to assessits potential benefits andproblem areas. "-,

5.2 Outline of Procedure ....

The proposedprocedureinvolves three testsconducted underdifferent operating

conditions,asdescribedin Table 5.1. For test Conditions1 and2_ the vehicle is operated

at thestatedentry condlttonsunHJthe front bumperreachesa point Ar which is 10m(33 feet) -

froman imaginary llne drawnacrossthe test track connecting the locationsof two micro-

phonesplaced 7.5m (25 feet) Fromthe centerline of the test track --see Figure5.1. At

this point, the Ihrottle is fully opened as rapidly aspossibleuntil the rear bumperof the

vehicle reachesa point B_10m(33 feet) past the microphones, when ;t is closed asrapidly

aspossible. For all three condTtTons,the maximumsound level measuredby the two micro-

phonesand the correspondingenginespeedare recorded.

5-1
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-! Table 5.1

"_ Vehicle Operating ConditionsForthe Proposed
-] CCMC Test Procedure

i

i Test No. Transmlssien Vehicle EntryCondition Vehicle Operation

1 2nd gear 40 km/hr (25 mph)but not greater Full-throttle acceleration
; than 70 percentratedengine speed

J 2 3rd gear 1/3 rated engine speed Full-throttle accelemtlon

3 2rid gear 40 km/hr (25 mph)but not greater Constantspeed(Cruise)
- than 70 percent ratedengine speedi

"1

k

J

-/
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Toeliminate the need to monitor the vehicle engine speedcontinuously, tile CCMC

hasproposeda method _nvclvlngcorrectionfactorsapplied to tile entry engine speed. It

! has beenfound_nprevioustests7 that the maximumsoundlevel in Conditions 1 and 2 occurs

-_ on average whenthe vehicle is 17m (56 feet) pastthe two microphones,end that the average

.-J engine speedcorrespondingto thls maximumlevel is higher than the entry engine speedby

• . .-7 factors of 14 percent and6 percent, respectively, for the two conditions. Thesefactors
are then usedto retain the slmplicity of operationof the procedure•

"- In orderto evaluate fully the CCMC procedureand the sens_tlvityof microphone
• eplacement, additional microphoneswere locatedat the positionsshownin F_gur 5.1.

Also, thevehicle parameterswere continuouslymonitored throughoutthe tests, even though

i this is not required in the proposedprocedure. The testswere conductedon two vehicles,

-_ a ToyotaCorolla, .S-speed,anda Chevrolet Chevette, 4-speedsdenotedby vehicle num-L

I bars 005 and 0111respectlvely_ _nTable 2.1. The Chevette wasthe samevehicle tested
i_ and describedin Chapter 3.0; the Corolla wasa different vehlcle of the same type havTng

the sameparametersasdesarlbed_n Table2.1.

J_
I.:s Theprocedurefor determlnlng the interpolatedsoundlevel from the test results

_s involves the useof standardlzed vehlcle perfomlancecurves-see Figure5.2 -described

1_ in termsof normallz:edengine powerand normalizedengine speed, the normalization being

with respectto the rated valuesof both quantities° "i'beupperand lower curvesshownare

for full-throltle acceleration and cruise, and Ttts upon these curvesthat points ore placed

.._ representingthe maximum soundlevels at the correspondingnormalizedengine speedsfor

each of tile three tests• An interpolation procedureis then applied between the soundlevels

-! at the three poTntsunder the assumpHonthat the soundlevel varies linearly with normalized

engine power, The central curve is the interpolation curve that relates tile typlcal per-

formancacharacteristics of light vehicles operating in urban areasto the horsepower-to-

- weight ratio• The first stepin the procedure is to construct I_nesof constant soundlevel,

or "isophonlc" lines as they are called. Thenthe partial-throttle vehTcJesound level is

-- determinedby noting the isophonlc I_nethat intersectsthe central _nte_elation curve at

the point corresponding to file horsepower-to-weight ratio f'or file vehicle.

5-4
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L 5.3 Reviewof Dale

- The data obtained from the CCMC testsare summarizedin Table 5.2. Itshould

be noted that whereasthe corrected normalized engTnespeedagreeswell with the actual

normalized englne speed at the poTntof maximumsoundlevel for the Chevette, there

i is a dlsparity of 7 percent in Cendltion 1 for the Corolla, correspondingto a sound

level difference of about 1dB. ThisIs causedby the relaHvefy slow rate of aocelera-

: _ tion for the Corolla under full-throttle operation In secondgear compared to that of

" the Chevette. The result is that the actual engine speedfor the Corolla in the region

near the microphone is correspondingly lower than the corrected entry engine speed.

Thus, the universal correction factorsproposedfor the englne speedmaynot be appll-

-- cable to all types of vehicles.

review of the sound measuredby mlcrophones FigureA levels the other in 5.1

showsthat they all register lower soundlevels at the instant when the maximumvalue

is obtained at the CCMC relcrophonelocation. This is to be expected ;f the vehicle

dlreotivlty doesnot changesignificantly w_thincreasingeng'nespeed. For the inter-

[_ polatlon procedure, the location of the measurementmicrophonemay not in fact be

i 1_ too critical provlded that three pointscan be obtained forming e triangle about tire
. i value of horsepower-to-weight ratio on the interpolaHon curve. The interpolated

soundlevels for the two vehicles were calculated usingthe proceduredescribedabove,
usingthe proposedmethod of applylng correction factors to determinethe engine speed

at maxlmumsound level_ as well asusing the actual engine speedsasmeasureddirectly.

i The resultsore shownin Table 5.3, where it is seenthat useof the engine speedcorrec-

tion factor results in an interpolated sound level for the Corolla that is 1.1 dB too high.

-- Also shownin Table 5.3 are the interpolated and measuredsoundlevels foran

aoceleraHon of 0.15g at 70 percent rated engine speed -- the end cendlHon Formanuals

in the EPAUrban Acceleration test procedure. The interpolated values were determined

assum;nga linear relationship behveensound level and acceleration. For both vehioles_

-_ it was necessaryto construct the Tsophoniclines outsidethe area bounded by the three

_: po;nts on the standardperformance curves_Fhusreducingthe certainty of the results. Also,

" the ;nterpolated andmeasuredvaluesof soundlevel for the Coralla were obtained with dif-

ferent vehlcies. Evenso, the discrepanciesbetween the two values are rather large.

5-6
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Table5.2

Vehicle ParametersandSoundLevels
Measuredin CCMC TestProcedure

Corrected Normalized Max. Vehicle
Entry Normalized i Normalized RPMatMax Sound PositionVehicle Test Speed Entry RPM*

Cond. (mph) (%) Entry RPM** SoundLevel Level(%) (dBA) (Ft.)*** -

Toyota I 25,0 51 65 58 74.2 38.2

Corolla 2 24.2 34 40 37 67.2 47.4 _

3 25,2 51 .... 67.8 --

Chevrolet 1 24.9 65 79 78 78.2 46.0

Chevette 2 20.0 33 39 41 68.6 42.9 --

3 25,4 67 ..... 72.4 --

* Normallzed to rated enginespeed.
** Using the correction factors applied to the entry enginespeedsasdiscussedin

Section 5.2.

*** Distancemeasuredfrom point where acceleration is _nltlated to point wheremax-
imumsoundlevel occurs. _-

t_,l i

Table 5.3 i i i

Interpolated and MeasuredSound Levels
For Cond_tlon 1 in EPAUrban Noise Test !!

Interpolated SoundLevel SoundLevel for 0.15g at :-,
(dBA) Difference 70%RatedEn<ine Speed Difference

Vehicle Using Engine Using Actual (d8) (dB) --
SpeedCorrec- Interpolated Measured*

fion Factor Engine Speed

Toyota 72,4 71,3 +1. I 71.6 67.5 +4.1Corolla

Chevrolet 72.5 72.6 -0. I 69.8 67.9 +1.9
Chevette

* Measuredat 50 feet according to EPA Urban Acceleration TestProcedure.
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In summary, it can be said that the CCMC procedure does offer some advantages

for measuring the noise emission of light vehicles. As proposed, it Tsrepeatable in opera-

i fion and does not require the vehicle to be instrumented. Furthermore, errors in individual

measurements are diluted to a certain extent in the determination of the partial-throttle7

L_J sound level due to tl_e triangular interpolation procedure.

However, these advantages are achieved at the expense of inaccuracies in
.J

determining engine speed at maximum sound level, and uncertainties in the assumption

--' of a linear relationship between sound level and normalized power. The engine speed
J

can be measured accurately on the vehicle by means of a tachometer, but to correlate

thls with exterior sound level would require a more sophisticated instrumentation system

than that required to conduct the EPA test. In the latter, the engine speed is merely

required to establish an end condition and is not required in the measurement of the vehicle

sound level. WHh only two vehicles testedt it is dlfficult to arrive at o defln_te conclusion;

"_ however, it appears that uncerta_ntles in engine speed can lead to an error of at least 1 dB

in the interpolated vehicle sound level.

I_ The assumption of linearity in the interpolation process potentlally presents a more

serious error, and one that is additive to the error is determining engine speed. Previous
I._:$

[_ data1 indicates on average dlfference of 1.5 dB between interpolated and directly measured

sound levels for partial-throttle operation, with a maximum difference of 3.4 dB. Examples

_] of plots of the isophanic lines obtalned from European manufacturers indicate that the assump-

tion of llnearity is valid within .+.2dB, mainly due to the effect of drivetrain resonances.-7

Furthermore, _t is commonly recognized that the effectiveness of some noise abatement

methods asmeasured under full-throttle conditions is not always reafized under partial-
!

throttle operation. Because the CC/viC procedure relies heavily on Full-throttle measure-

ments, even the interpolation procedure may result in an overestimation of noise reduction

in some coses.

Finally, it is believed that further refinement and the development of an equivalent

-- procedure for automatics are required before it can be considered as a standard for light

• vehicle no_seemission measurements.

i
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APPENDIX A

- Specifications f'or the TestPad Materiels at the

• £PA Noise EnforcementFaoillty, Sandusky

The Following is a descriptlon of the asphaltlo concrete specificotion usedby the
. . r

, -7 EPANoise EnforcementFacility in the construoHonof their test padat Sandusky,Ohio_m

A. Composition

-] Aggregate Size Total PercentPassing

, -' 1/2 100

-J 3/8 90-100

#4 45-75

-- #16 15..45

6.50 3-22
6'200 0-8

B. BituminusContent

f_
_ AR 4000 4.5-9.5 percent.

C. Seoling
FederalSpecification R-P-355-D

"1 Example_'Jennite"

-- Twocoatsof sealant were applied usingno thinner. A squeegeewas usedFor

the application anda penetration of 70 to 80 percent wasach;eved.

.m
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APPENDIX B

F_nalizedNoise TestProcedure

Thissection contains the finalized version of the urban acceleration noise test

procedurefor light vehicles incorporatingmodificationsas determinednecessaryfrom

the preliminaryimplementationanddata basedevelopment.

UrbanAcceleration Noise TestProcedure

Far Ligh Vehicles

I .0 INTRODUCTION !_,

The testproceduredescribed _nthe fallowing sections_sdes|gnedto provide a i

measurementof the noiseemissionsof light vehicles operatingunder acceleration condl- _

tlons typical of those in urbanareas. Soundlevel measurementsare madefor a vehicle '-'

operation in whicha gTvenacceleration rate is achlevedat a particular engine RPMor ....

vehicle speed. A constantparHal-throttle setting is usedfor the test, Appropriate test _-

conditions are provided for vehicles equipped with eHher manualor automatic transmissions,

The soundlevel is measuredby a microphone located 25 feet (7.5m) fromthe centerllne of 7"
: i

the vehicle path. Criteria for tile selection of the sitemthe instrumentation and the test i

condition appropriate for a particular vehicle are specified in the procedure. !i _

2.0 DEFINITIONS I-'

Aulomatic Transmission:Any transmlssionwhich doesnot require action on the

part of the driver to change gears.

Manual Transmlssion:Any transmisslonwhich requiresdirect action on the part

of the drTverto changegears,

[Numerical Gear Ratio: The ratio between input and output shaft speeds[n a

transmlsslon,excluding the torque converter, A ratio greater than 1:1 is a reduction.

Note that the ratio of gears commonlycalled "low" have }figher numerical ratio (e.g,,

3:1) than gearscommonly called "high". In this test procedure, the _ermnumerical

guaJ rutlo is used to avoid amblguily,

B-] n ,
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i Test Run: The complele operation of a vehTcle_na prescribed manner from
initiation Io termination of vehicle motion in Ihe prescr'bed direction.

r EndZone: The section of the vehicle patlb 20 feet in lengtht within which the

end condltlon mustbe achieved Fora run to be valld.

- EndCondition: A particular value oFvehicle speedor engine speedwhich must

be achieved during testing for o run to bevalld.

ExcessiveSpeed: A 1.6-mph greater vehicle speedt or a 4-percent greater

! engine speed_ then that specified by the endcondition.

--! Operating Candilion: A comblnotionof vehlcle acceleration and vehicle or

-J engine speedwhich is simultaneously ach'eved when the vehicle is operated according

to thTstestprocedure.
hatedEngine Speed: An engine speedspecified by the manufacturer which is

_ either the speedat which maximumpower occursor the maximumallowable speed.
r,,ll

Synchronized lnstrumentaHonSystem: An arrangementwhere all vehicle and

L_l acoustlc data ore simultaneouslyrecordedwTtha commontime reference. Thisusually

_.._ requires somedegree of telemetry between the vehicle and a fixed position.

Uns},nchrenlzedInst,rumentatlonSystem: An arrangementwhere acoustic data
are not measuredon a commontime reference with vehioJe data.

_2

TestCondition: A complete specification of gearp throttle stop_ starting polnb

and vehicle operaho _.

TestSequence: A seriesof runs emp]oylnga s_ngle throttle-stop setHng_ of which

- a minimumof four runs are valid runs.

Throttle Stop: An adjustabledevice which ]trails the openTngo[ the vehicle's

throttle but doesnot interfere wHh claslng the throttle.

8-2
i WYLIE LAUOHATORI£S



3.0 TESTSITE

3.1 The testsite shell consistof a test pad over whlch thevehicle travels and sound

level measurementsare made, plus approachand departurepaths. Thesffe shall be

located in an area free of reflecting structuresand sourcesof acousticinterference. The

dimensionsof the site are shown in Figure B-1.

3.2 The following pointsshal_ be establishedon the testpad:

3,2. ! An end zone consistingof a 20-foot section of thevehicle's path of travel.

3.2.2 A microphonepositionlocated25 feet from the centerof the end zoneon o

llne parallel to and25 feet from the centerllneof the vehicle path.

3.3 If spaceand equipmentpermlb a double-sldedtest padwith microphoneslocated .

on both sidesof the vehicle pathmay be employedto permitsimultaneousmeasurement

of the soundlevel or both sidesof the test vohlcle. Bothsidesof the site mustmeet the

requirementsspeclfied in tiffs section.

3,4 The surfacematerlal of the test podshall be homogeneousover the entire area,

and shall consistof sealed asphaltic concrete. The surfaceshall be smoothand flat "-
wlth'n .4.2inches (O.05m) over the entire area, and shall be free of loosegrovel and ....

other parficles_ snow_ice, etc. The path overwhich the testvehicle travelsshall be _!
dry and free of snowand ice. '_'

3.5 The approach and departure pathsshall have thelr cnnterlines aligned with the !!

vehicle path on the test pad, and shall be long enough to provide foraccelerating the

I vehicle to test speedand safestoppTngafter the test. Theyshall be dry and free of

snow, ice, and any loose materlal which might be carried onto the test pad by the test
vehicles.

3.6 There shallbe no reflecting obslacles/oca_edwHhin 50 feet (15m) of the vehicle

palh on the pad or any microphone posltions-see FTgureB-1. Theambient soundlove/at

Ihe site, producedby sourcesother than the vehicle being les_edI shall be at least I0 dB

lower than the soundlevel measuredfromthe lest vehicles as Tt is operated according to

theprocedure descrTbedin Section 6.
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4.0 INSTRUMENTATION

4. I InslrumentatlonSystem

Instrumentation is required to measureboth acoustic data and vehicle parameters,

including vehicle speed, acceleration, and englne speed. The instrumentsfor measuring

vehicle parameters are usually mountedin the vehicle, while instrumentsFormeasuring

soundlevel are stationary. Obtaining a record in which all data are synchronized with

respectto a commontime reference usually requires somedegreeof telemetry baleen

tile vehicle and the fixed acoustic instrumentation. Such a synchronized system

_snotnecessaryto conduct the tesh oltl_oughit may bedesired for researchor other

pu_oses. Thereforel thls test provldes alternotlve proceduresfor two instrumentation

systems.

4.1.1 An unsynchronTzedinstrumentation systemrequires that vehicle parameters

be recordedwith a commontime referencet but synchronization with soundlevel data

is not required.

4.1.2 A synchronized instrumentation systemrequires that a common time reference

be usedin recording vehicle parametersand soundlevel data. Thesynchronization method

musthe accurate to wilhln +50 msec.

4.1.3 Field caltbratTon of the complete vehTcJeand acoustic instrumentation systems

shall be performed _mmediatelybet'oreand after eachseriesof test sequenceson e vehicle ,
teJ

on thesameday.

4.2 Acoustic Instrumentation

4.2.1 Acoustic measurementsshall be madeusinginstrumentsmeeting the specifications

of ANSI $1.4 (1971)1 "Specification for SoundLevelMeters"_ for a Type 1 soundlevel

meier. "filemeter shall be set to A-welghtlng and "fast" response. .fi_efleld calibration

devlce usedshall have an accuracy of at least±0.5 dB.

4.2.2 The microphonesshall be orTentedso as to provide the mostuniform dTrect[vlty in

the plane of the vehicle travel and positionedat a height of 4 feet (I .2m) above the test

pad surface. Windscreensshall be placed on all microphones_naccordance with m_cro-

phoneand manufacturer'srecommendations.
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-', 4.2.3 l[ a synchronized instrumentationsystem_sused,soundlevelsmustbe recorded

duringeach run such Ihat the Hmehlstory of the soundlevel is available. If an unsyn-

i ohroMzed system_sused, maximum levelsmay be read d_rectly fromthe sound level

meter, usingone trained person for each channel in a double-sided test pod arrangement.

: 4.2,4 if a recording system is utfl'zed, it must meet tile requirementsof ANSI 56,1 (1973),

-- and "Qualifying a SoundData AcqulsiHon System" (SAEJ184).
i
i

4.3 Veh_ole Instrumentation
J
I

4.3,1 The vehlcle shall be instrumented to record continuouslyvehicle speed, aecel-

: oration, and engine speedduring eachrun. In add_tlon, the timesat which the vehicle

entersand exits the end zone mustbe markedor otherwiserecorded for each run. The

-_ measurementsmust be made to within the following accuracy:
--J

Vehlale AcceleraHon -- +0.0020

Engine Speed -- ÷50 RPht_i
Vehiale Speed -- +0.2 mph (0.3 kin/h)

!_ Time* -- ±50 msec
t_S

* Timesat which the vehicle enters andexTtstile end zone.

4.3.2 The recordingsystemmust be such that vehicle parametersmay be checked after

each run to ensurethat the operation specified_n Sectlon6 has beensatisfied.
• * * e •4.3,3 To prowde smoothingof vehicle paramet r signals, a time conslant of 100 to

_] 150msecis to be used. Toassurepropertlme alignment, Ihe sametime constantmust

be usedin all non-acoustic channels, No filtering shall be applled to acoustic data

i other than that associatedw_th "fast" response.

4.3.4 For an unsynchron_zedinstrumentationsystemt dlsplaysof vehlole speedand

englnespeed, asappropriate for the spec'fled end cond_tlon_mustbe clearly vTsTble

; Io thedriver during tile test. Theseprovide informaHonneededby the driver to avoid

-- excessivespeed (seeSection 6.3).

I

J
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5.0 TESTVEHICLE PREPARATION

5.1 The test vehicle shall be tuned according to the manufacturer's specifications.

5.2 Prior to the test, the engine of the testvehicle shall be at its normal operating

temperature. -"

5.3 Tile test vehicle shall contain only the driver and the instrumentoHonnecessary

for conducting the test.

5.4 An adjustablestop mechanismmust be installed in the throttle linkage, his --

throttle stopmustprovide a posffive, repeatable, stoppTngpoint at partial throttle, and

not inleffere wilh normal closingof the throttle. A cont'nuously adJustablestopmech-

enlsm_suchas providedby a screw thread, is recommended.

5.5 All auxiliary equipment on the testvehicle whichcan be turnedoff fromthe

passengercompartmentshall be _r_the off positionduring the test.

6,0 VEItICLE OPERATION

Thepu_oso of this test is to measurethe maximumsound level producedby light

vehicles under partlal-throttle acceleration at speedsup to 25 mph. The vehicle is

operatedat a constant-throttle setting in f'rst gear to ach'eve a specified acceleration '-

immediatelyprior to, or at, the shift to secondgear. Forvehicles with manual trans-

m'ss'onh shlftlng is defined to occurat 70 percent rated engine speed. For vehicles with

automatic transmissions, the shift occurs at an engine speedcontrolled by the transmission. ''

The maximumsoundlevel up to and including Ihe shift is then measured, unlessthe shift

occursat a speed above 25 mph, in which casethe measurement_smadeat 25 mph. ,_j

Forsomeveh'cles with automaho transmissions,Ihe soundlevel produced under
I I

acceleration in secondgear at 25 mphis higher than that measuredat the shift fromfirst _1

to secondgear. A second test condition is thereforegiven for suchvehicles, corresponding
'1

to 25 mphin secondgear. _t

The following subsectionsdescribe, far each test cond[tlon, the veh[cJe operation, "1
the appropriate adjuslmentof the thrott[e-stop setting, the starting point on the vehicle _,1

I
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: path, aswell as the requirements Foro valid test sequence. Preliminary runswill be

needed toestablTshthe throttle-stop setting Forthe test sequence. A correct starting

paint cannotbe established until completian oF these preliminary runs.

6. I Op?ratlon oFManual TransmissionVehicles (TestCandlt;on 1M)
_J

I
a ' •..q Step 1. Gear SeleetTon:Place the tr nsmlsstongear selector in first gear unlessapera-

_.I lion in a lower numerical ratio gear will produce70 percent rated engine speed

•_ at or below25 mph (40 kin/h), in which case usethe lowest numerical ratio gear
J

J which will produce 70 percent rated engine speedat or below 25 mph (40 kin/h).

Step 2. T!lrottle-Stop Adjustrnent/Operat[ng Mode: Adjust the throttle stopsuch that

anoperatlng condition oF0.15g accelerat;an at 70 percent rated engine speed

orat 22 mph (35.4 kin/h), wh;ehever occurs Firshis aohleved during the apera-l tlon oF the vehicle as specified in Step 4. Allowable tolerances in the acceter-

' arian are specified in Section 6.4. CompletionoFth_sstepwTII normally requffe..J
preliminary runs.

Step 3. SlartlngPoint/End Condition: Adjust the starting point such that Ihe speolfied

operation of the vehicle in Step4 will result in the end conditTonoccurringP'
h_ when the front-most edgeoF the Frontbumper is within the end zone. The end

conditionis 70 percent rated enginespeedor 25mph (40.2 km/h)s whichever

! occursfirst. Thestarting point can be establishedby performinga preliminary

run ;n the reverse direction, inltiat_ng the vehicle operatTon in the end zone

and noting the point where the end condition is oehieved.

"_ Step 4. Vehicle Operation: With the appropriate gear selected, approach the startTng
point at 25 percent rated engine speed, malntaTnlngconstant englne speed. At

-i the startlng poinh rapXdJyopen the throttle to Ihe adjusted throttle-stop position.

"_ MaintaTn the throltle at the adjustedthrottle-slop position until the end condTtion
i is achieved.
I

i
I
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6.2 Operation of Aulomollc Transmission Vehicles

Tt_ereare two test condHions Forvel 'cles equipped with automatic transm_sslons.

Test Cond;tlan ] applies to all such vehicles; Test Condit'on 2 apphes to vehicles exhibiting

certain characteristics when operated accord;ng to Test Condition 1.

6.2.T Test Condition ]A

Step I. Gear Selection: Place the automatic transmTsslongear selector in the Drive

position.

Step 2. Throttle-Stop Ad]ustment/Oporatlng Mode: Adjust the throttle stop such that

an operating condition of 0.15g acceleration at 100 RPM prior to the maximum [

RPM at the First transmlsslon upshiftt or 0. tSg at 22 mph (35.4 kin/h), which-

ever occurs first, _s achieved during the operation of the vehicle asspecified '-I
[L

in Step4. Allowable tolerances in the acceleration are speolfied in Section 6.4.

Completion of th;s step will normally requ're preJlmmory runs. [f an acceleraHon it.
of 0.15g cannot be achieved, the throttle stop shall be adjusted to achieve the

maxTmumacceleration possible. IF the vehicle operating condition can be achieved '

at two different veb;cle speeds, the transmission upsb;ft at the lower speed shall

be selected.

Exception: If in achlev_ng the operating crmdition_ the engine speed decreases

150 RPMor less From the maximum engine speed noted at the first transm;ss;an

upsh;ft, the vehicle shall be tested only under Test Condition 2.

Step 3. Starting Polnt/End Condition: The starting po;nt shall be such that the specTfied

operation ;n Step 4 of the vehicle wi/I result in the end condition occurring when

the front-most edge of the Front bumper ;s within the end zone. The end condi-

t;on is the max;mum RPM at the first transmission upshiFt or 25 mph (40.2 kin/h),

whichever occurs first. 111estarting point can be eslablished by performing a

preliminary run in the reverse d;rection_ initiating the vehicle operation in the '

end zone and noting the poTnt where Ihe end condition is achieved.

Step 4. Vehicle Operation: With tho appropriate gear selected, posTfian the vehicle _.

at Ihe slarHng po;nt with the engine idling and the brake set. Simultaneously

B-9
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i release the broke and rapidly open tile throttle to the adjustedthroltle-slop

position, Maintain the throttle at the adjustedthrotfle-.stopposition until the
I
, end candHion isachieved.

-q
_! 6.2,2 TestCondition 2

I

Criteria for testing under Condition 2:

i -': 1• Vehicles for which the first transmlsslonupshiff occursat a veh;cle speed

lessIhan 19mph* (30.6 kin/h) whenoperatedaccording to Test Condition I
shaJIalso be tested under TestCondition2.

_ 2, VehTclesthat exh;bit the characterlsficsspecified in the Exception for Test

Condition I shall be tested under TestCondition2.

Step I, Gear Selection: Place the automatic transmissionselector ;n that posltion which

' correspondsto the gear attained after the first transmissionupshift under Con-dition 1.
!,

[_ 2. Mode: the throttle such thatStep T!_rottla-Stop AdJustment/Operatlng Adjust stop

an operating condition of 0.12g acceleration at 25 mph (40.2 km/h) is achieved

i I during the operation at. the vehicle asspecified in Step 4, Allowable tolerances

in the acceJerationare specified [n Section6,4, Completionat. this stepwill

_J normaJlyrequire prellminary runs. It"an acceleratlon of 0.12g at 25 mph cannot

be achieved, the throttle stop shall be adjusted to achieve the maximumaccel-

eratlon possibleat 25 mphwithout producing a downshiff from the selected gear.

Step 3. StartingPoint/End Condition: Adjust the starting point suchthat the specified

operation of the vehicle in Step4 will result in the end cond;tionoccurring when

Ibe front-mostedge of the t.rontbumperis within the end zone. The end condition

J is 25 mph(40,2 kin/h), The starting point canbe establTshedby performTngo

] preHm;nary run _nthe reversedirection, inff;atlng the vehicle operation inthe
L

-- end zone and noting the poTntwhere the end condition is ach;eved.

i

• ASdetermined from a review of the data obtained from 66 light vehicles.
i
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Step4. Vehlcle Operal_on: With the appropriate gear selected, approachthe starting

po_ntat 15 mph(24.1 kin/h), ma_ntainlng constant vehicle speed. At the

starting point, rapidly open the throttle to the adjusted throttle-stop position.

Maintain the throttle at the adjusted throttle-stop position until the end con-

dltion is achieved.

• ' 6.3 Throtlle ClosingAfter EndCondition

If an unsynchronlzedinstrumentationsystemis used, the throttle shall be closed

after the end cond_tlonisachieved to avoid excessivevehicle or enginespeed. Exces- :_

slve vehicle speed_s1.6 mph (2.6 km/h) greater than the specified end condition speed.

Excessiveenginespeed ts4 percent rated eng'nospeedgreater than the engine speed

specifiedfor theend condition° It is permissible, but not required, to release the throttle

after achievingthe end condition whena synchronizedinstrumentationsystemis used.

6.4 Obtain[ng..aValid Test Sequence

6.4. l If a synchronizedinstrumentation systemisused, a run shall be consideredvalid

when Ihe end condition isachieved within the end zone.

6.4.2 If an unsynchronlzedinstrumentationsystemis used, a run shall be conslderod i"_

valid whenthe endconditlen is achieved within the end zone and excessivevehicle or

engTnespeed, asspeclf_ed_nSection6.3, is avoided. '_ !

6.4°3 In order to characterize satisfactorily Ihe soundlevel on each side of a vehlcle

for a specified testcondition, a seriesof runsemploylng a single throttle-stop setting

shall be obtained. For a site havinga single microphone, a m_nlmumof four valid runs

in each direction (a total of eight runs)are requTred. For a site having a microphone on

both sidesof the vehicle path, a minlmumof four valid runsare required. Therebyr a _

minimumof four valid sound level measuremenlsfor each side of thevehTcle are obtained.

Sucha seriesof runsconducted at the samepartlal-throttle selling shall be termeda

test sequer.ce.

6.4.4 A test sequenceshall be consideredvalid when the average of tile measured

acceleretlon valuesof all valid runs, at the engine or vehlcle speed specified far tile

operating condition, are wilhin the following tolerances:
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: 6.4.4.1 For manualtransmissionvehicle% tile averageof Ihe acceleratlon values of

alX valid runsof a test sequenceshall be within ±O.010g of the statedacceleration for

tile speci[[edoperating mode.

6,4.4.2 For aulernatlc transmissionvehlc]es, the averageof the accelerallon values
i

of all valid runsof a testsequenceshall be within +O.O05gof tile statedacceleration

"i for the specifiedoperatingmode.

6,4.5 If the tolerancesspecified in 6.4.4 are notsatisfied, the throttle stopshall be

! readjustedand another testsequenceshall be obtained. Runsat Ihe first throttle setting

shall notbe included in the reported data.

6.4.6 As an altemative to 6.4.5, it is perrnisslbleto conductany numberof additional

runsat the samethrottle setting until the overageof all valid runsin the sequenceis

_j wlthln the tolerance.

6.4.7 Runswith known instrumentationmalfunctionsor personnelerrors shall not be

consideredvalid runs. Suchmalfunotlonsanderrorsshall be documented.

7.0 ACOUSTIC MEASU_ME NTS

-,ij 7.1 Thesoundlevel shall be measuredat the microphoneposition defined in Sec-

tion 3.] during each run of a test sequence,
7.2 Themaximummeasuredsoundlevel at cecil microphoneshall be recorded for

• !

! each valid run of a test sequence.

7.3 IFa synchronized instrumentationarrangement is used, the maximumsoundlevel

: for a valid run is tile maximumlevel measuredup to and including the instantwhen the

end condition is achieved.

J

-: 7.4 If on unsynchronlzedinstrumentationarrangementisused, the maximumsound

-I level 6ora valid run is tile maximum level measuredfor the complete run,

7.5 Themaximumsound levels obtained for all valid runsof a valid lest sequence

_i shall be combinedto obtain a single arithmetic averagemaximum Foreach side of tile

vehicle (see Section6.4.3). file reported soundlevel shah be the higher average

i B-12
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maximum value measured for the two sides oF the vehicle. For aulomafic transmlsslan

vehlc[cs, the reported level shall be the higher oF the average maximum levels produced

by TestConditions I and 2.

8.0 ENVIRONMENTALCONDITIONS

B. J NoTse measurements shall be conducted only when the wind speed -- including

gusts - is less than 10 mph (16 kin/h) measured on the test pad at the microphone height.

8.2 Noise measurementsshall not be conducted when the ambient temperature is less

than -4°F, nor under temperature or humidity conditions outside of"the specified range

, allowable for the instrumentation being used.

8.3 Noise measurements shall not be conducted in rain, snow, sleet, or hail.

B-13
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APPENDIXCJ

-Z Data,,Summar_ Tables for EPAUrban Noise
• Tesl"Procedure

C.1 Description of Charts
4,

• i Thesummarytables containedin thisAppendlxpresentthe soundlevel and vehicle
operationdata for the testsperformedon 66 light vehicles using the EPAUrban Noise Test

Procedure. Each table containsa brief descriptionof the vehicle, the appropriate test

condition_and the distanceat which the soundlevels were recorded. TestCondition1

is performedfor automatics and manuels_the deslgnationsbeing 1A and ]M, respectlvely.

Test Condition2 is performedin somecasesonly Forautomatlcsr sothis distinction is not-7
required. Testsperformedwith a demandfan activated am indicated by the letter 'F" in

parenthesisfollowing the test condiHonnumberse.g._ 1A(F).
i

L_ Thetables are divided into two parts. The upper part presentsthe vehicle opera-

_ tion dataand the maximumsoundlevels measuredat any of the microphoneson each side
L :

=' of the vehlele. The lower part presentsthe maximumsoundlevels measuredat each micro-

!_ phoneon each side of the vehicle. Averagesandmaximumrangesfor each columnare
_ glven at the bottom of each table. Taking the table for vehicle #001on page B4asan

-q example_the entries show that 4 rims were required to complete the test sequence, the

average value of acceleration at the operating condition (22 mph in this case)being

0.147g. The end condition Forthis vehlcle was the 1-2 shift, since this scouredat a

• vehlcle speedof lessthan 25 mph. In the first nJn(1.207)_ the 1-2 shift occurred at an

i engine speedof 2023 RPM, correspondingto e vehicle speedof 24.4 mph_at a position

: 3.0 feet before reaching the center of the end zone -- the end point. The maximumsound

i level measuredon the right side of the vehicle (asviewed by the driver) was 62.4 dBA at

1992 RPM_when the vehicle wasat a position 7.9 Feetbefore the end point. In other

words_themaximumsoundlevel occurred before the opemtlng conditionwas reached.

