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1.0 INTRODUCTION
t.1 Background

The noise produced by motor vehicles is a major factor in determining communtty
noise exposure in urban and suburban areas, The largest contribution to this exposure is
provided by medium= and heavy=duty trucks due to the individually high sound levels
produced by this type of vehicle. Automobiles and light trucks, collectively termed fight
vehicles, produce much lower levels individually, but their large numbers {automobiles
outnumber trucks by the ratio 9 to 1) result in a significant contribution to community noise
exposure, Other vehlcles, such as buses and motoreycles, are present in much smaller numbers
than trucks or automebiles in most urban and suburban situotions, However, the individual

sound levels are high and hence these vehicles constitute a significant noise problem,

In an attempt to reduce the noise exposure from motor vehicles, EPA haos estoblished
both new vehicle and in=use noise standards for medium~ and heavy-duty trucks, and has
proposed new vehicle standords for buses and motoreyeles, These actions will result in the
introduction of quieter vehlicles In future years. Light vehicles, on the other hand, have
not yet been addressed with tegulations by EPA, and there are indications that recent moves
by the U.5, Congress to require reductions in light vehicle gasoline consumption will lead
to the introduction of diesel engines in light vehicles and more vehicles with small engines
which, in turn, may result in an increase in sound levels, particularly in the acceleration
mode. To evaluale the extent of this potential increase, and its effect on community naoise
exposure, it is necessary fo develop o datu base of the sound levels produced by light vehicles,
projected to form a ﬁwjor part of the fleet in future years, and compare this to levels pro-
duced by vehicles in today's fleet. To this end, a suitable method for measuring vehicle

sound levels is required.

There are severa! methods for measuring the noise emissions of light vehicles, but
these involve operations that are not representative of the way in which vehicles are typ-
ically operated, and hence are considered unsatisfactory as they do not rank vehicles in
accordance with their contribution to community noise exposure. The method currently
in general use in the UnitedStates is defined in the Society of Automotive Engineers (SAE)

JP8bu prcn::er:lure2 that specifies the measurement of sound for full-throttle vehicle operation

1-1
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ot speeds in excess of 30 mph. From existing vehicle operotion surveys, it is known that
full=throttle acceleration is not a typical mode of aperation for most light vehicles, and
hence is responsible for only a part of the urban community noise exposure, Further,

vehicles exhibiting similar sound levels as measured by the SAE J986a procedure do not

necessarily centribute equally to community noise. [t has also been observed that values

of noise reduction achieved by many engineering treatments as measured under fuli-throttle

conditions are not exhibited in other less severe but more typical operating conditions,
The standard method of measurement used in Europe =~ namely, the International Standards
Orgonization (150) R342 prccedurea — is very similar to the SAE J986a procedure in terms

of vehicle oparation and hence is equally unsatisfactory,

Because the existing established full=throttle procedures do not provide a method
for reasonably assessing community noise exposure due to light vehicles, a more represen=

tative procedure for light vehicle acceleration was developed and validated.

1.2 Description of the Program

In January 1977, o program was initiated to develop and validate a suitable noise
test procedure for light vehicles that would rank vehicles according to their contribution
to community noise exposure during typical urban aceeleration. To achieve this objective,
1t was decided that the vehicle operation required by the test procedure should simulate
that exhibited in typical urban driving conditions. A preliminary review of the published
data on light vehicle operations in urban areas indicated a lack of detail In the vehicle
parameters that would be required in defining o test cperating procedure. Accordingly, o
limited series of driving fests were conducted, the results of which defined more precisely
the vehicle parameters ohseived in typical acceleration operations, Using all of the avail-
oble data, a sel of criteria were established against which potential measurement methods

could be evaluated,

The motor vehicle manufacturers have recognized the shortcomings of the current
full«throttle test procedures, and have proposed o number of altemative approaches. These
were evaluated in terms of repeatability and representation of typical vehicle cperations
by a series of noise tests conducted on 19 automobiles and light trucks. The tests were
conducted at o site established at the Marana Air Park, located near Tucsen, Arizona,

selected for its excellent support facilities, good weather, and proximity to a metropolitan
1-2
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area, providing access to a wide variety of test vehicles. Each vehicle was fully
instrumented and subjected to a comprehensive sequence of tests including these proposed
by manufacturers and others designed to document the noise and operational character~
istics under all modes of operation. The results indicated that the proposed procedures
were not entirely suitable as a standard method of light vehicle noise measurement, An
alternate procedure was developed in on attempt fo satisfy the previously established
criteria, and was implemented on ten test vehicles. With a few minor modifications,

this procedure was tentatively adopted for use by EPA in measuring the noise emissions

of light vehicles operations in urban areas.

1.3 Orgonization of the Report

The following chapters in this report present detailed information on the program
outlined above. Chapter 2,0 considers various approaches that can be taken in the selec=
tion of a light vehicle noise measurement procedure, estoblishes the overall requirements
of such a procedure, and identifies the necessary inputs, Chapters 3.0 and 4.0 provide
the inputs related to vehicle operation. Specifically, Chapter 3.0 presents an analysis
of the published operational data; Chapter 4,0 describes the driving tests performed to
supplement these data, The light vehicle noise measurement program designed to provide
o data base for evaluating proposed test procedures is described in Chapter 5.0, The com-
prehensive evaluation, together with the selection, development, and trial implementation
of an alternative test procedure, is detailed in Chapter 6.0. This procedure is presented
in full in Chapter 7.0, Supporting information on vehicle operation studies and a deserip=~
tion of the instrumentation system used in the vehicle noise measurements are included in

the appendices at the end of the report,

It should be noted that vehicle parameters and distances were measured and printed
out in English units (feet, pounds, seconds) during the test program, Therefore, in accord=
ance with EPA’s request to reduce the data reduction and analysis effort, English units
are also used throughout this report,

Subsequent ta the development of the light vehicle noise test procedure described
in this report, a data buse was estoblished for the nolse emissions of 66 1977 model aute~
moblles and light trucks. The details of this program are contained in a companion report,
"Light Vehicle Noise: Volume Il - Implementation and Evaluation of a Test Procedure to

Measure the Noise Emissions of Light Vehicles Operating in Urban Areas”.
-3 WYLE LABORATORIES
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2,0 APPROACH TO THE SELECTION OF A LIGHT VEHICLE NOISE TEST PROCEDURE

2.1 Criteria for the Evaluation of Test Procedures

The first step in the selection of an automobile noise test procedure is the
definition of criterio with which the various existing and proposed methads can ba eval-
vated and sultable modifications introduced, The fundamental concern underlying the
selection of a methodology is the reduction of vehicle noise exposure in communities.

A viable measurement method must be related directly to noise exposure so that
measured noise reductions will be passed on to the community on a one-to-one basis,

The attainment of this objective implies that the relation between the noise produced
using the method and the noise experienced by the community is known for all vehicles,
or that the measurement mathod includes the modes of operation that are responsible

for the exposure. A measurement methodology must aiso be constructed in such a way

that the sound levels measured using the procedure accurately characterize noise emissions
for the specified operating condition. Further, this characterization must be obtained
uniformly for all configurations of autemobiles. Finally, a viable methodology will keep
to a minimum the cost and time required for measurement and will measure noise emissions

in a repeatable manner.

These considerations form the criteria which can be used to review and analyze
existing and proposed automobile noise test procedures. The criteria are that the test
procedure must be:

o Directly related to community noise exposure;

e Accurate in measurement of the desired operating condition;

o Uniformly applicable to all automobile types and configurations;

s Able to provide repeatable results;

e Practical in temms of cost and Hme,

2.2 Review of Existing Test Procedures

Automobile noise test procedures currently in use and proposed for use are of twe
types, vehicle pass=by or moving tests, and stationary tests. Most pass-by procedures

have historicolly addressed the meosurement of maximum potential sound levels, aithough

2-]
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noise production under more typicul operating conditions has been propesed. Stationary
unloaded measurement methods have been developed to assess the nolse produced by
individuol automobife components or groups of components, and to assess averall noise
production, There has not, however, been an adequate correlation between either

stationary unloaded tests or pass-by tests with community noise exposure,

Of the automobile noise test procedures currently in use, there are three which
are designed to measure the maximum noise produced by the vehicle — namely, the Society
of Automotive Engineers (SAE) Standard J‘?Béa,z and the California Vehicle Code 27]605
in the United States, and the 150 R362 Srdndcrds in Europe. Each of these procedures
specifies similar vehicle operating conditions in which o full=throttle acceleration is
initiated from a low speed, and maintained throughout the test section, The microphone
is placed at a height of 4 feet and at a distance of 5Q Feet from the vehicle poth for the
SAE J9B6a and CVC 27160 tesis, and at a distance of 7.5m (25 feet) for the 150 R342
test, Other differences among the three procedures include the relation of the micro-
phone to the initiation point of aceeleration, the initiation speed, and the fength of the

test section,

A well-recognized, common fault with these three methods is that the sound
level measured does not necessarily correspond to the maximum sound which is assaciated
with moximum rated engine speed. This occurs because vehlcles of low power-to-weight
ratio do not attain maximum rated engine speed within the test section, whereas higher
performance vehicles do attain this condition. Further, by alteration of the final drive
ratio on a glven automobtle configuration, the location at which the maximum rated
engine speed is achieved can be Influenced significantly, producing a correspanding
influence on the measured sound levels since only a single microphone is specified, To
eliminate the bias towards low power-to-weight vehicles and the sensitivity to gear ratio,
a revised procedure {XJ 1030} has been proposed by the SAE, This proposed method
ensures that each vehicle will attain its maximum rated engine speed within the test sec-
tion and that the relative position with respect to the microphone will be approximately

the same in each case. A similar type of revision for ISO R362 is also under consideration.

Aside from the technical aspects of determining maximum sound, a full-throttle

meosurement method alone is inadequate for assessing community exposure. From existing

2-2
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vehicle operation surveys (see Section 3.0), it is knawn that full-throttle acceleration is ,
not a typical mode of operation, and hence is respansible for only limited nolse exposure, '
Further, vehicles exhibiting similar sound levels as measured by such procedures do not neces-

sarily contribute equally to community noise, This inequality arises because vehicles of low
power=to~weight ratio must be operated claser to thair maximum rated engine speed than

vehicles with a high power-to~weight rotio in order to maintain equivalent acceleration
characteristics under typical driving conditions. It has also been observed that values

of noise reduction measured under full-throttie conditions are often not exhibited in other

less severe operating conditions® Despite these criticisms of full-throttle measurement {
methods when censidered as o single test, such a test method can be useful for determining ;
the maximum noise potential of light vehicles, particularly if it is modified aceording to

the specifications contained in SAE XJ 1030,

2.3 Altemative Types of Test Procedures

2.3.1 The Driving Cycle Method

One approach to vehicular noise measurement is to develop a noise driving
cycle test similar to the EPA urban driving schedule for determining compliance with
the Federal Exhaust Emission Standards, The vehicle could be aperated on a quieted
dynamometer whereby the equivalent continusus sound level, Leq, for the cycle could
be determined for each vehicle, However, substantial additional research and develop~
ment would be required to prove the feasibility of this approach, Further, such an approach
to measuring noise emissions is very likely to require o more expensive and complex facility
than is now required for measuring exhaust emissions, Accordingly, further consideration
of this procedure has not been pursued in anticipation thot an alternative, less complex

and costly, approach will be found acceptable.,

2.3.2 Stationary Test Procedures

Existing statlonary light vehicle noise measurement methods are of three types,
The first is that of 1SO R362° which spacifies a sound level measurement 7.5m (25 feet)
from the vehicle with the engine operated at 75 percent rated engine speed. The second
type is that used by the State of California and the City of Grand Rapids, Michigan, as

7 .
an enforcement test for exhoust systems, and involves o sound |evel measurement close
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to the exhaust outlet ot a given, stabilized engine speed, A similar near~field exhoust
noise measurement is currently being proposed as a recommended practice by the SAE for
unloaded engines at 3000 RPM.B As a third variation of stationary lesting, the Ford
Motor Company has edopted a test using a microphone position 5 feet in front of the vehicle
in addition to the near~field exhaust measurement. Refinement of ihis latter method is still
in progress at Ford, and correlations are currently being attempted between the stationary
sound levels and levels measured in pass-by tests, Stationary testing offers many advan-
tages in terms of reproducibility, site restrictions, and enforcement, which make its
development desirable, However, it is nat anticipated that a statienary measurement
procedure could be related directly to community noise exposure without the development

of a representative pass-by measurement procedure as an intermediate step.

2,3.3 The Pass-By Test Procedure

Several of the American automobile manufacturers have Intreduced the concept
of a multi-modal test procedure in an attempt to overcome the limitations of the full~
throttle test, The multi-modal test procedure combines the sound levels produced during
a number of different operating modes to produce a single level defined by the expression:

0L2/10 LN/IO

+...+ANIO

L]/IO
L = 10 Leg Al 10 +A2]

where L], L2, ey LN are the levels preduced in each mode, and A] ‘ A2’ c ey, AN
are the fractional contributions to community exposure from each mode, With the assump=
tion that more than one vehicle aperating mede is responsible for community noise exposure,
the concept of a multi-modal test fulfills explicitly the requirement of being relateble to
community exposure since all the medes contributing to the exposure can be included,
However, the development of such a methodology requires g knowiedge of the contribu-
tion of each mode to the total exposure in order that significant modes can be selected
and properly weighted — as shown for a hypothetical example in Figure 2,1, This requires
a knowledge of the sound levels for each mode and the occurrence of those mades in the
community. To determine appropriate automebile test modes and weighting factors for a
multi«modal methodolegy, the automobile manufacturers have suggested using the results

of a vehicle operations survey conducted by General Motors that employed a "chase-~car”
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(Hypothetical}.

Figure 2,1. Relative Impact From Vehicle Operating Modes
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technique, This study has been reviewed in detail and has been found to be suspect for
reasons which will be menticned in Section 3.2 and are detailed in Appendix A, Accord-
ingly, o multi=modal test procedure cannot be develeped until further investigation of

automobile cperation is completed.

Al this point, however, it is necessary to recapitulate on the primary objective
of this program = namely, the development of a test procedure to identify the potential
damaging effects on the community caused by the introduction of more fuel-efficient light
vehicles, In o previous study of light vehicle noise chc:rcu:ff.'risrit:s,I it was shown that
automobiles in the subcompact and compact classes, with gasoline engines of size less
than about 200 CID, exhibited sound levels that were about 4 dB greater than these pro-
duced by automobilas equipped with the larger, less fuel-efficient engines, when operated
ot a typical urban acceleration rate of 0,159, However, there wus little difference in
sound levels between the two automebile categories under cruise conditions, mainly because
of the Influence of tire noise, Therefore, for the purpose of identifying the relationship
between vehicle sound levels and fuel efficiency, it is only necessary to consider the
acceleration mode, since the sound levels produced under cruise conditions by vehicles
equipped with gasoline engines appear to be much less sensitive to fuel efficiency. The
sound levels generated by vehlcles with diesel engines are understandably higher under
all modes of operation. Accordingly, the acceleration mode is identified as the mode
of operation that needs to be simulated by the test procedure, The test procedure to be
developed for this mode will be suitable for specifying noise levels for the acceleration

mode in any subsequent multi-mode procedure,

2.3.4 Conclusion

As a result of considerations presented in this chapter, it was decided to develop
a single mode pass-by test procedure to simulate the sound levels generated by light
vehicles during acceleration under typical road conditions. To define the typical aecel-
eratian characteristics that must be simulated in the test procedure, it is necessary to
review data defining the way in which vehicles are driven under typical road conditions.
This is the subject of the next two chapters. Chapter 3,0 presents an analysis of the pub=
lished light vehicle operation data. Chapter 4.0 describes the results of light vehicle

operation measurements which were conducted as part of this study,
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3.0 REVIEW AND ANALYSIS OF PUBLISHED LIGHT VEHICLE OPERATIONAL DATA

3,1 Intraduction

In order to reduce the impact of automobile nofse on o community, it is necessary
to identify the specific automobile operations that produce the impact and then reduce
the sound levels associated with these operations. The sound levels before and after abate-
ment measures are applied must be measured by subjecting the automobile to a standard
test procedure. The levels measured under this procedure should be representative of those
to which the community is exposed, which meeans that the test procedure should include
the operations that produce the Impact, In this way, the noise exposure con be related
directly to the noise emission measurements.

The development of a measurement procedure to satisfy this requirement can be

subdivided into three stages, namely:
® Determination of typical vehicle operating modes;

e  Determination of the noise produced by automobiles in each of these typical
modes;
& Determination of the contribution of each mode to the total nolse exposure.
Once the contribution of each cperating mode is known, a test procedure can be constructed
which represents, or is directly relatable to, these modes which are most significant to the

total exposure.

3.2  Review of Light Vehicle Operation Studies

There are four sources of information which provide some indication of typical

light vehicle operation in the low-speed, urban acceleration made. These sources include:

o  CAPE~10 Vehicle Operation Survey
e EPA Urban Driving Cycle ©
e  General Motors Chase-Car Srudy”

e ‘Wyle Traffic Motion Measurements

Although several of these studies are quite extensive, all four have suffictent limitations
when considered individually that they cannot be used to determine detailed vehicle
operation in the acceleration mode,

3-1
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Of the four sources of information, the results of the General Motors Chase~Car
Study of 1974 have been mast often cited as on appropriate data bose from which vehicle
operation can be defined for noise exposure calculations, The "chase-car" technique
utilizes an instrumented vehicle in an ottempt to follow end simulate visually and thereby
monitor the behavior of individual vehicles in a flow of traffic. This technique has several
limitations, The first is the ability of the chase-car to simulate accurately the acceleration
of the vehicle being chased. The instantanecus value of acceleration Is considerobly more
difficult to duplicate visually than steady or slowly varying speed because of the added
derivative of time. In this regard, it should be noted that in low=speed aceeleration,
large changes in vehicle speed can occut in quite short time intervals, such as 20 to 30 mph
In 5 to & seconds in duration. The duplication of acceleration is also inexact because the
manner in which a vehicle occelerates depends on both the characteristics of the vehicle
and the driver. Thus, chase-car acceleration is strongly biased by the chase~car and the
operator of the chase-car, In addition to the difficulty of duplicating the acceleration
of another vehicle, the acceleration was not measured directly in the GM study, but was
derived from the vehicle speed which was sampled at one-second intervals. From these

data it is difficult to define the detailed vehicle acceleralion characteristics,

Anather limitation of the chase~car technique is that it is not suited for either
high or low density traffic situations. In high density traffic, contact with the chased
vehicle can be lost eostly due to lane changes or by vehicles coming in between the two
vehicles, In low density traffic, it is difficult for the chase~car to remain undetected so
that it does not influence the operator of the chased vehicle, A final limitatlon is that
engine speed, the vehicle parameter most directly related to noise production, cannot
be monitored with this methad, A more detailed eritique of the GM chuse~car study is

given in Appendix A,

The CAPE-10 Study also has several limitations which make it unacceptable as
an infermation source of vehicle operation in the acceleration mode. It employed the
chase-car data gollection method and hence suffers from the limitations described above.
Further, it was conducted for purposes of determining exhoust emissions and hence contains
no information relating to the occurrence of operating mode with local environment, road

type, population density, or traffic congestion, all of which may be important for purposes
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of determining noise exposure, The manner in which the study was conducted limited
data collection to a predetermined route which was constructed to represent the typical
home=work, work~home round trip. Further, it was conducted in 1971 prior to the increased

public awareness of fuel economy.

Several aspects of the EPA Urban Driving Cycle also prohibit its use as a sole source
of typleal vehicle operation information for purposes of nofse impact, Unlike the CAPE-~10
and GM studies, the EPA Cycle utilized an instrumanted vehicle directly for data collec~
tion, The Cycle consists of a velocity profile obtained From an instrumented vehicle as it
was driven over a prescribed route in Los Angeles, California, This route was developed
to represent the morning home~to-work trip which is believed to be the type of utban tip
which most significantly contributes to the air pollution problem in the Los Angeles area,
The relationship of this type of trip to vehicular nolse exposure is now known, and indeed,
the drlving cycle for quantifying air pollution may be less sensitive to certain vehicle

operating medes than that for noise exposure.

There are several aspects of the EPA Urban Driving Cycle that influence details of

" the velocity profile which are important for determining typical noise emission. Since

only ene vehicle was used in developing the Cycle, the derlvative of the velocity profile
{acceleration) is biased by that particular vehicle, Also, from the CAPE~10Q Study, there

is evidence thal the acceleration rate may vary from one metropolitan area to another,
Finally, the Cycle has bean modified so that accelerations greater than 4,84 Ft/sec::2 (0.159)

do not occur. This is required so that the trip may be duplicated on a dynamometer.

Unlike the other three studies, the Wyle study was not designed to establish general
vehicular operational patterns, The intent of the study was to demonstrate a specific data
collection technique and to obtain very limited data for purposes of comparison to the
otherstudies. The study was performed by making o high-speed movie ot o road intersec
tion for a given period of time, ond subsequently replaying the movie, frame by frame,
to meosure the distance travelled by each vehicle, In this way, vehicle velocity (sumpled
24 times per second) and hence acceleration could be determined. Details of the measure-
ment technique and the results obtained are given in Appendix B. Because of the very
limited nature of the study, it alone cannat be used to detemine vehicle operations for
noise exposure purposes, The study was conducted at one site only and hence variables
which may influence driving patterns were not assessed.
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3.3 Analysis of the Data From Light Vehicle Operation Studies

While none of the vehicle operation studies can be considered definitive of typical
low=speed acceleration, they represent the only available data and hence it {s useful to
compare the results, This can be done in two ways. The first is to consider the frequency
of oceurrence of vorious speed and acceleration bands, ond weight these oceurrences with
the acoustic energy associated with each band. In this manner, the energy contribution
at each speed and acceleration combination for the acceleration mode of operation can
be determined, The second method is to consider typical or average acceleration profiles
measured for accelerations initiated from rest. With this information, vehicles can then
be operated according to that profile or portions of the profile and resultant sound levels

measured, The results determined by both of these approaches are discussed below.

To determine energy-weighted operations contributing ta community exposure, it
is necessary to know both the frequency of occurrence of various speed-acceleration com-

binations and the sound level produced at each of these combinations.

The information on the occurrence of various speed-acceleration configurations
¢an be extracted directly from the GM Study. The percent of time spent in individual
speed and acceleration bands is given for the acceleration mode in non=highway driving
in Table 3.1, To abtain such information from the EPA Driving Cycle, further reduction
must be performed on the speed-versus-time data defining the cycle. This reduction has
been performed and the result is presented in Table 3,2, Unfortunately, a similar analysis
cannot be performed with the CAPE=10 Sfudy due to the manner in which the data are
presented. However, the frequency of occurrence of various acceleration bands at speeds

of 10, 20, and 30 mph can be obtained, These results are given in Table 3.3,

The necessary sound leve| data were suppllied by General Motors] 2 for three of thair
1976 autemebiles — namely, a Chevrolet Nova (305 CID, V8), o Buick Skyhawk (231 CID,
Vé), and a Chevrolet Chevette (97.6 CID, L4). In order to eliminate lire noise from the
energy-weighting of the operational data, the acoustic energy produced by <oast condi-

tions was subtracted from the total energy produced in each operating band.