" This maximumlevel wasmeasuredb/the microphoneat 0 feet, i.e._ in llne with the

end point - see Fibre 2.4. Similar data are shownForthe left side of the vehicle.

in the lower table_ the maximumsound levels are given Foreachmicrophone

___ position_ noaccount being taken for the insrant at which they were measured.
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C.2 Index oFVehicles

Vehicle Vehicle Page Vehicle Vehicle Page _
No. No. No. No.

001 Oldsmobile Cutlass C-4 029 DodgeAspen C-46 _

002 DodgeRoyal Monaco C-5 030 Chrysler Cordoba :C-48

003 LincolnContinental C-7 031 AMC Gremlin C-50

004 ToyotaCorolla C-10 032 PlymouthFury C-54 ..

005 ToyotaCoralla SW C-12 033 RollsRoyoeS. Shadow C-58 _

007 Mazda RX.-4 C-14 034 Renault12 SW C-62

009 Marcedes Benz240 D* C-15 035 Chevrolet Caprice C-64

010 FordGranada C-19 036 FordGranada C-66

011 Chevrolet Chevette C-20 037 PontiacAstre C-70 _

013 PontiacElrebird C-21 038 FordPinto SW C-72

014 FordVan E-350 C-22 039 AMC Pacer C-74 ..

015 FordPickup F-150 C-23 040 BMW3201 C-78 _

016 Chevrolet Pickup C-24 041 BMW530i C-80

018 Buick Skylark C-25 042 FordLTDSW C-82 ,_,_

019 Chevrolet Chevette C-27 044 Chevrolet Nova C-86

020 VW Rabbit C-29 045 Cadillac DeVille C-90 ;~_

022 Fiat X 1/9 C-30 046 Mercury Marquis SW C-92 !.,
023 Fiat 128 C-32 047 FordPinto C-96 ._

024 Peugeot504 D* C-34 048 FordGranada C-98

025 TriumphTP,-7 C-38 050 Subaru4WD SW C-1D0 _

0')6 JaguarXJ-I 2L C-40 051 ChryslerT. & C. SW r",q04

027 Mercury Cougar C-42 052 FordLTD 2-1 08 _

028 MercedesBenz 450 SEL C-44 053 Oldsmobile Delta 88* 2-110

C-2
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Vehicle Vehicle Page Vehicle Vehlale Page
No. No. No. No.

i 054 Honda Civic CVCC C-112 064 Datsun620 Pickup C-138

055 deepWagoneer (4WD) C-114 065 Cadillac Seville C-140

..: 056 Saab 99 C-I18 066 Chevrolet K-5 Blazer C-142

I __ 057 OldsmobileOmega C-120 067 Oldsmobile Delta 88 C-146i 058 Dodge B20O Van C-122 068 VW Bus C-148
i

i "7 039 lntamat'l ScoutTerm* C-126 069 FordPickup F-IO0 C-150
-_ 060 VW Rabbit* C-128 070 Ford Box Ban C-152

-- 061 AMC Jeep CJ-5 C-130 071 Porsohe911S C-156

! 062 AMC Matador SW C-132 072 Pontiac Ventura C-t58

-_ 063 ChevroletNova C-136 073 PontiacSunbffd C-160J
J

L_ *Diesel

A

!

i

i
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RIGHT SIDE LEFT SIDE
c

._o.8

_- _. o_- _ - _ -_ o- _ _ .-_ o-
,- _._ o-a :_'_ .'a_ x _ _ o _ ._u= :_ "o _ -

RUN.'/ _. -_

I .207 .154 2023 24.4 -3.0 62.4 1992 -7.9 0 62.6 2806 -5.1 0

I .208 .144 2036 24.4 -8.6 62.1 2036 -8.6 0 62.8 2000 -I .0 0

1.209 .142 2054 24.6 -5.1 62.8 2047 -5.8 -25 63.3 2054 -5.1 0

I .210 .149 2059 24.9 -3.0 62.6 2047 -7.2 -25 63.0 1937 4.0 0

Average ,147 2043 24.6 -4,9 62.._ 2031 -7.4 -- 62.9 1999 -4,7 --
16 0.3 16 1.6 55

/ .005 / 0.4 /8.1

RIGHT SIDE LEFT ,_IPI_

TESTVEHICLE: #001 _ .,- .,_ '_ .,. "6 _ "6 ._ .,_ _ '_ ..._
Oldsmobile Cutlass _ ua ''_ _ o "_ _ "6 _ _ o _ "_ _ a ._

x.-_ x.U_ _.u_ x.U_ _ _ ×,u
3-Speed Automatic RUN# _: _ :_ :_V8-350 CID
170 bhp '_ 3800 RPM 1.207 61.8 62.4 61.0 61.8 62.6 61.5

TESTCONDITION: IA 1.208 62.1 62.1 60.9 61.7 62.8 61.2

M;c Distance - 50 _t. 1.209 62.8 62.8 61.3 62.2 63.3 62,2

TESTDATE: 5/21/77 1.210 62.6 62.6 61.5 61.9 63.0 61.8

Average 62.3 62.5 61.2 61.9 62.9 61.7
0.3

/0.5 /0.4 /0.3 /0.3 0.5 I



RIGHTSiDE LEFTSIDE

°_0%_= oo =.
o "_ _ '== ' "_ o_ _ "_ • -_ _-_ _o

_'_" "_ _ o"_ _-_ _ _'_ ._ o._ :_ _o_'_'_-_o_._

_,._ ": c o_ _ _ ::E'- .= '- =
RUN_ _ :__ "_ :_° o :_"-

2.209 .154 1857 20.3 -2.3 64.3 1815 -10.4 0 62.2 1857 - 2.3 0

2.210 .151 1824 19.7 -4.4 63.4 1801 -I0.0 0 62.0 1768 -12.8 0

2.211 .151 1820 19.7 -3.7 63.4 1792 - 9.3 0 62.2 1758 -12.8 0

2.212 .151 1827 19.8 0.5 63.3 1802 - 6.5 -25 62.2 1816 - 3.7 0

,, .Averaqe .152 1832 19.9 -2.5 63.6 1803 - 9.3 -- 62,2 1800 - 7,9 --

.oo2/1 , o.4/ o.6//19 /.001 ,_0.2 ,_0.2 _ /4.9.,,"q .9 /0.3

RIGHT SIDE LEFT SIDE

TESTVEHICLE: //002 "6 .. _! "6 . .. _.__- _ _ _ "6
Dodge Royal Monaco x ,_ x .-'+-

-_ :_c7 a:_o x.- ×._u x.-u_ x.u_ _3-Speed Automatic RUN _
V8-360 ClD
155bhp @ 3600 RPM

2.209 63.1 64.3 60.4 61.8 62.2 61.0
TEST CONDITION: IA

2.210 63.1 63.4 60.2 61.8 62.0 61.8
MTc Distance - 50 Ft.

2.21 i 61.9 63.4 60.6 60.7 62.2 60.7

TESTDATE. 5/22/77 2.212 63.3 62.1 60.9 60.7 62.2 60.7

Average 62.9 63.3 60.5 61.3 62.2 61. 1

•,-



= _ RIGHT SIDE LEFTSIDE J
, .2 ,9

"= =.-- ×- 8 _ 8

x" mU o "6

RUN# > a

2.215 .123 1630 26.1 -1.6 62.1 25.2 I .2 0 61.6 25.7 8.9 0

2.216 .118 1631 25.6 6.1 61.6 24.8 3.3 0 61.8 24.8 3.3 0

2,217 .124 1658 25,9 -0,2 61,5 25.3 4.0 0 61.7 25.1 2.6 0

2.219 .119 1638 25.9 7.5 61.4 24.6 1.2 0 62.1 25.1 9.6 0

Average .121 1639 25.9 3.0 61.7 25.0 2.4 -- 61.8 25.2 _ ,1

y+/_ .®3/ _._ o._/'/o._/--1._/ o.3/.to.5/I
"_C ,-_.003 ,-'0._ /0.3 /0.4 /1.2 /'0.2 /0.4

RIGH SIDE IEFT SIDF

TESTVEHICLE- #002 _ _ "6 "6 _ _ u '_ u '-Dodge RoyalMonaco _'6_ -- "6_ _ _-
.u _ .u ,.,9.= x .- _ x ,- _

3-SpeedAutomatic RUN# :_ :_ c_ :_ :_ :_ _ :_ :_ _ _ _ x .-V8-360 CID
155 bhp @ 3600 RPM 2.215 61.1 62.1 60.7 60.3 61.6 61.5

TESTCONDITION: 2 2.216 60.6 61.6 59.8 60.2 61.8 61.3

MIc Distance - 50 Ft. 2.217 61.4 61.5 60.2 60.8 61.7 61.3

TESTDATE: 5/22/77 2.219 60.9 61.4 60.7 60.4 62.1 61.2

Average 61.0 61.7 60.4 60.4 61.8 61.3

+/_ 0.4./o.4>/o._ o._/ o._
/0.4 /0.3 / 0.6 ./0.1



RIGHTSIDE LEFTSIDE
0 0 X-- C

-_ .... _ _ _ "_ "_ a_ ._ .

RUN# > _6

3.342 ,122 1754 28.5 -8.1 66.4 24.6 -13.0 -16.4 66.7 24.8 -10.2 0

3.343 .122 1753 26.9 4"5.9 66.8 24.0 - 8.8 -fl6.4 66.7 24.2 .- 5.3 -16.4

3,344 .118 1730 26.4 +3.8 66.4 24.0 + 3.] 0 66.4 24.9 + 3.8 -16.4

3.345 .119 1726 26.5 +1.7 67.0 24.6 - 3.9 0 67.4 24.0 -12.3 -16.4

Average .120 1741 27.1 0.8 66.7 24.5 -.3.7 66.8" 24.5 - 6.0

,_ /.002 /I.'4 /5.1 /0.3 / u._ /" 6.8 /0.6 /0.4 /.,9.8

TESTVEHICLE: #003 RIGHT SIDE LEF_ SIDE

3-S_oed Automaflc _ ° '_" x .u _ u _ _ u 'v u ._
._,_ .- _.o , _._ _:_ _:_ow- 460ciD RUN#:___ :__° :___ _ , _

200 bhp @ 4000 RPM

TESTCONDITION_ 2 3,342 66.4 65.4 63.4 65.9 66.7 63,4

Mic Distance - 25 feet 3.343 66.8 66.6 65.7 66.7 66.7 64.2

TESTDATE: 7/25/77 3,344 66.2 66.4 65.4 66.4 66.3 64.8

3.345 66.8 67.0 65.5 67.4 66.9 64.7

Average 66.6 66.4 65.0 66.6 66,7 64.3

•,,- ,o/- 16/z., o.</ 0.2 /" 0.6 /" 0.8 /0.2 /0.5



RIGHT SIDE LEFTSIDE
• .O O

X__

_:: ._ _ _ _ _ ._ • -_ _ .- •
- -0"_ " .-o_ =::'_ '_:,,_ ==._ _ o= :_-_ ,, = _ o :_-o . o
'_,F,

3.342 .122 1754 28.5 -8.1 60.6 25.0 -8.1 0 61.0 24.9 -9.5 +25

3.343 .122 1753 26.9 +5.9 60.5 24.4 -3.2 0 61.0 25.0 -5.9 +25

3.344 .118 1730 26.4 +3.8 60.5 24.9 +3,8 0 61.1 24.6 -I .I +25

3.345 .I 19 1726 26.5 _'I :7 60.9 25.0 +I .7 0 61.I 24.7 -3.2 0

Average .120 1741 27.1 0.8 60.6 24.8 -1.5 61.1 24.8 ";_,0 "
0.1

,,,_.002 / /0.0 /0.2
TESTVEHICLE: #003 RIGHT SIDE I FFT _tDF

Lincoln Continental '_ _ "6 "_ "o - -_ "__. _ "
3-Speed Automatic _ o _ _ u _ _ u "=.u_ u'_. u_ u_ _ u _u x.-_
V8-460CID x - _ - x.-208 bhp @ 4000 RPM RUN# :_ _ :_ _ _ :_

TESTCONDiTiON: 2 3-342 60.6 59.6 60.4 61.0

Mic DTstance- 50 _cet 3-343 60.5 59.9 60.8 61.0

TESTDATE: 7/25,/77 3-344 60.5 59.9 61.1 61 .I

3-345 60.9 60.1 61.I 61.0

Average 60.6 59.9 60.9 61.0

_/+ !o.1./
:_ o.3 /o.2 //0.2 /0.1



RIGHT SIDE LEFTSiDE

._ o _o x

o_. :E _ o _ × _, _, "_ o_ _' _._ "- >- ._ _-_:_ _-o o_ _ x_ -a_ "_× _ o_

RUN# _ "_

3.311 .126 1730 26.8 1.7 64.9 24.9 1,0 0 64.3 24.9 I.0 +25

3.312 .117 1725 2S.9 10.1 64.4 24.0 - 3.9 0 63.6 22.6 3.8 +25

3.313 .120 1722 26.3 - 0.4 64.2 24.3 -13.0 0 63.5 24.9 -2..5 +25

3.314 .120 1724 26.3 8.7 64.6 23.4 -13.0 0 64.3 24.7 4.5 +25

,Average .121 1725 26.3 5.0 64.5 24.2 - 7.2 -- 63.9 24.3 1,7 --

_,_00__ o, _.-04 07/_2/_0_ / o_.z2_/-;../"
RIGHTSIDE L_,FT.¢I_._

TESTVEHICLE; #003 _ -_ "6 "6 _ _6 _ "6 "6
LincolnContlnentQI _ "6 _ _ _ "g _ "__ _ "6 _ _ _ "_ _ "6u_ x u_ x u x.u_ x u

V8-460CID

208bhp @ 4000 RPM
3.311 64.1 64.9 63.2 63.4 63.2 64.3

TESTCONDITION: 2 (F) 3.312 63.3 64.4 63.9 63.1 62.8 63.6

Mic Distance- 50 Ft. 3.313 64.1 64.2 62.7 63.3 63.4 63.5

TESTDATE: 7/25/77 3.314 63.5 64.6 63.5 63.0 63.1 64.3

Average 63,8 64.5 63.3 63.2 63.1 6319

..o.5.o.3 ..o.2



O
t-

C
)

0
_

o
r
_

-
_

Z

I0
_I

D
(.

.'l

o
o

_
co

R
P

M
P

rio
r

to
°
°

0

_"
¢_

M
ax

P
,P

M
al

S
hi

ft

X
_

_
_

_
to

M
ax

R
P

M
at

o_
_

_
`0

_
`0

,o
co

o
S

hi
ft

Po
i,,

!

12
o

_.
o.

o_
`0

`0
_.

o
_v

,o
×

re
M

i<>
to

I_"
:_

"_
'_

'¢
'_

"_
'_

'"_
_

\
"_

-
,

,
i

,
,

t
t

V
eh

lc
le

P
os

ltl
on

j!
I

to
to

_o
_o

to
_t

_t
o

I
Z

"r
ex

-_
i

--
"

o.
o

--
"

o
to

_
to

'o
t

E
nd

C
on

di
tlo

n

M
ox

S
la

t
-_

_`
0c

o
`0

`0
`0

o`
0

M
ax

_l
M

ic
at

;-
o

`0
0

c0
to

c0
--

o.
m

S
ou

nd
Le

ve
l

t_
`0

o_
o

_o
co

--
o,

t_
-2

5
fe

et

.`
4

`4
._

.
.

M
ic

at
N

,m
_'

-*
_`

4`
4`

0t
_o

-
•

.`
4

",
1

",
l

._
,0

-4
S

o
u

nd
Le

ve
l

j
-4

o
_o

`0
_

-.
tc

o
_

_o
O

fe
et

0
-

--
`0

_0
o

,o
to

o
t_

6"
1

:3
:

:x

t_
_

_
o

,
o

,
0

--
o

o
o

--
o

--
to

._
V

e
h

.
P

o
s
it

io
n

_
"

l
°'

°_
M

ic
at

•
•

•
m

L
_

.o
-o

-o
o-

to
o.

_
L

_
ot

M
ax

L
._

`4
,0

._
._

m
,0

,o
o

¢2
5

fe
et

S
ou

nd
Le

ve
l

i
I

!
I

I
_

t
o
t
o
_

'
'
_

M
ic

.
P

0s
.

td
l

_r
t

tJ
_

_
_,

_
t.

_
tj_

t.
q

v

_
,

_
co

co
_

o:
,0

:,
m

m
M

ic
at

,_
_

m
co

_-
o

.o
o

.o
S

ou
n

d
L

ev
el

i
7

-
_

o
o
-
-
c
o
_

_
`
0

-2
5

fe
et

b
b

-_
`0

o
-

o
,

b0
h

h

`
0
1

_t
_o

co
m

`0
`0

o
`0

M
ic

at
o_

_1
`0

t'_
-

_
b

_o
X

_o
b

.
b-

bo
:_

:_
0

fe
et

_
_

_
o

,
_.

_-
_l

N
S

o
u

n
d

L
ev

el
g

--
I

"T

L
O

-
O

-
O

-_
,l

t_
_

to
0

0
M

ite
r

m
7"

,
.

c
o

_
7_

F
._

._
V

eh
.

P
os

iti
o

n
_c

",
25

fe
et

o
-0

.0
,0

,0
to

o-
,_

to
at

M
ax

S
o

un
d

Lt
tv

el

,\
o

o
o

o
o
o
o
o

I
L



RIGHT SIDE LEFT SiDE

.6
- o : ×_, :: _ '_ _, × _ "_

U 6-3 {1 _,_ _ E • *- ,_ - * P

RUN¢ _- 5

4.215 .123 2519 26.1 -6.5 63.8 25.6 4.0 0 65.8 25.5 1 .9 0

4.216 .124 2546 26,1 8.2 63.3 24.9 6.8 0 65.2 24.5 0.5 0

4,217 ,124 2522 25.9 4.7 63.6 25.2 8.2 0 65.2 25.3 8,9 0

4.218 .128 2516 26.1 3.0 63.8 25.1 4.7 0 65,2 25.6 13.1 0

Average .125 2526 26.1 2.4 63.6 25.2 5.9 -- 65,4 25,2 6,1

.o I2DJD / 2.32 /.002 / 10 /.2' /8.9 /0.3 /0.2 /O.7

RIGHT SIDE I F.FTq.h_:

TESTVEHICL_: #004 _6 _ _ - _ _ _6_ _ _
Toyota Corolla _ _ _ _ a _ _ "8 _ _ _,_ _ "6 '_ _ "6

L4-97 Cl D
75 bhp @ 5800 RPM 4.215 63.3 63.0 62.7 63.7 65.8 64.5

TESTCONDITION: 2 4.216 63.3 63.3 62.4 63.1 65.2 65.0

Mic Distance - 50 ft. 4.217 63.1 63.6 62.3 63.2 65.2 64.3

TESTDATE: 5/25/77 4.218 63.2 63.8 62.4 63.6 65.2 64.0

Average 63.2 63.6 62.5 63.4 65.4 64.7
0.1 0.2

/0.2 , o.s o.3/0.4 .

;):_,_, ,,:_,.......................
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. _ _ _ RIGHT SIDE LEFT SIDE__ "-
u,_ o "$ 3 ax o -_ •

o _ _ • .__o _ _ ?_"_ -<_- - _" '= _ =_ -'='__ :E'- :E'-
RUN_ _ _,

5.304 .152 19.6 4332 3.1 67.0 3736 -10.2 0 67.5 3948 ' - 1.1 0

5.305 .154 19.6 4082 -3.2 66.9 4013 - 4.5 0 67.5 4110 - 3.2 0

5.306 .155 19.5 4249 -0.4 66.8 3753 -10.9 0 67.2 3753 -10.9 0

5.307 .152 19.6 4189 2.4 67.1 4055 2.4 0 67.6 3B47 - 6.0 0

Average .153 19.6 4213 0.5 67.0 3889 - 5.8 -- 67.5 3915 - 5.3 --

2.1o2 /.001 _131._._ 1/0.2 .-153 ,
RIGHT SIDE LEFT _;IDE

TESTVEHICLE: #005 "6.,.._ "6 _ _ '_ _ "6 _ - .$

"royotoCoro_loSW _.,.,_ _.,.,_ ,_.,.,_ __ _'
5-SpeedManual RUN_ :_ :_ _ :_ :E o :_ :_ _ :E _E|

L4-97 CID
75 bhp _ 5800 RPM

5.304 67.0 67.0 67.5
TEST CONDITION: 1M

5.305 66.9 66.6 67.5
Mic Distance - 50 ft.

5.306 66.8 66.7 67.2

TESTDATE: 7/18/77 5.307 67.1 66.9 67.6

Average 67.0 66.8 67.5



°_ .__ RIGHTSIDE LEFTSIDE
o_ .....

__ __ o • .o _ . _ x o _ •

-
RUN#

7.52 .158 21.6 9.1 69.5 4087 4,9 +25

7.53 .150 21.5 13.3 69.2 4090 8,4 0

7.55 .147 21.4 10.5 69.3 4147 7,7 +25

7.56 .148 21.5 - 11.9 69,4 4096 7.7 +25

Average .151 21.5 11.2 69.4 4105 7,2

÷/-

RIGm-SIDE L,_FT_;I_

TESTVEHICLE: #007 __ _...,_ "_ _ ._ _ .,.._ "6 _ _ _ .. ,_
Mazda RX-4 _ o_ _ _ _ _ _ _ °°.0' _n_ _ _ _ _ ax.-U_ x u _u x o _ x.-_ × u_ ×..u x u¢:_

Rotary - 80 CID RUN#

110 bhp _ 6000 RPM 7.52 "68.9 69.3 69,5 67.3

TESTCONDITION: IM 7,53 68.6 69.2 69,0 66,5

Mic Dis_'ance- 50 Ft. 7.55 68.6 69.0 69,3 66.9

TESTDATE: 4/19/77 7.56 68.6 69.3 69.4 66.7

Average 68,7 69.2 69.3 66.9

/ 0.2 / 0.3 / 0.4



--272 ---_ .... i • _ ;-_:_ _ _ _

R RIGHT SIDE LEFT SIDE 'J

_- -:: _ _. '_:_o=-_ ._• _._• _'_'-8._ _" ._, o×'_• .___.8_ _'
O _ O '--

#o _ _ _ ._ .-RUN#

9.323 .131 2791 3242 3.1 75.5 3141 3.1 0 75.9 3141 3.1 0

9.324 .134 2797 3275 -1.8 74.7 3134 -1.8 0 75.4 3134 -1.8 0

9.325 .134 2797 3318 -1.1 75.0 3131 -1.8 0 75.7 3107 -4.6 0

9.326 .135 2788 3224 -2.5 75.4 3085 -8.1 0 75.6 3134 -3.2 0

Average .133" 2793 3265 -0.6 75.1 3123 -2.1 -- 75.6 3129 -I .6 --

5, 0.,..-18 5.2 2 _--__ ,_.o ,
RIGHT SIDE LEFT SIDE

TESTVEHICLE: #009 "_ _ _ "8 '_ "8 "_ _ _
_-_ --_ _ _

MeraedesBenz240D ,_ a "_" _ "6 _ ,.n _ _ _ _ "$ _ u "_U 0J -- -- ,-- *x.H ' x.."-. ×.u . x.U_ x.U'_ x

L4-147 CID (Diesel) RUN# _ :_ '_ _ _ _ ÷
62 bhp ('¢i_4000 RPM

9.323 75.5 74.3 74.8 75.9 74.9

TESTCONDITION: 1A 9.324 74.7 74.4 74.7 75.4 74.2

Mic Distance - 25 Ft. 9.328 75.0 74.2 75.4 75.7 73.8

TESTDATE: 7/14/77 9.326 75.4 73.9 74.7 75.6 74.1

Average 75.1 74.2 74.9 75.6 74.2

o4/-!o2.t ob..-ob/o7/



RIGHT SIDE LEFT SIDE

0 0

=r- "_ _ o _ • -_ _'_ 8 _ •
'_ X rJ= o_- = ×_ ._-_ oo _-_ _._ o o-_

o_ _.,_ oo _ - _ .- _ :E_ "'_ :E'-<_ _'I .-- 0 0.. 0

RUNe :_

9.323 .131 2791 3242 3.1 69.8 3154 3.8 +25 69.7 3141 3.1 +25

9.324 .134 2797 3275 -1.8 69.3 3134 -1.8 +25 69.6 3096 -6.0 +25

9.325 .134 2797 3318 -I.I 69.5 3134 -1.1 0 69.8 3131 -1.8 +25

9.326 .135 2788 3224 -2.5 69.4 3129 -3.9 +25 70.4 3134 -3.2 +25

Average .133" 2793 3265 -0.6 69.5 3138 _-0.7 -- 69.9 3125 -2.0 --

/ .002 /1.9 / 0.2 ,I"4.0

RIGHTSIDE LEFT_IDE

TESTVEHICLE: //009 _ _ _ _ ._."_ "8 _ _ "B
Mercedes Benz 240D _ "G_ _ "6u®_ _ .u_°_ _ _'_'_ _o_" "_o ,.
L4-147CID (Diesel)

62 bhp_ 4000 RPM
9.323 69.5 69.8 69.4 69.7

TESTCONDITION: 1A 9.324 69.0 69.3 69,3 69.6

MIc Distance - 50 ft. 9.325 69.5 69. I 69.4 69.8

TESTDATE: 7/14/77 9.326 69.1 69.4 69.8 70.4

Average 69,3 69.4 69.5 69.9

o
• _'-.....'' - "- " _ ."_'- ', I_,_ _ I,,.-_: : ...... , ,.,: _ ,_,'_' ' '



RIGHTSIDE LEFTSIDE

---o= -_ _. _ _ -. :. _._ :. .,.. :.

-o o -
_uH_ :_

9.327 .129 2793 3203 5.2 75.5 3134 4.5 0 75.8 3137 5.2 0

9.328 .129 2789 3264 -1.1 75.0 3096 -6.7 0 75.6 3124 -3.2 0

9.329 .131 2802 3188 0.3 75.0 3094 -5.3 0 75.2 3143 0.3 0

9.330 .131 2802 3228 3.1 75.4 3140 2.4 0 75.8 3140 2.4 0

I '
Average .130" _ 3221 1.9 _ 3116 -1.3 -- 75.6 3136

2 .,K_olI/t /o.o _ __/o.4 j12 /4.4 I/-- •

i_ RIGHT SIDE l LEFT_

TESTVEHICLE: //009 "8 _ ,. _ *8 '_ _"_ "_
_ a '-_ "8_ ._ - _ _ _Mercedes Benz240 D _ "6 "_ _ _ u

4-Speed Automatic × .u _ x .u _.. .u '_" :_:_ou ¢_ x .uL4-147CID (Diesel) RUN# _o _.o ax x.__- a-_.a
62 bhp @ 4000 RPM

9.327 75.5 74.6 74.6 75.9 74.7
TESTCONDITION: IA (F)

9.328 75.0 74.5 74.7 75.6 73.6

Mic D_stance- 25 f't. 9.329 75.0 73.7 75.2 75.2 73.4

TESTDATE: 7/14/77 9.330 75.4 74.3 74.9 75.8 74.2

Average 75.2 74.3 74.8 75.6 74.0

+/- ._o.2 _0.6 _ _.2 _0.4 /o.6 I/



RIGHT SIDE LEFT SIDE

g.-_ g -_ .

RUN# :_
iii , ,,

9.327 .129 2793 3203 5.2 69.9 3125 3,1 +25 69.8 3113 1.7 +25

9.328 ,129 2789 3264 -I.I 69.4 3147 -1.1 +25 69.9 3147 - 1.1 +25

9.329 .131 2802 3188 0.3 69.4 3143 0.3 0 69.3 3135 - 0.4 0

9.330 .131 2802 3228 3.1 69.7 3131 1.7 +25 69.9 2977 -15.8 0

Average .130" 2796 3221 1.9 69.6 3136 1.0 -- 69.7 3093 - 3.9 --

2 / .001 .. / o.2 ,_. 1 /0.4 /11.9
RIGHTSIDE [,EFT_I0_

Mercedes Benz240D _ ua _ _ _ "_ _ "G_ _ u": _ ° ¢' _ o _.

4-SpeedAutomati¢ RUN# _ :_:_o :_:_ :_,-_ _:_o :_:_x'-_
L4-147 CID (Diesel)
62 bhp ._ 4000 RPM

9.327 69.5 69.9 68.7 69.8

TESTCONDITION: IA (F) 9.328 69.2 69.4 69.6 69.9

Mic Distance-50 Ff. 9.329 69,4 69.4 69.3 69.2

TESTDATE: 7/14/77 9,330 69.6 69.7 69.9 69.7

'Average 69.4 69.6 69.4 69.6'

/0.7  o.4/0.2 /0.2

...... i';_OTE:,,_C,'uld,"'-_ art°l,, _5ge_'_o Mp_, _ L.-.J : ' : ....



10.204 .155 17.4 2530 -0.9 2366 0 66.6 2389 -0.9 -25

10.205 .148 17.3 2499 4.0 2344 0 65.9 2373 0.5 +25

10.206 .156 2518 4,0 2326 0 66.1 2326 0.5 0

10.207 .153 2451 2.6 2336 0 66.4 2396 4.0 0

.153 250Q 2,4 2343 -0.4 -- 66.3 2371 1.0

÷/-
2

TESTVEHICLE: #010 --a - .. --a .- ",u _ ..- '$ _ ..- "_
Ford Granada u _ ""x. '.,-x u x._U_ x._u_
4-SpeedManual .- - ._Ln × .-u.)

98 bhp _ 3400 RPM

10.204 66.8 68.0 _ 65.5 66.6 66.6 65.4

TESTCONDITION: IM 10.205 66.4 67.0 I 65.5 65.7 65.9 65.9

Mic Distance - 50 f'i'. 10.206 65.8 66.5 J 64.9 66.1 66.1 65.9

6 .0 65.2 66.0 65,

/ o._ ____..__ _/o.3 /'o.4 /o.2



°_ o_c RIGHT SIDE LEFTSIDE ,,
o. _. ' _-'= x--

o_ o._ _= o-_ "_ _ _ "_ -_ _-_ __ "_- ._ _:_ _u ×3 _ o_._ _ _-a _--_ ._-
o- o o _ :_ . _ .-_= _ :_ _ .-.:

RUN# _" _"

11.203* .152 16.8 4020 2.6 67.4 3514 -I .6 +25 67.1 3514 -I .6 0

ii.204" .151 16.9 3990 -3.0 68.1 3632 -8.0 +25 66.4 3577 -5.8 0

I I .205 .152 16.9 3685 0.5 67.7 3678 I .9 +25 66.3 3685 1.2 +25

11.206 .149 16.8 3685 I .2 68.6 3818 9.6 +25 68.1 3777 7.5 0

11.207 .]50 16.8 3635 0.5 67.8 3599 I .2 +25 66.3 3449 3.7 0

Averaqe .151 1'6.8 3718 0.7 67.9 3648 1.6 -- 66.8' 3600 1.0 --

<_ o_j,,,-0.5/i17/_b "/'! _ / 8 65_ /.002 /o.o ._3. ,_.7 0._,,,70/0.5 _ .. 4 ,f4.6,, /151

RIGH' SIDE LEFT :]r_:

TESTVEHICLE: #011 "6 _1 "_ _6,._ ___ "6 .. _.

×.-,,-,x _ x 0 x.-_ x.u'- ax.-,n
¢-Sp_edM00U01L4_8_CiD RUN# :_._ :_:_o:_ _ :_:_, _:_o :_:_

57 bhp {_ 5200 RPM 11.203 67.1 66.8 67.4 "66.1 67.1 66.2

TESTCONDITION: IM 11.204 67.2 67".9 68.1 65.5 66.4 65.8

Mic Distance - 50 Ft. I1.205 67.1 66.8 67.7 66.0 66.2 66.3

T£STDATE: 6/18/77 11.206 67.7 68.4 68.6 66.7 68,1 67.7
11.207 67.0 67.1 67.5 65.0 66.3 65.8

_o_o 67.2 '6_.4 67.9 65.9, 66.8 66.4

/ 0,2 /0.6 /0.5 _.9 / 0.6



RIGHT SIDE L'_FTSIDE

.__._
_- _ o_ _ x-_ ,_ _ _ -_ _-_ ..:_-_ .O

X.._ m

13.36 .144 2686 -5.4 66.3 2819 -5.4 -25

13.38 .143 2684 7.9 65.7 2769 4.4 +25

13.39 .162 2676 -0.5 65.8 2787 -4.0 0

13.41 .138 2684 3.7 65.3 2762 3.0 0

A,verage+/_ //.009"015/"/'147_72683 f ./66'8/"/1'.;,4.5 J J _ j 0.50.50/_.565"8 _352784 /4,9L9/"/'0"5 .__th

RIGHT SIDE LEFTSIDE

TESTVEHICLE: #013 _ ..'_ S _ _ _ _ _ ..