Using the data in Tables 3.1 and 3.2, together with the GM saund level data,
the percent energy contribution of each speed~-acseleration band was calculated and is
presented in Tablas 3.4 to 3,10. It should be noted that the energy~weighted operation
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Table 3.1

Parcent Time Spent in Vorious
Spead-Acceleration Combinations for
Acceleration in Non-Highway Driving —
GM Chase-Car Study

C:ﬁggi!: Range of Acceleration, g's
Speed (mph) 0.05-0,10 0.10-0.15 0.15-0.20 | 0.20-0.25
2,5 6.3 1.9 0.2 0.3
7.5 5.9 3.7 2.0 0.7
12,5 8.5 4,1 2.4 0.5
17.5 10.4 4.5 2.0 0.2
22,5 10,3 4.0 1.4 0.1
27.5 10.1 2.6 0.8 ]
32.5 7.0 1.2 0.3 0
37.5 3.9 0.4 0 0
42.5 1.9 0.1 0 0
47.5 0.6 0 0 0
52,5 0.2 0 0 0
57.5 0 0 0 0
3-5
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Table 3.2

Percent Time Spent in Various

Speed-Acceleration Combinations
for Acceleration in the EPA Urban Driving Cycle

Percent Time Spent in Various
Acceleration Bands for 3 Speeds
From CAPE-10 Study

C:E;glg: Rangs of Accelerotion, g's
Speed {mph) | 0.04-0,10 0.10-0,14 0,14-0,20
2,8 4.8 2,1 3.7
7.5 1.7 1.3 3.7
12,5 3.5 1.6 1.8
17,5 8.5 1.7 1.3
22,5 17.8 2,8 0.5
27.5 2,7 1.4 0
32,5 5.5 1.8 0
37.5 0.4 0 0
42,5 0.1 [+] 0
47.5 0.2 0 0
52,5 0.4 [+ 0
Table 3.3

Accel, Vahicle Speed {mph}
Band (4's) 10 20 ao
0,05-0,18 30,6 44.3 74.4
0,10-0,15 7.9 4.4 20,0
0.15-0,20 23.7 i3.4 5.8

0.20-0,25 12,5 4,0 4]
0,25-0,30 4,2 )] 0
0,30-0,33 1.1 0 0

Tatal 100 160 100
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Table 3,4

Percent Sound Energy Produced in
Various Speed-Acceleration Combinations —
Chevrolet Nava for EPA Urban Driving Cycle

c:ﬁ;:?: Range af Acceleration (g's)

Speed (mph) 0,05-0,10 0.10-0.15 0,15-0.20 0,20-0,25
2.5 0 0 0 -
7.5 0.1 0 0.1 ——

12,5 1.3 0,9 0.4 —
17.5 4,8 1.2 1.4 -
22,5 13,8 3,3 0.5 —
27.5 30,1 2,4 - ———
32,5 7.7 2,9 - —
7.5 2.] - - —
42,5 0.2 - - ——
47.5 9.2 - - ———
52.5 16.6 - ——— ———
52.5 - - ——- ——
Table 3.5

Percent Sound Energy Produced in
Various Speed-Acceleration Combinations —
Chevrolet Nova far GM Chase-Car Data

C::::Ig: Ronge of Acceleration (g's}

Spoed (mph) 0,05-0,10 0,10-0,15 0,15-0,20 0,20-0.25
2.5 0 0 0 0
7.5 0.4 0,1 0.1 4]
12,5 3.9 2.8 0.7 0.1

17.5 5,9 3.9 2.4 0.4
22,5 9.5 5.4 1.7 0.5
27.5 16,0 5,4 t.8 0,1
32.5 1.6 2.4 1.4 -
37.5 7. 1.4 0.5 -—
42,5 5.5 0.8 0.3 —
47.5 2,8 0.4 0,1 -—-
52.5 0.9 o .- -
57.5 0.2 . L - —em

WYLE LADORATORIES




" £ her g,

{

il

-

S

i

1

5
-

-

E_F oz

[T ¢

Table 3,6

Percent Sound Energy Preduced in
Various Speed~Acceleration Combinations —
Chevrolet Chevette for EPA Urban Driving Cycle

C;:;:?: Range of Accaleraticn {g's}

Speed {mph} | 0.05-0,10 0,10-0.15 0,15-0,20 0,20-0,25
2.5 0 0 + D -
7.5 0,2 0.2 0.7 -

12,5 0.6 0.7 1.4 -~
12.5 3.0 0.8 2.3 -
22,5 2.1 3.0 1.5 ———
27.5 20.9 3.4 e ——
32,5 6.0 4.2 i -
7.5 2.0 -— e ——
42,5 0.4 —— ann ——
47.5 1.8 -—- - -
52,5 19.4 - ——— ——
52,5 - - -e ——
Table 3.7

Percent Sound Energy Produced in
Various Speed-Acceleration Combinations —
Chevrolet Chevette for GM Chase=Car Data

CZE;Z?: Range of Acceleration (g's)

Speed (mph) 0.05-8,10 0,10-0.18 0,15-0,20 0,20-0,25
2.5 0 1} 0 —
7.5 0.9 0.7 0.4 ava

12,5 1.9 2,2 2.1 -
17.5 4,2 2.7 4,0 -
22,5 6.1 5.0 5.1 —
27.5 10.7 7.5 2.9 "——
J2.5 8.7 3,3 1.4 “ea
37,5 10.0 3,2 —— ——
42,5 0.1 --- - P
47.5 3.5 == - ——
53,5 1.1 - e —
.57.5 ——— . - ——
3-8

WYLE LABORATORIE:




B e = P A

ES

L _d

Lo

Table 3.8

Percent Sound Energy Produced in
Various Speed-Acceleration Combinations -
Buick Skyhawk for EPA Urban Driving Cycle

3:::::?: Ranga of Accaleration {g's)
Spoed (mph) 0.05-0,10 | 0,10-0,15 0,15-0,20

2.5 -— —a- -

7.5 0.4 0.1 0.8
12,5 3.5 1.6 1.8
17.5 4,0 1.2 2.8
22,5 10,0 30 1.1
27.5 25.8 1.9 wan
32.5 6.4 1.2 =
37.5 4.0 - mau
42,5 0.1 — -
47.5 5.2 e ——
52,5 22,7 - —_

Table 3,9

Percent Sound Energy Produced in
Various Speed-Acceleration Combinations —
Bulck Skyhawk for GM Chase=Car Dato

':,::;:‘IE’: Range of Acceloration (g's)

Spaed (mph) 0.05-0,10 0,10-¢,15 0.15-0,20 0,20-0,25
2.5 —— - - -
7.5 1.5 0.9 0.5 0.2
12.5 fe.d 4.9 2,9 0.4
7.5 g.6 3.7 5,0 0,6

22,5 4.8 5.3 3.7 0.6
22.5 13.5 4,2 2.5 0.}
2.5 2.6 1.0 1.0 -
7.5 2.2 0.5 0.7 ——
42.5 1.6 0,2 0.2 e
47.5 1.3 0.2 0.1 ---
52.5 0.4 -— - -—
57,5 0,4 - — -
3-9
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Table 3.10

Percent Sound Energy Produced in
Various Acceleration Bands ot 20 mph
for 3 Vehiclas Using CAPE-10 Data

Range of Acceleration {g's)

Vehicle 0,05-0,10 $.10-0.15 0,15-0.20 0.20~0,25
Chevrolet Chevelte 22.4 37.4 40,1 -
Buick Skyhawk 22.4 36.8 26.1 14,8
Chevrolet Nova 33,5 40.0 12,9 13.7

3-10
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data are enly approximote, because of the approximate nature of the chase-car data,
and because vehicle sound levels are much more dependent on engine speed than vehicle
speed, and gear data are not available from the chase~-car study. Using the data of
Table 3.3, the percent contribution of each acceleration band at 20 mph was calculated
ond is presented in Table 3.10. Comporisen of Tables 3.4 through 3.10 indicates that
the energy contribution varies from one study o ancther ond from one vehicle to anather.

Even with this variability, the following general conclusions can be made:

s  Most of the energy contribution to the acceleration mode occurs at speeds
in the range 10 to 35 mph with the exclusion of the highway portion of the

EPA Driving Cycle.

e Almost all of the sound energy contribution to the acceleration mode occun

between nearly eruise conditions {0.05g) and 0.20g.

Thus, based on sound energy contributions, the region of interest for o low-speed utban

accaleration test procedure is bracketed by speeds of 10 to 35 mph and by accelerations

from nearly cruise (0.05g) to 0.20g.

The other method of using the published vehicle operational data is to construct
average acceleration profiles. As part of the resvlts, the CAPE=10 Study provides average
speed-versus~time proftles for accelerations from 0 to 30 mph., A profile for each of the
five cities of the Study is presented, From these data, average acceleration over an
interval of 0.2 secand was calculated. The resultant acceleration plotted agoinst vehicle
speed for two of the cities included in the Study that showed the highest and lowest accel-

eration rates s presented in Figure 3,1.

An averoge acceleration profile was also developed from the speed-versus-time
data of the EPA Driving Cycle, In this case, average acceleration was calculated aver
one=second Intervals. The resultant acceleration in each | mph speed band was then
averaged to construct the profile given in Figure 3.1, It should be noted that the accel-
erations were all initiated from O mph and that the averege terminai speed of the accelera-

tion was 23.4 mph with o standard deviation of 5.5 mph,
In its two published forms, the results of the GM Chase~Car Study cannot be used

to construct acceleration profiles. Recently, however, General Motors has reanalyzed

3«11
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Figure 3.1, Typical Characteristics for Light Vehicle Acceleration in

Uban and Suburbaon Areas,
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the original dala tapes and has produced some acceleration-versus=speed data. These

data correspond to the acceleration exceeded 50 percent of the time as a function of speed
for accelerations in residential areas initiated from speeds less than approximately 2.5 mph,
The resultant profile is also indicated in Figure 3.1, It should be noted that the accelera~
tion presented in this curve corresponds to the average acceleration calculated from a speed
change over a one=second interval, Further, the average terminal speed of the accelera-
tions is not given; however, it is assumed to lie between 25 and 45 mph with a standard

deviation similar to that of the EPA Driving Cycle.

The results of the Wyle Photographic Study can be used directly for comparison
to the acceleration profiles of the other studies. In this study it was found that vehicles
accelerated at an approximate |inear rote of 0,14g over the range of 10 ta 25 mph, This
result is also Indicated in Figure 3,1, It should be noted that the terminal speed of the
accelerations was nat measured in this study, However, the posted speed limit on the
roadway was 45 mph. It Is, therefore,assumed that the average teminal speed would be

close to 45 mph,
Comparison of the profiles given in Figure 3.1 leads to the following conclusions:
¢ There is no close agreement between the four studies.

o  The total envelope defined is opproximately 0,079 wide over the complete

speed range.

s  Within the results of the CAPE-10 Study there is significant difference between

vehicle operation in New York ond Los Angeles,

e There Is an indication that the terminal speed of acceleration significantly
influences the acceleration rate at speeds above about 18 mph, As a particular
exomple of this behavior, the acceleration at 25 mph for each of the studies
is platted in Figure 3.2 cgainst average terminal speed of acceleration for the
particular date set, The GM data are presented as a range as no specific speed
is available., From this figure it appears that the acceleration ot 25 mph is a

linear function of terminal speed.
¢ The average acceleration reported in all four studies range from 0.05g to 0.20g

over the speed range O to 25 mph.

3-13
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o The average acceleration rate appears ta decrease significantly at speeds
greater than 20 to 22 mph in situations where the terminal velocity (or posted

speed limit) is 35 mph or less.

3.4 Conelusions Frem Existing Light Vehicle QOperation Data

A review of the data describing the operation of light vehicles in urban areas has
shown that the specific information required in the development of a test procedure is not
available. However, it is possible to draw some general conclusions and to define bounds

on some of the operating parameters of interest,

It appears that, for urban areas, the vehicle speed range of interest is from 10 to
35 mph. Since only a small proportion of the integrated sound energy Is produced ot speeds
less than 10 mph (see Tables 3.4 to 3.9), the range of interest can be limited to 10 to 35 mph.
As far as the upper |imit of 35 mph is concerned, previous data collected by Wyle have
shown that tire nalse starts to become an important contribution to overall vehicle noise at
speeds greater than 25 mph, For example, ot 25 mph, the difference between sound Jevels
produced at an acceleration rate of 0.15y und those produced under o coast condition are
sometimes less than 5 dB for vehicles equipped with engines of capacity 200 CID and greater.
The difference is greater for smalier vehicles. Since the purpose of the test procedure is
to measure propulsion system noise, the vehicle speed range of interest can be restricted

stil] further to 10 to 25 mph.

The acceleration range of interast is from near cruise (0.05g) to about 0.20g, The
data in Tables 3.4 to 3.9 indicate that a significant amount of the integrated sound energy
is produced at acceleration rates in the range 0.05g to 0,10g, However, it should be
noted that this generally occurs at speeds greater than 25 mph and not at fower speeds when
accelerating from rest, This is somewhat confirmed by the curves shown in Figure 3.1,
from which it is reasonoble to specify an acceleration range of interest from 0,109 to 0,20y

covering most of the speed range O to 25 mph.

It must be recognized, however, that for reasons discussed earlier, the conclusions
drawn from the existing data are not necessarily completely definitive of light vehicle

operations. For example, none of the existing studies include data on the engine speed,
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which is probably more important than either acceleration or vehicle speed in determining
vehicle sound levels, However, the overall ranges in parameters defined above are useful

in identifying general bounds of interest,

There is also little information on the time history of vehicle acceleration from
rest in the published data. The Wyle photagraphic study indicated that the acceleration
was fairly constant up to speeds of 25 mph where the teminal speed was about 45 mph,

This implies that the driver is gradus!ly increasing the throttie setting os the speed increases,

and intuitively this seems to be a typical driving action, Others believe, however, the

action is more one of constant throttle, where the throttle setting is initiated and held

constont. In reality, the typical driver probably operates somewhere in between these

two extremes,

In view of lack of definitive data on the accelerotion characteristics of light
vehicles, It was decided that additional measurements were required before a suitable i

test procedure could be developed. These measurements are described in the next chapter,

3-16
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4.0 COLLECTION OF ADDITIONAL LIGHT VEHICLE OPERATIONAL DATA

4.1 Data Requirements

The published data on light vehicle operations,reviewed in S=ction 3.0,are
presented in tems of the fraction of time spent in various bands of speed and accelerq
tion. At the low speeds of interest in this study {less than 25 mph), the noise produced
by light vehicles is dependent on the engine speed and rate of acceleration. For vehicles
equipped with manual transmissions there is, of course, o direct relationship between
engine and vehicle speed determined by the tronsmission gear ratio. Such a relationship
does not exist for vehicles equipped with automatic transmissions, due to the presence
of a fluid coupling or torque converter in the transmission chain. The gear selection
was not monitored in the published data, so there is some uncertainty in relating the
vehicle speed and acceleration data to the nolse produced, For example, according
to Table 3.1, the relatively low fraction of time spent at low vehicle speeds at 0,10 to
0.15g might well involve high engine speeds and a correspondingly higher sound

energy contribution than indicated in Tables 3.4 10 3.9,

In accelerating from rest, the noise produced by a {ight vehicle increases with
engine speed, The moximum engine speed, and hence the maximum noise level, will be
achieved immediately prior to the transmission upshift from first to second geor. Assuming
a fairly llhear increase in engine speed, and hence noise level, with time during the ocecel~
eration (Reference 1), there will be a simple relationship between this maximum noise
leve! and the total sound energy produced by the vehicle up to the time of the transmission
upshift. For the purpose of simulating vehicle operating conditions, and the corresponding
sound energy propagated into the community, it is therefore necessary to define the typical
engine speed at which the transmission upshift occurs as well as the vehicle acceleration

at this peint,

This information by itsclf is not sufficient, however, since the engine speed at
which vehicles equipped with autematic transmission shift is determined not so much by
the acceleration af the shift point but the time history of the acceleration. An automatic
transmission in the drive mode will shift at an engine speed that varies with the throttle

setting, and hence the acceleration, Accordingly, in simulating the noise levels produced

4-1
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during typical operations and evaluating the relotive benefits of constant=throttle and
constant acceleration operating procedures it is necessary to know the overall shape of

the time history of vehicle acceleration.

In order to obtain the required infermation, a series of vehicle operation tests
wera conducted af the Marana Air Park where subsequent vehicle naise tests were per-

formed. These tests and the results are presented in the following sections.

4.2 Test Description

The course selected for the vehicle operation measurements was designed to
include the type of situations typically encountered by light vehicies while operating
in urban and suburban areas, and is shown in Figure 4,1. The total length of the course
from start to finish was 0,94 miles, contalning six start-stop sectlons ranging in length
from 340 feet to 1,700 feet, two of which invelved a right-angie turn without the need
to stop. The roadway consisted of two lanes with no traffic other than the vehicle under

test,

The vehicles used for the measurements were selected to be representative of
thaose manufactured in 1977 and to include a ¢ross=section of engine and transmission
types, The vehicle specifications are given in Table 4.1, Prior to the measurements,

each vehicle was tuned according to the manufacturer's specifications.

Each vehicle was equipped with transducers and associated instrumentation required
to monitor engine speed and vehicle acceleration. The engine speed was sensed by means
of a copacitative pick-up attached to the secondary wire of the ignition coil. The signal
was conditioned to provide a single pulse for each ignitien firing pulse, and fed to a
frequency=~to-voltage converter to provide a DC signal propertional to the engine speed.
Calibration was achieved by using an electronic function generator to simulate the igni~
tion pulses. With this system, the accuracy of the measured engine speed was within a
tolerance of £20 RPM of the actual engine speed. The vehicle acceleration was measured
with a strain~-gage accelerometer hard=mounted on a bracket to the floor of the vehicle
with the carpet removed, The accuracy of the accelergtion measurement was estimated
to be within £0,002g. Both engine speed and vehicle acceleration were monitored con-

tinuously on a strip~chart recorder mounted in the vehicle.
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Table 4.1

Specifications of Test Vehicles Used in

Vehicle Operation Measurements

Vehicle E’;s;’;e CID/Carb. | BHP @ ReM | Trans? | Reor ol | g 53
Buick Skylark Vé 231/2 105 @ 3200 3A 2,56 0.028
Toyota Corolla L4 97/2 75 @ 5800 | 3A 3.91 0.030
Qldsmabile Cutlass \':] 350/4 170 @ 3800 | 3A 2,14 0,043
Chevrolet Chevette L4 85/1 57 @ 5200 | 3A 3,70 0.025
Dodge Monaco va 360/2 155 @ 3600 | 3A 2.71 0.034
VW Rabbit L4 97/F1 78 @ 5500 4AM 3.76 0,036
Toyota Corolla L4 97/2 75 @ 5800 | 5M 3.91 0,029
Chevrolet Chevette 14 85/1 57 @ 5200 | 4M 3.70 0.025

] Number of barrels to carburetor.

MNumber of gears/automatic or manual.,

3 Vehicle inertia weight in Ibs, {curb weight plus 300 [bs).

4=4
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The drivers for the eight test vehicles were chosen from employees at the Marona
Air Park, and consisted of both sexes engaged in secretarial, administrative, end engi-
neering work. Each driver was informed that the tests were belng conducted to menitor
the performance of the vehicle and the driving habits of the operator. No obvious sub-
terfuge was used to veil the purpose of the test, Then they were asked to complete
a lap of the test track to become acquainted with both the vehicle and the course to be
followed, At the completion of this practice lup, the drivers were asked to complete
five additional circuits of the course during which vehicle date would be recorded, Data
for the first of these five |aps were not used in the subsequent analysis. Finally, for com=-
parative purposes, the drivers were asked to complete one lap as if they were out for a

Sunday afternoon drive {slowly), ond one lop as if they were late for work {(quickly).

4.3 Test Results

The strip~chart recordings obtained from the operation study were reviewed and
information extracted on the engine speed at the transmission shift from first to second
gear together with the vehicle acceleration at this and other points in the time history.
Examples of typical traces for engine speed and vehicle acceleration for vehicles equipped
with manual and automatic transmissions are shown in Figure 4.2(a) and (b). The following

points can be noted:

e Vehicles equipped with manual transmissions exhibit an acceleration fime

history in both first and second geors that approximates to constant acceleration,

s  Vehicles equipped with automatic transmissions exhibit an acceleration-time
history in first gear covering o much larger range of acceleration than that
for vehicles with manual transmissions. However, the time history dees not
match that produced by a typical constant=throttle aceeleration as shawn

in Figure 4.2(c),

In extracting the data from the charts, the moximum engine speed prior to the
shift from first to second gear was recorded for both manuals and automatics. Accelera-
tion data for automatics was recorded at the maximum value ond immediately prior to the
shift point — see Figure 4.2(b). Due to the action of the clutches and the fluid coupling

in an automatic gearbox, the actual shift point is not well defined in the acceleration-time
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histery. It is, however, fairly well defined in the engine speed-time history, The
acceleration at the shift point was, therefore, defined as the acceleration at an engine
speed 100 RPM less than the maximum engine speed at the shift point, As will be shown
later in Section 5.7.,2, this definition allows a much greater repeatability to be chtained
in measuring engine speed at the shift point for many different fypes of transmissions,
Acceleration data for manuals was recorded for the mean value in first geor (since the
time history covers only a small range), the value at the shift point (this being well
defined due to the positive elutch depression), and the mean value in second gear, The

data measured are shown in Table 4.2,

The results show fairly consistent values for the engine speed at the shift point
for manuals, although the data base is small. No such consistency is apparent for auto=
maties, where the engine speed at the shift point is more a function of transmission design.
There is no clear relationship between the engine speed and acceleration at the shift
points for automatics. However, there does appear to be such a relationship for manuals,
as can be saen from the comparison of slow, normal, and fast operational data shown in

Figure 4,3 for uninfluenced driving only. The unknown complexities introduced by the

presence of other vehicles may render this relationship invalid for typical highway driving,
although the general trend towards higher engine speeds at the 1~2 shift for greater accel-

eration rates is expected ta still hold true,

The values of acceleration in first gear indicate the differences between the
acceleration-time history for automatics and manuals ~ the difference between the average
maximum value and that at the shift point is 0,07y for automaties, but only 0,02g for
manuals {remembering that the acceleratian for manuals is fairly constant with time). The
mean valves of acceleration at the shift point are 0,14g and 0,15g for automatics and
monuals, respectively, the overall average being 0.15g to the nearest 0.005g. In second

gear, the mean occeleration for the three manuals is 0, 12g,

To enlarge the rather limited data base presented ahove, information on the engine
speed at the 1-2 shift point has been obtained from various domestic automobile manufac-
turers .I 213,14 These data are presented in Table 4,3 together with that from the study
at Marano for vehicles equipped with manual transmissions, [t is interesting to note that

the manufacturers' data, which were taken an vehicles operating in urban conditions,

4-7
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Table 4.2
Vehicle Operating Data From Marana Study

AUTOMATICS
No. of | % Rated RPM Max, Accel. Accel, Prior :
Vehicle Meas.* | at 1-2 Shift in 1st Gear ta 1~2 Shift f
Buick Skylark 120 (6) 70 0.26g 0.17%g
Toyota Corolla 200 (10) 38 0.20g 0.14g !
Oldsmobile Cutlass | 200 (10) 46 0.22g 0.13g
Chevrolet Chevette 200 (10) 55 0,19g 0.12g |
Dodge Monaco 120 (6} 46 0.19g 0.13g j
: |
Mean - - 0.21g 0.14g !
!
}
MANUALS
No.of | % Rated RPM | Mean Accel. | Accel. at Mean Accel. :
Vehicle Meas.* | at 1-2 Shift in 1st Gear 1-2 Shift in 2nd Geor
VW Rabbit 380 (19) &4 0.19g 0.17g 0.13g
Toyota Corolla 400 (20) 57 0.15g 0.129 0.11a
Chevrolat Chevette 400 (20) 65 0.17q 0.159 0.129
Mean - 62 0.17g 0.159 0.12g

* Total number of data peints {number of drivers),
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Table 4.3

Summary of Shift Point Data
for Manuals

% Rated RPM

Vehicle at 12 Shift Source
VW Rabbit &4 Wyle
Toyota Corolla 57 Study
Chevralet Chevette 65
AMC Gremlin 63 AMC
AMGC Pacer &7
Ford Pinto 74 Ford
Chevrolet Nova &4
Chevrolet Chevette &9
Chevrolet Monza 70
VW Rabbit é5 GM
Chevrolet Camaro 71
Chevrolet Camaro 63
Chevrolet C=10 &3
Mean of All Data 66
Mean of All Data 65
Excluding High Value
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show higher values of the normalized engine speed at the shift paint = the mean of these
data being 65 percent compared to 462 percent for the uninfluenced operational data in the
Wyle study {omitting the one high value of 78 percent from the manufacturers' data which
oppears to be inconsistent with the main body of data). The standard deviation in the meas=

urements of engine speed was typically on the order of 4 percent in rated engine speed.