_'_-_ _'-_:;o _ _:_ _.-- _4_-SpeedManual
RUN # :_ :_ :_ _ :_ :_ :_ oV8 - 301 CID

135 bhp ,_'_4000 RPM 13.36 66.3 65.6 64..5

TESTCONDITION: IM 13.38 65.2 65.5 65.7

Mic Distance - 50 feet 13.39 65.5 65.8 65.0

TESTDATE.. 4/27/77 13.41 64.9 65.3 64.8

i m

Average 65.5 65.6 65.0

• ,/o.3 ,/0.5



RIGHT SIDE LEFT SIDE
iI

"_ = = I = _ _ _ o -_

_"_ _'_ I -_ "_-_ :_I _ .'_ "-_ :_ "_ = ' =I °" -
RUN ? > "6

14.208 .121 2070 27.3 -3.7 67,4 24.7 - 7.2 0 68.0 24.7 -7.2 0

14.209 .118 1940 25.4 -1.6 67.7 24.5 - 7.9 0 69.0 24.9 -2.3 0

14.210 .118 2007 26.4 -2.3 67.6 25.0 -2,3 -25 67.9 25.0 -2.3 -25

14.211 .121 1991 26.1 -0.2 67.1 25.0 +2.6 -25 68.4 24.0 -7.9 0

Average .120 2062 26.3 -2.0 67.5 24.8 -3.7 -- 68.t4 2,4.7 -4,9 --
68

+/_ .ooZ / 6.3.-./.002 ,,"'1 .8 / 0.4 J/ 0,3 / 0.5 / 0,7 ,,,,-" 2.3 , ,
I%_ .,, , ,.

RIGH' ,,SIDE, LI:PT slr_

TEST VSHICLE: //014 "_ "_ _ "6 _ _ u '_Ford Van E-350 _ o _ _ u_ u"- _ u ,u

3-S_=ed_u,omoti= RUN_ :I :__' _ _ :__ :__ '_ _ :_° """ '_
V8-351 ClD "L

16B bhp @ 3800 RPM
14.208 67.3 67.4 66.7 67.2 68.0 67.5

TEST CONDITION: 2 14.209 67.4 67.7 66.2 67.6 69.0 67.6

Mic Distance - 50 ft. 14.210 67.6 67.4 66.3 67.9 67.8 67.2

TEST DATE: 5/25/77 14.211 67.1 67.1 66.1 67.3 68.4 67.5

Average 67.4 67.4 66.3 67.5 68.3 67.5

0.70.4

/ 0.3 /0.3 / 0.2 /" 0.2



._ RIGHTSIDE LEFTSIDE
_: _. =.=

_ °" .,_¢,=: ,. "_ _ "a :_'o == -a u
o _ ._ _ =_o _.- _ _°_ _.-

RUN_, r-, o :_ _: i:_

15.206 .137 16.2 2700 -3.0 69.9 2618 -5.1 -25 69.4 2700 - 0.2 +25

15.207 .156 16.2 2725 -7.2 70.9 2716 -3.7 -25 70.1 2679 1.2 +25

15.208 .169 16.2 2793 -7.2 71.5 2792 0.5 +25 70.3 2772 - 1.6 +25

15.209 .153 16.1 2789 -3.0 70.8 2793 6.8 +25 70.0 2593 15.9 +25

15.210 .155 16.2 2794 -3.0 70.6 2776 3.3 -25 70.0 2654 15.9 +25

Averac_e .154 16.2 2760 -4.7 70.7 2739 0.4 -- 70.0 2680 6.2 --

/.017  2.5 ./0.8 92,4/
.1o_rs,_ L_s_

TESTVEHICLE: HOI5 _ _ "6 "8 _ _ _ "6
FordPickup F-150

u x .u _ x _ _" x .u ,.n
4-Speed Manual (w/FWD) x :_ _ :_ _ oVS-35_CID _UN_ :_ , ._ _q, _:_o _:_,
168 bhp _ 3800 RPM

15,206 69.9 69.8 69,3 67.6 68.9 69.

TESTCONDITION: IM 15,207 70.9 70.0 69.7 67.5 69.6 70.1
Mic Distance - 50 ft.

15,208 70.9 70.7 71.5 69.7 69.9 70,3

TESTDATE: 5/10/'77 15.209 70.3 70.6 70.8 68.7 68.9 70.0

15.210 70.6 70.5 70.2 69.1 69.3 70.0

Average 70.5 70.3 70.3 68.5 69.3 69.9

_ 1/0.6 t/0.5 1/0.9. 1/0.4 /.O.8



RIGHTSIDE LEFTSIDE
•: c c

o

°'- = _ x _ :_ a._ _:_ _ -_

RUN# _ >

16.36 ,149 2114 20.8 - 7.0 66.0 1938 -29.4 -25

16.37 .143 2112 20.6 - 8.4 65.9 1948 -28.0 -25

16.39 ,148 2114 20.7 - 9.1 65.6 1935 -30.8 -25

16.40 .142 2120 20.7 - 6.3 65.5 2073 -11.2 -25

" Averaqe .146 2115 20.7 - 7.7 65.8 1974 -24.9 -

/- .004 5 I 0.1 / 1,4 f0.3 99

_" RIGHT SIDE LEFT SIDE

_ESTVEH,C_E_'016 _ _ _ _ _ _
Chevrolet Pickup _ .u u _ × ._ _ _ _ _u
8-_oo_A_to_ot_ _1 _'- _ _ _:_; o.-._v8- 350CID _UN_' :_ :_'_o :__ _, :_ ___
165 bhp _'.'3800 RPM 16.36 66.0 65.7 65.0

TEST.CONDITION: 1A 16.37 65.9 65.2 64.9

Mic D_stance- SOt't. 16.39 65.6 65.3 65.0

TESTDATE: 5/2/77 16.40 65.5 65.5 65.0

Average '65 8 _ ,4 _'}.0

., o0.3 / o.1



RIGHT SIDE J LEFT SIDE
C

RU; I_" :_

18.305 .147 2171 23.5 -5.1 62.0 2171 -4.4 62.4 2118 -10.0 0

18,307 .149 2136 23.0 -I .6 61.5 2099 -3.0 63.8 2057 -10.7 -25

18.308 .145 2125 22.9 7.3 60.9 2125 7.3 0 61.7 2035 - 2.5 -25

18.310 .143 2312 23.0 4.0 62.2 2254 5,4 -25 62.4 2038 - 7.2 -25

18,311 .150 2168 23.2 3.8 63.3 2158 5.2 0 63.8 2168 3.8 0

Averag_ .147 I 2182 23.1 2.1 62.0 2161 2.1 -- 62.8 2083 -5.3 J --

+/_ 0_1180j 04.1115_ii_..d93_ 5_ 05,...,., z .o'/
RIGHT SIDE LEFT SlO_

TESTVEH'C'E:_018 2-_ _ _ _ _ _ _
Buick Skylark x .u _ x ._u_ x .u_u_ ax.- _ x .u _, × :_
3-Speed Automatic RUN# _ _ c_ _ _ o =_ _ _ =; :_ c_ _ _ ..V6-231 CID
105 bhp @ 3200 RPM 18.305 60.8 62.0 59.9 61.8 62.4 60.3

TESTCONDITION: ]A 18.307 61.0 61.5 59.7 63.8 62.2 60.4

Mic Distance - 50 ft. 18,308 60.6 60.9 59.9 61.7 61.3 61.2

18.310 62.2 61.3 60.2 62.4 62.0 61.6
TESTDATE: 6/13/77

18.311 63.2 63.3 61.4 63.2 63.8 62.3

Average 61.6 61.8 60.2 I 62.6 62.3 61.2

+/_ 1.h,-1._y,._,,,,-lYl1._y.5/ 1.1/
/1.0 /09 /0.5 L/l/0.9 ,,'_'_.0 ,_0.9 J



RIGHTSIDE I LEFTSIDE
8_ - ,

18.352 • .145 2265 24.7 -0.4 71.8 2219 -6.0 -25 71.4 2231 -3.2 +25

18.353 .153 2293 25.1 -0.4 73.5 2282 -1.1 0 72.2 2249 -3.2 -25

18.354 ,15,1 2290 25.2 -2.5 71.2 2234 -9.5 0 71,3 2271 -3.9 +25

18.355 .147 2367 25.9 -0.4 71.4 2284 -1.1 0 70.7 2271 -3.5 0

_o., _.
+__.00>..63/0.7/i 0._/1.5/.129/ /--I/

/.005 /39 /0.5 /1.6 /0.8 [/36 /0.4 I./--,b
O,

TESTVEHICLE: #018 RIGHT SIDE LEFTSID_

B_tlck Skylark _ '_ _ _ "8 _ _ a _ _ '_ ..9.: _ _ "_ _ "_
3-SpeedAutomaHc x.- x.8 _ x u,n ×,u × u_ x.u
V6-231 CID RUN# _ _ _ ._ _ _ _
105bhp @ 3200 RPM

18.352 71.6 70.9 70.3 69.9 70.5 71.4
TESTCONDITION: 1A (F)

18.353 70.9 73.5 69.9 72.2 71.0 70.9
M_c Distance - 50 f't.

18.354 70.5 71.2 70.1 70.4 70.7 71.3

TESTDATE: 6/13/77 18.355 71.2 71.8 70.1 70.6 70.7 71.2

Average 71.1 71.9 70.I I I 70.8 I 70.7 71.2

,:_ 07/,>qob/_ ,7...o3/v0.6_1.0!/0.2._-0.9 _.2 °_/_f" 0,3 _" ,,,



RIGHTSIDE LEFTSIDE
"-- O O

o._ _ oo - _ _ - _ _ °o_. :_ _ _-a _°_ ..:._ ._ _ _: _ ._ .-

19.205 .150 3360 19.1 -0.2 69.2 3090 -18.4 -25 66.4 3336 - 3.0 0

19.206 .153 3321 18.8 -2.3 68.9 3097 -16.3 -25 66.1 3290 - 1.6 0

19.207 .151 3368 19.0 0.5 69.1 3083 -16.3 -25 66.2 3368 3.3 O

19.208 .155 3297 18.6 -3.0 69.2 3133 2.6 0 66.0 3278 - 1.6 0

Ave..raqe .152 3337 18.9 -1.3 69.1 3101 -12.1 -- 66.2 3318 - 0.7 --

_/_ /°_/.003_i/°'_0.8 _ ,.7 0._ _/.-6.3_4_" ._.2°"2/50_0/_..4__/-4"°
RIGHT SIDE: LEFT SIDE

Chevrolet Chevette ax.- _ x .-

L4-97.6 CID
63 bhp :_ 4800 RPM

19.205 69.2 69.1 68.3 65.5 66.4 64.9
TESTCONDITION: IA 19.206 68.9 68.8 68.5 65.4 66.1 64.7

M;c Distance - 50 ft. 19.207 69.1 68.9 68.0 65.7 66.2 65.1

TESTDATE: 6/18/77 19.208 69.0 69.2 68.3 65.2 66.0 M.7

Average 69.1 69.0 68.3 65.5 66.2 64.9

., o2/ o/0.2 /0.3



I

RIGHTSIDE LEFTSIDE I
3__

_._ -_ _ _ _ • -_ _ o "__ _ ._=__ _ • o_
,-'_ _ :_ "_ _":_"_ .__ _ _o -_ _ _= __°-_.__ . ._

:_ _ _ _ _ _.- o_ _ _-a_ _.-°=RUN# >

19.209 .117 2893 25.8 -4.4 68.1 24.9 - 5.8 -25 64.2 25.2 -0.9 -25

19.210 .120 2897 25.5 -3.0 68.5 24.7 - 6.5 -25 64.3 25.1 -0.9 0

19.211 .122 2900 25.9 2.6 68.1 24.1 -10.2 -25 64.0 25.5 9.6 -25

19.212 .121 2900 25.8 -1.6 68.2 24.9 - 2.3 -25 64.6 24.9 -3.7 0

" Average .120 2898 25.8 -1.6 68.2 24.7 - 6_3 -- 64.3 25.2 1,0 --

• 8.8/r.001 , ,I0.3", /4.4

RIGH SIDE I_FT SlDI:

TESTVEHICLE: //019 3 "_ 3 _ 3 _. _ "6 ._ "6
Chevrolet Chevette _ "__ -- o _ _ _ _ _ _ "B"

o _ _,_ ._ _.__ _.__ _,_____ _ :_ :_o3-Speed Automatic RUN# :_ :; c_ :_ _ o :_
L4-97,6CID .....

63 bhp "_._4800 RPM
19.209 68.1 67.8 66,5 64,2 64.0 63.5

TESTCONDITION: 2 19.210 68.5 68,0 66.5 64,1 64.3 63.7

Mic Distance - 50 Ft. 19.211 68.1 68.0 67,1 64.0 63.7 63.7

TESTDATE: 6/18/77 19.212 68.2 67.6 66.5 64.5 64.6 64.5

Average 68.2 6719. 66.7 64,2 64.2 63,9



-_ _ .-_,-._ RIGHT SIDE LEFTSIDE

-- _ _'- (D 0 "-a-_ _ _u

<o_.. _. _'_ ._ . _ ._'_ :_.__ _ _ -_ _._
RUN# _ h.

20.204 .152 18.8 4013 -5.8 67.7 3965 2.6 0 69.1 3965 2.6 +25

20.205 ,158 18.8 3973 -0.2 68.0 3968 4.7 +25 69.0 3953 5.4 +25

20.206 ,156 18.8 3968 1.2 67.8 3949 5.2 -25 69.2 3931 4.0 +25

20.207 ,155 18.8 3982 0.5 68.0 3960 4.7 0 69.7 3953 8.2 +25

Average ,15.5 18.8 3982 -1.1 67.9 3961 4.3 -- 69,3 3951 , 5.1

9 /.oo3.Io.o /4._/0.2 _ /0.7, .'o.3
RIGH SIDE LEFT SIDE

TESTVEHICLE: //020 "6_a_'-"_ _ a=_6"" _0._"6"_ _ _'6_ _u _

4-S_eed Manual RUN# :9 ._ _ :_ :_ o :_ :_ _
L4-97 CID

78bhp_15500RPM 20.204 67.6 67.7 67.4 67.7 68.4 69.1

TESTCO,NDITION: 1M 20.205 67.3 67.8 68.0 67.9 68.6 69.0
Mic Distance - 50 ft. 20.206 67.8 67.1 67.0 67.9 67.6 69.2

TESTDATE: 5/23/77 20.207 67.7 68.0 66.9 68.0 67.8 69.7

Avera._e 67.6 67.7 67.3 67.9 68.1 69.3

o2 o3 07 / 0;4..-0.2 / 0.5 /0.3 ,



(_.-_ RIGHT SIDE : LEFT SIDE

_, x_ "G_ _-:E"_ ._ _'a '_-_-"a
<_., _. :_ '=_ = _ .:_6 _ _E'- _ _E_ _'_ '" :o :_._ o _ _ _ _, _o - :E'-

RUN.V r-.
22.307 .152 16.9 4703 1.0 67.8 4151 - .4 -25 66.6 4086 -I .8 -25

22.308 .151 16.9 4710 6.6 68.3 4204 6.6 -25 66.3 4204 6.6 -25

22.309 .155 1710 4572 4.5 67.3 4083 .3 -25 66.3 4202 4.5 -25

22.310 .154 16.9 4431 -1.1 67.6 4108 -3.2 -25 66.7 4190 -3.2 -25

22.311 .157 16.9 4438 - .8 67.6 4202 - .8 -25 66.8 4202 - .8 -2.5

22.312 .156 16.9 4392 -2.5 67.3 4211 -2.5 -25 66.8 4185 3.2 _25

.154I 16.9 _4541 1.3 67.7 I 416(_ , 0 _ 66.6 417B 1.4 -__-" °°.003 !../0.0 . .-.9 ./3.8 _9

TESTVEHICLE: #022 'B '_ _ "6 '_ "G "6
" u"= i- _ 'BFiat X 1/9 _ _ "_ "_ _ "_ _.__ ,__, _-_

4-Speed Manual RUN' _c_ _ :_:E_ _c_ :_:Eo
L4-78.7 CID

62 bhp _ 5800 RPM 22.307 67.8 67.5 65.7 66.6 64.9 64.2
22.308 68.3 67.0 65.4 66.3 64,6 65.7

TESTCONDITION: IM
22.309 67.3 66.9 65.2 66.3 64.3 64.2

Mic Distance - 50 ft.
22.310 67.6 66.8 64..5 66.7 64.2 64.4

TESTDATE: 6/20/77 22.311 67.6 66.9 64.8 66.8 64,7 64.0
22.312 67.3 66.7 64.6 66.8 65,1 63.8

Average J 67.7 67.0 6510 66.6 64.6 64.4 I



.__ RIGHT SIDE LEFTSiDE

- _ . _ -_ :_._ d_ _.= =o:_._ .
< _. _-_,, _: :g ,_ :_.-

RUN_ r.-. r-,

22.313 .151 17.1 4315 1.7 67.9 4199 1.7 -25 67.3 4107 -1.8 -25

22.314 .148 16.9 4399 -3.2 68.6 4189 -3.2 -25 67.0 4156 -3.9 -25

22.315 .151 17.0 4267 1.0 68.0 4160 - .4 -25 67.1 4209 -1.0 -25

22.316 .148 16.9 4268 1.0 67.9 4208 1.0 -25 66.9 4187 - .7 -25

Average 150 J 17.0 4337 O.1 68.1 4189 - .2 -- 67.1 4165 -0.9 --

2 ./.002 L/o.1 /70 / 3.3 I _ /2.8 -'0.2 /2.0

RIGHTS_DE LEFT$1D_

TESTVEHICLE: #022 "6 ,_ "6 _ .,_ "6 .,_ '_ '_ "6
FiatX1/9 × u_ ×.--_ x._ u

L4-78.7 CID
62 bhp @ 5800 RPM 22.313 67.9 67.6 65.5 67.3 65.0 65.0

TESTCONDITION: IM (F) 22.314 68.6 67.4 64.6 67.0 64.6 64.6
22.315 68.0 67.4 65.5 67.1 64.7 64.7

Mic Distance - 50 ft.
22.316 67.9 66.3 64.7 66.9 65.0 65.8

TESTDATE: 6/20/77

Average 68.1 67.2 65.1 67.1 64.8 65.0 J

/ o._ /" o._ .-"o._ ..._o.'_ -" o.2 " _-, ,._



= RIGHT SIDE LEFT SIDE_o_ . .= .-_-
_- =_- ._ _ oX-_ o= _ . _ ×'_ _ _ .

-o _o ==a _ _ " _ ._ o-.

RUN_ r-, .-,

23.318 .159 19.9 4486 2.4 71.3 4182 I .0 -25 70.2 4196 2.4 -25

23.319 .154 20.0 4399 3.8 71.5 4114 0.3 -25 70.4 4119 -0.4 -25

23.320 .157 19,8 4356 2,4 71.5 4122 -0.4 -25 69,9 4098 -1.8 -25

23,321 .157 19,8 4508 0.3 70.5 4190 0.3 -25 70.0 4096 -3.2 -25

Average .157 J 19.9 4437 2,2 71.2 4152 0.3 -- 70.2 4127 -0,8 --

,.o /IO.1/ 138.1" o.2+/_ o.,/ ,69./-
/.0o3 L/O,1 /81 I./1.9 /0.7 _/'_8 /o,.7 / /31 /2.4 !/-.

RIGHT SIDE LEFT SlD_

TESTVEHICLE: 11023 _ _'_'_ _'6_ _._"_ x.u_ x uFiat 128 ax.-,._ x.u_ , x.Um, ,_ .-
4-s_d M0nu01 _U_._ :_:_ S' :_ _ o 0 - _ :_ o :_
L4-78.7 CID

62 bhp@6000RPM 23,318 71.3 69.8 69.2 70,2 67.5 68,3

TESTCONDITION: 1M 23,319 71.5 69.8 68.8 70.4 67,1 68.9

Mic Distance - 50 ft. 23.320 71,5 69.6 68.9 69.9 66.7 68.1

TESTDATE: 6/17/77 23.321 70.5 69,7 68,7 70,0 67.0 68.7

Averacje 71.2 69,7 68,9 70.1 67.1 68.5

,/O.7. /0.1 ,,/O.2 ,/O.2 ,/O.4 / 0.4

__ Z._ ± ..... _



.__ RIGHT SIDE ,, LEFT SIDE

_ _ _ _-_ o _ , _ _ _ _
_'o _ = _° a x _, .,- _ ,_o _ o_

-o

RUI'4_ _ r..

23.322 .143 20.0 4455 6.6 70.6 4074 1.4 -25 70.0 4208 6.6 -25

23.323 .150 20.0 4498 -0.4 70.2 4108 -4.6 -25 69.9 4108 -4.6 -25

23.324 .148 19.9 4411 0.3 70.8 4151 -I .8 -25 70.1 4151 -I .8 -25

23.325 .146 19.9 4426 0.3 71.0 4160 -I .I -25 69.8 4199 0.3 -25

" Averac_e I .147 20.0 4448 1.7 70.7 4123 -1.5 -- 70.0' 4167 0.1 --

J../" .004. /0.5 /49 i/ 3.1 _O,_ ,_ / 4.7.
i I

RIGHT SIDE _EFT SIDE

TESTVEHICLE: //023 "_ _ ._ "_ "_ _ "_ -_ "_ _ - ._

Fiat128 _ a¢_u_" _×._,.,. _"_x/am _"a_ox_u :_o_'_ _mua_°x'-_
14-78.1 CID
62 bhp _ 6000 RPM 23.322 70.6 70.0 69.3 70.0 67.3 68.7

TESTCONDITION: 1M (F) 23,323 70.2 69.7 68.1 69,7 66,9 67.6

Mic D_stance- 50 ft. 23.324 70,8 69.9 69.1 70.1 66.7 68.6

TESTDATE: 6/17/77 23.325 71.0 69.6 69.0 69.8 67.2 68.3

Average 70.7 69.8 68.9 69.9 67.0 ,. 68.3

•, o 0 oz; '/0.2 /0.7



LEFT SIDE

o. _ _ _ _
_-a - a-a -= .,a

I

3136

3155

3131

3088

3112

9

TESTVEHICLE: N024 _ R
U ¢J

Peugeot504D xa .-a ,o :_o
4-Speed Manual RUN// :_
L4- 141 CID (Diesel)
71 bhp _ 4500 RPM 24.308* 75.1 73.7 72.5 75.1 75.0 71.5

24.309 76.6 77.2 78,8 77.4 76.7 75.8

TESTCONDITION: IM 24.310 76.6 76.6 78.7 76.8 76.9 75.2

Mic Distance - 25 feet 2_. 312" 74.7 74.2 72.8 ---...----- 75.3 75.1 7i .4

TESTDATE:7'26/77 A,,o.._°.___.__._75.8 ,75.""T-75.2, 76."'"T--'_ 73.5"--'-"-z

._'_. 1 / 2.7

** El_ctricclutchf'anon. *Ave. 2Runs 74.9 74.0 72,7 _ 75.1 I 71.5 I

01Z____j_ o.3 j 0.1 _ 0.1IJ



-_ :_ _ oc ,,RIGHT SIDE LEFTSiDE

_- _- ._-o _ ×- _ -_ _ _-_ _ -_ .
-- -,J

< a-_ _ a° _ '- o -- :_ "-
RUN# r_ _.

24.308 k .153 16.9 3156 +1.0 68.6 3156 +1.0 0 72.4 3136 -IO.3 +25

24.309** .151 16.9 3155 +3.8 73.1 8155 +3.8 +25 72.4 3085 +1.0 +25

24.310** .146 17.0 3146 +2.4 73.5 3146 +2.4 +25 73.2 3110 +1.0 +25

24.311* .141 17.1 3153 +1.7 68.6 3153 +1.7 0 69.7 3153 +1.7 0

Average .148 17.0 3153 2.2 71.0 3153 2.2 71_9 3121 1.0

/.007 /'q .2 / 2.4

_Ave.2 Runs .147 17.O 3155 1.4 68.6 3155 21.4 69.4 _1_ 1.4

/.006 / 0.1 ,/0.3 ,10.0 /0.3 /0.3
,,=-

TEST VEiC E:'O24

Peugeot 504D _'6_, _ _'_ _'6_ ..,_._ _ _,_4-SpeedManual x .ff x u _' × .u _ x .- x
-L4 141 ClD (b_esel) RUN# _ _

71 bhp@ 4500 RPM .....
24.308* 68._ 75.1 69,0 68.7

TESTCONDITION: 1M 24.30c) 72,4 73.1 70.6 72.4

Mic Distance - 50 feet 24.310 71.6 73.5 70,7 73.2

TESTDATE: 7/26/77 24.311 * 68.6 67.7 69,7 68.7

Ave'rage 7013 70.6 701Q _0i8

• Ave. 2Runs 68.6 68,6 69.4 I (_,7

• * Electric clutch t'an on. 0.3 0.4/J 0.01/



c = RIGHTSIDE LEFTSIDE

= _: _ ' ':'=_ -_ _ .=__ • ._ _._ _ ._ .

_. _,_. x ,- __'u o "_"a __'_ ._' :_° "6-o -'_ .,2

<_o _o _: ':'_ _ ,_ :_ _ _ _o :_ _ ._'-RUIq_ _

24.313 .156 16.8 3141 -0.4 78.6 3141 -0.4 +16.4 77.2 3119 -1.1 0

24.214 .151 16.4 3155 +I .0 78.6 3131 +0.3 ¢16.4 77.1 3155 +I .0 -16.4

24.315 .138 17.0 3136 _0.3 79.2 3136 +0.3 +16.4 77.1 3117 -2.5 -16.4

24.316 .151 16.9 3141 +1.7 78.7 3141 +1.7 +16.4 77.6 3039 -3.2 -16.4

Average .149 16.9 3_43 0.7 78.8 3137 0.5 77.3 3108 ..I,5

v- .007/10.1i, ...... 0.3

RIGHT SIDE LEFTSIDE

. _ _ "6 _

Peugeot504D _ a _ a (u , "6 _ o _ _ "_

4-SpeedManual , a :_ oL4-141ClD(Diesel) ,RUN// :_:_ _o ax'-'_,

71 bhp @ 4500 RPM 24.313 76.6 76.7 78.6 76.7 77.2 74.6

TESTCONDITION: 1M (F) 24.314 76.1 76.3 78.6 77.1 76.8 74.9
Mic DMance - 25 f'eet

24,315 77.0 77.1 79.2 77.1 76.9 75.4

TESTDATE: 7/26/77 24.316 76.8 77.1 78.7 77.6 77.1 75.3

.Average 76.6 76.8 78.8 77. } 77.0 75.1

/ 0.5 /0.2 /0.4 / 0.2 /'0.5

' ' ' i ,_ :....4_ ' ' ....



_: _ ._ .o_= RIGHT SIDE LEFTSIDE

_
, RUN// r-. r-.

24.313 .156 16.8 3141 -0.4 71.8 2854 -10.2 0 73.4 3093 -2.5 "_25

24.314 .151 16.9 3155 +1,0 72.9 3155 + 1.0 +25 72.8 3131 +0.3 +25

24,315 .138 17.0 3136 +0.3 73.5 3136 + 0,3 +25 73.3 3136 +0.3 +25

24.316 .151 16.9 3141 +1.7 72.9 3141 + 1.7 +25 73.5 3076 -1.8 +25

Average .149 16.9 3143 0.7 72.8 3072 -1.8 73.3 3t09 -0.9

9 ./.011 / 1.1 / 0.7 /33 ._0.9 /
TESTVEHICLE: #024 RIGHT SIDE LEF] SIDE

Peugeot 504D _ _ "6 "_ _ "6_J -- _ _ _ _ _
4-SpeedManual ax.- _ x u ju x.o _n x.- _ × u _ x.-U
L4- 141 CID (DTesel) RUN# _ :_ ? :_ :_° _:_ _ ;_:E _ _ :E o :_1_
71 bhp _I 4500 RPM

24.313 71.8 71.7 70.8 73.4

TESTCONDITION:IM (F) 24.314 72.1 72.9 70.8 72.8

Mic Distance - .50feet 24.315 72.I 73.5 70.7 73.3

TESTDATE: 7/26/77 24.316 72.5 72.9 70.8 73,5

Averaae 72.1 72.8 70.8 73.3



RIGHT SIDE LEFT SIDE

._ -= . _ .-: _ _ .-"='= _,R :_ _ ,,_ _ ,-,° :_ o :_ .-o o :_'aRUN# r.,, _.

25.309 .144 20.1 3849 +4.5 73.6 3835 +3.8 0 74.1 3830 +3.1 0

25.311 .163 20.1 3852 -3.2 73.6 3852 -3.2 -16.4 74.2 3_25 -3.9 0

25.312 .160 20.0 3859 -3.2 74.1 3859 -3.2 0 74.5 3791 -5.3 0

25.313 .130 20.1 3852 +5.9 73.8 3852 +5.9 0 74.2 3845 +5.2 0

Average .149 20.1 3853 1.0 73.8 3850 0.8 74.3 3823 -0.2

_,_ .o,/ ;4-.,_._ o_ _<__ _ o./_! _.__, j.014 _,_.9 /0.3 _0.3 /5.4
RIGHT SIDE LEFTSIDE

TESTVEHICLE: #025 '_ _ "_ '_ _ "6 "_ '_ I "6 ._.

Triumph TR-7 _ "6u _. _ _ '_ _ "_ _' _ _ '_ _ "6 -_ I _ "_ax.- x.-"- :_.u x u_ x u_ I x._.
5-spoo_o_°o_ _ :_o _ ___ :_o :_:,sL4 - 122 CID RUN# :_ :; "P t ÷

86 bhp @ 5500 RPM 25.309 73.2 73.6 73.5 -- 74.1 71.5

TESTCONDITION: IM 25.311 73.6 73.5 72.3 -- 74.2 70.9

M_c b_sfance- 25 feet 25.312 73.8 74.1 73.0 -- 74.5 71.1

TESTDATE: 7/29/77 25.313 73.2 73.8 73.5 -- 74.2 71.4

Average 73.5 73.8 73.1 74.3 71.2

0y0< o,jj?0.4 _ 0.4 _0.3 _ 0.3



.__ RIGHTSIDE LEFTSIDE
•_-_ "_ _-_ 8 . -_ _ 8 -_ .

_o -_ _ o_ _ _._ _:__ _ _ _ _ _._
o _ _ _ _ ._ u= _ _ ..,._ ._.

RUN# r_

25.309 .144 20.1 3849 +4.5 68.1 3830 +3.1 ÷25 68.2 3797 +1.0 0

25.311 .163 20.1 3852 -3.2 67.1 3763 -7.4 +25 67.2 3852 -3.2 +25

25.312 .160 20.0 3859 -3.2 67,3 3799 -6.0 +25 66.8 3791 -5.3 +25

25.313 .130 20.1 3852 +5.9 67.9 3845 +5.2 +25 67.9 3845 +5.2 +25

Average ,14c_ 20.1 _53 1,0 67.6 3809 -1,3 67.5 3821 -0.6

/ 6,5 / 0.7 / _,_

RIGHTSIDE LEFTSir,)_

TEST VEHICLE: H025 _ _- "G _ "a _G _ _- _ I -
TriumphTR-7 x.u _ u • x 8 x.U_ x.U_ x.u '_
5-Speed MQnual :_ _ _ x .- _-L_-122CID _u_ , -_
86 bhp _ 5500 RPM

25.309 67.5 68.1 -- 68.2

TEST CONDITION:.IM 25.311 66.8 67.1 -- 67.2

Mic Disi'ance - 50 t'eet 25.312 67.0 67.3 -- 66.8

TEST DATE: 7/29/77 25.313 67,9 67,9 -- 67,9

Average 67,3 67.6 _ 67.5/0.6 /o.5 .Io.7



RIGHT SIDE LEFTSIDE J

____ o
- '-.-- -_ _ o= _ . _ _ o -_ .`6__8 _OOo_ ____ x_ _ _
- _' o c, "6.o :_'o '_ "6 _._ ._

RUN_ ,_'_

26.307 .170 3239 28.6 -2.5 71.4 24.7 -4.6 -16.4 71.8 25.0 -2.5 +16.4

26.308 .153 3368 27.7 ¢3.8 71.4 24.6 0.3 -16.4 71.3 24.4 -4.6 -16.4

26.309 .141 3244 28.4 +3.1 71.8 24.6 -I .8 -16.4 70.9 24.8 2.4 0

26.310 .154 3233 28.6 +3.8 71.7 24.8 +1.0 -16.4 70.9 24.6 -2.5 -16.4

Average .155 3246 28.3 2.1 71.6 24.7 -1.3 71.2 24.7 -1.8
2.3+,,_ 0.3.../1,,.../ 0,1 0,6 0,3 ,.2../_o.3 1/o.3 ,f"2.8 1? _o.6 ../4.6 f/o.I

RIGHT SIDE LEFTSIDE

TESTVEHICLE: //026 _ _ _. _ "6 "_ _ '_ "6 _
_a

JaguarXJ-12L x.U'_' x.-,- x.- . x.U_. x u ×
3-SpeedAutomatic a:_o a:_,o _o :_v12-326C_D _UN// _-o _ :_:_ _ ,
2_4 bhp @ 5250 RPM

TESTCONDITION: 1A 26.307 71.4 70.4 69.2 70.8 71.8 68.7

M_c Distance - 25 feet 26.308 71.4 70.5 68.1 71.3 71.1 68.8

TESTDATE.' 8/3,/'77 26.309 71.8 70.5 69.6 70.5 70.9 68.5
26.310 71.7 70.5 69.2 70.9 70.1 68.9

Average 71,.6 70.5 69.3 70.9 71.0 68.7

/ 0.2 _ 0.2



................ , • J ,

c RIGHTSIDE LEFTSIDE ].o o

o_- ._ _ • _ .- -_

°-s "G"a :E'_ o.-a ._."a u "_"a :;"a
:_ ._ ,.c. o: _ ..c '- :_ _ _=

RU_' _ _ _ _ °_ _ _ _"o _ o_ _ "-
i.

26.307 .170 3239 28.6 -2.5 64.6 24.5 -7.4 0 65.0 25.0 -2.5 +15

26.308 .153 3368 27.7 +3.8 64.3 23.7 -I0.9 0 65,3 24.9 +2.4 +15

26.309 .141 3244 28.4 +3.1 64.2 24.8 2.4 0 65.3 24.7 +1.0 +15

26.310 .154 3233 28.6 +3.8 64.5 24.7 0.3 0 65.3 26.0 3.8 0

Average .155 3246 28.3 :_,1 /.,4 4 24.4 -3.4 65.2 24.9 1.2

0,j/0.6 /4.6 /0.2 ,./0.71/'7.0 /0.2 /0.2 /'3.7q

TESTVEHICLE: //026 RIGHT SIDE LEFTSIOE

Jaguar Xd - 12L _ "_ _ _ ._ _ "B._ _ ua _ _ "6 "_ _ "_._3-SpeedAutomatic x ._u_ u _' × ._u_n x .- _n x u _ x .-.
v12-S26CZD RUN#:_:_ :_o :_ _q, :_o :_,
244 bhp ._ 5250 RPM

TESTCONDITION:IA 26.307 64.6 64.2 64.5 65.0

M_c Distance - 50 feet 26.308 64.3 64.1 65.1 65.3

TESTDATE: 8/3/77 26.309 64.1 63.8 65, 1 65.3
26.310 64.5 64.3 65.3 65.2

Average 64.4 64.1 0_, 0 6_;-

•,-



RIGHT SIDE
E E
0 O

X n.: ._ _ _ • . _ o _ .

_ _ _ _'- _ o: _'-
RUN# > _

27.313 1674 27.7 +7.3 1661 -16.4 66.7 1674 0.3 0

27.314 .122 27.7 +5.9 1644 0 67. I 1656 5.2 0

27.315 .121 20.1 +1.7 1655 0 67.5 1648 -8.1 0

27.316 .122 27.9 +4.5 1631 -16.4 66.6 1643 -7.4 0

Avemg0 .122 27.9 4.9 1648 -7.8 1655

+/-

R]GHT SIDE _IEF._T SID_

TESTVEHICLE: #027 _3_ _ _ -- a_-_" _Mercury Cougar x .o ,,_ x .-
3-SpeedAutomatic RUN// :_ _ o :_ _ _. x .- •
V8 - 302 CID

130bhp _ 3400 RPM 27.313 68.1 67.7 66.8 66.1 66.7 65.9

TESTCONDITION: 2 27.314 67.1 67.6 66.6 66.5 67.1 65.8

Mic Distance - 25 feet 27.315 67.4 67.7 66.0 66.9 67.5 66.2

27.316 67.6 67.3 66.4 66.3 66,6 65.3
TESTDATE: 8/5,/77



RIGHT SID,E LEFTSIDE,
O O

-13 .... X _ F- -- X __

RUN_ - o

27.313 .123 1674 27.7 +7,3 61,5 1661 I ,7 +25 61.4 1674 7.3

27.314 .122 1658 27.7 +5,9 61,4 ]667 3.8 +25 62.0 1663 4-.5

27.315 .121 1675 28.1 +I ,7 61.9 1648 -8.1 0 62.3 1675 I .7

27.316 .122 1666 27.9 +4,5 61,9 1666 2,4 +25 61.4 1654 3.1

Average .122 1668 27.9 _4.9 61.7 1661 -0.1 61.8 ' 1667 4.2
7 B 8

_ ,/0.001 / 0.2 _ 3.2 /0.3 / 5.0 / 2.5:/

RIGHT SIDE LFFT ,_lD_

 o,ou, ou0o3-Speed Automatic RUN// _ :_ _ o :_ _ _ _ o _ _
VB- 302 CID

130bhp _a)3400 RPM 27.313 61.4 61.5 60.6 61.4

TESTCONDITION: 2 27.314 61.3 61.4 61.0 62.0

Mic Distance - 50 feet 27.315 61.9 61.6 61.1 62.3

TESTDATE: 8/5/77 27.316 61.3 61.9 60.6 61.4

Average 61.5 61.6 60.8 61.8 J



"°c RIGHTSIDE LEFTSIDE

'- o -
RUN'_ _ .6 m > >

28.306 .150 2338 24.0 2.4 72.3 2332 +0.3 0 71.4 2332 0.3 O

28.307 .152 2368 24.1 1.0 72.0 2355 -1.8 0 71.5 2314 -8.1 -16.4

28.308 .132 2216 22.7 -9.5 70.7 2211 -I0.9 -16.4 70.4 2195 -15.1 -16.4

28.213 .145 2307 23.6 -4.6 71.5 2302 -6.0 -16.4 71.0 2300 -6.7 -16.4

Avemqe .145 J 2307 23.6 -2.7 71.6 2300 -4.9 71.1 2285 -7.4

/.003 [/ 91 / 0.9 _ 6.8 ,/ 0.9 / 6.3 /0.7 / 7.7

RIGHT RIDE LEFTSIDE

TESTVEHICLE= #028 _ _ _ _ _6 "6 I -.Z
u . u_ u _. u _" u u_

Mercedes Benz 450 SEL x _,o "- ×.- x.- • x.- ×.-,_

V0-276 CID
180 bhp @ 4750 RPM 28.306 72.0 72.3 69.9 71. I 71.4 69,5

TESTCONDITION: IA 28.307 71.9 72.0 70.4 71.5 71.I 68.9

M_c D_stance- 25 Feet 28.308 70.7 70.0 67.3 70.4 69.3 67.1
28.312 71.5 70.8 68.9 71.0 70.4 68.2

TESTDATE: 8/1/77

Average 71.5 71.2 69.1 71.0 70.6 68.4

/ o.8 /1.8 ,-_o.6 /1.3 / 1.3 L/



4 ......... , ....... --..... •

RIGHTSIDE LEFTSIDE
_.__

"_=. =.-_ -_ _ .-_-_ _ -_ _ =__ -'

,_ _ _:_ _ _ ,_ ._ _ _.,_ -_g _.-
RUN_/ N "_ >

28.306 .150 2338 24.0 2.4 66.2 2332 -I .8 0 66.4 2335 +I .7 +25

28.307 .152 2368 24.1 1.0 65.9 2366 -0.4 0 66.0 2366 -0.4 +25

28.308 .132 2216 22.7 -9.5 64.7 2216 -9.5 0 65.0 2216 -9.5 0

28.312 .145 2307 23.6 -4.6 65.5 2300 -6.7 0 65.6 2294 -8.1 0

Average .145 2307 23.6 -2.7 65.6 2304 -4.6 65.8 2303 -6,.1,u

0.5 5.1 62

/.003 /4.9 / 5.4
RIGHTSIDE LEFT;IDE

TESTVEHICLE: //028 "_ _ "_ "_ _ "8 ._ _ _ "_ ,.

MercedesBenz450 S_k × .u × .u_ × .u_u',, x .u''_ × ._u,_ x

3-Speed Automatic RUN_/ :_:_ :_=Eo :_=E_ :_:E_ :_:_o :_g
V8 - 276 CID
180 bhp @ 4700 RPM 28.306 66.2 64.9 65.5 66.4

28.307 65.9 64.8 65.8 66.0
TEST CONDITION: IA

28.308 64.7 63.4 65.0 64.2
Mic Distance - 50 feet

28.312 65.5 63.9 65.6 65.5
TESTDATE: 8/I/77

Average 65.6 _ 64.3 65.5 65.5

j 0<o.9>../ 0.9 / 0.9 /" 0.5 / 1.3



RIGHTSIDE LEFTSIDE
'T. 0 0

,.== _ :.:- _ "_ . _ "_ .

oo o
RUiX_# "1:_ = .,._i >o

29.303 .146 2108 20.1 6.6 64.0 2108 6.6 0 63.5 2101 5.9 +25

29.304 .152 2104 19.9 -1.1 63.2 2080 -3.9 0 62.9 2021 -8.8 -25

29.305 .150 2090 19,8 -1,8 63.9 2077 -2.5 0 63.1 2064 -3.9 +25

29.306 .147 2077 ]9.8 -1,1 63.9 2082 -1.8 0 63,2 1985 -10.9 -25

A,e=qo .149 2095 19.9 0.Z 63._ 2037 -.4 -- 63.2 _043 -,,_ --

'.oo313.,," _I 7.0 _ _8+/- I_ _1813 0.2 _ 5.9 /0.6 -'o.3 I
RIGHTSIDI: LEF"SIDE

TESTVEHICLE: #029 _ ° ' _ "_ "_ _ 'B _ "B _
Dodge Aspen ×.u _ x.8_ x.u _ u_ a_ _ "_ "_RUN #3 Speed Automatic
L6-225 CID
100 bhp @ 3600 RPM 29.303 63.0 64.0 63.1 63.0 63.0 63.5

TESTCONDITION: 1A 29.304 62.9 63,2 62.8 62.9 62.6 62.7

MIc. Distance - 50 Ff, 29.305 62.8 63,9 62,5 63.0 62.5 63.1

TESTDATE: 6/23/77 29.306 63,2 63.9 62.7 63.2 62.5 62.7

Average 63.0 63,8 62.8 63.0 62.7 63,0 I

/0.6 /0.3 / O.1 /0.2 /0,3



RIGHTSIDE I_EFTSIDE

-a _.o x -

• _.._ ._

•: = _ _,_ :_ _o _ ,.._ _ ,.-, :_ '-RUN_ _-_

29.316 .123 1800 25.4 -3.2 63.2 23.6 -19.3 -25 62.9 24.6 - 7.4 -25

29.317 .126 1818 26.0 -3.2 63.3 24.8 - 4.6 0 62.6 24.7 - 6.3 -25

29.318 .125 1812 28.9 2.4 63.9 24.8 - 0.4 0 62.4 23.2 -20.7 -25

29.319 .121 1816 26.5 3.1 63.9 24.9 2.4 0 62.3 22.8 - 2.5 -25

Average .124 1812 26.0 -0.2 63.6 24.5 - 5.5 -- 62.6 _3.8 _ 9.2

/.003 /0.6 /3.0 /" 0.4 ,/ 0.9 13.8 /0.3 / 1,0 /'1!.5 '
RIGHT SIDE L_FT _I_

TESTVEHICLE: #029 _ _ _ B _ _ _ _ _ _
Dodge Aspen _ _ _ _ _u_ _ _u_ _ _._. _ _u_

__,.- __._ _g _-_ ___
L6-225 CID
100bhp@3600 RPM

29.316 63.2 63.1 62.4 62.9 61.9 61.7
TESTCONDITION: 2

29.317 63.1 63.3 62.2 62.6 62.1 62.2
Mic Distance - 50 ft.

29.318 63.3 63.9 62.5 62.4 62.1 61.8

TESTDATE: 6/23/77 29.319 63.1 63.9 62.1 62.4 62.2 61.8

Average 63.2 ...63,6 62,3 62.6 62.1. 61.'9

., o/. j/0.1 /0.5 /0.2 /0.2 / 0.2 ./0.2



] _ .: RIGHT SIDE l LEFTSID- J

C

<_ a_ _. _ _'6 :_.- o- o =_ :_'-
RUN_' _ -_

30.306 .151 1835 21.9 4.7 65.1 1826 6.1 -25 65.1 1779 B.2 25

30.309 .145 1833 21.9 3.8 64.7 1818 -0.4 -25 63.7 1812 4.,5 25

30.310 .148 1826 21.9 3.3 64.4 1809 -0.2 0 63.4 1812 -0.9 25

30.311 .148 1819 21.6 4.0 64.7 1802 6.1 0 64.0 1802 6.1 25

Average .148 j 1828 21.8 4.0 64.7 181,4"'J 2.9 -- 64.1 1801 4.5 --"

oooy7/0, 0  0 3%/ i o/11
RIGHT _IDE LEFT _I_

TESTVEHICLE: //030 "_ _ -_ "8 ._ _ _ _ _ _ _-
Ch_sler Cordoba _ "__ _ _ "_ _ "__ _ ua '_

vs-4o0c_D , _o :_ :_:_' :_° x__
190 bhp ,'__3600 RPM

30.306 65.1 64.5 64.7 63.7 63.1 65.1

TESTCONDITION: 1A 30.309 64.7 64.2 63.9 63.3 62.7 63.7

Mic Distance- 50ft. 30.310 64.3 64.4 63.0 63.3 62.3 63.4

TESTDATE: 6/15/77 30.311 64.2 64.7 64.0 63.5 62.7 64.0

Average I J _ .6 64"5 63"9 63"5 62'7 64"I

0.5 0.2 0.4 1.0/"

/0.9



RIGHT SIDE J LEFTSIDE
60 - I

-_ = - -_ x_ o_ ._ _ _ _ --:-

o_ o_=__ o _ "_ -_ _ ___ -_ _.-"_._ _ =_ o - _ :_'- o
RUN = _.

30.319 .147 1855 22.2 -1.8 67.8 1797 - 9.5 0 66.5 1829 3.1 25

30.320 .156 1885 22.6 3.1 67.7 1838 - 3.9 0 67.3 1873 3.8 25

30.321 .152 1871 22.7 2.4 68.1 1793 -14.4 0 67.2 1846 -3.2 25

30.322 .142 1837 22.2 -2.5 67.9 1801 -10.2 0 66.5 1729 3.1 25

Average .149 1862 22.4 0.3 67.9 J 1807 I - 9.5 i 66.9 1819 1.7 --

23 0._ 3,Jl5._j ...._...._...__ 00__ 0.3/2._ /54/2, ..q../2,..oo7
RIGHT SIDE LEFTSIDE [I

TESTVEHICLE: //030 "_ _ "_ _6 -_ "8 _ _ ,
Chrysler Cordoba _ _ _ _ "_ "_ _ "_ _ v, _ __ _, "6 "_ a_ua_'_._

3-Speedvs_400cIDAutamaHc RUN// :_ _. _, _ax_ o _-a_ _ . _ :_ _ ._ _. o :_

90 bhp _. 3600 RP.M 30.319 66,7 67.8 66.6 65.9 65.8 66,5

TESTCONDITION: 1A (F) 30.320 67.1 67.7 66.4 66.6 66.0 67.3

Mic Distance - 50 ft. 30.321 67.4 68.1 67.0 65.9 66.2 67.2

TESTDATE: 6/15/77 30.322 67.3 67.9 66.8 66.0 65.3 66.5

Average [ 67.1 67.9 66.7 J 66.1 65.8 66.9

oy.-0.4/0._ .03 _.- _-0.2_05, 04



_. = = RIGHT SIDE LEFT SIDE
c: o ": . ._o2-
o Z_ _'_ _ -- _ x_ = -_ , 8 ._ •
- "- _- _ > :__ :_._ o_ • .=-o_: o o x _, :_ _, ._ x _, _o.3_- _x - ._ x_

o_- _ _._ .:oo _'- _ _o_ .:_ _.:
RUN_ .'_

31.305 .150 1932 19.9 7.3 68.1 1827 -5.3 0 68.4 1818 - 6.0 0

31.306 .157 1954 20.0 -0.4 68.7 1938 -1.8 0 69.7 1935 - 1.8 0

31.307 .148 1910 19.6 -0.4 68.4 1910 -0.4 0 68.7 1897 - 2.5 0

31.308 .146 1885 19.2 -1.8 68.5 1885 -1.8 0 68.8 1835 - 1.8 O

Average .150 1920 19.7 1.2 68.4 1889-2.3 --68.9 1884 -1.8--

./_ .0o,/-" 0.2>/46 1.9//" !5111.2,'_ /.004 _0:5" /3.0 /0.3 ,-,/3.0 /66
RIGHT81DE L_TSiDE

AMC Gremlin _ u _ u _ _ .u _, _ o _ _ "_"_ ""u.,q-.-. ,_u_ ×.-.

3-SpeedAutomatic RUN# :_ :_ "7 :_ _ -¢- _ : _ _ :_L6-232 CID

88 bhp _ 3400 RPM 31.305 67.3 68.1 67,3 67.1 68.4 66, 2

TESTCONDITION: 1A 31.306 68.3 68.7 68,5 68.3 69,7 67.7

Mtc Distance - 25 ft. 31.307 67.9 68.4 68,4 67.8 68,7 67.1

TESTDATE: 7/21/77 31.308 67,3 68.5 67.6 67.5 68.8 67,2

Average 67.7 68.4 68.0 67.7 68.9 67.1

//o.4 _o.3 /o.7 _o.6 _o.5 _o.9 ,



RIGHTSIDE LEFTSIDE J
'-- O O

__ -_ ×- o" _ • ._ ×.; o_ -;.- ¢.i ,_ i

,,_. :_,_ ._ ,._° :_'-
RUN=/ _ > -,_

31.305 .150 1932 19,9 7.3 62.3 1799 - 6.7 0 62.7 1827 - 5.3 +25

31.306 .157 1954 20.0 -0.4 63.7 1925 - 3.2 +25 64.1 1935 - I .8 +25

31.307 .148 1910 19,6 -0.4 62.6 1871 - 3.9 +25 63.6 1894 -3.2 +25

31.308 .146 1885 19,2 -1.8 62.0 1821 -I0.2 0 64.2 1885 - 1.8 +25

Averaqe .150 19"20 19,7 1.2 62.7 1854 - 6.0 -- 63.7 1885 - 3.0 --
6.1 71 / 50

9
RIGHT SIDE LEFT SIDE

TESTVEHICLE; #031 _ ._ _,, "_ "6 .,- 3 _ ,,- "_ _ '_ "g
u

U _J U X U_ x.U

AMC Gremlin .- _ x ,- '- ax.- u', _ :_ _ 33-Sgeed Automatic RUN,`/ :_ _ _ _ o :_ :_ _ :_ -- .:: :; o _ _
L6-232 CID

88 bhp '_ 3400 RPM 31.305 62.3 62.1 62.0 62.7

TESTCONDITION: 1A 31.306 62.9 63.7 63.9 64.1

• MI¢ Distance - 50 Ft. 31.307 62.1 62.6 62.7 63.6

TESTDATE: 7/21.,"77 31.308 62.0 61.9 62.9 64.2

Average 62.3 62.6 62.9 63.7

/0.3 /0.7 /0,9 /I.0



k
RIGHT SIDE LEF' _IPF. t

C
0 0 __ --_ _ ...... - "_ _ 8 "_ . _ x o _ .

U Ls') ""u "_1 D _ = " I,_.- _ :_.- _ _ =_ --=a o= :_.-
RUN# > ._

31 .312 .119 1696 26.6 -6.7 67,3 24.7 -8.8 0 67.9 24.7 -8.8 0

31.313 .112 1644 26.2 5.2 66.8 24.8 3.1 +16,4 67.4 24.5 -1,1 0

31 .316 .125 1695 26.3 1.0 67,2 25.0 'I.0 0 68.3 24.9 -I, I 0

31 .317 .123 1711 26.3 2.4 67,4 24.9 1.7 0 68.2 24.5 -6,0 0

Average .120 1687 26.4 0.4 67.1 24.9 -0.8 -- 68.0 24,7; -4,_ --

+/_ 24 0.2/14.8/
/.008 / 0..2/ 7.1 /0.3 _ 0.2 /8.0 /0.6 / 0_2 /4.5

RIGHT SIDE LEFT SIDE

TEST"03, -- _ a'_ -- a_- --_' _'_ _ I
AMC GremHm x._U_ x.U,8 _ u'_" u_. x._U_ x u_.

1.6 -232 CID
88 bhp @ 3400 RPM

31.312 66,7 67.3 66.0 67.5 67.9 65,8

TESTCONDITION: 2 31.313 66.0 66.7 66.8 67.4 67.4 65.6

M_cDistance-25 ft. 31.316 66.3 67.2 67.0 68.0 68.3 66.4

TESTDATE: 7/21/77 3,1.317 66,3 67.4 67.3 67.5 68.2 66.7

Average 66.3 67.1 66.8 67.6 68.0 66'.1

/'0.4 /0.8 /0.2 /0.6 /0.5

...... ' U.-.J _ _' ' U--J ....



c : RIGHTSIDE LEFTSIDE
0 0 m X "

_R :E'- _ _, :E'-RUNe

31.312 .119 1696 26.6 -6.7 61.6 24.9 - 7.4 +25 62.5 24.9 - 8.1 0

31.313 .112 1644 26.2 5.2 61.2 24.4 - 4.6 +25 62,1 24.6 - 0.4 +25

31.316 .125 1695 26.3 1.0 61.8 25.0 1.0 +25 62.8 24.7 - 3.2 0

31.317 .123 17ll 26.3 2.4 61.6 23.7 -15.8 0 63,1 23.8 -14.4 0

Average .120 1687 26.4 0.4 61.6 2_..5 - 6.7 62.6 24.5 I - 6.5 --

._ .005./_._-'i0.>..--_.;_ o,j o.5>..-7._<4--.-_7., i.---0._....o.y 6.p.--.._/.oo8 /o.2 .._.,I/0.2/o.8_., /-- /o.s./o.7<17.9,I"--
RIGHT SIDE II:_T ':;II')_

.-_ u '_- o ,- x .u_

!.6 - 232 CID ""

88 bhp @ 3400 RPM
31 .312 61.4 61.6 62.5 61.8

TEST CONDITION: 2
31.313 60.8 61.2 61,9 62,1

Mic Distance - 50 Ft.
31 .316 61.4 61.8 62.8 62.8

TEST DATE: 7/21/77 31.317 6I .6 61.4 6:3,1 62.8

Average 61.3 61.5 62.6 62.4



_ °= RIGHT SIDE LEFTSIDE J
_3 "7 , .- .-

<_× _ _ __ _ _ _ -= _.-
RUN# :_

32.307 .154 1866 20,8 _0.3 68.3 1848 -I .8 0 69.3 1824 -8.8 -16.4

32.308 .148 1874 20,8 +I .7 68.5 1862 -I .8 -16.4 69.1 1797 -11.6 o16.4

32.309 15,I 1875 20.9 +I .7 68.2 1838 -5.3 -16.4 69.0 1868 -0.4 -16.4

32,310 .155 1897 21.2 +2.4 68.3 1882 -5.3 :-16.4 69.5 1824 -10.2 -16.4

r. , , , ,

.Average .153 1878 20.9 1.8 68.3 1858 -3.6 69.2 "i828 -7.8

/.002 / 0'.3 / 0.9 ...... . =_ /1.8 / 7.4

'_ RIGHTSIDE' LEFTSI[)E

TEST VEHICLE: #032 r2 "6-- "6-- "--- i_ a _ _ a,._
"' u'_. "_ u_ _ u_ _.ua.'¢ u_ x.u__.

PlymouthFury ax_,o x _o ×'-'_ _E "_ ×'-3-SpeedAutomatic RUN// :_ , _ I_ :_ '_ _, _" :_ _ o :_ _V8-318 CID _"

145 bhp @ 4000 RPM 32.307 68.1 68.3 66.3 69.3 68.8 66.0

IEST CONDITION: IA 32.308 68.5 67.8 66.1 69.1 68.3 65.8

Mic Distance - 25 fee_ 32.309 68.2 67.9 65.9 69.0 68.6 65.9

32.310 68.3 68.2 66.3 69.5 69.5 66.8
TESTDATE: 7/27/77

Avenge 68,3 68.1 66.2 69,2 68.6 .66.1

_,+/0.2 / 0.3 / 0.3 / 0.7



RIGHTSIDE LEFTSIDE

_ 0'_. O O _ O_ "_ ._ _ _ _ . .=.= -_ x ._ .o _ - "-_ x _ ._.
- _ _ _- _ _ _ _ o5 _._ _ .___ o:- "a_ _ a _o ._ _- ._

oo -_ "_ _ -='_ :_'- _ o_ :_.-
RUN# :_ _"._

32.307 .154 1866 20.8 +0.3 61.9 1854 ,'.6.0 0 62.7 1866 '+0.3 0

32.308 .148 1874 20.8 +I .7 61.8 1864 -I .I 0 63.1 1859 +I .O +25

32.309 .154 1875 20.9 +I .7 62.1 1862 -I .8 0 62.7 1853 _.3 0

32,310 .155 1897 21,2 +2.4 62.1 1882 -5.3 0 63.0 1880 -2.5 +2.5

•Averaqe .153 1878 20.9 1.5 62.0 1866 -3.6 62.9 1864 -0,_,

_ .002 /" 0.3 _ 0.9 _ 1/2.5 _'_ 0.2 _ 1.2

TESTVEHICLE: _032 RIGHT SIDE LEFTSIDE

Plymouth Fury ._ _ _ "_ _ _ au._ ._ _ _ ._ _ _ _ au
,k I U _) .U ,U

3-SpeedAutomatlc ax_ _ox'-_ ax.-_n × - × - x.-vs-318ciD RUN_ _ , _' _:_ _:_° :_
145 bhp I_ 4000 RPM

32.307 61.9 61.4 62.7 62.4
TESTCONDITION: 1A

32.308 61.8 61.0 62.7 63.1
Mic Distance - 50 feet

32.309 62.1 61.2 62.7 62.3

TESTDATE:.7/27/77 32.310 62.1 60.8 62.8 63.0

Average 62.0 61.1 62.7 62.7

O.l / 0.3 //0.4



RIGHTSIDE LEFT$1D_
0 Q X_ C

'_ ' ":= "_ _ _ _ . _ a _ .o _ .

_ "=°_ :_.- _ ,_ _o .-<_ :_ _ _ _' :_ ' _ _ ,-, o_ :_
RUNty > "_

32.317 .124 I598 26.9 +1.7 68.1 24.7 -1.8 0 68.1 24.4 -6.7 0

32.318 .125 1508 26.1 +0.3 67.7 24.8 -2.5 -16.4 68.0 24.9 -1.8 0

32.319 .126 1602 25.6 +2.4 67.9 24.7 -1.1 0 68.1 24.6 -3.2 -16.4

32.322 .127 1608 25.5 +8.0 6719 25.0 +8.0 0 68.5 24.7 4.5 0

Average .125 1604 26.0 3.1 67.9 24.8 0.7 68.2 24.7 -1.8

/.00, .__/0.2 . /3.2 /0.2 /0.3  4.9
TESTVEHICLE: E032 RIGHT SIDE LEFTSIDE

P'y6nouthFury --'_.. _ _ - - _ _ _ "_ _. _ _ "_ _ "_3-SpeedAutomatic _ o ,¢. _ a _u _ "_ -- "6''_ _ a
,u,.._ u'_, _ u_. x. _. x.-u'¢

vs-318clD ,,"" _- _ _ _o _145 bhp @ 4000 RPM RUN,# :_ :_:_o _ + , _'

TESTCONDITION: 2 32.317 67.5 68.1 65.9 68.0 68.1 65.0

Mlc Distance - 25 6eei 32.318 67.7 67.5 66.1 68.0 68.0 64.6

TESTDATE: 7/27/77 32.319 67.1 67.9 65.8 68.1 67.9 65.2
32.322 67.2 67.9 65.8 67.8 68.5 65.6

Average 67.4 67.9 65.9 68.0 68.1 65.1
0.2

0.3 _ 0.1 _0.2 _0.2 _ 0.5



RIGHT SIDE LEFTSIDE
c c

O O X
-_ ' "z.'._ ' ×_ o_ -_ . o_

._ _ _ _ ._ o _ ._ = _ -_ = ._ _ ,u =
<_ _ _ _ _ _ _ _ _'- _ _ _°_ _'-RUN# >

32.317 .124 1598 26.9 +l .7 62.2 24.2 -I0.2 0 62.8 24.5 -6.0 0

32.318 .125 160B 26.1 40.3 61.3 25.0 + 0.3 0 62.6 24.7 -4.6 0

32.319 .126 1602 25.6 +2.4 61.8 24.9 + 1.0 62.0 24.9 +1.7 +25

32.322 .125 1608 25.5 ¢8.0 61.3 24.2 - 3.9 62.,5 24.2 -2.5 0

Average .125 1604 26.0 3.1 61.7 24.6 -3.2 62.5 24,6 -2.9
4.9 0.6

1 RIGHT SIDE LF,FT SIDF "

T_STWHID'E:_032 .___ ___• -_o_. _ _ _-__'__ _Plymouth Fury _ o._ _ u _ m u'm _u "_ ''_ u '_

_omot_= "'°-_ :_:_o_'-'- _Z_ __._ :_:_o_'- _" _:_"'_
3-Speed
V8 - 318 CID RUN# _ _ _ _: :_
145 bhp '_: 4000 RPM

32.317 62.2 60.6 62.8 62.6
TESTCONDITION: 2

32.318 61.3 60.5 62.6 61.5Mic Distance - 50 _eet
32.319 61.8 60.7 62.0 62.0

TESTDATE: 7/27/77
32.322 61.3 60.5 62.5 62.2

Average 61.7 60.6 62.5 62.1



RIGHTSIDE LEFTSIDE

°.'- -_ I: _ -- _ -- _ __ =_ . .} _ •
_. :_:_ _ . o o I _' o . o_.

RUN# :_
,,, , ,

33.333 .152 1890 18.2 -I .I 66.0 1851 - 8.1 +16.4 66.9 1837 -10.2 0

33.334 .162 1877 17.8 -3.9 64.5 1868 - 4.6 0 65,6 1843 - 8.8 0

33.335 .133 1853 18.1 -I .I 65.7 1843 - 6.0 0 66.5 1768 -14.3 0

33.336 .162 1868 18.0 -6.7 66.0 1814 -20.0 0 67.1 1814 -20.0 0

• Average ,152 1872 18.0 -3.2 65.6 1844 - ,9.7 -- 66.5 181'6 -13.3 --

+/_ .o,j-.18 0.2  6.79 / ,Q_ -_._ ,/o.9/10,3/1,1/'3.5

RIGHT 51DE |._, _1_

Rolls RoyceSilver Shadow ax_ x.u_ x.. x.- • ×.-,-
3-SpeedAutomafia RUN? _ , _ :_ o :_ :_ _ _.:_'T_"_ _ "_ o :_:_o' "g'_V8-412CID '' ÷ '"
240 bhp _ 4000 RPM

33.333 65.8 66,0 66.4 66.9 65.0

TEST.CONDITION: IA 33.334 64.5 64.1 65.6 65.5 63.5

Mic Distance - 25 fl'. 33.335 65.7 68,4 66.0 66,5 68.1

TESTDATE: 7/18/77 33.336 66.0 65.2 66.5 67.1 64.5

Average 65.5 65.2 ..66.1, 66.5 64.5

/1.0 /1.1 _ _.9 /0.9 ,/1.0



q i : I 'l i J- --

RIGHT SIDE LEFTSIDE
O a

' '._ ",_. Xm _ X

° o' o o'
_ .- _,._ ._. _ .-,_=

RUNe :_ "6

33.333 .152 1890 18.2 -I.1 61.1 1853 - 8.8 0 61.8 1837 -10.2 +25

33.334 .162 1877 17.8 -3.9 60.1 1857 - 6.0 0 60.2 1868 - 4.6 +25

33,335 ,133 1853 18.I -I.I 60.9 1848 - 5.3 0 61.8 1844 - 4.6 +25

33,336 .162 1868 18.0 -6.7 61.2 1823 -19.3 +25 61.6 1868 - 6.7 +25

Average .152 1872 18.0 -3.2 60.8 1845 - 9.8 -- 61.3 1854 - 6.5 --
18 I2 4.5 14 1.9 --

//.019 /3.5 1/0.7 /1 .I

RIGHT SIDE LEFTSIDF

.TESTVEHICLE: //033 "_ -,_ _ _ .,__ _ _ _
Roils RoyceSilver Shadow _ "6_ _ "6 "_ _ _ u " _ "_u"6_ _ u _".u_ u_ u_-•- X'--U_ X'-

× _'-_ _:E_ :_:_o_'-_"_:_3-SpeedAutomatic RUN// :_ :_ ,_ :_ :E o :_ _EV8-412 CID
240 bhp @ 4000 RPM

33.333 61.1 60.9 61.5 61.5
TESTCONDITION: 1A 33.334 60.1 59.2 -- 60.2

Mic Distanc_ - 50 Ft. 33.335 60.9 60.7 -- 61.8

TESTDATE: 7/18/77 33,336 61.0 61.2 -- 61.6

Ave(age 60.8 60.5 -- 61.3 I

.,_ / 0.7 /1.3 /0.9



RIGHT SIDE LEFT SiDE

"a _.9 ×

_" _ -_ _ ._ ×_, _ o_ .,_,_ L. 0,.. O t3 e o

RUN# :_

33.307 .118 1781 26.6 8.7 67.5 24.3 -2.5 +16.4 67.7 24.8 6.6 0

33.308 .118 1766 26.7 -3.2 66.9 24.9 -3.9 0 67.3 24.1 -13.7 0

33.309 .120 1776 26,6 -I .8 67.8 25.0 -1.8 0 68.1 24.6 - 7.4 0

33.311 .121 1776 26.3 -3.9 67.7 24.9 -5.3 0 68.2 24.9 - 4.6 0

Average .119 1775 26.6 -0.1 67.5 24.8 -3.4 67.8 24_ - 4.8

_, 1/.001 //0.'3 //4.0 ,/0.6 110.5 //1.9 /0.5 _0._ 1/8.9 ',

RIGHT SIDE I,_,_T_l_,_

TESTVEHICLE: //033 _ ,_ '_ "6 '_. "6 "_ -_ ._
Rolls Royce Silver Shadow

3-SpeedAutomallCvs_412CID RUN_' _ _o :_ :_,_ :_ax_, _a_o :_ :_ '_'°
240 bhp _ 4000 RPM

33.307 67.3 67.5 67.3 67.7 66.5
TESTCONDITION: 2

33.308 66.9 66.2 67.1 67.3 66.0
Mic Distance - 25 ft.