Data provided by General Nloh:usl2 show that the maximum engine speed at the
1-2 shift for auvtomatics operating in urban conditions is in the range 55 to 5% percent of
rated engine speed, Again, this is higher than the general range of 46 to 55 percent
measured in the uninfluenced tests conducted at Marana and shown in Table 4.2 {omitting
the high and low values of 70 and 38 percent}. Thus, although the data are limited, it
appears that, under urban conditions, vehicles may shift from first to second gear ot a

rated engine speed about 5 percent or so higher than under uninfluenced conditions,

4.4  Definition of Typical Vehicle Operating Parameters

The following conclusions can be drown from the data presented in this section

together with that of Section 3.0:

¢  The acceleration=time history for light vehicles is difficult to define exactly,

falling between constant acceleration and constant throttle,

¢ The mean acceleration exhibited by light vehicles at the 1-2 shift point s
obout 0, 15g. This agrees foirly well with that shown in Figure 3.1 at vehicle
speeds less than 22 mph. It also agrees well with the value 0.15g as recom=
mended by GM and Ford for vehicles equipped with manual transmissions =
see Section 5.0, Accordingly, a typicol rate of acceleration at the 1.2 shift

point af speeds less than 22 mph was taken as 0,15y,

e The engine speed at the 1-2 shift point for vehicles equipped with manual
transmissions is typically 65 percent of the maximum rated value with a stan=-
dard deviation of 4 percent., To take some account of worst-case situations,
the value can be taken as the mean value plus one stendard deviation,

i.c., approximately 70 percent. For automatics, the engine speed is largely

a function of transmission design.
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A review of the distributian of vehicle speeds at the 1-2 shift for manuals

{taken to be at 70 percent rated engine speed) shows that the majority shift
at speeds less than 22 mph. At higher speeds, manuals will generally be

in second gear, and the data in Figure 3.1 show o decreasing rate of accel~

eration. The data taken at Merana for manuals in second gear, together
with that shown in Figure 3.1, indicate that 0.12g is o falrly typical rate

of acceleration at 25 mph.

In summary, the vehicle operating parameters to be simulated in the test

procedure are as shown in Table 4.4.

Table 4.4

Summary of Typical Vehicle Operating Parameters
To Be Simulated in Test Procedure

et Vehicle Speed
Transmission
22 mph 22 mph
Monual 0.15g at 70% MRES* 0.129 at
Automatic 0.159 at 1=2 shift 25 mph

* Maximum Rated Engine Speed.
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5.0 LIGHT VEHICLE NOISE MEASUREMENTS

5.1 Introduction

In previous chapters it was shown that a test procedure suitable for measuring
the noise emission of light vehicles and identifying the range of sound levels associated
with vahicles of varying fuel efficiency should address the acceleration mode. Furthemore,
a review of [ight vehicle operation data has led to a definition of end conditions that must
be met for the test procedure to be representative of typical driving habits, It now remains
to specify the exact operating procedure necessary to achieve these end conditions so that

aceurate and repeotable measurement of noise emission levels can be obtained,

A number of altemative test procedures have been proposed by the automebile
industry, 1t was therefore decided to conduct a series of |ight vehicle nolse and operation
measurements to determine whether any of these methods were suitable for achiaving the
operafing conditions specified in Table 4,4, In oddition, to evaluate these proposed pro-
cedures, it was also necessary to generate vehicle operation and sound level data under
partial-thrattle acceleration so that modifications to the proposed procedures could be
introduced or totally new methods considered. A summary of proposed test procedures and

a description of the noise measurement program designed to evaluate them are given in the

remainder of this chapter,

5.2  Test Facilities and Instrumentation

The light vehicle noise measurements were conducted at the Marana Air Park,
located approximately 30 miies northwest of Tueson, Arizona. The Air Park was ariginally
a military air base ond is now privately operated as an aircraft storage and maintenance
facility, Aeccerdingly, many of the facilities required for vehicle testing were readily
available. An abandoned runway was used s the test site. A garage space was available
which was used for vehicle tuning and instrumenting prior to testing. In addition to these
fucilities, the Air Park also offorded support by the availability of personnel, shop facillties,
and specialized equipment,

In addition to the facilities available at the Marana site, several other aspects
of the location were conducive ta vehicle noise tests, The prevailing weather conditions

were quite favorable for autdoor sound measurement. During the evening hours in the
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Spring of 1977, during which the testing was conducted, temperatures were quite moderate,
ranging fram 16°C to 32°C, and the wind specd was generally below 5 mph. There was
also very little precipitation during the testing period, Another favorable aspact of the
site was its low ambient noise level, Typically, the ambient sound level was below 40 dBA,

Because the Afr Park is used primarily for aircraft storage and maintenance, the noise intru=-

. sions usually ossociated with aircraft facilities did not oceur. A final aspect of the site was

its proximity to metropolitan Tucson, This afforded a good local selection of test vehicles

and an availability of auxiliary equipment and supplies required to support the test program,

To provide a surface suitable for light vehicle nolse measurements, an asphalt test
section was constructed os an overlay to the existing runway. The test pad was200 x 120 feet,
built and sealed to the same specifications as the test pad used for vehiculor testing at the
EPA MNoise Enforcement Facility in Sendusky, Ohio, The area surrounding the test pad and
runway was clear for distances over 300 feet of all objects which might act as reflecting
sutfoces. A trafler was installed in the vicinily of the test pad to house the data collection
instrumentation and act as  test contral room. The trailer was positioned approximately .
300 feet from the center of the test pad, thus assuring that any sound reflections would
be typically at least 20 dB less than the direct sound from the vehicle as measured at the
microphone positions, Power was supplied to the trailer by two diesel generator sets which
were partially enclosed so that the ambient sound level measured on the test pad was

approximately 40 to 45 dBA. A phetograph showing the test pad and trailer is shown in

. Figure 5.1,

During the pass<by tests, vehicle parameters were monitered and transmitied to the
control room by means of a telemetry system, The parometers measured were vehicle speed
and position, measured by a fifth wheel, acceleration measured using a strain-gauge accel-
erometer hard-mounted to the floor of the vehicle, engine speed, monifold pressure, and
A-weighted interior sound level, Each of these parameters were recorded on enalag tape
and stored in a digital computer simultancausly with the axterior sound level. A com=

plete description of the instrumentation system is presented in Appendix C.

Eight microphones were used fo menitor the exterior sound pressure level. The
microphones were placed 25 feet apart to form a linear array parallel to and 50 feet dis-

tant From the centerline of the path of vehicle travel on the test pad. A diagram and
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photograph of the microphone array on the test pad are presented in Figures 5.2 and 5.3,
respectively. The signal from cach of the eight microphones was monitored continuously
during each test using a multi-channe! oscillagraph. Each signal wos also amplified and
recorded in analog format on a 14-channel FM magnetic tape recorder, Simultaneausly,
the signals were converted to A~weighted sound level, fed to an on-site computer, printed, ‘
and stored digitally on magnetic tape. The system was programmed to eequire ond print ‘
instantaneous sound level and vehicle parameter data ten times for every revolution of the j
fifth wheel. The data were, therefore, provided af equal intervals of distance along the

test track of 0.7 feat. With this computerized system it was passible to obtain a complete

printout or plot of the test parameters within two minutes of any test run,

5.3 Proposed Test Procedures

The test procedures proposed by the automebile industry have been developed In

on attempt to measure light vehicle sound levels that can be related to community noise

impact. The various procedures invelve a determination of vehicle noise levels by the

following different methods:

s  constant-throttle operatien,
o  constant acceleration operation, and

o interpolation from full-throttle and cruise operations.

5,3,1 The General Motors Constant~Throttle Pracedure

General Maotors has proposed a test procedure for acceleration noise that is based
on measurements of vehicles uccelerating from a stop on an urban road, Mation pictures
were taken of uccelerating vehicles on u four-lane road and typieal acceleration profiles
were obtained, It was found that the average time for tha vehicles to travel the first 100 feet
was 5.4 seconds. Under the assumption that the vehicles were operated at a constant throttle,
a test procedure was developed for automatics requiring the throttle to be set such that the
vehicle travels 100 feet in 5 seconds. The maximum sound level produced during the accel-
eration is measured by o microphone placed 50 feet from the centerling of the vehicle path

and 50 feet from the initiation point,
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Since it is not practical to achieve a constant~throttie operation from rest for
vehicles equipped with manual transmissions, an altemative procedure has been propesed
by GM for this type of vehicle, It involves an acceleration at constant throttle from an
initial engine speed equal to 25 percent of the maximum rated engine speed to achieve

an acceleration of 0.15g at 22 mph or maximum rated engine speed, whichever occurs first,

5.3.2 The Ford Procedure

The Ford Motor Company has proposed an alternative test procedure for accelera~
tion noise that has the advantage of being identical for vehicles equipped with both manual
ond automatic transmissions. This procedure involves constant acceleration at 0.15g,
initiated from o vehicle speed of 5 mph, up to a speed of 20 mph. The test section is

109 feet in length and a single measurement microphane is located 60 feet from the initia-~

tion point.

5.3.3 The CCMC Procedure

An altemative test procedure to determine vehicle noise emissions under partial~
throttle operation has been proposed by the Comité des Constructeurs D'Automobile du Marche
Commun (Committee of Common Market Automebile Constructors — CCMC) .]5 The method takes
advantage of the relative simplicity and repeatability of the full-throttle test procedure, and
involves the interpolation of sound levels measured during full-throttle and cruise operations
aecording to a formula developed from urban driving studies. As proposed, the methed applies
only to vehicles equipped with manual transmissions = further development of an equivalent

test method suilable for automatics is currently under study by the CCMC.

5.4  Test Conditions and Vehicle Selection

To evaluate the proposed light vehicle noise test procedures for applicability and
repeatability, it was necessary to define a test program that included all the variations
of vehicle operation contained in these procedures as well as additional operations that
might prove to be more suitable, Separate test programs were required for vehicles equipped
with manual and automatic transmissions to take account of their differing operating chor-
acteristics, The test conditians for the two types of vehicles are given in Tables 5.1 and
5.2 and are described below. It should be noted that, unless stated otherwise, the sound
levels quoted in this report are the maximum vaiues measured by any of the 8 microphones.

5-7
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Table 5,1

Test Conditions for Automatic Transmission Vehicles

Cond, Vehicle Operation T.mf“" No. of
Na. mission Runs
0.0 30 mph cruise. Ist Gear i
1.0 Constant 0, 15g acceleration from standing start Drive 4 in each

: direction

2,0 | Constant 0.15g acceleration from initial speed of 1st Gear 4

10 mph, Hold to rated engine speed.
3.0 Constant 0, 15g acceleration from initial speed of 2nd Gear 4
15 mph,

4.0 Full=throttle acceleration frem standing start, Drive
5.0 MNot included for automatic transmission vehicles.

6.1 Couast at 15 mph, engine off, Neutral 1
6.2 Coast at 20 mph, engine off, Neutral 1
6,3 | Coastat 25 mph, engine off, Neutral 1
6.4 | Coast at 30 mph, engine off. Neutral 1
7.0 SAE J786a Procedure — full-throttle acceleration * 4 in each

from initial speed of 30 mph, direction

8.0 Constani~throttle acceleration from standing start Drive 4

to achieve 100 feet in 5 seconds. Hold to end of
test section or rated engine speed,
2.0 Constant=throttle acceleration from standing start Drive 4
to achieve 0.15g at 100 RPM prior to the maximum
engine speed at the 1-2 transmission shift. Hold to
end of test section,

10,0 Constantsthrottie acceleration from standing start Drive 4

to achieve 0.15g at 22 mph, Hold to end of test
section,
0.0 | 30 mph cruise st Gear 1

* The lowest gear such that the front of the vehicle will have reached or passed a line

25 feet beyond the microphone line when the rated engine speed is reached,
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Table 5,2

Test Conditions for Manual Tronsmission Vehicles

Cond, . . Trans~ | No. of
No. Vehicle Operation mission* | Rums
0.0 30 mph cruise. 2nd Gear 1
1.0 Constant 0,159 acceleration from standing start, 1st Gear | 4 in each

Hold to rated engine speed, then decelerate, direction
2.0 | Constont 0.15g acceleration from initial speed of 15t Gear 4
10 mph. Hold to 50 feet beyond test section or to
rated engine speed.,
3.0 Constant 0.15g acceleration from initial speed of 2nd Geor 4
15 mph, Hold to 50 feet beyond test section or to
rated engine speed,
4,1 Full=throttle acceleration from standing start, Hold 1st Gear 2
to rated engine speed, then decelerate slowly,
4.2 Full=throttle acceleration from initial speed of 2nd Gear 2
15 mph. Hold to rated engine speed, then decelerate,
5.1 Cruise at 60 percent rated engine speed, 1st Gear 2
5,2 Cruise at 80 percent rated engine speed, 1st Gear 2
5.3 Cruise at 25 mph, 2nd Gear 2
6.1 Coast at 15 mph, engine off, Neutral 1
6,2 Coast at 20 mph, engine off., MNeutral ]
6.3 Coast ot 25 mph, engine shut off, Negytral 1
6,4 | Coast at 30 mph, engine off, Neutral 1
7.0 SAE J986a Procedure — full-thrattle acceleration wH 4 in each
from initial speed of 30 mph, ' directian
8.0 Constant«throttle acceleration to achieve 0,15g st Gear 4

+0.01g at either 22 mph or rated engine speed,
whichever occurs first, from a moving start at 25 per-
cent rated engine speed. Upon reaching this condi-
Hon, gradually reduce the vehicle speed throuth the
remainder of the test section,

* For transmissions where Ist gear is unusually low, and used for off<highway canditions.