33.309 67.8 66.7 67.2 68.1 66.0

TESTDATE:.7/18/77 33.311 67.7 67.3 67.6 68.2 66.9

Average 67.4 66.9 67.3 67.8 66.4
0.4 0.6

,/o.2 o.4



RIGHTSIDE LEFTSIDE
E E
O O

"_ ' '._ '.,T. X _ X E

__. "s_= _ - .-_ . -_ -_ o -; .

.... _5 "-:=

RUN# >

33.307 .118 1781 26.6 8.7 61.8 24.1 - 3.2 +25 62.9 24.4 0.3 +25

33.308 .118 1766 26.7 -3.2 61.6 24.3 -11.6 0 62.6 24.5 -9.5 0

33.309 .120 1776 26,6 -1.8 61.8 25.0 - 1.8 0 62.3 24.7 -5.3 +25

33.311" ,121 1766 26.3 -3.9 ................

Average .119 177.5 26.6 -0.1 61.7 24..5 - 5.5 -- 62.6 24_6 -4.8 --
0.5 3.7

,_ ./ .001 /'0.3'. /4.0 /0.1 /0.3 / 0.2 /4.7 _ --
RIGHT SIDE lEFT _ID_'

TEST VEHICLE: #033 "6 _ _'- _ _6 _ _ _ _ --_ _6 _ _"6
Rolls Royce Silver Shadow _ a _J _ .u _ u ,-- u '-'- v) u ¢_-_ '- _'-_ _ _2_
98.412 CID :_

240 bhp @ 4000 RPM
33.307 61.3 61.8 62.2 62.9

TEST CONDITION: 2
33.308 61.6 61.3 62.6 62.3

Mi¢ Distance - 50 ft. 33.309 61.8 61.4 62.0 62.3

TEST DATE: 7/18/77 33.311" ........

Average 61.6 61.5 62.3 62.5

+,  o<o S/0.3 /O.3

,_ ,_Tr " . _ Ir.,,ol_ ,_n_ _,_n,',r_'r,_lA,,r' _'nIqnh hr_'l._t_u,_A Ir,,,,q_ f'mr Run #.'t3,311 only.



_ RIGHT SIDE LEFT SIDE

o_, '-= o= .: _ .:'6 _ "- =

RUN_ _ _"

34.304 .144 18.6 4233 8.7 68.2 3539 -3.9 0 66.8 3825 8.0 0

34.305 .145 18.6 4488 -1.1 69.0 3750 -6.0 -25 67.8 3763 -5.3 -25

34.306 .150 18.6 3982 -2.5 68.5 3852 -3.2 -25 67.7 3852 =2.5 +25

34.307 .158 18.6 4002 -3.2 68.3 3850 -3.2 -25 67.1 3738 -7.4 -25

, ,--,,

Average 149 J 18.6 4176 0.5 68.5 3748.. ....-4.1.._ -- 67.4 3795 -1.8 --

v- "°°9//l°'°J 8.2

RIGHT SIDE LEFt SIDE

"6 _ "8 "6 ._ `6 .,_ '6 x-°"_, ._
TESTVEHICLe: //034 _ a,.9 _ '6 "_ _ "6_ _n a_ _"6"_ _ o

u_ x.O_n x.-_ x u_
4-SpeedManual RUN# :_
L4-I01 CID
72 bhp _ 5500 RPM 34.304 67.6 68.2 68.1 66.0 66.8 66.7

TESTCONDITION: IM 34.305 69.0 68.2 67.3 67.8 65.4 67.3

Mic Dislance - 50 _t. 34.306 68.5 68.5 67.2 67.6 65.0 67.7
34.307 68.3 68.2 66,7 67.1 6:4.7 66.7

TESTDATE: 6/22/77

Average 68.4., 68.3 67.3 67.1 65_5 671'1
1.3

_ 0.8 ./0.1 _ 0.6 .'/1.1 _ 0.4 .

--" ......_ .... _ ,' !,_ ' ".... .__._ ...._,_"_ _ ,' ,' _ _.....



._ RIGHTSIDE LEFTsIDE J

RUN # r-, _-,

34.308 .149 3855 3980 1.7 69.0 3855 1.7 -25 67.5 3832 l .0 +25

34.309 .140 3854 3975 0.3 69.1 3854 0.3 -25 67.9 3854 0.3 +25

34.310 .145 3866 4074 - .4 69.3 3797 -2.5 -25 68.3 3797 -2.5 +25

34.311 .144 3849 4031 2.4 69.2 3821 1.0 0 67.9 3849 2.4 -25

Average .145 I 3856 4015 1.0 69.2 3832 0.1 -- 67.9 3833 0.3 --

/005k"7 .-d;o/14 /02 , 28
RIGHT SIDE LEFTSIO_

TEST VEHICLE: //034 "_ ._ "6 _ ._ '_ _ "6 "6 ._

Renault 12 SW x ._u x.u _ x .u _ x x u

4-Speed Manual RUN# :_;E_ :_Eo ;_;E_ :_ :_:_o :_E_
L4-I01 ClD

72 bhp _ 5500 RPM 34.308 69.0 68.7 67.1 67.3 65.7 67.5

TESTCONDITION: IM (F) 34.309 69.1 68.9 67.3 67.7 66.1 67.9

Mic Distance - 50 ff 34.310 69.3 68.6 67.3 67.7 65.8 68.3

TEST DATE: 6/22/77 34.311 68.9 69.2 67.7 67.9 66.5 67.6

Avera90 69.1 68.9 67.4 67.7 65.0 67,8

0.2 0,3 0.3 0.2 / 0._ 0._• O ox/O ox/oX/ / 0.3 / 0.3



I RIGHT SIDE J LEFTSIDE
_o I

_= -_ -_ x_ _ . -_ _ _ _ .
o._

o ]'_ °_': _':_ _ g "_ _ -_ :_'- : _ =_ I:_'-
J

35.304 .144 2307 24.3 2.4 63.7 2303 1.7 -25 62.6 2303 1.7 +25

35,305 .144 2284 23.9 1.0 64.0 2216 -10.2 -25 63.4 2162 -17.2 +25

35.306 .159 2379 24.9 1.7 64.6 2373 1.0 -25 63.7 2368 0.3 +25

35.307 .162 2368 24.7 -0.4 64.1 2357 - 2.5 -25 63.1 2300 - 9.5 -25

Average .152 2335 24.5 1.2 64.1 2312 - 2.5 -- 63.2 2283 - 6.2 --

61 4.2 0.5 85 !,

1.2

//.008 1/"/51 t/0.6 ,,,/0.4
I

RIGHT SIDE LEFTSID_

TESTVEHICLE: //035 _ .,- ._ _ "8 .,_ "B _ '_ "_
Chevrolet Caprice U _J u

_ ___ ___ _.__ _ _._-_3-SpeedAutomatic RUN_ :_ _ _ _ _ o :_ :_ _ :_ _ o _ _
V8-305 ClO

145 bhp _ 3800 RPM 35.304 63.7 63.6 62.5 62.2 61.7 62.6

TESTCONDITION: IA 35.305 64.0 64.2 62.8 63.4 62.4 63.1

M1cDistance- 50ft. 35.306 64.6 64.6 63.2 63.1 62.9 63.7

TESTDATE_ 6/21/77 35.307 64.1 63.5 61.9 63.1 61.8 52.7

Averaoe 64.1 64.0 62.6 63.0 62.2 63.0

0.6 0.6

/0.4 ./ 0.8 ../ 0.5 /O,4 ,



RIGHT SIDE J LEFT SIDE
6.8

_-_ =: "_ _ _ _ . _ _ _ _ .
,- _ o._ _.o x =_._

_-_ _ _ .. _,u -_.-_ Q-o _°-_-o "_- _-'= '

RUN_ _ "6

35.322 .146 2345 24.7 3.1 71.0 2303 -6.0 0 69.6 2316 -3.2 +35

35.323 .160 2437 25.4 5.2 71.0 2384 -2.5 0 69.9 2419 1.0 +25

35.324 .146 2373 24.8 5.2 70.6 2318 -5.3 0 70.1 2352 - .4 +25

35.325 .151 2383 24.8 4.5 70.8 2329 -3.9 0 70.1 2375 3.1 +25

Averase .151 J 2385 24.9 4,5 70.9 2334 -4.4 -- 69.9 2366 0,1
,-- ' 53

/ ,0051./40 I/O.2. /1.4 /1.6

RIGHT SIOE LEFT SlO_ ,,

TESTVEHICLE: '035 "_ _ "_ _ "_ "8 _ *6 "_._
Chevrolet Caprice G':

V8-305 CID ....
145 bhp @ 3800 RPM

35.322 70,0 71.0 70.3 68,7 68.2 69.6
TESTCONDITION: 1A (F)

35,323 70,3 71,0 70.8 69.1 68.9 69,9
Mic Distance - 50 Ft.

35,324 70.1 70.6 69.6 69.3 68,4 70.1

TESTDATE: 6/21/77 35,325 70.8 70,8 70,1 68.9 69.2 70.1

Average 70,3 ..70.9 70.1 I 69,0 68.7 69.9

+,,_/ 0.8 ._o.3 / o.5././6"0.3 /0.5 .I"0,3



.- 8 _ RIGHT SIDE LEFT SIDE

= .= _"_o_ "0-_- _. ._._ o_-_ _ ._ ._ .
_:r- _,U _"a • ._.,

'- _,,_° .= °o _'- _ "g :_'-'-
RUNH

36.310 .168 14.4 -4.6 1417 -4.6 0 61,3 1394 -8.1 0

36,311 .156 14.2 -l .8 1370 -1 .I 0 61,6 1382 -I .8 0

36.312 .133 13.3 -I .I 1279 -0.4 0 60.3 1279 -0.4 0

36.313 .135 13.5 -I .I 1301 -I .I 0 60,7 1301 -I .I 0

Average .148 13.9 1342 -1.8 61.0 1339 -2.9

-:/'_

TESTVEHICLE: E036 _... _r, _,_. _

IFord Granada
3mS'_eed AutomaHc
V8- 302ClD RUNE

TESTCONDITION: 1A
3___ /_9._I 16_'°16"_I _9_IMic Distance - 25 feet
36_°7 1_8_I I 6°' I °°3I _2 tTESTDATE: 8/8./77

a_.0 59.5 60.7 I 61.0 58.7 1
+i'-



R1GHTSIDE LEFTSIDE
_- C c

g o_, "6 = . .o._ ×- _
_._ _ :;_, .- _ o_

____ = -o= _-_ _-_ o_ ._

u_:_: ax'= _N _ o _ _'- : -

36,310 .168 1417 14.4 -4.6 57.1 1401 -3.9 0 56.0 1398 -6.0 0

36.311 .156 1382 14.2 -1.8 56.6 1364 0,3 0 56.9 1382 -1.8 0

36,312 .133 1293 13.3 -1.1 55.7 1279 -0.4 0 54.5 1282 -1.8 +25

36.313 .135 1301 13.5 -1.1 55.4 1292 -3.9 0 54.2 1299 -3,2 O

Avero,qe .14::1 134B 13.9 -2.2 56.2 1334 -2.0 55,3 1340 -3.2

/.015 /0.6 / 2.4 /1.9 /'2.8
%

RIGHT SIDE LEFTSIDE

TESTVEHICLE: #036 "6 _. "6 "6 _ _ '_ _oo
Ford Granada ax_ :_._; x_ ._:E_ :_::;o3-Speed AutomaHc RUN# _ :_ :_ ::
V8 - 302 CID

122 bhp _ 3200 RPM 36.310 57.1 55.3 56.0 55,8

TESTCONDITION: 1A " 36.311 56,6 55.3 56.4 55.9

36.312 55.7 53.9 54.3 54.5
Mic Distance - 50 Feet

36.313 55,4 54.1 54,2 54.1
TESTDATE: 8/8/77

Average 56.2 54.7 55.2 55.0

/ 0.8 /0.8 /I.0 /0.9



RIGHTSIDE LEF_SIDE
O O

_ ..... _ _, o="_ . .-_ _'_ 8 '_ .

_: _ = _'_ _ _t,_. .__ o._ x _, :E_>_ o_gx> _o_'_

= ' ,._"- "_8
La%

RUN# _>

36.314 .120 I578 28.0 +1.7 65.6 24.5 -6.0 -16.4 65.4 25.0 +1.0 0

36.315 .120 1560 27.7 -t5.9 65.7 24.5 -2.5 -16,4 65.4 25.0 +5.2 0

36.316 .117 1564 28.2 -3.2 65.6 24.7 -6.0 -16.4 64.7 24.0 -17.2 -16.4

36.317 .117 1561 27.9 +3.8 65.6 24.4 -6.0 -16.4 65.3 25.0 +3.8 0

Average .119 1560 28.0 2.1 65.6 24.5 -5.1 65.2 24.8 -1.8

2 /" .oo2 _5.3 ,--o.1 / 0.9 ,.
TEST VEHICLE: //036 RIGHT SIDE LEFT SIDE

 o Graoo o
3-Speed Automatic _ "_ _ --,_ "6u,..m'G _ _u'_._ _

VB-302 CID x u_ .- ×'- x_ :_ox'-_- :_E_×'-_'
122 I_hp @ 3200 RPM RUN// :_ _ 'T _ :E o :_ :E ._ _

TEST CONDITION: 2 36.314 65.6 65.5 63.4 65.4 65.4 63 ;_)

Mic, Distance -25 feet 36.315 65.7 65.5 64.2 65.0 65._I 53,6

TEST DATE: 8/8/77 36.316 65.6 65.2 63.5 64.7 64.2 62.1

36.317 65.6 65.2 64.5 64.8 65.:3 62.8

Average 65.6 65.4 63.9 65.0 65.1 62.9

/0.2 /0.5 /0.8
............ i¢',-'_,_:IJ_"_,,l_-_-_-,I6-.,_.I.........



c c RIGHT SIDE LEFTSIDE
Q O

5_- _- • "3 _ o c

='5 ,.: o = = _ "o_ = c
:_ _ _ _ :_ _ :_'- o_ _ -=_,,_ _.'-

36.3]4 .120 1578 28.0 +1.7 60.2 24.3 -8.8 0 59.4 25.0 +1.7

36.315 .120 1560 27.7 +5.9 61.1 24.5 -2.5 0 59.5 25.0 +5.9

36.316 .I17 1564 28.2 -3.2 59.8 24.1 -15.1 0 59.6 24.7 -6.0

36.317 .I17 1561 27.9 +3.8 60.2 24.8 +0.3 0 59.0 24.8 40.3

Average .119 1560 28.0 2.1 60.3 14.4 -6.5 59.4 24.9 0.5

•, ooxf,o oo, o,// 0.8 /5.3 /0.5 ./0.3 18.6 / 0.4 I" 6.5

RIGHT SIDE LEFT SI0,F .....
TESTVEHICLE: #036 "6 _ "6 .,- _ - '_ _ "_

o_ '-" ._ u_ _ _ _ u'_

_ oFo_aO_0_0_o _°_ _._o__Z_ _'-_ _-3-SpeedAutomaHc RUN # _ _ _ !_ _ o _ _ _ _
V8 - 302 ClD

122 bhp '_, 3200 RPM 36.314 60.2 58.8 59.3 59.4

TESTCONDITION: 2 36.315 61.I 58.8 59,3 58.5

Mic Distance - 50 feet 36.316 59.8 59.0 59.6 58.6

36.317 60.2 59.6 59.0 58.9
TESTDATE: 8/8/77

Average 60.3 58.8 59.3 59.1

/ 0.5 /o.2 / 0.3 / 0.5 ,.



: = RIGHT SIDE LEFTSIDE
o,._

_-_ ._ =- -_ _ o= _ . -_ _

<_ o_ _ .___ _ __-_- o _ _-_ ° ._=_ o :_.- _= o: ._.:
RUN# _ ._ v)

37,305 ,155 3372 26,1 -0.4 71.5 3239 -3.2 -16.4 74.7 3158 -10.2 -16.4

37,306 .152 3350 26.2 +2,4 72.0 3244 +I.0 -16.4 74.7 3141 -9.5 -16.4

37.307 .144 3322 25.8 +4.5 71,9 3194 +1.7 -16.4 74.4 3105 -9.5 -16.4

37.308 ,156 3339 26.1 +2.4 72.4 3179 -2.5 0 74.3 3179 -2.5 0

Avermqe .1.$6 3346 26.1 +2.2 72.0 3214 -0.8 74.5 3146 -7 9

o. /0.5 35 /2.4 / 0.2 2.3 ,

RIGHT SIDE LE,FTSIDE

TEST','EHICLE:_'o37 _ _:_ "_ _ _._ _ _

L4- 151 ClD

B8 bhp _' 4400 RPM 37,305 71 .5 71.2 69.9 74.7 73.8 71.3

37.306 72.0 71.4 70.1 74.7 73.8 70.6

TESTCONDITION: IA 37,307 71.9 71.3 70.3 74.4 74.2 70.9
Mic Distance - 25 feet

37,308 72.0 72.4 70.0 74.3 74.3 70.8

TESTDATE: 8/16/27

Average 71.9 71.6 70.1 74.5 74.0 70 9

/ 0.4 / 0.4 / 0.2 /0.2 ./ 0,3

"3TEZ__"_',¢ir .Sou ''eve' "_asu 'spt..__d In ' 'ing "" _ph. _ --' ' L-=-.,._ti_,,,_J L,,._ .,._,,,,.'..... .._.__: _ [



._ RIGHT SiDE LEFT SIDE
5- _ '=. - a

_ _ _ ._ _ _ .o_ _ _ _ _ _ .

RuN,

37.305 ,155 3372 26,1 -0,4 65.5 3203 -6,7 0 68,2 3158 -10,2 0

37.306 .152 3350 26.2 +2,4 65,8 3201 -2,5 0 67,8 3138 -7,4 0

37,307 .144 3322 25.8 +4.5 65,4 3177 -1.8 0 67,7 3194 +1,7 0

37,308 .156 3339 26,1 +2,4 65.1 3138 -6,0 0 68,1 3150 -7,4 0

Average ,152 3346 26,1 +2,2 65.5 3180 -4.3 68.0 3160 -5,8

r_ / 0,.3 / 0,3 / 4,4/ .oo8
RIGHT SIDE LEFT SIDE

TESTVEHICLE: #037 "_ . .,_ _ _ - ._ _ _ ._ _ _ -.

Pontiac Astre x.u _ .u.._ x.u _ _x x u_ x..
3-Speed AutomaHc RUN// :_ :_ =_
L4- 151 ClD
88 bhp "_ 4400 RPM

37.305 65.5 - 68.2 66.8

37.306 65.8 67.8 65.7TEST CONDiTiON: IA

Mic Distance - 50 _eet 37.307 65.4 67.7 65.9

37.308 65.1 68,1 66.5 ]
ITESTDATE: 8/16/77

":_o_o_o 65.5 6Eo 66_I i/0.4 xS'//



RIGHT SIDE EFT SIDE

== j
O O

..... _ _-_ _ -_ _ _ _ _
z_. _- _ _ _ _ ._ _ o_ _ __ _ o_
o_ _ _- _ a__ o_o -_ ,_ o o o_= ._

38.312 ,115 2240 28.2 -7.4 69.9 24.8 -8.8 -16.4 68.5 25.0 -7.4 0

38.313 .I12 2232 27.8 +1.7 69.2 23.5 -21,4 -16.4 69.0 24.9 -0.4 0

38.314 .121 2268 28.6 -8.8 71.0 24.8 -10.9 -16.4 69.0 25.0 -8.8 0

38.315 .127 2299 28.5 -6.7 70.8 24.8 -8,8 0 69.3 25.0 -6.7 0

Average .119 2260 28.3 -,5.3 70.2 24.5 -12..5 69.0 25.0 -5.8

r_ /.007 /28 ,"-_ /" 2.1 / 8.9 / 3.0,/ ,i

_" RIGHT SIDE LEFT SIDE

TEST VEHICLE: #038 __ - __ ._ ._ _ _ "_ _.. __ "GFord Pinto Station Wagon v_ _ _. _ a _ _ _ _ "6 _ "_ _ _ _'
3-Speed Automatlc _ . × ._u_ u "_'1 _ u '_. x .u __ x .ui_-_ _ ___ :_o :_-__L4- 140 CID RUN# _:_. :_:_o _'_i :_ ,

89 bhp @ 4800 RPM 38.312 69.9 68.7 66,5 68.4 68.5 67.1

TESTCONDITION: 2 38.313 69.2 69.1 67.5 68.7 69.0 68.2
Mic. Distanc_ -25 Ft.

38.314 71.0 70.2 67.7 68.9 69.0 67.2

TEST DATE...8/26/77 38.315 70.7 70.8 67.7 69.1 69.3 67.9

Average 70.2 J 69.7 67.4 68.B I 69.0 67.6 I. J



= _ RIGHT SIDE, LEFTSIDE
0 CJ X

._.... -- .-0 . ==. _ _ _ . ._ o_ o -_ .
--E_._. :_:E_E"_ = 8"_ "_ _ "-: > = × > _ '_ >,_ _-o_ _• _ _ __ o_,O .+• _._ _°'_{3

.+ ,_ _ _ _ :_ _ _ _ _ :_'-RUN _

38,312 .115 2240 28.2 -7.4 63,5 24.7 -11.9 0 63.2 24.7 -9.5 0

38,313 .112 2232 27.8 +1.7 63.4 25.0 +1.7 0 63.5 24.8 -3.2 +25

38.314 .121 2268 28.6 -8.8 65.0 25.0 -10.2 0 63.4 25.0 -10.2 0

38,315 .127 2299 28.5 -6.7 64.9 24.8 -8.1 0 63.6 24.8 -8.1 0

Average .119 2260 28.3 -5.3 64.2 24.9 -7.1 0 63.4 24.8 -7.8 0

/,007 / 2.1 / .8 / 4.8 , ,1/ 2.5

I_IGHT SIDE !,_FT ,_I_p

TESTVEHICLE: #038 +6 - ._ "_ "° "o +'_ "6 _ ._ _ _ _ _ _
Ford Pinto Station Wagon _ .ua _ = _ _ _ = _u_ ×.u x .-_"

3-SpeedAutomal'ic RUN' :_:_ :_:_; :_ :_:_ :_:_= :_:_x.-_L4 - 140 CTD
89 bhp @ 4800 RPM 38.312 63.5 62.1 63.2 62.5

TESTCONDITION_ 2 38.313 63,4 63.4 63.0 63.5

MI¢. Distance - 50 ft. 38.314 65.0 63.2 63.4 63.0

TESTDATE: 8/26/77 38.315 64,9 63.2 63.6 62.7

Average 64.2 63.0 I 63.3 62.9



c RIGHTSIDE LEFTSIDE J
_" O O

•- o > - -_ _ "; .= ,
_-_ _'J _ o_ .._ x

RUN// ._._ ax _,.n > _ :_ _ _ :_
-_.

39.303 .159 1481 13.4 -8.1 64.4 1452 -12.3 -16.4 65.0 1481 -8.1 0

39.304 ,155 1468 13.4 -0.4 64.3 1468 - 0.4 -16.4 65.2 1468 -0.4 -16.4

39.305 ,149 1462 13,4 -0.4 64.9 1455 - 1.1 0 65,0 1455 -I .I 0

39.308 .157 1484 13.7 -1.1 64.9 1478 - 5.3 -16.4 65.0 1466 -4.6 -16.4

Average .155 1474 13.5 -2,5 64.6 1463 -4.8 65.1 1468 -3,6

÷/- .C_ 10_-- -- 0.3 0.1
/ . / 7.5 /4.5

RIGHTSIDE LEFTSIDE

TESTVEHICLE: //039 _ . _ "6 "6 _ .6 . _ "6 . B
AMC Pacer x .u '_. × ._.9._ u "_. × ._ '_. × ._u_ x ._u_.

£63"Speed-25sAut°matlcCID RUN# _ :_ _ _ :_ o :_ax _ _. :_ :_ _, :_ :_ o :_a_ ;'°
120bhp@ 3600RPM 39.303 64.4 64.1. 61.8 65.0 62,2

TESTCONDITION: IA 39,304 64.3 64,0 63.0 65,2 64,1 62,0
39.305 64.9 64.9 62.9 64,4 65.0 61.8Mic Distance - 25 _eet
39.308 64.9 64,0 63.0 65,0 64.5 62.4

TESTDATE: 7/27/77

Average 64.6 64.3 62.7 64.9 64.7 62.1

o, ,/0.3 . _.5 / 0.6 / 0.3 L/ ,.



..... _ I I i I .......

o RIGHTSIDE LEFTSIDE I

Rur,,l#

47.309 .152 3663 27.2 -1 .8 73.7 2859 -6.0 0 73.5 2881 -3.9 0

47.310 .152 2999 26.4 +1.0 73.8 2889 +1.0 -16.4 73.5 2834 -6.0 O

47.311 .154 3028 26,6 -1 .1 74.0 2848 -6.7 0 72.7 2848 -6.0 0

47.312 .150 2987 26.4 +1.0 73.3 2824 -5.3 0 73.2 2840 -2.5 0

i

Avera=e .152 I 3019 26.7 -0.2 73.7 2855 74.3 73.2 2851 -4.6

/ .002 [/ 32 /0,3' /1.6 ,- ,:.a /0.5 -/1,4

RIGHT SIDE LEFT SIDE

TESTVEHICLE: 11047 _ "_ "6 .. _"6"_ _ _ "6 "6 .6
Ford Pinto _ u_.: u _ _ .- • u g u'_"

_o
V6 - 171 CID

93 bhp ,_i_4200 RPM 47.309 73.6 73.7 71.9 - 73.5 71.9

TESTCONDITION: IA 47.3'10 73.8 73.6 72.2 - 73.5 71.2

MIc Distance: 25 Feet 47,311 73.7 74.0 72.3 72.7 71.6

TESTDATE: 8/15/77 47,312 73.2 73.3 71.9 73.2 71.0

Average 73.6 73,7 72.1 73.2 71.4

o.W o.3..., o.,,o.4// 0.3 ,,/0.4 _ 0.2



. c RIGHT SIDE LEFT SIDE

5= _ _ :_'-_ -_ _ _ _ _,' "_ o__. __ -_ _.

_._ o= _ =_ _.- _ _ -_o_ _'-
RUM_

47,309 ..152 3663 27.2 -1.8 67.8 2878 -3.2 0 62.6 2824 -9.5 0

47.310 .152 2999 26.4 +1.0 67.4 2848 -3.9 0 68.5 2851 -4.6 0

47.311 .154 3028 26.6 -1.1 67.5 2877 -2.5 0 68.7 2832 -9.5 0

47.312 .150 2987 26,4 +1.0 67.3 2823 -6.7 0 68.6 2774 -14.4 O

Average .152 I 3019 26.7 -0.2 67.5 2857 -4.1 68.6 2820 -9.5
J

/ .002 L/ 44 /0.2 / 2.6 , I /4,99

TESTVEHICLE: _047 _i'6 "_ _ _'_ "_ _ B_ _ "_, _ _ --
Ford Pinto u _" - × .u _ × ,..'_
3-SpeedAut0matic RUN# _ _ :_o _ _ _ !_ _o _V6 - 171 CID
93 bhp _' 4200 RPM

47.309 67.8 67.1 68.6 68 5
TESTCONDITION: 1A

47.310 67.4 67.1 68,5 67.5
M_c D;stance - 50 feet

47.311 67.5 66.7 68,7 68.1

TESTDATE: 8/15,/77 47.312 67.3 66.9 68.6 67.8

Average 67,5 67.0 68.6 68.0

0.3

_o.3



8.__ RIGHTSIDE LEFTSIDE
_ '-- - 8 8

_ _ _ _:_ -_ __ "_ ._ _-_ ._ -_ .
'-

-= o.
=_ o= =_ "_ o '- _ '--

RUN# _ ._ _ > _ =: _ _ u_

48.311 .148 2169 23.1 -3.9 70.3 2145 -5.3 0 70.7 2165 -5.3 0

48.312 .144 2152 23.3 ¢4.5 70.5 2124 -1.8 0 70.3 2143 +1.0 0

48.313 .153 2200 23.7 40.3 70.8 2171 -:-1.7 0 71.2 2145 -8.1 0

48.314 .152 2175 23.4 +1.7 70.7 2164 -2.5 0 70.6 2101 -11.6 0

Average .149 2174 23.4 +0.7 70.6 2151 -2.0 70.7 2134 -6.0

/0.4  -5.69 ,,,<.004 /0..3 _/ 4.6 /0.3 /3.3 I

RIGHT SIDE LEFTSIDE "

TESTVEHICLE: #048 _ ._ _ _ _ _ _6 _6

3Sp_0,__oto_o_o RUN_ :__ _ _ :__ _ :__ :_ _ :_° _ ,.,
L6 - 250 CID
98 bhp _/3400 RPM 4B.311 69.6 70.3 68.9 69.5 70.7 68.4

TESTCONDITION: 1A 48.312 69.6 70.5 69.6 68.7 70.3 69.4

Mic Distance - 25 feel 48.313 70.3 70.8 69.8 69.9 71.2 68.8

TESTDATE: 8/8/77 48.314 70.0 70.7 69.6 69.8 70.6 68.5

Average 69.9 70.6 69.5 69.5 70.'7 68.8



_ RIGHT SIDE LEFTSIDE

_:: "_ _ _'_ _ "_ _-_ o_ -_ •
_ ._ x_ o_

_ "_ °_ .___ :_ o'_ :_._ d ,_
_ _.- _ _ -= ._=

RUN# _ _ _ _ a u_ :: '-

48.311 .148 23.1 -3.9 2109 0 65.0 2168 -3.2 +25

48.312 .144 23.3 +4.5 2124 -1.8 "F25 65.0 2146 +3.1 +25

48.313 .153 23.7 40.3 2156 +2.4 0 65.4 2156 +2.4 +25

48.314 .152 23.4 +1.7 2155 .'3.2 +25 65.2 2174 +0.3 +2.5

Average .149 23.4 +0.7 65.2 2161 0.7

+/-

RIGHT_D.__E [ LEFT_E .
TEST 'VEHICLE:#048 "_" "- " ""

_ _oo _ _o_Ford Granada × x u _ x.-_ x u
3-SpeedAutomatic RUN# a _ a _ o a _E'_ a _ u-,
L6- 250CID

98 bhp Fz:3400 RPM 48.311

TESTCONDITION: IA" 418.312

Mic Distance - 50 Feet 48.313

TESTDATE: 8/8/77 48.314

.... ; _ L_=.'. L,.._. ' ' ...............



... J .... .. _ ---_ = : ......... .--ZZ

RIGHT SIDE LEFTSlOE

•- -o
o o _'aRUN# _ r,,

50.305 .145 15.1 3972 -2.5 69.3 3635 -2.5 0 69.3 3616 -3.2 0

50.306 .151 15.1 3956 1.7 69.4 3563 -0.4 O 69. I 3375 -5.3 0

50.307 .150 15,2 3782 3.8 70.1 3645 3.8 0 69.1 3384 -3.2 0

50.308 .156 15.2 3768 1.7 70. I 3638 I .7 O 69.9 3638 I .7 0

Av'emge .151 15.2 8870 1.2 69.7 3620 0.7 69.4 3503 -2.5

9 /0.006/0.1 /3.7 /0.4 j3.2 ,,/0.7
RIGHT SIDE LEFT SIDE

TEST VEHICLE: #050

Subaru4WD SW _ _ _ _ '_ _ _ "_•-- X .- _" (J X .-- • X .-- _- X --

H4 - 97 CID RUN# ' :_ _ _ :_ _" _
65 bhp _ 5200 RPM 50,305 60.4 69.3 67.7 60.4 69.3 66,3

TESTCONDITION: 1M 50,306 68.7 69.4 68.7 68.2 69.1 67.3

Mlc Distance -25 feet 50,307 68.7 70.1 68.9 60.5 69.1 68,1

50.308 68.7 70.1 68.4 68.8 69.9 68,3
TESTDATE: 7/21./77

Avemge 68.6 69,7 68.4 68.5 69.4 67.5

/ / 0.7O.2 /0.3 /0.3 _,_.2 .



.o_ RIGHT SIDE ,.LEFT SIDE

_. _ . _ _ o._ _._ ._ _._ o_._
o oRUIN// _ r,,

50.305 .145 15,1 3972 -2.5 63.8 3527 -5.3 0 63.5 3616 -3.2 +25

50.306 .151 15.1 3956 1.7 63.7 3642 1.7 +25 64.0 3608 1.0 +25

50.307 .150 15.2 3782 3.8 63.2 3645 3.8 0 63.9 3645 3.8 +25

50.308 .156 15.2 3768 1.7 63.5 3638 1.7 +25 63.9 3638 1.7 +25

Averaqe ,151 15.2 3870 1.2 63.6 3613 0,5 63,8 3627 0.8

_4.o/0.006/o.1 /0.4
TESTVEHICLE: //050 RIGH" SIDE I.EFT ;IDE

x .- _ × .- '.'- x ._u_, × .u × ,u _' x .8
H4-97CID _(_ :_:_o :_ .:_ :_:_o _:_
65 bhp (_ 5200 RPM RUN_ :_

TESTCONDITION: IM 50.305 63.8 63.0 63.3 63.5
50.306 63.4 63.7 63.2 64.0

Mic Distance - 50 feet
50.307 63.2 63.2 63.0 63.9

TESTDATE: 7/21/77 50.308 63.1 63.5 63.4 63.9

" Averaqe. 63..4 63.4 " 63.2 63.8

•, / o.3 / /0.3 ,_



: RIGHT SIDE LEFTSIDE ;_ Go

o _

50,309 .148 15.1 3857 2.4 69.9 3644 2.4 O 69.8 3644 2.4 O

50,310 .144 15.2 3760 2.4 69.5 3611 1.7 0 69.2 3589 0.3 0

50.312 .137 15.2 3832 3.1 69.5 3644 3.1 0 69.5 3644 3.1 0

50.313 .144 15,3 3902 2.4 70.3 3633 1.7 0 70.0 3647 2,4 0

Avo_:se :43 15,2 3_38 2,6.... 69.8 3633 _'._ _'_.6 3631' 2.1
+/_ .oo_ 0.1/ 64/ 0.8/I 05.... _;/

2 / .oo6
TESTVEHICLE: #050 '- _ RIGHT SIDE LEFT SIDE

4-SpeedManual ax _ ,d _ o _ "= ,o a _ _ _ _ o o .oH4 - 97 CID RUN'_ I :_ _ "i" ,_ :_ "_ :_ _ :_ :_ _'
65 bhp @ 8200 RPM

80.309 68.9 69.9 68.5 68.6 69.8 68.4
TESTCONDITION: IM(F)

Mic Distance - 28 _eet 50.310 68.7 69.5 68.8 68.1 69.2 68.0
50.312 68.9 69.5 68.6 68.1 69.5 68.0

TESTDATE: 7/21/77 50.313 69.1 70.3 68.8 68.8 70.0 68.9

A_o=_o68.9 68.8 6.,_.7 68.4 69.6 Xs._

/0.4 / O.3/0.2 ./0.3 /0.2



_. _ .' .-__(_._'--_ RIGHT SIDEc LEFT SIDEc

_ . • o>_ o _ _ _ ° "_

° _ _ ° _ "_o_'-_° o _._ -_ -°.<_ '-,_ _ _ :_.- :_.-

RUN# r.,. _.

50.309 .148 15.1 3857 2.4 63.6 3589 1.0 0 64.8 3644 2.4 +25

50.310 .144 15.2 3760 2.4 63.3 3644 2.4 +25 64.4 3621 1.0 +25

50.312 .137 15.2 3832 3.1 63.3 3620 2.4 +25 64.1 3539 0.3 +25

50.313 .144 ]5.3 3902 2.4 64.4 3647 2.4 0 64.6 3647 2.4 +25

Average .143 15.2 3838 2.6 63.7 3625 2.1 64.5 3613 1.8

0.1 0.5/- / 22/
/.oo6 _. /0.4 /0.4P

TESTVEHICLE: #050 RIGHT SIDE I._FT_;IPE

_baru4WDSW __-_ _ _.__ _ _ _ _
4-SpeedManual _ ua _ _ 'B'_ _ a_ _ "_ _ "B'_ _ '_
H4 - 97 CID x.-,n x._ x.u_,m x_ x_o x -_

65 bhp _'z;5200 RPM RUN// _E:_ "_ _ _Eo :_ _E_' _E _ _ :_ _E

TESTCONDITION; 1M (F) 50.309 63.6 63.4 64.2 64.8

Mic Distance - 50 Feet 50.310 63.3 63.3 63.7 64.4
50.312 63.3 63.3 63.7 64.1

TESTDATE: 7/21/77 50.313 64.4 63.4 63.8 64.6

Averaqe 63.7 63.4 63.9 64_5

.,_/o.7/oo/. o.3/.//0.4 / 0.1 /0.2 L/0.4



,.-_. = = RIGHT SIDE LEFT SIDE
c_ o'= , .o._o

._ ._._ _-_ _°'_ o -_ ._ = _ -o , •o_-= _ ._o_ :_- _ _ .=_ -_x _ _ =_ _ _'-
o >_ :_ _ _RUN#

51.304 .153 1777 20.5 -3.9 70.9 1777 -3.9 -16.4 69.8 1772 -4.6 0

51 .305 .137 1736 20.0 3.1 70.6 1721 -3.2 -16.4 69.5 1628 -32.6 -16.4

51.306 .154 1854 21,4 3.8 71.0 1841 0.3 -16.4 70.4 1836 6.6 0

51 .307 ,154 1829 20.8 -2.5 71.5 1829 -2.5 -16.4 69.9 1815 -0.4 0

Average .150 1799 20.7 0.1 71.0 1792 -2,3 69.9 1763 -7,_

/ .013 /0.7 /4.0 /0.4

RIGHT SIDE LEFT SIDE

TESTVEHICLE: #051 _6 "6 "_ 1"6 _6_ "6 S _ 3 $ S _ "6
u_ u_. _ u _' _ u_. _ a.¢ _ u_' ,u_.'-- X Ca X ,i X --

Chrysler Town & C0un_'rySW x _ _ x _ o ,o o _ _ :_ :E o o ,o3-SpeedAutomat;¢ RUN# :_ i :_ _ :_ • :_ I _ _ "_
V8 - 440 CID

195 bhp _ 3600 RPM 51.304 70.9 68.8 67.9 69.8 69.8

TESTCONDITION: IA 51.305 70.6 69.3 68.6 69.5 69.4 67.9

51.306 71.0 69.9 69.7 70.0 70.4 69.5Mic Distance - 25 feet

51.307 71.5 6.9.8 69.0 69.7 69.9 69.1
TESTDATE: 8/8/77

Average 71.0 69.5 68.8 69.8 69.9 68.8

+,,_o< / / /1o.4 .-o.90.9



RIGHTSIDE LEFTSlOE
'_ 0 0

o_ _. ,..... -_ x- o _ • -_ ×-_ _ -_ .
- = _ _== °° , o °, '- ,

,- o -_ ou ':'- _ 2.,=, o o ,._'-
RUN_ _ _" "6

51 .304 .153 1777 20.5 -3.9 63.8 1764 -8.8 0 63.7 1777 -3.9 0

51.305 .137 1736 20.0 3.1 64.0 1711 -3.9 0 64.2 1716 -1.1 +25

51.306 .154 1854 21.4 3.8 64.3 1840 1.0 0 65.5 1851 5.9 +25

51.307 .154 1829 20.8 -2.5 64.2 1823 -1.8 0 64.9 1823 -1.8 +25

Averaqe .150 1799 20.7 0.1 64.1 1795 -3.4 64.6 1792 -0.2

09 6.,./i/ 76 /3.7

RIGHT SIDE LEFT SIDE

TESTVEHICLE: '9051 "6 . "5 _ _ _ ._ "6 "5"_ "6
x ._u x u_ u _ _n a_ _ .,..

Chrys_erTown &CountrySW :_ _ :_o x_ x.-_n x.U_ x.U3-Speed Automatic RUN// :_ _ _ :_ '_ :_ :_ o , o
V8 - 440 CID

195bhp@3600RPM 51.304 63.8 63.1 63.7 63.5

TESTCONDITION:IA 51.305 64.0 62.9 63.5 64,2

Mic Distance- 50f'eet 51.306 64.3 63.5 64,4 65.5
51.307 64.2 63.6 64.8 64,9

TESTDATE: 8/8/?7

Average 64.1 63.3 64.1 64.5

/0.3 /0.4 _0.6 _1.0

........ ' ............ ,J '...,,,.1 _A l..,.._.t _ _ I i_._,l _ :,,,



RIGHT SIDE LEF" SIDE
C: C
O O X -- C __

- _ '- o = =oo= :_
RUNH > "6 _

51.308 .120 1658 28.1 0.3 70.2 25.0 0.3 -16.4 69.3 24.5 -6.7 0

51.309 .125 1649 28.3 -2.5 70.9 25.0 -3.2 -16.4 70.1 24.6 -8.8 0

51.310 .123 1671 28.5 -6.0 70.5 24.8 -8.8 46.4 69.8 25.0 -6.7 0

51.311 .117 1633 27.5 7.3 70.4 24.3 -3.9 -16.4 69.0 24.1 -7.4 0

Avon"go.121 1653 28.1 -0.2 70.5 24.8 -3.9 69.6 24.6 0.7

/ .004 / 0_6 /5.8 / 0.3 / 0.5 [/ 4.9 /0.6,..2_ _,G.TS,D_ _TS,DE
_E_TW.IC'E:_051 "__ _ _ _ _ _ _Chrysler Townand Country SW _ "_ _ o _ -- _ _ -- _ "___" x..U..._ u "_ _ u'_. x.- _" x u'¢

_.,; _.- _ __-SpeedAutomatic RUN# :_ "T :_:_o :_ :_ ,_ :_ :_:_o :_'o +
V8-440 CID

195 bhp ..) 3600 RPM
51.308 70.2 68.6 67.7 68.9 69.3 67.0

TEST CONDITION: 2
51.309 70.9 6B.6 67.4 69.4 70.1 67.3

Mic. Distance - 25 feet
51.310 70.5 68.8 67.2 69.1 69.8 67.0

TESTDATE: 8/8/77 51.311 70.4 69.4 6B.5 68.6 69.0 68.1

Average 70.5 68.9 67.7 69.0 69.6 67.4

/0.3 / 0.3 /0.5 /0.4 /0.6 / 0.8



c RIGHTSIDE LEFTSIDE
O Q

_ -_ o-_ o_o_ -_ :__ a "_Z

_-_ __ _._"-_. - .-__ -
_'-_ _"= _ o -_ o_ ._
<_ _ _ ': = = .- = "-

RUN_ >

51 .308 ,120 1658 28.1 .0.3 63.1 24.7 -4.6 O 63.7 24.8 -3.2 +25

51.309 .125 1649 28.3 -2.5 63.5 25.0 -2.5 0 64.0 24.8 -6.0 +25

51 .310 .]23 1671 28.5 -6.0 63.4 25.0 -6.7 0 63.9 25.0 -7.4 +25

51.311 .117 1633 27.5 7.3 62.9 24.2 -5.3 0 63.7 25.0 -3.4 +25

Average ! .121 1653 28.1 -0.2 63,2 24,7 -48 63.8 24.9 -5.0

+/- .oo4/i18/ 2.3

RIGHT SIDE [EP7 _ID_

TEST VEHICLE: //051 "_ _ _ .,. _ ._ "6 _ _ -- _ _ _ u
Chrysler Town and Couni'ry SW _ .u_'6o --_ u_a'_ _ "au_ _× u '- ._,_u¢_ x.-

3-Speedy8-4.40Aul°matiCcID RUN# _ :_ _ _ :_ o :_ax _ __ :_o

195 bhp @ 3600 RPM 51.308 63.1 62.5 63.0 63.7
TEST CONDITION: 2

51.309 63.5 62.4 63.5 64.0
Mi¢ Distance - 50 Feet

51,310 63.4 61.8 63.3 63.9

TEST DATE: 8/8/27 51.311 62.9 62.6 62.9 63.7

Average 63.2 62.3 63.2 63.8

_o.3 _o.5 ,,_,8 / o.1
t_



_ RIGHTSIDE LEFTSIDE
o o

_'_ ._ .=='=-, -_• o_ .=_ -_ . -_ _-_ .__ -_ .

RUN// :_ ._ _ _n

52.326 .149 1874 23.2 -6.7 68.4 1859 -13.0 -16.4 ] 68.0 1859 -13.0 -16.4

52.327 .146 1885 23.4 4.5 69.4 1885 4.5 O 68.7 1788 -17.9 -16.4

52.328 .151 1895 23.4 1.7 69.4 1895 1.7 -16.4 68.5 1875 - 1.1 0

52.329 .154 1875 22.9 -6.7 68.8 1829 -16.5 -16.4 68.0 1802 -21.4 -16.4

Aver.age .150 1882 23.2 -.1.8 69.0 1867 -5.8 68,3 1831 -13.4

_ 8.8 114.9 _ 18.7 /'/0.32
R,G,TSID

TESTVEHICLE: //052 "6 . ,_ _ "6 "_ _. _ "6 _ " i

3-Speed Automatic R,,UN # :_ :_ "_ :_ :_ o :_ _ __. _ _ -f.,,,,,

V8 - 351 CID
161 bhp @ 3600 RPM 52.326 68.4 67.4 65.9 68.0 67.8 64.3

TESTCONDITION: 1A 52.327 69.4 69.4 66,3 68,7 68.3 65.8

Mic Distance = 25 feet 52 328 69.4 67.9 66.8 68.2 68.5 65.9

TESTDATE: 8/6/77 52.329 68.8 67.6 64,4 68.0 67.5 64.5

Avemge 69.0 68.1 65,_9 68'.'2 68.0 65.1

÷/_ 0.4 /" .s
1.5 _ 0.5/0.2 /0.8



._ RIGHT SIDE LEFT SIDE

_:: _ _. _ _ _-_ .=8 -;> • _• _ '_:°= _ _'

• = o=
RUN#

52,326 .149 1874 23,2 -6.7 63.0 1866 -8.8 0 62.1 ]874 -6.7 0

52.327 .146 1885 23.4 4.5 62.8 1815 -8.8 0 62.7 1885 4.5 +25

52.328 ,151 1895 23.4 1,7 62,6 1895 1.7 0 62.1 1815 -13,0 0

52.329 .154 1875 22.9 -6,7 62.9 1846 -12.3 0 62.5 1813 -20.7 0

Average .150 1882 23.2 -1.8 62.8 1856 -7.1 62.4 1847 -9,0

39 38/.004 /0,3 /-4.9 ,/0.2 / 5.3 /0.3
O

,o RIGHT SIDE I,E_FTSID_

TESTVEHICLE: #052 "6 .- ._ I _ "6 "_ "_ a
o_ x. u ,/, a_ _'_FordLTD ×._u_n ×.u_ _ x.u _ × u_ ×.u

3-Spe0dA,,tem0._ RU_# :__ '_ :_:: o _ :__' _ :_'I' _ _ o :_:_
V8 - 351 CID
161 bhp @ 3600 RPM

TESTCONDITION: 1A 52.326 63.0 61.6 62.1 61.0
52.327 62.9 62.0 6:_,2 62.7

Mic Distance - 50 Feet 52.328 62.6 61 .B 62,1 61.9

TESTDATE: 8/6/77 52,329 62.9 61.2 62,5 61 ,,5

"Ave_ege 62.8' 61.7I " 62.2 ! 6_.8

/ 0.2 .. /0.t [/ 0_8
--. -----J .... ....... ._ ,-._I _ ....



8 RIGHTSIDE LEFTSIDE J

°_ _ __°o_ .__ o_ ___ o .:-_ _ _ _ _o-_._
<_ _': _ -_-_ _ _ . °_ °_ _ .__ o _._ _.- _ _ -_o_ _.--

RUN #

53.321 .150 2454 27.3 3.1 75.8 24.3 -6.0 -16.4 78.0 25.0 3.1 0

53.322 .145 2345 25.7 4.5 75.5 24.1 -6.0 -16.4 75.3 25.0 4,5 0

53.323 .152 2458 27.3 -1.8 75.7 24.7 -6.7 -16.4 75.0 24.9 -8.2 -16.4

53.328 .149 2379 26.3 _O.3 75.2 24.4 -6.7 -16.4 75.0 24.6 !-4.6 -16.4

Average .149 2409 26.7 1.5 75.6 24.4 -6.3 75.1 24.9 -0_1

0.3.oo3/ o.3/ oj.004 _ I'.0 /3.3 /'0.4 ,/0.3 _ 0.1 / 0.3 ./4.5£
RIGHT S10E LEFT ;IDE

TESTVEHICLE: #053 _ "_a'- "_ ,_ _ "_ _ _'6_
Oldsmobile Delta 8B _ _ _ _ "_ _ _ o _ "6 '_ _ "6 "_

3-SpeedAutomatic ax :_ _ :_ :_ o o ,o a _ o
V8 - 350 CID (D_esel) RUN# _ ' :_ :_ ; :_ :; _ _ :_
120 bhp @ 3600 RPM 53.321 75.8 75.7 72.9 74.7 75.0 7:.7

TEST CONDITION: IA 53.322 75.5 75.4 72.9 74.7 75.3 7:.1
Mic Distance - 25 feet

53.323 75.7 75.4 72.8 75.0 74.5 71 .B

TEST DATE: 8/2/77 53.328 75.2 75.0 72.8 75.0 74.2 71.3

Average 75.6 75.4 72.9 74.9 74.8 72,0

/o.4 /o4 /o.1 . ,.2 /0.7./ 0.6



c RIGHTSIDE LEFTSIDE
O

_: _x U _ _ _ ._ ox oo-_

RUN #

53.321 .150 2454 27.3 3.1 69.7 24.9 1.7 0 70.4 24.9 2.4 0

53.322 .145 2345 25.7 4.5 69.8 24.9 3.8 0 69.5 25.0 4.5 0

53.323 ,152 2458 27.3 -1.8 69.1 24.7 -6.7 0 69.4 24.9 -3.9 0

53.328 .149 2379 26.3 0.3 69.1 24.2 -8.8 0 69.3 24.7 -1,8 0

Average .149 2409 26.7 1.5 69.4 24.7 -2.5 69.7 24.9 0.3 ....

,/t0.4 _/,0.2 /4.2/.004 _, / 0.3 ,

-- RIGHT 51DE kEF_ _IDE

TESTVEHICLE: #053 "_. ._ "_ _ _. "_ "_ ._ "8 "_ . ._
Oldsmobile Delta 88

.u._ × ._-_ x .u_ X

V8 - 350 ClD (Diesel) RUN# :_ :_ "__
120 bhp _3600 RPM

53,321 69.7 68.2 70.4 69.1

TESTCONDITION: 1A 53.322 69.8 68.7 69,5 69.5

Mic Distance - 50 Feet 53.323 69.1 68.7 69.4 69.0

53.328 69.1 68.4 69.3 68,2
TESTDATE: 8/2/77

Average 69.4 68.5 ,,. 69,7 69.0

/o.3 /o.4/ 0.2

- _ _ ...... _ , _ , _ _ ',, .



........... _ , •} i i ; . IL

c = RIGHTSIDE LEFTSIDE
o. o

:E'a 8 ×.3 'g _ _'a xo-:.. "a_= o > ': • " _ - × > o _
- _ c_ _ a.-a o.-_ .'o B.-a ": "a '

'-_ o 0, o :_'- _,,9° _ _-"=
RUN,_ :_ "6 _ >

54.304 .144 - -3.2 67.6 2883 -29.8 -16.4 68.3 3001 -12.3 -16.,

54.305 .155 - -8.8 68.1 3086 -8.8 0 68.7 3033 -15.1 -16.,

54.306 .149 - +1.7 67.6 3025 -0.4 0 68.1 2996 -10.2 -16.,

54.307 .148 +1.0 6B.1 3044 -6.7 0 67.7 2974 -13.0 -16.,

Average .149 t -2.3 67.9 3010 -11.4 68.2 3001 -12 7

.005 I,/ / 0.3

RIGHT SIDE LEFTSIDE

TESTVEHICLE: //054 "6 - ,_ "_ _ "_ _ - ,_ "6 _
Honda Civic CVCC "_ o.¢ _ _ _ _ _ _ _ a _ '_,$ _ "6

× u , x u _ x u_ u"¢ u _ u._
2-Speed Automatic RUN# :_ _ _ :_ _ o _ _ ,_ :_ :_ _ :_ :_ o _ ;:_
L4 - 91 ClD
60 6hp _ 5000 RPM

54.304 67,6 67.5 67.3 68.3 65,7 66.3

TESTCONDITION: 1A 54.305 68.1 68,1 66.3 68.7 66.2 66.3

Mic Distance - 25 Feet 54,306 66.8 67.6 67.4 68.1 66.3 67.2

TESTDATE: 8/16/77 54.307 67.9 68.1 67.3 67.7 66.2 67.3

Average 67.6 67.8 67.1 68.2 66.1 66.8 J

,..,'/0.6 _ 0.3 _ 0.8 _ 0.5



RIGHTSIDE LEFTSIDE

_ ,__ .':.-- . -

__ _._--_-_ _= o-_ _._o_. .,_
_ _=. _ _ -_ _.- o _ _ _.g

RUM.-/

54.304 .144 - -3.2 62.5 3004 -10.2 0 62.5 3004 -12.2 0

54,305 .155 -8,8 62.7 3057 -10.9 0 62.9 3086 -9.5 0

54.306 .149 +1.7 62.2 3025 -5.3 0 62.8 3013 -4,6 0

54.307 .148 +1.0 62.7 3040 -5.3 0 63.1 3088 +1.0 0

Average .149 - • -2.3 6215 3032 -7.9 62.8 3048 -5,8

+/- oo>.-fl/ ._.--"_o _
f-. /3.0 .. _./4.4/.oos/

RIGHTSIDE LEFTSlDF.
TESTVEHICLE: #054 "'

___ __ _ _ _ _ _.._Honda CivlcCVCC _ a _ a_ _ "6 _ -- _ "_ "_ _ ua2-SpeedAutomaH¢ × .u _ × ,u .- x ,. _n
L4- 91CID RUN# :_:_ :_o :_ x.-_ axu_u

60 bhp _ 5000 RPM
54,303 62.5 61.4 62.5 62.2

TESTCONDITION: 1A 54.304 62.7 61.2 62.9 61.2

Mic Distance- 50 feet 54,305 62.2 61,9 , 62.8 62.5

TESTDATE: 8/16/77 54.306 62.7 61.6 62.4 63.1

Average 62.5 61.5 62.7 62.3

-
÷ ...... .......... . .....



_ RIGHT SIDE LEFT SIDE
_" O O

_ Z _ _-_ ''z.'= _ _'_ _ '_ x._ 8 .

_'×_ _ ×._ :_ _. ._o._ o _•- = _- o x2 2 .= o =,_
_. ×'= _._ -_ o:_-_ _ a .

o__ ._=_ ,_ _ >_ ,_ o_ _ _ .-RUN# :_

55.310 .150 2375 21.3 -6.7 73.6 2302 -3.2 -16.4 68.6 2352 -5.3 0

55.311 .143 2379 21.2 -I .8 73.8 2313 -5.3 -16.4 68.9 2341 -8.1 0

55.312 .149 2397 21.4 -0.4 74.3 2385 -3.2 -16.4 68.9 2397 -0.4 O

55.313 .156 2415 21.5 -I .8 74.2 2410 -0.4 -16o4 69.0 2394 -S.3 0

Average .150 2392 2] .4 -2.7 74.0 2365 -3.0 68.9 2371 -4.8
0.1 2.3

RIGHT SIDE LEFT SIDE

TEST VEHICLE: #055 _ .,-_ "6 -- _ _-_ _ _ _I--°"a__ _ _
JeepWagoneer (4WD) _ a _ a _ -- o _ _ '_ u •_ _ o_.u_. u_ _ u'_. x .__'_. x.__ x.U
3-Speed Automatic x ,o x _ o x .- a_ :_:_o _:_N"V8-a60CID RUN_ _ _ _ :__ _. ,
129 bhp I_ 3700 RPM

55.310 73.6 70.0 68.1 68.6 65.1

TESTCONDITION: I A 55.311 73.8 70.4 68.9 68.9 66.0
Mic Distance - 25 Fee_ 55.312 74.3 70.3 69.0 - 68.9 66.4

TESTDATE: 8/10/77 55.313 74.2 70.1 68.6 - 69.0 66.2

Average 74.0 70.2 68.7 68.9 65.9

+/_ 0.3J 0.2



55.310 2375 21.3 -6.7 2338 +25 64 0 2303 _-16.5 0

55.311 2379 21.2 -1.8 2325 +25 63.'6 2277 -15.8 0

55.312 2397 21.4 -0.4 2395 +25 63.5 2306 -12.3 0

55.313 2415 21.5 -1.8 2372 +25 63.7 0

2392 21.4 -2.7 2358 63.7

S
RIGHT SIDE LEFTSIDE

wo__ -3-SpeedAutomaHc RUN# :_ _ o _ :_
V8 - 360 CID _

129bhp'__ 3700RPM 55.310 63.5 I 63.6 J 64.0 62.1
TESTCONDITION: IA 55.311 63.6 1 64.4 I 636 62.4

Mic Distance - 50 feet 55.312 63.9 Ij 64.3 Ij 63.5 62.6
I I

TEST DATE: 8/10/_7 55.313 63.7 L__ 63.7 62.9

•_-__j_o./io<lj,______



RIGHT SIDE LEFT SID._
C
O O

_ -_ =.= _ _*'s o= "_ . -_ _*_ _ -_ .•- _ :_ :-_-×_

-_ _ _ o_ _-_-_ .__ ,_u -_ _ = ._-= :_ "0= .- _ .2=
.-RUN# >

55.315 .127 1846 28.1 1.7 72.6 24.5 -6.7 -16.4 67.3 24.6 -6.0 0

55.316 .126 1860 28.3 -2.5 72.6 24.6 -8.1 -16.4 67.0 24.8 -6.0 0

55.317 .127 28.5 -5.3 70.1 24.7 -8.8 -16.4 66.5 25.0 -5.3 0

55.318 .119 1849 28.4 -6.7 72.7 24.9 -8.1 -16.4 66.6 24.8 -9.5 0

Average .125 1852 28.3 -3.2 72.0 24.7 -7.9 66, 9 24.8 -6.7

/ .006 / 0.9 / 0.2

RIGHT SIDE LEFT SIDE

TEST VEHICLE: //055 _ _ _-_._ _"'_ _- _ 2'_ _ ._ _,-_.

Jeep Wagoneer (4 WD) :_°_' .- o_ -o _ ,o *'-"
3-Speed AutomaHc RUN # :_ax_ , :_ :_ co :_ :_ '_ :_ :_ 'T :_ :_ o :_
V8 - 360 CID

129 bhp '@ 3700 RPM 55.315 72.6 69.5 66.9 - 67.3 65.1

TEST CONDITION: 2 55.316 72.6 68.3 66.7 - 67.0 63,4

Mic D_stance - 25 f'eet 55.317 70.1 68.5 65.6 - 66.5 63.3

TEST DATE: 8/10/77 55.318 72.7 68.4 65.9 - 66.6 62.4

Average 72.0 68.7 66.3 66.9 63.6



_ RIGHTSIDE LEFTSIDE

RUN_ :_ _ _ _'_' _" _ '_ _ >_ _ '-

55.315 .127 1846 28.1 1.7 63.1 24.9 0.3 +25 61.4 24.6 -5.3 0

55.316 .126 1860 28.3 -2.5 62.4 24.7 -7.4 0 61.4 23.4 -23.5 +25

55.317 .127 28.5 -5.3 62.7 24.9 -7.4 0 61.6 24.6 -10.8 0

55.318 .11 9 1849 28.4 .-6.7 62.0 25.0 -6.7 +25 61.5 25.0 -6.7 0

Average .125 1852 28.3 -3.2 62.6 24.9 -5.3 61.5 24.4 -11.6

8

/" .006 ,/0.2" ./ 3t5 ./" 0_6 _ 0_2 _ '_tl /" 0,1 1.0

RIGH_ SIDE Le_T _ID_:

TESTVEHICLE: #055 "_ _ _ "_ _ "8 ._ _ "_ _ _ "° _ "_ u'-.
JeepWagoneer (4WD) _ a_u -- a '_ _ ._u"_ _ u_ ×

_.-_ x_: _ _ __o :_3-SpeedAutomatic RUN# :_ :_ c_ _ .< o :_V8 - 360 CID
129 bhp _ 3700 RPM

55.315 62.8 63. I 61.4 61.0

TESTCONDITION: 2 55.316 62.4 62.1 61.2 61.4

Mic Distance - 50 feet 55.317 62.7 62.2 61 . 6 60.5

TESTDATE: 8/10/77 55,318 61.9 62.0 61.5 60.1

Average 62.5 62.4 61.4 60.8

/ 0.6 / 0.4 /" 0.2 )'_'"



c c RIGHT ._IDE LEFTSIDE
_ oo

- o_ > ,o > _, _ _ _ - _ .

._ o _'- o '-CD CD

RUN_ _ _ > _ :_ ,.n _ _ :_
,., ,,.,,

56.304 .147 21,3 3835 5.9 73.0 3835 5.9 -16.4 74.0 3835 5.9 0

56.305 .162 21 ..3 3835 -3.9 73.0 3835 -3.9 0 70,9 3797 -5.3 0

56.306 .144 21 ,,3 3852 0,3 73.1 3821 -1.8 0 73.3 3_52 0.3 0

56.307 .138 21.2 3850 0.3 73.0 3850 0.3 0 73,6 3850 0.3 0

'Average .148 21.3 "'3843 0.7 7310 3'835 0.1 73,0 3834 013

"_ / /5.6 ,/ .010 2.1/ 4.o

" TI:STVEHICLE: //056 V" RIGH" SIDE , LEFT SIDE

•L._-r_,Ic_D _UN//_ _° :_.... -_ _'-_'
115bhp@550,3RPM - _ ÷ 3_-- _ :_

TESTCONDITION: IM 5_.304 73.0 72.4 70.6 74.0 70.3

M_c Distance - 25 feet 56.305 71.5 73.0 69.5 70.9 70.7

TESTDATE: 8/10,/27 56.306 72.3 73.1 69.8 - 73.3 71.2

56.307 71.6 73.0 70.0 - 73.6 70.1

" Average 72.1 72.9 70.0 73.0 70.6

/0._ _/ 0.5/ o.5 / 0.5



RIGHTSIDE LEFTSIDE

oo _ .
,_ o_ .- _ _ x'_ ._ •- -o_ _.o _ o- o

_.._= :_ _ -o ":_o _o -0_____: =_., >-,_._ _° :_=,__=_.-'°0os _-_
RUN# r_ r_ >

56.304 .147 21.3 3835 5.9 66.1 3825 ,1.5 +25 69.2 3835 5.9 0

56.305 .162 21.3 3835 -3.9 67.2 3782 -7.4 O 68.0 3835 -3.9 0

56.306 .144 21.3 3852 0,3 67,2 3852 0,3 0 68.8 3852 0.3 0

56.307 .138 21.2 3850 0.3 65,8 3753 -4.6 +25 68.3 3850 0.3 0

AveraQe .148 21.3 3843 0.7 66,6 3803 -1.8 68.6 3843 0.7

• /..:010 .,, ,,/0.6 /4.62
RIGHT SIDE LEFTSIDE

TESTVE_I_LE:_os6 _ _ _ _ _ _ _
Saab99 x_ ×.-" x.-,_. _ ×.. x.-
C-SpeedManual RUN# :E "::_ :_ "_ o _ :: _' :E _ :_ "_ o :_ ÷
L4- 121 ClD
115 bhp _'_5500 RPM

56.304 65.9 66.1 69.2 64.9

56.305 67.2 64.6 68.0 65,8
TEST CONDITION: IM

56.306 67.2 65.3 68.8 66.8
Mic Distance - 50Feet"

56.307 65.6 65.8 68.3 65.7
TESTDATE: 8/10/77

Aver_:cje 66.5 65.5 68.6 65_8



L.! ..... : _ ........

c = RIGHT._IDE LEFTSIDE

o._ o o I._c - _ _._ ' ':= -_ _-_ _____ ._ ___ ._ .

o _ ._,,=, _ _ _ _.-= _= _ _°_ _.-=
RUN_

57.304 .154 2297 23.3 -3.2 69.7 2289 -1.8 .16.4 70.4 2289 +1.0 0

57.305 .149 2275 23.3 -1.1 69.7 2268 "_O.3 .16.4 70.0 2257 -4.6 0

57.306 .149 2289 23.6 +3.8 69.5 2119 -22.8 .16.4 69.7 2234 ¢6.6 0

57.307 .141 2279 23.7 -1.1 69,7 2275 -0.4 .16.4 70.3 2269 -3.2 0

Average .148 2285 23.7 ! -O 4 69,7 2238 -6.2 70.1 2262 :.,0.1

12 0n //.007 _ 0..2 _.8 /4.5 ....
TESTVEHICLE: #057 RIGHT SIDE LEFTSIDE

Oldsmobile Omega _ _

V8 - 260 CID RUN_ :_ _ _, :_aX_ o :_ _ _ :_ax :_ co _: :_,_a ,o
110 bhp _ 3400 RPM

57.304 69.7 67.8 66.8 69.7 70.4 68.7
TESTCONDITION: 1A

0-7.305 69.7 67.8 66.2 69.2 70.0 68.4
Mic Distance - 25 feet

57.306 69.5 67.8 67.7 69.1 69.7 69.3

TESTDATE-.8/16/77 57.307 69.7 67.8 66.6 69.6 70.3 68.9

Average 69.7 67.7 66.8 69.4 70.1 68.8

/ 0.4 ,/0.6 /0.3 ,/ 0.4 / n A J



RIGHT SIDE LEFTSIDE
'_ 0 0

-_-_ _ × _ _.-_ o-_ :_-_ ._= :_-_ _-_ _ o

oo
RUN? :_ ;>"6

57.304 .154 2297 23,3 -3.2 62.2 2250 -8.8 0 63.7 2277 -S.3 0

57.305 J 49 2275 23.3 -1.1 62.0 2231 -8.1 0 63.7 2233 -8.8 0

57.306 .149 2289 23,6 +3,8 !62.0 2240 -5.3 0 64.3 2206 -10,9 0

57.307 .141 2279 23.7 -1.1 61.4 2273 +0.3 +25 63.3 2206 +2,4 +25

Avera,qe .148 2285 23.5 -0.4 61.9 2249 -5 5 63.8 2231 -5.7

/ 0.5 / 5.3

-- RIGHT SIDE LEFTSiDE

TESTVEHICLE: #057 "6 _ _. "6 _ _ _ _ _ "_-- _'_'_ _ _ "6'; -_
•-_ x,-_ .._ x.u_,n

Oldsmobile Omega RUN _ _E_ _o ax_ :_ _ :_:;_,3-Speed AutomaHc :_ _ :_ _ o
V8 -260 CID
110 bhp /i; 3400 RPM 57.304 62.2 61.8 63.7 63.7

57.305 62.0 61.8 63.1 63.2

TESTCONDITION: 1A 57.306 62.0 61.5 64.3 63.3

Mic D_stance- 50 Feet 57,307 61.3 61.4 63,2 63,3

TESTDATE: 8/16/77
Average 61.9 61.6 63.7 63.4



RIGHTSIDE LEFTSIDE

o_o_ oo =
_'_ :_'s "_ _ =_ _ .o=_ oo .> _:, '=I-_ o._

•- _-=- -_= _" o a -'-' :°.° ._ o-' o _

"° - - ' °_I _= _-_ _ I I __ _.- I .=_I .-=:_ '_ =_ ,,R _ _ _'-RUN #

58,303 .154 1552 16.5 -2.5 64.9 1456 -}6.6 +16.4 64.6 1550 -3.9 +16.4

58.304 .156 1549 16.1 -1.1 65.4 1515 +7.3 +16.4 65.5 1503 -8.1 0

58.305 .141 1493 15.3 -0.4 64.2 1460 -7.4 0 64.3 1455 -8.1 0

58.306 .148 1528 16,1 +3.8 64.6 1522 +4.5 +16.4 64.6 1521 +5.9 +t6.4

Averaqe .150 1531 16.0 fO.5 64.8 1488 +2.8 64.8 1507 -3.6

.-/.009 ,/ 2.0 / 0.6 / O.5

RIGHT SIDE LEFTSIDE

TESTVEHICLE: #058 "6 -d "6 - ,... "6 ,,"r "6 "8 ,i"

Dodge B200Van x .u_ x.u_ x.-U,_ x o . x.U_ x u
3-S_e0dAutomot_: RUN_ :_:__ _ _ ° ° - o_ --_ o:_o
VB-360 CID
175bhp _ 4000 RPM 58.303 64. I 64.3 64.9 64.0 64.4 64.6

58.304 64.5 65.2 65.4 64.7 65.5 65.3
TESTCONDITION: IA

Mic Di._tance- 25 feet 58.305 63.1 64.2 64.0 63.5 64.3 63.9
58.306 62.7 63.9 64.6 63.8 63.8 64.6

TESTDATE: 8/17./77

Average 63.6 64.4 64.7 64.0 64,5 64.6



RIGHT SIDE LEFTSIDE },_- C C

g . ,-- ._

E

'_, x_i >

_ "_= _d :_-_ o.-_ .:_ ._ = :_._ _._ ._

:_,,_ _ .- = o_ "a :_'- _ .="6 :_.-
RUN# '_ _: _ :_"6_,.u "_ _: _ u_ :_

58.303 .154 1552 16.5 -2.5 59.5 1550 -3.9 +25 59.6 1510 -15.1 0

58.304 .156 1549 16,1 -1.1 60,6 1543 +1.7 +25 60.4 1543 -1.8 +25

53.305 .141 1493 15.3 -0.4 59.0 1484 +1.7 +25 59.6 1461 ¢6.6 +25

58.306 .148 1528 16.1 +3.8 59,5 1511 +7.3 +25 59.3 1522 +4.5 +25

! Averaqe .150 1531 16.0 "=0.5 59.7 Ij 1522 +1.7 59.7 1509 -1,5

/.0.09 /0,_ /0.7 / 5.6 /0.4 / 13._,i
RIGHT SIDE LEFTSIDE

TESTVEHICLE: #058 _'__ _'_'_ _ a_'_-u,. _'='_'_o_ _"6 _!'_ _6.='_"_- x ._ _ × .u _ x .u
Do_e_200Von _-_ _'° _ _
V8 - 360 CID
175 bhp/_ 4000 RPM 58.303 58.5 5"_.5 59.6 59.4

TESTCONDITION: IA 58.304 59.5 60.6 60.1 60.4
58.305 53.1 59,0 59.1 59.6

Mic Distance - 50 feet 58.306 58.0 59.5 59.2 59.3

TESTDATE: 8/17/77

Average 58.5 59.7 59.5 59.7

, _,_ _ _........,



I RIGHT SIDE LEFT SIDE
O O

"o ..... "_ ×_ _ _ • x--

___ ,_ :_- __ ___ j
RUN# _ '_ ,_

58.308 .122 1597 27.6 48.7 67,1 24.9 +7.3 +16.4 67,1 24.4 +2.4 0

58.309 .118 1587 28.1 +1.0 67.0 24.7 -4.6 0 67.3 24.8 -1.8 0

58.310 .121 1583 28.3 -3.9 67.2 24.7 -8.1 0 67.3 25.0 -3.9 0

58.311 .123 1597 27.9 +1.7 66.8 25.0 _ .7 +16.4 67.3 24,7 -3.9 0

Average .121 1591 28.0 +1.9 67.0 24.8 -0.9 67.3 24.7 -1.8

0.3 6.8 iO.+ / 0.2 /0.1 ..
i 0.3 /2.1

t/.003

RIGHT SIDE LEFT SIDE

TEST VEHICLE: E058 "_ .- _ "B "_ ._ _ _ "_ _.' "__ _._o_ _ _ "_ ._ _o_.