** The lowest geor such that the front of the vehicle will have reached or passed a line
25 feet beyond the microphone line when the rated engine speed is reached,
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The first and last tests, Condition 0.0 in Tables 5.1 ond 5.2, were performed at
the beginning and end of the testing of each vehicle. This condition was used in con=
junction with system calibration solely as a verification that system transducers and data
acquisition instrumentation were operating propesly. The lowest selectable gear was used
for this condition in order that the fullest possible range of sound level would be produced

at each microphone position.

Conditions 1.0, 2.0, ond 3.0 of Table 5,1 for autematics were all performed to
assess different methods of measurement under 0,139 constant acceleration operation.
Condition 1.0 correspands to vehicle operation as prescribed in the preliminary EPA pro-
cedure — that is, 0,15g constant acgeleration initiated fram rest with the transmission in
Drive, There were several specific issues to be resolved by this condition. The first was
whether a 0.15g constant acceleration can be achieved readily and quickly from a stonding
stort. The second wus whether constant aceeleration could be maintained near a shift point
and how quickly it could be resumed after the shift, A third issue was how much variability
in shift point RPM (and hence sound level) was introduced due to the small throttle position
movemenls required to maintain a constant acceleration rate, It was clear that given suf-
ficient time, any driver in any vehicle could eventually complete a given number of runs
that would satisfy the operational criteria for the test. The question to be resolved was ~

can this be achieved with a limited number of runs, and if so0, how many runs are required?

The second constant acceleration condition, Condition 2.0, specifies a moving
start, In order to contral the gear range at the initiation of this particular procedure, it
was necessary to constrain the transmission to its low (high numerical gear ratio) range.
The purpose of this condition was to compare constant acceleration eperation for moving
versus standing starts, Specifically, it was desired to compare which methed enabled the
quickest attainment of the constant 0.15g rate and which produced the least amount of

run=to=run variation.

The third constant acceleration condition, Condition 3.0, specifies 0.15g accel-
eration with the transmission constrained to its second lowest {second highest numerical
gear ratio) range, A moving start from o constant speed of 15 mph is required so that the
transmission will have shifted from first to second gear {automatic transmissions initially
engage first gear when secand gear is selected), A procedure of this type would be necessary

5-10
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if it was determined that automatic transmission vehicles could not be operated in Drive
for a constant acceleration procedure. In such a case, sound data might be required in
both the first and second gear ranges In order to characterize the noise emission of o com=
plete "typical" acceleration. The results from this condition were to be used to determine
how quickly and how well constant acceleration could be achieved and maintained in this

gear. A second aspect to be considered was the occurrence of transmission downshifts to
the low gear range.

Conditions 4.0 through 7.0 were not directly applicable to a partial-throttle
acceleration test, but were included for reasons related to develepment of such o test,
Condition 4,0 was a full~throttle, standing=start aceeleration. For automatic transmission
vehicles, this type of pass-by was performed primarily to establish the maximum performance
capobility of the vehicle in order thot it might be compared to performance under the pro-
posed procedures. Aiso, the condition generally afforded an upper bound for low=speed

acceleration sound fevels.

Coast pass-bys were conducted at speeds of 15, 20, 25, und 30 mph with the engine
off and the transmission in neutral as specified in Conditions 6.1 through 6.4, The purpose
of these pass-by measurements was to determine the noise floor attributable to tire and
aerodynamic noise ot speeds at which partial-throttle acceleration noise was measured.

With this information, the contribution of tire noise to total vehiculor noise under low-speed

acceleration covld be determined.

The SAE U986a standard test procedure for passenger cars and light trucks wos con=
ducted on each of the vehicles as stated in Condition 7.0 so that there would be a iink

between the data taken at Marana and the data which are most widely referred to by auta=-

mabile manufacturers.

The eighth test candition corresponded to the constant=throttle procedure as it was
ariginally proposed by Ganeral Motors, This condition requires that the vehicle cover
100 feet in 5.0 seconds fram a standing start with the throttle opened rapidly to a fixed
position. Conditions 2.0 and 10.0 involved a constont-threttle operation to achieve an
acceleration of 0.15g at the 1-2 transmission shift and 22 mph, respectively. These vehicie

operations were included as a result of information developed in the previous test conditions.
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The test conditions used for manual transmission vehicles are reproduced in
Table 5.2 and correspond directly to those uted for the automatic transmission vehicles,
As for the automatics, Condition 0,0 was petformed at the beginning and end of the

testing for each vehicle,

The purpose for conducling each of the three constant acceleration conditions,
Conditions 1.0, 2.0, and 3.0, were similar to those discussed for the corresponding
conditions for automatic transmisslon vehicles, Conditions 1.0 and 2,0 were performed
to assess how well constant acceleration could be maintained in first gear and whether
a standing or moving start allowed for quicker and more repeatoble ottainment of the acesl=
eration rate. As for aytematics, the constant acceleration pass-hys of Condition 3.0 were
required to characterize the complete low=speed aceeleration. [t will be noted that it
was decided not to change gears for manuals during the constant acceleration conditions,
Prior to the initiation of the testing program, it was decided that shifting of manual trans=

mission vehicles could net be achleved repeatably from run to run or from driver to driver.

Conditions 4,1 and 4.2 were used to establish moximum vehicle performance and
noise emission levels in first and second gears. In addition, fullsthrottle acceleration
noise data were also required to evaluate the proposed CCMC interpolation technique,

The cruise conditions, Conditions 5,1, 5,2, and 5.3, were performed for the same purpose.

The remainder of the test conditions, namely the coast pass=bys of Conditions 6.1
to &.4 and the SAE J986a procedure of Condition 7,0, were analogous to those for quto-

matic transmission vehicles.

Condition 8,0 of Table 5,2 correspends to the constant=thrattle procedure for
manua! transmission vehicles as proposed by General Motors, This procedure specifies
that the throttle-stop position be determined such that 0.15g is achieved at 22 mph or
rated engine speed, whichever occurs first., The measurement condition is then either

22 mph or 75 percent tated engine speed, whichever accurs first,

Recalling that the purpose of the noise and operation measurements was to evaluate
the applicability and repaatability of various oparating procedures, it wos necessary to
select o suitable sample of light vehicles representing the majority and the range of those
projected to be sold in the 1977 model year, To aid in the selection, criteria were estab-

lished to ensure that the folliowing factors were included:
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s Projected sales for the 1977 model yeor,

e The range of vehicle types and sizes,

e  The renge of avalleble engine types and drivetrain combinations.

s Performance characteristics, such as engine size, engine power, power-to-

weight ratic (HP/LB), engine size-to~weight ratio (CID/LB), etc,

Applying thaese criteria to all available 1977 light vehicles resulted in the selec~
tion of 18 to be included in the test program. The specifications of these vehicles are

given in Table 5,3,

Priar to testing, each vehicle was fully documented, photographed, and subjected
to a complete check of engine performance according to standord inspection procedures.
Vehicles were tuned according to manufacturer's specifications, the procedure including
measurement of hydrocarbon and carbon monoxide emission levels. The vehicles were then
instrumented and brought to nommal operating temperature, During the tests, all auxiliary

equipment was turned off and the windows closed,

It should be noted that all the tests were conducted with the same driver who gained

familiatity with each vehicle during pretest checks of the instrumeptation and vehicle warm-up.

5.5  Test Results For Constant Acceleration Operation

5.5.1 Automatic Transmission Vehicles

The results of test Conditions 1,0, 2.0, and 3,0 for vehicles equipped with auto~
matic transmissions showed that it was generally passible to achieve and maintain constant
acceleration of 0,15g within a fairly namow acceleration range. However, meaningful
quantification of the ability of a vehicle to be operated at constant acceleration was found
to be difficult, One method used was computing the mean acceleration and its standord
deviation over a velocity range of 20 to 26 mph for each run. This speed range was selected
for examination because it was considered most important for maximum sound ievels. The
percentege of distance over which the acceleration exceeded the range from 0.14g to
0.16g was also determined. This method of quantification was adequate for all conditions
except Conditlon 1.0, For this particular case, with the transmission in Drive, the 1-2
shift of the vehicle sometimes aceurred in the velocity range of interest, 20 to 26 mph,

with correspanding irregularities in the acceleration, For this reason, comparison of
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Specifications For Light Vehicles

Table 5.3

Included in Noise Measurement Program

VeNhloc.Iu Make Model WEEE;’" Er;gli:r;u cio (g;:‘:;dé’o’:#;) Trur‘lrn:;i;alnn
0ot Oldsmebilo Cutlass 3896 va 350 170 @ 3000 3-Speed Auto.
002 Dodge Raoyal Monaco 4245 ;| 340 155 @ 3500 3-Speod Avte.
003 Linceln Conllnental 5077 VB | 440 208 @ 4000 | 3-Speed Auto,
oo Tayeta Coralla 2225 L4 97 75 @ 5800 A=5peed Avlo,
005 Toyota Corallo 2325 14 97 75 @ 5800 5-Speed Mon,
00% Volkswagon Rabbit 1860 L4 97 78 @r 5500 | 4-Spend Mon.
oa7 Mazda RX =4 2780 Rotary a0 1o @ &000 5-Speed Man,
00g Datsun 802 2765 Lé 150 170 @ 5400 S=5peed Man,
009 | Mercedes Benz | 2400 3210 (mljm ALY 62 @ 4000 | 4-Spaed Auls,
0io Fard Granada 3410 L& 250 98 @ 2400 4-Spead Man,
01 Chavrolei Chuvette 1958 L a5 57 @@ 5200 4=5peed Man,
ar2 VYolva 244 2728 L4 130 105 (@ 5500 4=Spead Man,
013 Pantlac Firchied 3459 VB 0] 135 ¢ 4000 4=Spaed Man.
ol4 Ford E-350 Yan 4486 Vi asl 148 @ 2800 | 3-Speed Auto,
05 Ford F=130 Pickup 4570 Ve 351 160 (@ 3200 4-Sprod Man.
0é Choviolet C~10 Plckup 331 va 350 165 @ 3800 J-Spead Auto,
o1z Buick Skylark 3374 V6 21 105 @0 3200 J~5peed Auto.
ta Buick Skylaik 3374 Vé 231 105 @ 3200 JI-Spuad Auta,
019 Chevrolot Chevetle 1950 L4 97,6 &3 (D AB00 3-Speed Auto,

* volicle 1017 wos subsuquently found to exhibit a notlceable transmisslon resononce ond wa replaced by 018,
quently P ¥
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Condition 1.0 to other conditions and comparison of Condition 1.0 for different vehicles
requires knowledge of vehicle operation in more detail. A second method of assessing
the ability to achieve and maintain constant acceleration Is inspecting, visually, plots of

acceleration versus other parameters.

The averages aver four runs of the mean acceleration, standard deviation and per~
centage of distance where the acceleration wos outside the range 0,15g £0.01g are given
for Conditions 1.0, 2.0, and 3.0 for each of six automatic transmission vehicles in
Table 5,4. - The First point to be noted is that the mean acceleration for all conditions
and vehicles lies within o range of £0.005g about the required value of 0.15g. Further,
the average stondard deviation for all cases is 0.01g or less, and in most cases 0.005g or
less, The avercge percentoge of distance over which a range of £0,01g is exceeded is,
for most cases, less than 15 percent, Two exceptions to this are vehicles #014 and #016
for which the 1-2 shift occurred in the 20 to 26 mph range for Condition 1.0, Another

exception, vehicle #004, will be discussed |ater,

The second approach in considering the performance of constant acceleration is
inspecting individual ccceleration plots as a function of distance travelled. Such plots
are presented for four of the automatic transmission vehicles in Figures 5.4, 5.5, and 5.6
for Conditions 1.0, 2,0, and 3,0, respectively. The four vehicles were selected from the
nine tested to represent the range of automatic transmission vehicles, and include the most
difficult vehicle to operate at constant acceleration, vehicle #001, and the least difficult,
vehicle #002, The individual runs presented in these figures are typical of the better con=

stant ccceleration runs obtained with these vehicles,

Several general observations are illustrated by the acceleration-versus«distance
plots of Figures 5.4 to 5.6, From the acceleration plots for Condition 1.0 in Figure 5.4,
it is seen that, initially, vehicles tend to overshoot slightly the required acceleration of
0.15g, Also, an excursion beyond the range of £0.01g typically occur at the dip in
acceleration associated with the 1-2 shift, Aside from these two excursions, constant
acceleration is maintained fairly well. Alse, it should be noted that the acceleration
rate is readily resumed aofter the 1-2 shift. Exomination of Figure 5.5 reveals that
once the acceleration rate is achieved, it is maintained more closely from a moving start

than from a standing start. However, this is largely due 1o the absence of variations in
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Table 5,4

Acceleration Statistics for Constant Acceleration Tests
on Automatic Transmission Vehicles

Standard % Distance
Mean Deviation of Acceleration
Vehicle Condition | Acceleration | Acceleration QOukside Range Shift Speed
Na. No. ing's™ a* 0.14g to 0. 14g* in mph
002 1.0 0,149 0.003 2.6 16.9
2.0 0.156 0.003 30.3 -
3.0 0.152 0.002 0.0 -
003 1.0 0.152 0.003 0.4 1.3
2,0 0.151 0.005 5.8 -
3.0 0.149 0.003 0.0 --
004 2,0 0,146 0.010 50,8 -
014 1.0 0.152 0,010 24,5 24.3
2.0 0.148 0,006 12.8 --
3.0 0.145 0.005 14,0 --
016 1.0 0,149 0.009 3.4 20,1
2,0 0.152 0,005 4.1 -
3.0 0.152 0,005 9.0 -
018 1.0 0,155 0.003 10,1 25.2
2,0 0.152 0,004 5.4 -
3.0 0.152 0.004 0.6 -

* Statistics taken for four runs aver the vehicle speed range 20 to 26 mph,
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acceleration that appear at the gear change with the transmission in Drive, Since Con-
dition 2.0 is initiated from an initial velocity of 10 mph, a greater distance is required

to achieve constant acceleration thon for Condition 1.0, even though the actual time
required to achieve the acceleration cendition may be nearly the same for both conditions,
From Figure 5.6 it can be seen that all vehicles except vehicle #018 could readily main~
tain constant acceleration in second gear when initiated from a moving start, It is inferred
that the failure of vehicle #017 to maintain 0.15g after 120 feet of travel is due to its low
power-to=welght ratio. The behavior after 120 feet was duplicated in each of the four runs
under this condition, and hence it is concluded that the vehicle was not capable of main-

taining an acceleration greater than 0. 15g in second gear at spceds.In excess of 27 mph,

An cbservation of considerable significance from the constant acceleration pass-bys
for automatic transmission vehicles operated under Condition 1.0 is the consideroble varfa-
tion in vehicle and engine speed at which the 1=2 shift occurred from run to run for nominally
identical acceleration profiles, Two examples of such variation ore presented in Figures 5,7
and §,8. In Figure 5.7 it 1s seen that the difference in acceleration for the two runs shown
for vehicle #014 is less than 0,01g. However, the vehicle speed at the shift point differs
by about 1.5 mph. Similar acceleration differences produce a 2.2 mph speed difference
for vehicle 017 as shown in Figure 5.8. For these two vehicles, the range of maximum
engine speed at the 1-2 shift was about 180 RPM. The cause of this variation may be that
eutematic transmissions sense either manifold pressure or throttle position along with other
operating perameters in order to determine the optimum shift peint. To maintain constant
acceleration, [t Is necessary to make instantaneous throttle adjustments, and it is pessible
that these adjustments are responsible for the variability in shift point occurrence. It should
alse be noted that the tetal range in sound level at the shift point for eight runs of vehicle

#018 operated under Condition 1.0 was 3.7 dB,

In the performance of the constant acceleration pass=by conditions, two automatic
transmission vehicles exhibited unique characteristics, One of these vehicles was the
Lincoln Continental, vehicle #003, For purposes of comparison to the Lincoln, typical
performance for the Dodge Royal Monaco, vehicle #002, under Condition 1.0 is indi=
cated in Figure 5,9 in terms of engine speed and acceleration as o function of distance,

It will be noted that there is o pronounced peak in engine speed and o correspanding
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decrease in aceceleration occurring at the transmission shift from first to second gear,
Similar plots are presented for the Lincaln Continental in Figure 5.10, For this vehicle,
there is no identifioble peak in engine speed corresponding to the tronsmission shift, The
Lincoln also shifted at the lowest vehicle speed of all the test vehicles, 3.0 mph lower
than any other. It is suspected that this behavior is related to the powerful, large dis~
placement engine in combination with the particular transmission design used in this luxury
vehicle, This behavior had no adverse effect on the ability to achleve and maintain con-

stant acceleration with this vehicle.

Unusual characteristics were also observed far the Toyota Corolla, vehicle #004,
when it was operated under Conditions 1.0 and 3.0. A typical plot of engine speed and
acceleration versus distance is presented in Figure 5,11 for this vehicle petforming Con-
dition 1,0. As indicated in the figure, the vehicle begins the test in the low gear range 5
(highest numerical gear ratio} and maintains constant acceleration reasonably well within :
a range of 0.14g to 0.16g up to the first transmission shift signified by a peak in engine

speed. In second gear, however, the vehicle is not capable of maintaining 0,159 at low

engine speeds, and therefore, a downshift occurs, The downshift results in high engine
speed which together with the partial-throttle condition required to achieve 0,155 in

first gear is sensed by the transmission and causes a second transmission upshift, The cycle
is then repeated. This behavior precludes the testing of this particular vehicle under 0. 15g
constant acceleration after the first transmission upshift, Constont acceleration pass-bys
may, however, be possible after the first transmission upshift at different acceleration rates
or with the transmission restrained to the low (high numerical ratio) gear as performed in
Condition 2,0, Behavior similar to that described above for Condition 1.0 alse cccurred
under Condition 3.0 for the Toyota Corolla where the vehicle is initially in s second
lowest numerical gear range, Although this behavior precludes testing under constant
0.15g acceleration as specified in Condition 3.0, constant acceleration pass=bys may be

possible at lower aceeleration values,

The reasans for the behavior of the Toyota Corolla in Conditions 1.0 and 3.0 are
not known. The vehicle does, however, have some other characteristics which may he
related to its performance in these conditions, With the exception of the Lincoln Contin-

ental discussed earlier, the first upshift for the Toyeta under 0,15g constant acceleration
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occurs at the lowest vehicle speed of any of the test vehicles, about 2.8 to 2.5 mph lower.
Alsa, with the exceplion of the Lincoln, the percent of rated engine speed at the flist
upshift is the lowest of all other test vehicles — a fact also exhibited in normal driving

(see Table 4,2). The results obtained from the limited number of automatic transmission
vehicles tested do not warrant any general conclusiors relating vehicle parameters to the
occurrence of unusual behovior exhibited by the Toyata and Lincoln under constont aceel-
eration. However, this behavior must be carefully considered in the evaluation of the

constant acceleration test procedure,

One of the required oculpuls from the constant acceleration tests for automatic
transmission vehicles was the determination of the gear range that pro'duces the moximum
sound level during low=-speed, constant 0,15g acceleration at vehicle speeds below 25 mph,
It was observed thot some vehicles, when cperated under Condition 1.0, produced higher
sound levels in second gear than in first gear, as shown in Figure 5,12 by plots of sound
level versus vehicle speed for the Toyota Corolla, vehicle #004, and the Lincoln
Continental , vehicle #003.  For a tharough evaluation of the occurrence of maximum
sound feve! during low=speed acceleration, Table 5.5 presents the maximum sound leve!
observed In first gear prior to the 1-2 shift for Condition 1,0 and the maximum level pro=
ducad in second gear for Condition 3.0 for each of the automatic transmission test vehicles,
It will be noted that in addition to the two vehicles illustrated In Figure 5,12, vehicle #002,
the Dodge Royal Monaco, produced o higher level in second gear beiow 25 mph than in
first gear. Exomination of Table 5.5 also indicates that vehicles which shift at lawer
vehicle speeds also produce lower sound levels in flrst gear relative to the level produced
In second gear at 25 mph as would be expected, This tendency is shown in Figure 5.13
where the difference between maximum sound level prier to 25 mph in second gear and the
maximum prier to the 1-2 shift in first gear is plotted as a function of the difference hetween
25 mph and the vehicle speed at the 1-2 shift, It can be concluded that, generally, for
constant 0.15g acceleration, higher sound levels may be produced after the 1-2 shift if

the shift oceurs at vehicle speeds belaw about 21 mph,

A final result of interest concerning constant acceleration and automatic transmis-
sion vehicles is the ability of other test drivers to operate a vehicle at constant acceleration
after little or no experience in driving vehicles under this condition, The acceleration-

venrus=distance profiles obtained for four different drivers performing Condition 1,0 are
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Table 5.5

Comparisen of Sound Levels
in First ond Second Geors for Automatics

Vehicle | Condition | Dataup to | Max. Seund j Speed Acceleration

No. Na, &lIncluding | Level (dBA)* | (mph) RPM ing's

00] 1.0 1-2 shift 66,3 25,6 2123 0.147
3.0 25 mph 62.5 24,7 1725 0,160

002 1.0 1=2 shift 60,8 16.9 1664 0.154
3.0 25 mph 63.6 24.6 1704 0.153 )

003 1.0 1=2 shift 57.9 1.3 1498 0.158
3.0 25 mph 62.4 24,5 1816 0.149

004 1.0 1=2 shift 61.0 14.1 2362 0.148
3.0 25 mph (65,7)** |(25.0) -- ~--

009 1.0 22 mph 68,7 22,0 2836 0.136
3.0 25 mph 64.7 24,7 2360 0.106

014 1.0 1-2 shift 70.9 24,3 2779 0.147
3.0 25 mph 69.8 24.6 2099 0.146

016 1.0 1-2 shift 65,6 20,1 2085 0,147
3.0 25 mph 65.2 24.7 1908 0,148

018*** 1.0 1-2 shift 64.8 28,0 2549 0.138
3.0 25 mph 61.2 24,3 1753 0.156

* Maximum sound level preduced up to and including the 1-2 shift,
** fstimated,

***  Sound level at 1-2 shift used for 1,0 due to pronounced resonance at lower speeds,
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shown in Figure 5.14. In addition to three inexperienced drivers, a profile is shown for
the test driver who performed all of the vehicle nolse tests. The profiles given in Fig-
ure 5,14 are the best produced by each driver. The number of the run in each driver's
sequence is indicated along with the total number of runs in the sequence. It should be
noted that the vehicle used was the Oldsmobile Cutlass, vehicle #001, which was found
from previous testing to be the most difficulr automatic transmission vehicle to operote

at constant acceleration, Inspection of profiles for drivers 1, 2, and 3 indicate that con-
stant accelemtion can be maintained quite well after very limited practice, even though
in this case they were all consistently low in acceleration, averaging opproximately 0.14g ;
constant acceleration rather than 0,15g,. This tendency, however, does not detract from

the result that constant acceleration can apparently be performed by drivers with only

minimal experience,

5.5.2 Manual Transmission Vehicles i

The results of test Conditions 1,0, 2.0, and 3.0 for vehicles equipped with manual
transmissions showed thot constent acceleration operation of manual transmission vehicles
could be achleved and maintained reasonably well, though not as well as could be done
with the automaties. The evaluation of constant acceleration pass-bys for monuals was
petformed by using acceleration statistics and visual inspection of acceleration profiles in

exactly the some manner as for autematics,

Acceleration statistics for the vehicle speed range from 20 to 26 mph are not
appropriate for all manual transmission vehicles, since some reached rated engine speed
at or before 26 mph, Those vehicles for which the skatistics are appropriate are presented
with the corresponding acceleration data in Table 5.6, In the vehicle speed range from
20 to 26mph, it is seen thal, in almost all cases, the mean acceleration can be maintained
at 0.15g within o £0,01g tolerance, However, it is apparent from the standard deviation
and percentage averages that some vehicles are considerably more difficult to mainlain at
constant acceleration than others, particularly vehicle 005, Generally, it is seen that
Cendition 3.0, constant acceleration in second gear, can be maintained more easily than

the other two conditions.