3-Speed Automatic RUN # :_ :_ "i" :_ _ :_ w I
V8 - 360 CID

175 bhp _ 4000 RPM
58.308 66.2 66.9 67,1 66.7 67.1 66,9

TEST CONDITION: 2
58.309 62.2 67.0 65.9 67.2 67.3 67.1

Mic Distance -25 feet 58.310 66.2 67.2 65.1 67.1 67.3 65.8

TEST DATE: 8/17./77 58 311 66.5 66.8 66.8 66.9 67.3 66.9

Average 66.3 67.0 66.2 67.0 67.3 66.7

+, o_oW o<_ o_/o _ 0.9/ 0.1 / 0.2 /1.1



= RIGHT SIDE LEFTSIDE
O O

_ o_ -, _ _
u _ ° o ._ g_9 0 o:_.o

,,_-,R :_ _ ::'- _' "= "_ _'-RUN# _ _ u_

58.308 .122 1597 27.6 "+8.7 62.1 24.9 +7.3 +25 62.3 25.0 +8.7 +25

58.309 .118 1587 28.i +1.0 61.5 24.8 -8.2 +25 62.5 24.8 -3.2 +25

58.310 .121 1583 28.3 -3.9 61.1 24.8 -5.3 +25 61.6 25.0 -4.6 +25

58,311 .123 1597 27.9 +1.7 61.6 24.9 +1.0 +25 62.6 24.8 "tO.3 +25

Average .121 1591 28,0 +1.9 61.6 24.9 -0.1 62_3 24,9 40, _1

o.3/""_ ,,. .,-/0.7 _ 0.1 _4.9

"_ RIOH SIDE_ I._FTSIDF

TESTVEHICLE: #058 "6 ,_ "6 "6 "6 _ -- "6 _ _ "6 "_

.8_ .__ ° _" _:Dodge B200 Van ax:_ _ x :_ o ax _ _ x .- _ x :_ o :_3-SpeedAutomatic RUN# _ :_ 3: _ :_ :_ _ :_
V8 - 360 CID

175 bhp '_ 4000 RPM 58.308 60.7 62. I 61.4 62.3

58.309 61.0 61.5 61.7 62.5

TESTCONDITION: 2 58.310 60.8 61.I 6.1.6 61.6

Mio Distance - 50 _eet 58.811 60.7 61.6 61.3 62.6

TESTDATE: 8/17,/77 Average 60.8 61.6 61,5 62.3

1/o.1 ,/o.5 ,/ 0.2 _ 0.7
_"-_ -- "- ' _ ' ' ,,,-,-I ' _ L,,..J ' ' ......



°= RIGHT SIDE LEFT SIDE

_-.'E _ == "_ _'_ _ "_ ' "_ _'_ °=_ > "-: _, > • .- "_ .

,¢_ _ _ o'o "a .-_ c :_ _ "_ '

_ '_ o= _ _ o _'- _ _o _0

59•303 •134 3379 26.9 -1 •1 82.1 3126 -3.9 -16.4 83.5 3163 -1 •1 0

59.304 •131 3387 26.8 +1 .0 82•2 3066 -8,1 -16.4 82.7 3114 -5.3 0

59•305 .125 3252 25.6 +2.4 81 •7 3086 -6,0 -16.4 82•3 3112 -2.5 0

59,306 •127 3285 25•9 e0.3 81•8 3115 -3.9 -16.4 84.8 3115 -3 9 0

Average .129 ,3326 26.3 --'tO•7 ,82.0 3098 -5,5 83•3 3126 -3.2

.- ,,/o.7 /'1.8 ....?

TESTVEHICLE: #059 RIGHT SIDE LEFTSIDE

International Scout Terra "6 _ _ "5 _ "6 "_ "6 _. "_
3-SpeedAutomatic _ a ,_ _ "Su__ _ u_a _ "__ _ "_ "_ _u__X.-- • X U_ U

92 bhp _ 4000 RPM _ _ _ _ _ _ _ ÷

TESTCONDITION: 1A 59.303 82.1 79.2 80.1 83.5 81.0
59.304 82.2 79,7 80.5 81.0 82.7 80.8Mic Distance - 25 feet
59.305 81.7 79.8 80.5 80.5 82.3 81.4

TESTDATE: 8/18/77 59.306 81.8 79.8 80.8 81.5 84.5 81.3

Average 82.0 79.6 80•5 81'.0 83.3 , 8]'.1

+, o,o/,o.3 ,,/o.4 _ o.4 ,, .



.___ RIGHTSIDE LEFTSIDE

_ __ "_g _ _ o_ -_ • -; _ 8 -_ •

<_ _ _ -_ :_.-= _ _ ._=_ g
;>

RUN,_

59.303 .134 8879 26.9 -I .I 75.1 3145 -3.2 +25 76.2 3127 -3.3 +25

59.304 .131 3387 26.8 +I .0 74.8 3163 -0.4 +25 75.7 3122 -3.9 +25

59.305 .125 3252 25.6 +2.4 74.9 3090 -3.9 ÷25 75.9 3138 +1.0 +25

59.306 .127 3285 25.9 ¢0.3 75.1 3134 -1.8 +25 ;'6.1 3102 -4.6 +25

Average .129 3326 26.3 "tO.7 75.0 3133 -2.3 76.0 3122 -2.2

0.2.,_ _ .oo4
RIGHT SIDE LEFTSIDE

TESTVEHICLE: #059 "6 _6 "6 .,_ "6 "6 "6

U _J X.-- W- X

IntemaHonal ScoutTerra x .- _ × .- ,..- × u _ ax_ (_ :_ _Eo :_ _3-SpeedAutomatic RUN_ _E_Ec_ :_ :_ o _ :E _' :_
L6 - 198 CID (Diesel)
92 bhp _ 4000 RPM 89.803 74.2 75.1 75.3 76.2

59.304 73.6 74.8 74.B 75.7
TESTCONDITION: 1A

59.305 73.7 74.9 74.9 75.9
Mic Distance - 50 feet

59.306 74.3 75.1 75.0 76.1
TESTDATE: 8/18/77

Average 74.0 75.0 75.0 76.0

/ 0.4 /" 0.2 / 0.2 / 0.3



c c RIGHTSIDE LEFTSIDE
_: _ o o '

' ='- ._ . _ ox'_ ._ .
- -o__ =:=: x _ =.'_ _ _, _ 2_
U * • U

'- = _ _"_ _ .-= = _ _ ..=-"6 '-..=

RUN# r-. r., > a
,,l

60.303 .160 17,6 4573 -3.2 73.5 3502 -3.2 0 74.9 3502 -3.2 0

60.304 ,148 17.6 4399 +4.5 73.4 3280 -4.6 0 75.2 3462 +3.8 -16.4

60 305 .154 17.4 4510 -0.4 73.6 3524 -0.4 0 74.8 3524 -0.4 0

60.306 .154 17,8 4560 -2.5 73.5 3280 -10.2 -16,4 74.6 3483 -2.5 0

Avemee .154 17.6 ,..4511 -0.4 73.5. 3397 -4.6 74,9 8493 -0.6

/ 006 /2.8 / 5.6 /0.3

RIGHT SIDE LEFTSIDE

TEST VEHICLE: #060 "6

L4 - 89.7 CID (Diesel) RUN# ' :_ ..... _ _

TESTCONDITION: IM 60.303 73.2 73.5 70.4 74.4 74.9 73.8

Mic DistCznce- 25 _eef 60.304 72.8 73.4 71 .6 75 2 74.7 74.3

TESTDA'I_: 8/1 9/77 60.305 72.6 73.6 70.8 73.3 74.8 74.7

60.306 73,5 72. 8 70.5 73.5 74.6 73.2

Average 73.0 73.3 70.8 74,1 74.8 74.0
1.1 0.1

/ 0.4 v/0.5 / 0.4



.o_c RIGHT SIDE LEFT SlOE
_ '..=,- c c

_ _'o :_ °-o "_ "_ •o_ x_ .=_ . .u = _ "_"_ .-a ._u__, _ _ _ _ _ _ o _ _ _RUN# r-.

60.303 .160 17.6 4573 -3.2 66.7 3438 -6.0 0 69.4 3473 -3,9 +25

60.304 .148 17.6 4399 +4.5 67.7 3514 ¢4.5 0 69.5 3514 +4,5 +25

60.305 .154 17.4 4510 -0.4 66.8 3524 -0,4 0 69.1 3524 -0,4 +25

60.306 .154 17.8 4560 -2.5 65.9 3483 -2.5 0 68.7 3483 -2.5 +25

Avera.ae ,154 17.6 4511 -0.4 .%.8 3490 '-1 _1 69.2 3499 -0,6

., / ..-/ .006 /2.8 /0.9 ,../4.9 ................ /3.3
RIGH_ SIDE L_FT,_IDE

,TESTVEHICLE: //060 _ .. _ "6 "6 _ _ "6 ._..;
VWRabbit ,n ua_ _'_"_ _'6_ _'_ _ _ _'_ u_ au_

x.-_ x.-_ u_
4-SpeedL4.89.7ManualClD(Diesel) RU.N_ :_:; _ :_ _° :_:_x'uin I:_:;x'- :_:_oxu_ _°x'"

TESTCONDITION: IM 60,303 66.7 66.0 68.4 69.4
60.304 67.7 67.0 68 .5 69.5Mi¢ Distance- 50 _eet

TESTDATE: 8/19/77 60.305 66.8 66.7 68.7 69.1
60.306 65.9 65.2 68.2 68.7

Averaae 66.8 66.2 68.5 69.2

---_ ...... ' ..... I._1 _ h,._.,J l:_,.,l ......



c = RIGHT SIDE LEFTSIDE
_- _ -___

- -_° _-. o:_

RUN// r-.° _ _ _:_ ._.--__ _

61,307 .174 14.5 3070 -9.5 71.6 2137 -9.5 -16.4 71.1 2137 -9.5 0

61.308 .162 14,5 2996 -8.1 70.2 2136 -8.1 -16.4 70.2 2057 -11.6 -16.4

61,309 .155 14,4 2952 -7.6 69.9 2139 -7.4 -16,4 70,0 2065 -10.9 -16.4

61.310 .161 14,4 2965 -6.7 69,7 2023 -11.6 -16,4 69.8 2064 -9.5 -16.4

Avemae ._163" 14,5 2996 -8.0 70.4 2109 -9.2 70.3 2081 -10.4i

o_ J" .008 ._ 0.4/0.7 /1.8 / 0.9
*Ac;_elerat_on0.003g outside "
tolerance. RIGHT SIDE LEFTSIDE

_"_ _ _ _,'_ : _'_ _'6
TESTVEHICLE: //061 x u "¢ x u ¢_ x .u "¢. x u "_. x .- _- x

3-Speed Manual
L6 - 232 CID 61.307 71.6 70.0 69.0 70.7 71.1 68.2
90 bhp ':_ 3050 RPM 61.308 70.2 68.6 68.3 70.2 69.2 68.0

TESTCONDITION: IM 61.309 69.9 69.0 68.4 70.0 69.4 68.1

Mic Distance - 25 feet 61.310 69.7 68.7 68.0 69.8 69.0 67.8

TESTDATE: 8/18/77

Average 70,4 69.1 68.4 70.2 69.7 68.0

/ 0,7 /" 0.5 /0.4 / 0.4 / 0.7 / 0.2



RIGHTSIDE LEFTSIDE

o.= _ = o g • _ • .: • ,_ > o > '.r- -

RUN# _

61.307 .174 14.5 3070 -9.5 64.3 2137 -9.5 0 64.9 2137 -9.5 0

61 .308 .162 14.5 2996 -8.1 63.1 2136 -8.1 +25 63.7 2108 -10.2 0

61.309 .155 14.4 2952 -7.6 63.2 2139 -7.6 +25 63.7 2102 -8.8 0

61.310 .161 14.4 2965 -6.7 63.1 2109 -7.4 +25 63.7 2104 -8.1 0

Averaae .163" 14.5 2996 -8.0 63.4 2130 -8.2 64.0 2113 -9.2

f 0.8 /0.3 _ 1.I

*Acceleration 0.003g outsidetolerance. RIGH SIDE LEFT_]_

TEST VEHICLE: //061

3-SpeedManual
L6 - 232 CID 61.307 64.3 63.6 64,9 64.0
90 bph @ 3050 RPM 61,308 63.1 63.1 63.7 63.3

TESTCONDITION: 1M 61,309 63.0 63,2 63.7 62.6

Mic Distance - 50 feet 61,310 63.0 63, 1 63.7 63.3
TESTDATE: 8/18/77

Average 63.4 63.3 64.0 63.3

,



_. = c RIGHT SIDE LEFT SIDE
_oL_ _ oo

o o ___ _ _ _ =.× o _ :: .,

o_ := _ _ .o_ _.- _ :_ .,=-_ .-=
RUN# _ > "_ _ _ _ _ :_

62.304 .149 2062 21,6 -6.7 71.2 2052 -8.1 0 71,1 2052 -6,0 +16.4

62.305 ,150 2052 21.4 -8.8 71.5 1945 -29.1 -16.4 71.3 2026 -17.2 0

62.306 .145 2090 21,9 +5,9 71,8 2086 -4.5 +16.4 71.9 2050 -1.8 +16.4

62.307 .151 2084 21,9 +2.4 71.5 2076 -3.2 0 72.0 2072 -2.5 +16.4

Ave,,ra.ge ,149 2072 21,7 -I ,8 71,5 2040 -9,0 71,6 2050 -6,9
18 46

/.004 ,/7.0 /20.I /10.3
RIGHT SIDE LEFTSIDE

TESTVEHICLE: //062 "6 ,_ _8 S _ "_'_ _ _ _.u'_
--- --_ --S'_ S'_ _

AMCMatadorSW _ ua._. ,.n u_ _ u'_" _ a_, _ u_
3-SpeedAutomagc x ax _ o ax_ _ x ._u ax _ oVs- 04 ' D +
126 bhp _ 3600 RPM

TESTCONDITION: 1A 62.304 70,9 71.2 70.8 - 70,8 71.1
62.305 71,5 71,0 70.4 - 71.3 71.2Mic Distance - 25 fe_"
62.306 70.9 70,8 71.8 - 70.7 71.9

TESTDATE: 8/19/77 62.307 70,9 71.5 71.3 71,2 72.0

Average 71 .I 71.1 71.1 71.0 71.6 I

/ 0.2 ./ 0.3 / 0.7 /0..3



RIGHT SIDE LEFTSIDE J

•_ O 0 C

_o_ "6._ ":': _ _-_ ._o= _ _ -_ _ ._0 0 .

•,. .- .-_
RUN# _ ,_,_

62.304 .149 2062 21.6 -6.7 65.6 2028 -12.3 +25 66.0 2059 -5.3 +25

62.305 .150 2052 21.4 -8.8 65.6 2032 -12.3 +25 66.0 2026 -6.0 +25

62.306 .145 2090 21.9 +5.9 66.0 2061 -1.1 +25 66.7 2072 +3.1 +2_

62.307 .151 2084 21.9 +2.4 65.8 2064 -5.3 +25 67,0 2040 _1.0 +25

Averaqe ,149 2072 21.7 -1.8 65.8 2046 -7.8 66.4 2059 -1.8

2
RIGHT SIDE LEFTSIDE

TESTVEHICLE: //062 "6 ,._ "6 ... - '_ _ "_ "6 '_

AMCMatador SW ax:_ _oX'- _- _u _ax _ox'u-_ ax_3-SpeedAutomatic RUN# _ _ .
V8 - 304 CID
126 bhp ,__3600 RPM

62.304 64.9 65.6 65.8 66.0

TESTCONDITION: IA 62.305 65.1 65.6 65.7 66.0

Mic Distance - 50 feet 62,306 64.3 66.0 65.6 66.7

TESTDATE: 8/19/77 62.307 64,8 65.8 66.3 67.0

Average 64.5 65.8 65.9 66,4

/ 0.2 / 0,2 / 0.4

__-- - , ......... :: , _ _ ;--..,,,J _ _ _ :



RIGHTSIDE LEFTSIDE
:: 88
0- -o __ 8 _ "_ .

.:o o oRUN_ _ __ _ _ _ _ _ _

62.308 .127 1858 28.2 40.3 70.1 24.9 -2.5 -16.4 70.5 24.4 -6.7 0

62.309 •119 1813 27.8 +4.5 70.5 22,7 -24,7 -16.4 69.9 24.8 +2.4 +16.4

62.310 •118 1799 28.I -1.1 70,0 23.6 -20.3 -16.4 69.8 24.9 -3•2 +16.4

62.311 •119 1804 27.9 +2.2 69,8 23.0 -21.4 -16.4 70.8 24.7 40.3 +16,4

Average .125 1819 28.0 +1.5 70.1 23.6 -17.3 70.3 24.7 -1.8

'= / .003 L/20 /0.2. /2.6,. /'o._ ,,/o.3i/7.6 _"

i TEST VEHICLE: //062 RIGHT SIDE LEF_ SIDE

•AMC Matador SW "6 _ "a _ _ _ -- _ _ _

3-Speed Automatic '_ _ _ _ _ "_ _ _ _ _ o _ "6 "_ _ _ _._ ×._ ,. _'_. ×.u_.• )¢• ...

V8-304CIO ox_ a :_,o
126 bhp _' 3600 RPM RUN# :_:_ _:_o 5: :_ 'T _:_o _:_._

TEST CONDITION: 2 62.308 70.1 70.1 69.8 70.5 69.8

62.309 70.5 69.4 69.1 - 69.3 69.9
M_c Distance - 25 [eet

62.310 70.0 68.9 69.8 - 69.4 69.8

TEST DATE: 8/19/'77 62.311 69,8 69,4 69.4 - 69,4 70.8

"' Avera 9e 70,1 69.5 69,5 - 69,7 70, I

/0.3 ./ 0.6 /0.4



RIGHTSIDE LEFTSIDE

_ ._._ ._ _-_ 8 _ -_ _'_ 8 ._ .

RUN # _ _._ _ _ _ _ u_ =:Ln

62.308 .127 1858 28.2 40.3 64 4 23.9 -15.8 +25 65.6 22.7 -21.0 0

62.309 .119 1813 27.8 +4.5 63.6 24.0 -8.1 +25 64.8 24.4 -0.4 +25

62.310 .118 1799 28.1 -1.1 63.9 24.6 -5.3 +25 64.9 25.0 +1.7 +25

62.311 .119 1804 27.9 +2.2 64.0 24.7 +I .0 +25 64.7 24.8 +1.7 +25

Averaae .121 1819 28.0 +5.0 64.0 24.3 -7.1 65.0 24.2 -6.0

//0.3 _ 0.9,./.003

RIG_T.SDE I- LFFT_|D_
TESTV_HICLE: #062 _ _ _ _ '_ "_ _ , o "_ _ _ "_ "_

AMCMatador SW _ _ _ "_ _ _._ _ ,_ _ _ _ _
3-SpeedAutomatic x .- x .u _ × ._u_ ox_ _ × ,_ .- × ._ ,_V8-S04CID  UN# ,
126 10hp@ 3600 RPM

62.308 64.0 64.4 65.6 65.2TEST CONDITION: 2
62.309 63.3 63.4 64.4 64.8Mic Distance - 50 Feet

TESTDATE: 8/19/77 62.310 63,0 63.9 64.6 64.9
62.311 63.0 64.0 64.7 64.7

Averaae 63.3 64.0 64.8 64.9

': ' ' _2.._/' ' _ _ '



c = RIGHT SIDE LEFT SIDE
o, o

_- _ *_ '_'"_ - .'_'x._'8"_ . _• :_,__ ._x_°_ .

. ._ o-<_ _i &_ -_ :_ "= _ _ :_'_ :_== --

RUN # :_ '_ '_ _ _ _ >

63.303 .1 54 2351 25. I +8.0 74.5 2351 +5.2 -I 6.4 77.2 2316 +2.4 O

63,304 .146 2335 24.7 +I .7 76.1 2203 -17.2 -16.4' 75.7 2279 -8.1 0

63.305 .150 2332 24.8 -3.9 79.2 2276 -14.4 -16.4 78,7 2271 -13,0 -16.4

63.306 .149 2329 24,7 -3.9 77.9 2284 -13.7 -16.4 77.0 2272 -13,0 -16.4

Average .150 J 2339 24.8' +0.5 76.9 2279 -10.0 77.2 2285 -7.9

, ,, ,J / 5tl

RIGHT SIDE LEFT SIDE

TESTVEHICLE: #063 _ "_ "6 _ '_ _ "_ '_ '_
Chevrolet Nova _ _ _ _ o¢_"- _ _ _ a '_" _ "G_ --_ _u

X .__-

3-SpeedAutomatlc x,.._u'_" u ¢_ x u_ x.-_u'_" x.-U_ u',_,_-250CID _UN_ __'_{ _° :___ __° __-_
110 bhp _ 3800 RPM 63.303 74.5 74.1 73.2 75,0 77.2 73.9

TESTCONDITION: IA 63.304 76.1 75.9 74.7 75.0 75.7 75.3

Mic Distance - 25 feet 63.305 79.2 75.2 71.8 78.7 75.0 72.5
63.306 77.9 76.3 71.9 77,0 75.2 71.1

TESTDATE: 8/22/77

Average 76,9 75.4 72.9 76.4 75.8 73.2

/2.4 / 1.3/ 1.1 ,- L/0.8/2.,
_,,_Tr _'_' -I,. t'.h-,T_nD.vr,f _rntfr,r D,m tnV_htcle Resonances.



RIGHT SIDE LEFTSIDE
8 °= 8

:Z.= _ :_x'__ -_ • -_ x'_ '_ -_-_ .- ,_ o> .-,,>_

• _ _ __ _._ 8 _ ._a_ _.=

63.303 .154 2361 25.1 +8.0 68.8 2313 +1.7 0 71.5 2309 +1.0

63.304 .146 2335 24.7 +1.7 70.2 2310 +1.0 0 70.4 2313 +4.5

63.305 .150 2332 24.8 -3,9 74.4 2294 -10.2 0 75.8 2301 -10.9

63.306 .149 2329 24.7 -3.9 74.5 2309 ...6.7 0 75.0 2307 -8.8

[ Average .150 2339 24.8 +0.5 72.0 2307 -3.6 73.2 2308 -3.6
=..

_2.8,,9 /:004 ,/_0.3 / 3.4 /3.2 ,,,
•_ RIGHT SIDE LEFTSIDE

TESTVEHICLE:#063 _ ._ _ _,,. _ "6 _.
.__ _ u_ x.8'._

_.- _ _ _ o_ :_Chevrolet Nova x ._ °X_ O _ "_ o '- a _ O3-Speed Automatic RUN # _ :_? :_ :_ _ ,., :E _Ec_
I_-250 CID

110 bhp _ 3800 RPM 63.303 68.8 68.1 71.5 68.4
63.304 70.2 69.3 69.9 70.4

TEST CONDITION: 1A
63.305 74.4 68.1 75.8 67.0

Mic D_stance- 50 Feet
63.306 74.5 67.1 75.0 66.7

TESTDATE: 8/22/77

Avemge 72.0 68.2 73.1 68.1 [

,,/3.2 ,/1.1 /3.2
---- --2? _Z__., -,T ! c_ . "_ ,..........' ..... n _ _.... r_....... -- _._ ,.,.--.,'' h_.,,_J L----,-I ,_,.-.._J _ ..... ,,,.



RIGHTSIDE LEFTSIDE

..... ×"G 8 "G .

.... .=`6=_ _=

RUN_ _ R >

64.303 ..147 18.7 4845 -1.8 72.4 3926 -1.8 -16.4 75.2 3926 -1.8 0

64.304 .143 18.5 4739 +3,1 73,2 3678 -6.7 -16.4 76.2 3914 +3,1 0

64.305 .147 18.7 4860 +2.5 72.8 3820 -6.7 -16.4 75.2 3929 +2,5 0

64.306 ,149 18.6 4883 -2,5 72.3 3850 -6.0 -16.4 75.0 3912 -3.2 0

,,,. ,.

Avenaae .147 18.6 4032 +0.3 72.7 3819 -5.3 75.4 3920 -1.1

/0.1 /2.8 /0.4
RIGHT SIDE LEFTSIDE

TESTVEHICLE: #064 "6 _ "6 "6 .,. _ I "6 .,- _ "6 "6 ,.
• _ a.,,:r :_ a -- $ _ a

x.u _. x.-_ × u . x.-U _. _ x.U
4-SpeedManuaI o _ ..o a
L4- 119 CID RUN# ._ ._ _. :_o a .o _ :_o _
97 bhp @ 5600 RPM

64.303 72.4 71.6 71.5 74.9 75.2 72.4

TESTCONDITION: 1M 64.304 73.2 72.4 72.4 76.0 76.2 73.8

Mic Distance - 25 _ee_" 64.305 72.0 71.8 71.3 75.1 75,2 72.5

TESTDATE 0/22/77 64.306 72.3 71.4 70.7 75.0 75.0 71.5

Average 72.7 71.8 7! ,5 75.3 75,4 72.6

/ 0.4 / 0.8 / 0.2 - _.4 /1.1/ 0.4



_ ._,_ RIGHT SIDE. LEFT SIDE

.._ _'_: .-G-o _E-_ o.._ _°_E.-a ._ _E"_ "6"-,= _-_E-a

<°_.__._ _ __ _ _ __o=°_.-°o.-=: _ __ _-°.-

64.303 .147 18.7 4845 -1,8 66.6 3890 -2.5 +25 70.I 3890 ".2.5 0

64.304 .143 18.5 4739 +3.1 68.2 3914 +3.1 +25 70,4 3905 +1.7 0

64.305 .147 18.7 4860 +2.5 66.3 3820 -6.7 +25 70,3 3888 -3.2 0

64.306 .149 18,6 4883 -2,5 66.4 3924 -2.5 0 70.4 3912 -3.2 0

Aven_9e .147 18.6 4832 +0.3 66.9 3887 -2.2 70.3 3899 -1.8

•_ / .004 /0.I 110,2

RIGH] SIDE L_FT SIDE

TESTVEHICLE: #064 _ "G "6 _ "6._ _ _ _ _'6_'B _u,__-,__., _,= -
Datsun620 Pickup x _ _ x ._u_ x .H _ .u4-Speed Manual RUN# :E :E _E
L4 - 119 CID

97 bhp_ 5600 RPM 64.303 66.4 66.6 70.1 69.0

TESTCONDITION: IM 64.304 66.7 68.2 70.4 69.9

Mlc Distance - 50 Feet 64.305 66.2 66.3 70.3 68.9

64.306 66.4 66.4 70,4 68.7
TESTDATE: 8/22/77

Average 66.4 66,9 70,3 69.1

/ 0.2 /0.6 /0.2 / 0.4



8 _ RIGHT SIDE LEFT SIDE

- _ '._'--- -_ .o ._ . _ __ -_ .
_- o x_ _, o_ _ _ _ _ x _ o _

_ _ __ ._.__ o-o _-=_ _ -o
"_ _ :_'- -=='-= _ _==_ _'_o_ _.-'-= _= =o_==_'_-" _'--"

RUN #

65.303 .151 2113 25.7 +?.4 68.5 2056 +4.5 -16.4 69.9 2003 -5.3 0

65.304 .148 2096 25.4 +4.5 67.8 2080 +2.4 -16.4 69.1 2080 +2.4 0

65.305 .158 2174 26.1 -8.8 68.0 2072 -15.1 -16.4 68.0 2083 -9.5 0

65.306 .133 2035 24.7 +7.3 66.7 2030 -8.2 -16.4 67.5 1971 +3.8 0

Average ,149 2105 25.5 +3,1 67.8 2060 -2.9 68.6 2034 -2.2

,_. ,/<011 / 1.1 ,t1.1 ,_7.3
RIGHT SIDE LEFTSIDE

TESTVEHICLE: //065 --_ o_ ___ -'-'_ _ _a'_"i _'_ '._ _'6"_"6 --_ S_'_
Cadillac Seville ×.u . x.-'.'- x.- . x,- • x.-'-- x
3-Speed Automatic a :_ o ,o _ ,o _ .6w-350CID Ru_#_-7_ _ _= :_:_o
_80b_ _ 44OORFM

65.303 68.5 67.8 67.5 68,2 69.9 68.3TESTCONDITION: IA '
65.304 67.8 67.7 66.6 68.0 69.1 66.8Mic Distance - 25 feet
65.305 68.0 66.3 64.7 67.6 68.0 64.5

TESTDATE. 8/23/77 65.306 66.7 66.0 64.4 67.3 67.5 65.5

Average 67,8 67.0 65,8 67.8 68.6 66.3

' 2.0+/- o.7 o.,/.-',.7/"
/i.o /1.4 /o.s /l.i .8



RIGHT SIDE L_FTSIDE

t=

•4 '-" _ O × _ '

RUN# __ __- :_-_ m "_ m _ '- _ _ '-

65.303 .151 2113 25.7 .69.4 61.8 1997 -4.6 0 63.2 2073 +9,4 +25

65.304 .148 2096 25.4 +4.5 61.3 2076 +1.7 0 62.2 2064 +1.0 0

65.305 .158 2174 26.1 -8.8 61.7 2058 -15.8 0 62.4 2079 o12.3 0

65.306 .138 2035 24.7 +7.3 59.9 2035 +1.0 0 61.4 1995 -8.8 0

Average ,149 2105 25.5 +'_.1 6i'.2 2042 -4 4 62.3 2053 -2.7

9 /.on ,,/o.s /n.9 ,,/!.5 /0.9 /9.6
RIGHT SIDE. LEFT$1DE i

.E_ ._ _Cadillac Seville ×._._ ' x.- ax_ ax_o3-Speed Aul'omafic RUN # :_ _ o ._ :_ _ :_V8 - 350 ClD
180 bhp ,@__4400 RPM

65.303 61.8 61.8 63.1 63.2

TESTCONDITION: IA 65.304 61.3 60.3 62.2 62.2

Mic Distance - 50 feet 65.305 61.7 (50.2 62.4 60.0

TESTDATE: 8/23/77 65.306 59.9 59.8 61.4 60.7

Ave=go 61.2 60.5 6213 61.5

/ 1.3 / 0,7 /0.9
"--' .... ..... _"-_ '.---J :.:: ; _.,._ b_l _ _I :....4 _ :__



= _ _ RIGHT SIDE LEFTSIDE
O O "7-

"a_: _-o ×.3 _. .= °'a :_ "_,×

.-_ _.: __ - :_-_ o _ .__
o_= :_- o._ _ _ _ ="_ _ ._ _ :_o_ -a -_ :_'-'-_:_- _ ':_ _ _-o o _'- _ _ "_

RUN#

66,309 .148 1935 16.3 +2.4 75.4 1899 -I .1 -16.4 77.5 1899 -1.1 -16.4

66.310 .159 1957 16.5 +2.4 67.3 1934 ¢O.3 -16.4 67.0 1851 -6.7 -16.4

66.311 .148 1902 16.0 +2.4 67.0 1902 +2.4 0 66.7 1857 -1.8 -16.4

66.312 .146 1902 16.1 +4.5 73.6 1831 -3.2 -16.4 75.2 1897 +3.1 -16.4

Average .150 1924 16.2 +2.9 70.8 "' 1892 -0.4 71.6 1876 -1.6

23? .../,oo4. / o,2../0,5 /.'2,8 _./4.9
RIGHT SIDE LEFTSIDE

TESTVEHICLE:#066 _G. _ _.__ _ _ "G ._. _ - Z_ z
x .8 _,

" _o
Chevrolet K.,5 Blazer x x _ o ax _ ,_ _ :_3-Speed Automatic RUN# :_ _ :_ :_ + a_.,.
V8 - 400 CID

175 bhp ,_.3600 RPM 66,309 75.4 73.9 74.2 77.5 74.7 74.9

66,310 67.3 66.3 65.4 67.0 66.9 66.1

TESTCONDITION: IA 66.311 66.8 67.0 64.9 66.7 66.4 66.3

Mlc Distance - 25 Feet 66.312 73.6 73,2 72.9 75.2 73.5 73.4

TESTDATE: 8/25/77
Average 70.8 70.1 69.4 71.6 70.4 70.2

/ 4.0 / 3.E / 4.9 / 4.0 / 4.]



RIGHTSIDE LEFTSIDE

.- 0.o c

a_:_ _._. ._= _o . _o_ ._ ox _, :_ oo- _ "

RUN# :_ > "_

66.309 .148 1935 16.3 +2.4 68.7 1915 +1.0 +25 69.7 1873 -3.2 +25

66.310 .159 1957 16.5 +2.4 61.5 1919 -0.4 0 61.3 1947 +1.7 0

66.311 .148 1902 16.0 +2.4 61.5 1882 +3.1 0 61.1 1868 -1.1 +25

66.312 .146 1902 16.1 +4.5 67.6 1890 +3.8 O 68.4 1890 +3.8 0

Averaqe .150 1924 16.2 +2.9 64.8 1902 +1.9 65.1 1895 40.3

.... _ 2.3 /4".0k/ 0.2 f 3.3
RIGHT SIDE LEFT SIDE

TESTVEHICLE:#066 _ - ,_ "6 _6 : ._ _ _ "6 "6 ._

u ,u x u_' x.u "_
Chevrolet K-5 Blazer × .- _n x .- _- ax .- _ x :_3-Speed AutomaHc RUN_' _ :_ _ _ :_ ,o _: =__ :_ =_=_o :_ :_
V8-400 CID
175 bhp @ 5600 RPM 66.309 68.6 68.7 69.3 69.7

66.310 61.5 60.6 61.3 61.1
TESTCONDITION: 1A

66.311 61.5 60.3 60.8 61.1
Mic Distance - 50 feet

66.312 67.6 66.7 68.4 67.5

TESTDATE: 8/25/77

Average 64.8 64.1 65.0 64.9

/ 3.3 / 3.8 : / 4.2 / 3.8

.'----.3 ' _.___'"_ ' ., i'-_: L .... - ,_ _..,_...,¢_.,,,=,_.(_.,:m.l_ _.,.._' ) ......



_ c RIGHTSIDE LEFTSIDE
o o "= . .9 .9

-_`6 ___ °_- _ , o • _, -_ _ o_ _ .
" ×"`6 _-'a :_"_ =.o_ ,,0 _ x

--":= = _'_ _ _ .`6== ._o = _ _ _ _
RUN # _ :_"6 # _ = _ >

66.316 .121 1926 27.9 40.3 73.8 24.8 -3.2 -16.4 73.9 24.8 -5.3 +16.4

66.317 .120 1929 28.1 -6.7 68.1 25,0 -7.4 -16.4 68.7 24.6 -12.3 -16.4

66.318 .111 1914 28.0 -I.8 75.3 25.0 -3.2 -16.4 76.5 25.0 -3.9 -16.4

66.319 .116 1919 27.6 +3.8 73.2 24.4 -4.6 -16.4 72.7 24.4 -7.4 -16.4

Average .117 1922 27.9 -I .1 72.6 24,8 -4.6 73.0 24.7 -7t2
.4

/ .00/,, /" 0.3 / / 5.6 / 4.5 ,/ 0.4 /4.3 ,t 0.3 / 5.1
RIGH' SIDE LEFT SIDE

TE STVEHICLE:#066 "6 _ _ a¢_ I "6 "6_'_ "6 _"_ 3 __ "6 ,._-- _ - _ o:
.u_ _'_" x._,_ x.-'- x.- .

Chevrolet K-5 Blazer __ -. _ _ o_ _ u u'_"

VB-4003"SpeedclDAUt°matlc RuNE _:_'-:;_"° _ :_ o :_x_ _÷ _° _ 'T :_ :_ o :_ ,_ ._
175 bhp _'._3600 RPM

66.316 73.8 72.4 72.4 73.6 73.9 73.9

TESTCONDITION: 2 66.317 68.1 67.2 65.3 68.7 67.3 65.8

Mic Distance - 25 Feet 66.318 75.3 73.1 72.8 76.5 74.2 74.4

TESTDATE: 8/25/77 66.319 73.2 71.8 71.4 72.7 72.1 72.4

Average 72.6 71.0 70.5 72.9 71.9 71.6 I

+/- 4/.5 / 3.8 / 5.2 /4.2 / 4.6 / 5.8 [/
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(_ RIGHT SIDE LEFTSIDE

= ._ _ _ o_ _ . _ _ _ -_-
RUN# _ .6 _

67,303 .157 2509 26.9 -4.6 69.3 2287 -8.8 -16.4 69.1 2300 "6.7 -16.4

67.304 .150 2520 27..5 +3.8 70.9 2200 -14.4 -16.4 70.6 2169 -16.5 -16.4

67.305 .154 2468 26.8 +1.7 71.5 2194 -16.5 -16.4 70.3 2196 -20.0 -16.4

67.306 ,158 2465 26.6 +1.0 70.3 2197 -15.8 -16.4 71.0 2202 -19.3 -16.4

Average .l_;._ 2491 27.0 ¢0.5 70.5 2220 -13.9 70.3 2217 -15.6

__ 2.6 _ 4.4/5.1/ .005

RIGHT SIDE LEFTSIDE

TESTVEHICLE: //067 '_'6.___. "_ "6 .6 _ "6"_ _ "6_ _ "6_ _ "6Oldsmobile Delta 88 x .u__ × .u _. x u "_. x .u _ u
3-Speed Automatic RUN# :_ :_ _ :_ :_ o ! :_ :_ S :_ _ _ :_ :_ o x .-V6 - 231 CID + '

105 bhp @ 3400RPM 67.303 69.3 67.3 65.8 69.1 67.1 64.7
TEST CONDITION: 1A

67.304 70.9 69.1 66.4 70.6 69.4 66.4
h4;c Distance - 25 feet

67.305 71.5 69.4 66.0 70.3 69.5 66.0

TEST DATE: 8/25/77 67.306 70.3 68.1 66.3 71.0 68.3 65.9

Average 70.5 68.5 66.1 70.3 68.6 65.B

/'_.2 / 1.2 /0.3 / 1.2 / 1.5 / I.I



= RIGHTSIDE LEFTSIDE ]

<¢-, a= .- = ._ = _, .
_V3 ,,.E; i.sJ ::l _

67.303 .157 2509 26.9 -4.6 62.9 2300 -6.0 0 63.1 2326 -.5.3 0

67.304 .150 2520 27.5 +3.8 63.7 2212 -13'.0 0 65.2 2169 -16.5 0

67.305 .154 2468 26.8 +1.7 63.3 2306 -0.4 0 63.2 2190 -15.8 0

67.306 .159 2465 26.6 +1.0 62.7 2275 -7.4 0 63.3 2225 -15.1 0

Average .155 2491 27.0 +0.5 63 .:) 2273 -6.7 63.7 2228 -13.2
+/-

2 _.uo_ L_26

RIGHT SIDE _EffT SIDE

TESTVEHICLE: #057 -6 _ .6 -6 ._ .6 "_ "6 "_ "__'_._ _'_ :--
Oldsmobile Delta 88 _ ._ _ .'-ua'_ x.U _ .... x.-
3-SpeedAutomatic a _ _ _Eo _(_ × u c_ × u._v6 - 231CID RUN# _ , :_ :_ :_ :_o :_ :_
105 bhp@ 3400 RPM

TESTCONDITION: IA 67,303 62,9 60.0 63.1 60.8

Mic Distance - 50 feet 67,304 63.7 61.7 65.2 62.3

TEST DATE: 8/25/77 67,305 63.3 60.9 63.2 61.6
67.306 62.7 60.5 63.3 61,1

.m

Average 63.2 60.8 63.7 6115



RIGHT SIDE LEFT SIDE

_ _ =: ×_ _ _ • -_ _-; _ -_ .
_ _ o - _"_ ._ _ _ '_ ._ _ ,_ .

RUN# _ P. # _ >

68.304 .149 23.5 3469 +3.8 73.0 2938 +3.8 0 73.7 2876 -2.8 -16._.

68.305 .146 23.4 3454 +1.0 72.9 2873 -2.5 -16.4 73.8 2875 -I .8 -16.4

68.306 .152 23.3 3479 -3.2 73.1 2895 -5.3 -16.4 73.4 2945 -3.2 -16.4

68.307 .151 23.3 3502 40.3 73.4 2888 -3.9 -16.4 73.4 2929 -0.4 -16.4

Average .149 23_4 3476 40.5 73,1 _899 -1,9 73.5 '2906 -1.9

". ...,.,'/.003 ,,/0.1 / 0.2 /3.4 /0.2 / 1.3
RIGHT SIDE LEFTSIDE

TESTVEHICLE: #068 '_ "_ _ _ .. _. "8 '_ ,_ "6 '_ ,._

, 0:o× °'_' ×'-_ _x'-,o a:_ x,_ x.- •4-Speed Manual RUN# !:_:;_ :__ o :_ :E ._. :_ :E
L4-102.2 CID

67 bhp _ 4200 RPM 68.304 72.9 73.0 70.9 73,7 73.1 70.7
TEST CONDITION: 1M 68.805 72.9 72,4 70.6 73,3 72.6 70.5

Mic Distance - 25 feet 68.306 73.1 72.1 69.4 73.4 72.1 69.0

TESTDATE: 8/26/77 68.307 73.4 72,4 70,7 73.4 72.7 70.]

Average 73.1 72.5 70,4 73.5 72.6 70.1 I

/ 0.2 / 0.4 / l.O / 0.2 /0.5 / 1.1



c RIGHTSIDE LEFTSIDE
_ 8.°
_ _ -_ _ o "_ . "_ _ o "_ •

8"6 _ o ,_ _°:_"a _ "_"a "_
o_ oo ._ ° _ '_o_'-_=_ _ '-_-_"_, _,_:'_, :_ '- _ :_ .- _ _ a _ .-

RUN# _-

68.304 .149 23.5 3469 +3.8 66.9 2938 +3.8 0 66.8 2938 +3.8 0

68 305 .146 23.4 3454 +I .0 66.9 2943 +1.0 0 66.5 2825 -7.4 0

68.306 .152 23.3 3479 -3.2 67.0 2885 -6.0 0 67.5 2895 -5.3 0

68 307 .151 23,3 3502 +0.3 66.7 2929 -0.4 0 66.3 2820 -9.5 0

Average .149 23.4 3476 +0.5 66.9 2924 -0.3 66.8 2870 -4.5

+/_ oo_ ol/i2o,.o03.,-o.1 o.,/- o.,/o.2 _., _.5 _ _'<___.o
RIGF SIDE I,_F: SIDF

TEST VEHICLE: #068 "6 _ "6 _ _ "6 "6

VWBus _ _'_ _"8_ _ x_. !_'_x .-'.- x .ca ._

4-_oo_oooa, _'-__22 _ _ _:_oi_ _L4- 102.2CID RUN# :__ _ :_ :__ _
67 bhp @ 4200 RPM

68.304 66.9 65.9 66,8 65.5
TEST CONDITION: IM"

M|c Distance - 50 feet" 68.305 66.9 66.0 66.5 64.8

TEST DATE: 8/26/77 68.306 67.0 65.4 67.5 64.2
68.307 66,7 65.5 66.3 64.6

Avera,_e 66.9 65.7 66.8 64.8

.,_ _,/" 0.2 /0.3
'--"1 "--" ........... -_-J ............. " ;J _,,.,,.*,1 _ ..............



.H

RIGHTSIDE LEFTSIDE

__ _ _ _ -_ _-_ o _ - -_ _-_ = _ .

_ _-= ===_ _°o × _, =, _o_=, _

RUN_ h, r,, > "6

69.303 .149 20,3 2673 +3.8 74.7 2216 +1.7 0 74.2 2216 +1.7 0

69.304 .126 20.2 2634 +3.1 74.1 2162 -4.6 -16.4 74.2 2227 +1.7 0

69.305 .154 20.2 2748 -6.0 75.2 2143 -13.0 -16.4 73.3 2238 -6.0 0

69.306 .160 20.2 2754 -5.3 74.6 2127 -15.4 -16.4 73.0 2206 -7.4 0

Average .147 20,2 2700 -I .0 74.7 2162 -7.7 73.7 2222 -2.4

v- 0,3/1-0,t.-4_ /16°.5/,o] /.021/0.0 /5.0 / 0.6 / 0.7 /5.o
-_ RIGHT sIDE LEFTSIDE

- iTESTVEHICLE: '_069 "a _ _ "_ "6 _ _ _ "6

Ford PIck-Up F-IO0 x .u_"Z. x .- _' × .u_'_. x .u_'_. x Y _' x .-__.
3-S_M_n_, RUN_ _ _ _ I_ =E_ =_ _I ,,

L6 - 300 ClD

122 bhp _. 3200 RPM 69.303 74.4 74.7 73.5 71.9 74.2 73.2

69.304 74.1 73.6 73.4 72.0 74.2 72.6
TESTCONDITION: IM 69.305 75.2 74.0 72.1 73.0 73.3 72.7

Mic Distance - 25 I:eet 69.306 74.6 73.9 72.0 72.6 73.0 72.9

TESTDATE: 8/29/77

Average I 74.6 74.1 72.8 l 72.4 73.7 72.9

+__o_/-o6/05/ /
_0.5. _ 0.7 /0.3



_-'_ _..-8 ._____ RIGHTSIDE LEFTSIDE.,

___ _ .- • o, .- • _
_;_ o0 o _ _o_ _ o

. ._ .--o_o_ _ 'r-_ _ ..,:_ _ _ .-_ _ a _ .-

RUN# >, r,,

69.303 .149 20.3 2673 +3.8 67.8 2232 +3.1 O 66.7 2133 -5.3 0

69.304 .126 20,2 2634 +3.1 68.1 2155 -3.9 0 67.7 2227 +1.7 0

69.305 .154 20,2 2748 -6.0 68.6 2146 -12.3 0 67.6 2238 -6.0 0

69.306 .160 20,2 2754 -5.3 68.3 2147 -11.6 0 67.5 2218 -6.0 0

Averaae .147 20,2 2700 -I .0 68.2 2170 -6.1 67.4 ,,,2204 -3.8
48 4.8

2 /.02_ / 6.2 ,/0.7 _ 71 ,_2.2
RIGHTSID_ LEi:TSID_

TESTVEHICLE: #069 "8 .g _ ,.. "_ _ _ - .._ _ _

Ford Pick-Up F-100 x .u x ._u._ x u _ x .- _ × .- '-
3'SpeedManual RUN # _ _ :_:_° :_:_o'- :_°_ _:_o _:_'-_n
L6 - 300 CID

122 bhp ,_ 3200 RPM 69.303 67.8 67.7 66.7 66.9

69.304 68.I 67.0 67.7 66.7

TE.S,TCONDITION: IM 69.305 68.6 68.0 67.6 67.2

MIc Dis_clnce - 50 _'e_I 69.306 68.3 67.5 67.5 67.2

.TESTDATE: 8/29,/77 Avera.ae 68.2 67.6 67.4 67.0

•,
.................. ; _ : .... -2-.J _ _ _ _ _ .............

i



c c RIGHTSIDE LEFTSIDE
o o': ,o .o

_._o._ -_:_ _-o × _. :_'_ _ ×._ :E_. .g_, =o_
_- ×'- "_ra :E_ -_ _ :E"a u_
_._ a_ _:E _ ,-: :E_ _ u

70.303 .150 1599 10.6 40.3 67.2 1554 -4.6 -16.4 64.7 1597 -0.4 -16.4

70.304 .145 1610 11.0 +5.2 68.7 1590 -8.1 -16.4 67.5 1609 +4.5 +16.4

70.305 .146 1605 10.8 +1.7 68.1 1591 +2.4 -16.4 65.8 1591 +2.4 +16.4

70.306 .146 1648 11.3 +3.1 68.7 1548 -8.1 -16.4 66.0 1646 +2.4 +16.4

Average .147 1616 10.9 +2,6 68.2 1548 -4.6 66.0 1611 +2.2'

/O.a /2.3 i/1.0 ,,_.3 / 2.62
RIGHT SIDE LEFTSIDE

TESTVEHICLE: //070 _o"6_._ __ --"6_ _'-'_ -- _6"G"6 "6_ _
x .- • x .u _' u"_

Ford Box Van x x _ o ,_ a _E"_ x .- x .- .3-Speed Automatic RUN// :_ _ _ _E _ _E _. "7 _ _Eo _ _E_.
V8 - 460 CID
245 bhp _ 4200 RPM 70.303 67.2 67,0 65.4 64.7 64.7 64.6

70.304 68.7 68.3 67.5 65.7 66.2 67.5

TESTCONDITION: 1A 70.305 68.1 67.7 65.9 65.7 65.7 65.8

70.306 68.7 67.5 66,0 65.4 65.6 66.0Mic Distance - 25 Feet

TESTDATE: 8/29./77
Average 68.2 67.6 66.2 65.4 65.6 65.0

/ 0.6 / 0.8 //0.7 / 0.9



RIGHTSIDE LEFTSIDE

_o_ _= oo e. ' .... -_ x- °_ "_ ' x'; o
'2 _ _'_ _ _ • _,_ .- , _ -_ .

RUN# :_ > "6

70.303 .150 1599 10.6 +0.3 62.1 1554 -4.6 O 59.4 1575 +3.8 0

70.304 1145 1610 11.O +5.2 63.4 1552 +7,3 +25 62.2 1602 +5.9 +25

70.305 146 1605 10.8 +1.7 62.6 1508 -9.5 O 61.7 1560 -2,5 +25

70.306 146 1648 11.3 +3.1 63.1 1545 -8.8 0 60.5 1565 -6.0 +25

Averaqe ,147 1616 10.9 +2.6 62.8 1540 -3.8 61.0 1576 +0.3

9 L. _._ .oo2 ,_D._ /2.3 /o.7 ,/1.6
_IGHTsIDE LEFTSIDE

TESTVEHICLE: //070 _ "6_ "_ "_ . ._ _ _-._ 3 _6
u

Ford BoxVan .-..n x.u x u_m, x.__n x.U_ x.u

V8 - 460 CID

245 bhp (__4200 RPM
70.303 62.1 61.3 59.4 59.3

TESTCONDITION: IA 70.304 63.3 63,4 60.2 62.2

Mic Dislance - 50 feet 70.305 62.6 61.6 59,5 61.7

70.306 63.1 62,2 59,3 60.5

TESTDATE: 8/29/'/7

l Average 62.8 I 62.1 59:6 60.9



............. i i

R]GHT SIDE LEFT SIDe.
C

oo _ _ __! __"_ ' ':.': "_ _ _ .o . _ o _ o -_ .
. . _ -

RUN# _ "6 u_

70.308 .127 2172 28.2 -0.4 75.9 24.1 -10.2 -16.4 73.5 25.0 -0.4 -16.4

70.309 .124 2127 28.3 -0.4 75.1 24.7 -5.3 -16.4 72.8 24.8 -1.8 -16.4

70.310 .133 2190 28.5 -3.2 75.9 24.7 -7.4 -16.4 72.2 24.7 -6.7 -16.4

70.311 .132 2188 28.1 +2.4 74.9 24.4 -6.0 -16.4 72.2 24.9 +2.4 -16.4

70.312 .127 2194 28,4 -1.8 75.7 24.6 -8.1 -16.4 72.5 25.0 -1.8 -16.4

Average .129 2184 28.3 -0.7 75.5 24.5 -7.4 72,6 _4,9 -1,7

0.4

2 j,oo5 to.4 / so
TEST VEHICLE://O70 RIGHT SIDE LEFT SIDE

' _
Ford Box Van _ a_ _ o o _ '_
3-SpeedAutomatlc x u • x u_ _ u"¢ u_ u'_" _ u _ u

..... ,._. :_.o _,_w-_OCID _u_ :_-T _° _=_ _ _, -t-

245 bhp ,5_4200 RPM
70,308 75.9 74.6 72.0 73.5 72.2 70.9

TEST CONDITION: 2 70.309 75.1 74.1 71.8 72.8 72.1 71.0

Mic Distance - 25 feet 70,310 75.9 74.2 71.3 72.2 72.1 70.5

70.311 74.9 74.8 72.5 72.2 71.8 71.3

TEST DATE: 8/29/77 70.312 75.7 74.3 71.9 72.5 72.0 70.4

Average 75.5 74.4 71.9 72.6 72.0 70.8

0.6 _0.3 _ 0.6 /" 0.4 _0.2 -/ 0.4



_ RIGHTSIDE ....LEFTSiDE

- o_ _ _ :_ - _ :_ =___ _Z _ "_ "_ _ -_ _ >
_:_ :_ _. _oo - "- _.__

- "_ :_-a -a_ _ :: "_

RUN_' > _ >

70.308 .127 2172 28.2 -0.4 68.8 24.9 -_0,3 0 66.8 24..=, -6.7 0

70.309 .124 2177 28.3 -0.4 68.5 24.9 -0,4 0 65.8 24.9 -3.2 +25

70.310 .133 2190 28,8 -3.2 69.6 24.7 -6.7 0 65.8 24.6 -8.1 0

70.311 .132 2188 28,1 +2,4 68,6 24.8 -1.1 0 66,3 24,9 +2.4 +25

70.312 .127 2194 28,4 -1.8 68,8 24.7 -7.4 0 66.1 24.7 -7.4 0

Average .129 2184 28','.3 -0.7 68,9 24,8 -3.1 66.2 24.7 " -4.6

.oo4I/ 0.6_ .005 ,,,.'_.5 i-0.4 _0.1 _4.3

TEST VEHICLE:#070 "6 _ ._ _ _ "_

Ford BoxVan × .-uu_ _ xa_u_ xa_ _ axe; ax_3-Speed Automatic RUN// :_ _ _ _ o :_ _ :_ :_ <_
V8-460 ClD
248 bhp _ 4200 RPM 70.308 68.8 67.5 66.8 66.0

TESTCQNDITION: 2 70,309 68.5 67.8 65.7 65.8
Mic Distance - 50 _eet 70,310 69.6 67.7 65.8 6.5.1

70.311 68.6 67.3 66.1 66.3

TESTDATE: 8/29/'77 70.312 68.8 67.1 66.1 65.4

• Average 6B.9 67.5 66.1 65.7

/0.4 //0.4 /0.4



___ RIGHT SIDE LEFT SIDE

_= a_ _ ._:_ _ _-_ o -_ . -_ _ 8 -_ .

• • ._, U C

RUN #

71.304 .148 +5.0 78.2 -t4.0 0 80.8 "fS.0 0

71.305 .146 3680 4300 +2.0 77.4 4170 +1.5 0 80.6 3680 +2.0 0

71.306 .146 3660 4300 -1.0 76,8 4120 -5.0 0 78.4 4160 -1.0 0

71.308 .146 3680 4300 -114.0 77.4 4190 ¢4.0 0 80.4 4190 +4.0 0

Average .146 3673 4300 +2.5 77.5 4160 +1.1 80.1 4010 +2.5

"f/_

T_:STVEHICLE: //071 RIGHT SIDE LEFTSIDE

Ponche 911S _ _ _ _'_ _ a _ a _ '_'_ _ _
u _ u"_" u"¢ × .u ,.,._ u ',_"5-SpeadManual x.U'_" x.-_ x.- . x.- • x.-,_

H6-164CID RUN# :_ _ _ :_ _ o a ,.o
157 bhp @ 58OORPM

TESTCONDITION: 1M 71,304 78.2 80.8

MI¢ Distance - 25 feet 71.305 77.4 80.6
71.306 76.8 78.4

TESTDATE: 9/1/'77 71.308 77.4 80.4

Avemge 77.5 80,1

.,./,o.,/ ,.o7



RIGHTSIDE LEFTSIDE

•.._ .%'_ •-

_=: _ __ -_ ×-_ .8 -_ . -_ ×'_ °
a..a "_"o cu ._._.:_ _Xo

RUt,] #

71 .304 .148 - +5.0 72.3 +5.0 0 73.8 45.0 O.

71.305 .146 3680 4300 +2.0 71.6 3980 -'ii .0 0 74.6 4150 +I .5 0

71.306 .146 3660 4300 -I .0 71.8 4160 -I .0 0 74.0 4160 -I .0 0

71.308 .146 3680 4300 +4.0 71,5 4180 +4.0 0 74,2 4160 +3.0 0

Average ,1_ 3673 4300 +2.5 71.8 4107 -0.7 74,7 41_7 +2.1

+/- I4 10.3 0.4 / 3.1

RIGHT SIDE LEFTSIDE

TE,STVEHICLE: //071

_.u_ .-_ _:_ x._ x_ ° :_
H6-164 C[D

157 bhp @ 5800 RPM
71.304 72.3 73,8

TESTCONDITION: 1M. 71.305 71.6 74,6

Mic Distance - 50 f'eet 71.306 71,8 74.0

71.308 71,5 74.2

TESTDATE: 9/1/77

Average ' 7,1.8 74.2



= RIGHTSIDE LEFTSIDE
_" O O

O O "7-

c_-_ .6_ ...... -_' _ _ 8 "_ ' =
_ __ -_ o_ _._ ,, ._ _ ._o-_ .o: _- -_= _-_ x-_ _ :=__ o_ _ :_ _.

o o :E'- ::E_ ='6 _.'-

72.303 .149 2940 21,7 +I.5 . 70.1 2940 +1.5 0 73.1 2880 +2.0 0

72.305 .134 2900 21.6 +1.0 70.9 2900 +I.0 0 72.4 2800 +5.0 0

72.306 ,148 2920 21.6 -I .0 69.6 2910 0 0 72.8 2910 0 0

72.307 .147 2930 21.8 +1.0 70.5 2920 0 0 73.4 2910 +3.0 0

Average ,144 2923 21.7 +0.6 70.3 2918 0.6 72.9 2875 2.5

_/-
._'"_,,,01lJ"2"_323,/ 0..1 / I.6 / 0.7 /0.6 /0.5 ,/2.5

RIGHT SIDE LEFTSIDE

TESTVEHICLE: #072 "6 ._ _ "6 "6 "_ _ "6 "6 "_
-- o --'6_ --"6_ _-_ _ _ _

Pontiac Ventura x x - •

3-SpeedAutomatic RUN# l :E :E + _ :E :E -
L4 - 151 CID
88 bhp '_ 4400 RPM 72.303 70.1 73.1

72.305 70.9 72.4

TESTCONDITION: IA 72,306 69.6 72.8

MIc Distance - 25 feet 72.307 70.5 73.4

TESTDATE: .8/31/'77

Average 70.3 72.9

-/o.7 /o._



RIGHTSIDE LEFTSIDE J
O 0 E

_o_- "_._ ''..:'.: _ _-; o -_ . "_ x_ o -_ .
'_. X

o0-_ o _ _ o _o o _ -_ __0u_
RUN# :_ :_"_

72,303 .149 2940 21.7 +1.S 64,5 2880 -5.0 0 66,5 2940 +1.5 0

72.305 .134 2900 21.6 +I .0 64.0 2850 -7.0 0 66.0 2820 -I0.0 0

72.306 .148 2920 21.6 -I .0 64.5 2920 -I .0 0 66.6 2920 -I .0 0

72,307 .147 2930 21.8 +I ,0 64,8 2800 -15,0 0 67,0 2920 +2,0 0

Avera,qe ,144 2923 21,7 ¢0,6 64,5 2863 -6,9 66,5 2900 -1,8

..o RIGHT SIDE LEFT SIDE

TESTVEHICLE: #072 '_ ._ _ "_ "6 ._ "6 "6 ,_

u _ x u _' x .u _n
Pontiac Ventura ax :_ c_ ax_ _ ax..u3-Speed Automatic RUN# :_ :; _ _: :_ :_ :_ _ :_ :Eo :_ :_
L4- 151 CID

88 bhp '_: 4400 RPM 72.303 64.5 66,5

TESTCONDITION: IA 72,305 64.0 66.0

Mic Distance - 50 feet 72.306 64.5 66,6

72,307 64.8 67,0
TESTDATE: 8/31./77

Average 6'¢.5 65.5

___ ......--_ ZZEIE ............. ' : _ _ _' " .......



= c RIGHTSIDE LEFTSIDE

.6-= =_ S_ • '= _ 8- :" _ "
- o:_

73.303 .159 ]7.7 3800 -2.0 74.4 3080 -2.0 0 75.6 3080 -2.0 0

73.305 .156 17.8 3560 +9.0 73.0 3080 +9.0 0 75.9 3080 +9.0 0

73.306 .150 17.8 3740 +9.5 73.2 2870 +l .0 0 76.6 2860 0 0

73.307 .154 17.8 3950 +4.0 74.0 2950 -1.0 0 76.7 2950 -1.0 0

Ave rage .155 17.8 3763 +5.1 73.7 2995 +1.8 76.2 2993 +1.5

o,.../85 ,7/ .005 ,I"203' / 7.1 /0.7 /" 3.8 / 0.6 /3.5

RIGHT SIDE LEFT SIDE

TESTVEHICLE: #073 "6 "6_ _'6 _ --":_"6 _'_ _ _ _'_ _ _ _
x.U _. x u _ "_' x ._u_. x ._u_ x .u

Pontiac _nblrdManual RUN# _:_:E "T'° _:_:E'-o :E:_._xa8 ,.0" !:_a_ _ _a:_ o _ _E,o÷5-Speed ,,i
L4- 151 CID
88 bhp (/_4400 RPM

73.303 74.4 75.6

TESTCONDITION: 1M 73.305 73.0 75.9

Mic Distance - 25 feet 73.306 73.2 76.6

73.307 74.0 76.7
TESTDATE: 9/2,/77

Average 73.7 76.2



_ , .__ RTGHT SIDE LEFT SIDE

'_ Z_ _ '- _ _ • _ o

o o
RUN# _

73.303 .159 17.7 3800 -2.0 6B.5 2900 -9.0 0 69.2 2880 -9.5 0

73.305 .I.:,56 17.8 3560 +9.0 66.0 3080 +9.0 0 69.0 3080 +9.0 0

73.306 .150 17.8 3740 +9.5 65.4 3080 +9.5 0 68.6 3080 +9.5 0

73.307 .}54 17.8 3950 +4.0 67.8 3080 +4.0 0 67.9 2820 -8.0 0

Avera9 e .155 17.8 3763 +5,1 66.9 3035 +3.4 68.7 2965 -_0.3

_ .005 ...... _ 7.1 1,/12.4 _ 145

. RIGHT SIDE LEFT SIDE

TESTVEHICLE: #073 "6 "__ "6. -- "_ ._ _ _ _ _ - ._
x.u'_ x u,,.) ,.n x u_ ×.__

5-SpeedManual RUNE _ _ c_ _ _ _:
L4- 151 CID

88 bhp '_; 4400 RPM 73.303 68.5 69.2

TESTCONDITION: 1M 73.305 66.0 69.0

Mic Distance - 50 Feet 73.306 $5.4 68.6

TESTDATE: 9/2/"77 73.307 67.8 67.9

Average _6.9 _8.7

,