Whereas variations In the acceleration for autematics can, and in fact does, affect
the shift point in the constant acceleration tests, this is not true for monuals, Accordingly,
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Table 5.6

Accaleration Statistics for Constant Acceleration Tests
for Manual Transmission Vehicles

- Standard % Distance
— Mean Deviation of Acceleration
‘l Vehicle Condition Acceleration Acceleration Qutside Range
- No. No, ing's* o* 0.14g to 0.14g*
; 005 1.0 0.145 0.026 80.9
) 2.0 0,139 0.015 78,5 ,_
B 3.0 0.144 0.006 25,7 j
- 007 1.0 0,147 0,006 24.3 [
- 2,0 0,152 0.007 23,2 :
7 3.0 0,140 0,003 49.9
imd :
008** 1.0 0.158 0.005 34.7
M 2.0 0.158 0,006 36.0
53] |
3.0 0,143 0,007 42,3 5
M '
ot 010 3.0 0.149 0.004 7.4
j 012 1.0 0.150 0.005 1.0
2.0 0.160 0.007 56,3
= 3,0 0,155 0,003 10.9
]
015+ 3.0 0.152 0,006 22,7

5-32

5 ** Attained rated engine speed prior to 26 mph in Conditien 1.

* Statistics taken for four runs over the vehicle speed range 20-26 mph,
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the acceleration history prior to a specific end conditian is unimpertant. Therefore, an
alternative methad of evaluating the results of the constant aceeleration tests for manuals
is to examine the acceleration statistics at « particular condition. In Table 5,7, the
averages and ranges of acceleration values for four runs are presented, carrespanding to
the occurrence of the maximum sound leve! prior to and including, and at 75 percent rated
engine speed or at 22 mph, whichever occurs first. This value of rated engine speed was
selected so that the data would be directly comparable to that obtained for Condition B.0,
A maximum speed of 22 mph was selected to be representative of 0.15g acceleration (see
Toble 4.4). From this table, it can be seen that in all but a few cases, the average
acceleration is within a range of £0.01g ebout 0.15g. The ranges in the acceleration

about the average values are also about £0.01g. As will be discussed later, the total

sound level range associated with the acceleration ranges of Table 5.7 are smali, typically

between 0.5 ond 1.5 dB,

The third method of evoluating constant acceleration pass-by performance is to
consider individual acceleration profiles. Plots of acceleration versus distance are pre-
sented in Figures 5,15, 5.16, and 5,17 for Conditions 1,0, 2.0, and 3,0, respectively.
The plots in these figures are representative of those runs most closely opproximating con=
stant acceleration. The vehicles presented are intended to be representative and include

the most difficult (Y005) and the casiest (¥011) vehicles in which to perform constant

acceleration.

Examination of Figure 5.15 indicates several tendencies, There is a tendency to
overshoot the acceleration rate initially — a tendency also found with automatics. In com-
parisan to the autematics, the acceleration profile for manuals is considerably less smooth,
However, with the exception of vehicle #005, the vehicles shown in Figure 5,15 can main-
tain constant aceeleration quite well within a tolerance of £0,01g after the prescribed
rate of 0.15g is achieved., The inltial fluctuating behavior in acceleration indicated for
vehicle 7005 was found to occur with several other of the test vehicles, It is speculated
that this behavior is attributable to driveshaft response, the driveshaft effectively being
directly connected to the engine. Such response is not encountered with automatic trans-
mission vehicles due to the damping and slippage in the torque converter. Although not
nearly as pronounced as in vehicle #005, some of the short-term variations present in the
acceleration profiles of the other vehicles shown in Figure 5,15 may also be due to this

phenomenon. 533
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Table 5.7

Acceleration Statistics for Manuals
in Conditions 1.0 and 2,0

MEAN VALUE OF ACCELERATION AND RANGE FOR FOUR RUINS

Vehicle End Up to and Including End Condition At End Cendition
No. Condition Condition 1.0 Condition 2,0 Condition 1.0 Conditian 2,0
005 75% 0.142 +0.013/-0.014 | 0.143 +0.001/-0.002 | 0.141 +0,005/-0.013 | 0,142 +0,004/-0.004
006 75% 0.156 +0,013/-0.012 | 0,147 +0,007/-0,009 | 0,152 +0.010/-0.009 | 0.147 +0.010/-0.010
007 22 mph 0.150 +0,014/-0,009 | 0.154 +0.014/-0,008 | 0.150 +0.01%/-0.007 | 0.154 +0,010/-0,007
008 22 mph 0.159 +0.004/-0.005 | 0.159 +0.014/-0.007 | 0,160 +0,008/-0.004 | 0,164 +0,003/-0,007
th 010 75% 0.146 +0.006/-0,00% | 0.149 +0.005/-0.005 | 0.147 40,003/-0,002 | 0,144 +0,004/-0,002
R ol 75% 0.143 +0.006/-0.010 | 0.144 +0.014/-0.013 | 0.143 40,003/-0,004 | 0,145 +0,009/=0,013
012 75% 0.151 +0.010/-0.007 | 0.157 +0.010/-0.005 | 0,150 +40,002/-0.007 | 0,155 +0,009/-0.004
013 22 mph 0.146 +0,003/-0.005 | 0,143 +0,006/-0.008 [ 0.14% +0,001/-0,004 | 0,144 +0.007/-0.009
015 75% 0.147 +0,021/-0,032 | 0,140 +0,014/-0,016 | 0,144 +0,014/-0,031 0,139 +0.010/-0.023
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In comparison to Condition 1.0, the acceleration profile in Figure 5,16 for
Condition 2.0 for vehicle #1005 displays very little fluctuating behavior. However, for
all four vehicles, the short-term acceleration variations apparent in Condition 1.0 also
occur in Condition 2.0, Because these variations are still present, there appears to be
little advantage to moving starls in initiating end maintaining o constant acceleration,
The plots in Figure 5.17 indicate that constant acceleration can be readily maintained
in second gear for manual fransmission vehicles, However, the short«term variations in
acceleration that were noted for Conditions 1.0 and 2.0 in Figures 5.15 and 5.16 are

also present for Condition 3,0 in Figure 5.17,

One of the manual fransmission vehicles displayed unique behavior when operated
under constant acceleration in Conditions 1.0 and 2,0. An example of this behavior is
presented for vehicle #007 in Figure 5. 18 where acceleration is plotted versus distance
for Condition 1,0, This plat indicates o very prancunced peak occurring in aceeleration
ot a distance of about 160 feet, This peck occurred regularly under bath Canditions 1,0
and 2,0 and was not due to sudden throttle movement by the operator. As this particular
vehicle is equipped with a 4-barrel carburator, it is suspected that this surge in vehicle
acceleration occurred when the second pair of carburetor barrels were activated, Such
activation could be caused by the increwsing performance demaond placed on the engine

at increasing vehicle speeds under constant acceleration.

A required output from the results of constant acceleration pass-by conditions for
manual transmission vehicles is the comparlson of maximum sound levels measured in first
and second gears under 0,15g constant acceleration at speeds below 25 mph. A compaor-
ison of these sound levels is presented in Table 5,8, The sound levels reported for first
gear (Candition 1,0) correspond to the maximum sound level observed at or before 75 per~
cent rated engine speed, or 22 mph, whichever accurred first, The levels in second gear
{Condition 3,0) carrespond to the maximum prior to and including 25 mph. From Table 5.8,
it should be noted that all the tesi vehicles produced higher levels in first gear than in
second since the engine speed in second gear ot 25 mph is substantially lower than 75 per-
cent rated engine speed or the engine speed corresponding to 22 mph in first gear, Vehicles
in which the engine speed more closely approached or exceeded 75 percent rated engine

speed In second gear prior to 25 mph would exhibit higher levels in second than in first gear.
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Table 5.8

Comparison of Sound Levels
in First and Second Gears far Manuals

Vehicle | Condition Data up to Max, Sound Speed Acceleration
No. No, & Including tevel (dBA) {mph) RPM ing's
005 1.0 75% 69.6 20.2 4239 0.142

3.0 25 mph 6.4 23.7 2795 0.145
004 1.0 75% 70,6 20.2 4047 0.156
3.0 25 mph 64,8 24.0 2730 0.157
007 1.0 22 mph 62.0 21.2 4125 0.150
3.0 25 mph 67.4 24.4 2909 0.141
008 1.0 22 mph 67.7 21.2 3490 0.159
3.0 25 mph 64,3 24.6 2540 0.148
010 1.0 75% 66,3 18.2 2500 0.146
3.0 25 mph 62,9 24.3 1863 0.150
oMl 1.0 75% 8.7 17.6 3N 0.143
3.0 25 mph 68.8 24.8 3155 0.139
02 1,0 75% 7.7 20,2 4065 0.15
3.0 25 mph 67.3 24.4 2840 0.157
013 1.0 22 mph 65.5 21.5 2620 0.146
3.0 25 mph 63,2 23.4 2038 0,145
015* 1.0 75% 711 17.2 2812 0.147
3.0 25 mph 68,0 24,7 2002 0,156

* Note: Second gear was used for Copdition 1.0, and third gear for Condition 3,0,

First gear had on unusually high numerical ratio,
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At a given engine speed, the engine power required to accelerate a vehicle at a given

rate in second gear is greater than in first gear {due to the different gear ratios), and it

might be assumed that this would result in higher noise levels. Therefore, the noise level

produced at 75 percent rated engine speed in second geer may be greater thon ot the some

engine speed in first gear. From the vehicles tested, however, it is not possible to predict

how close the engine speed would have to be to 75 percent rated speed for the maximum

level in the two gears to accur in second at 25 mph.

To evaluate the ability of different drivers to perform constant acceleration in

manual tronsmission vehicles, four acceleration=versus-distance plots are presented in

Figute 5.19, The four plots given in this figure are the best constant acceleration pass-bys

obtained by each of three inexperienced drivers and the driver used exclusively in the

nofse measurement progrem, The vehicle used, a Toyota Corolla {vehicle #005) was found

to be the most difficult manual transmission vehicle fo operate at constant acceleration,

Comparison of the profiles of Figure 5,19 indicate that the experienced test driver was

able to maintain acceleration much more ¢losely within the range 0.14g to 0,16g than

the other inexperienced drivers, Also, the experienced driver was able to minimize the
variations in acceleration, However, considering the difficulty presented by this particulor

vehicle, it cannot be conc luded that aperating @ manual transmission vehicle under con-

stant acceleration requires any special ability other than practice,

5.5.3 Summary of Constant Acceleration Test Results

The test Conditions 1.0, 2,0, and 3.0 (see Tables 5.1 and 5,2) were conducted

on 18 vehicles equipped with automatic and manual transmissions to evaluate the constant

acceleration method of measuring the noise emissions from light vehicles under partial =

throttle acceleration. The conclusions drawn from the results obtained can be summarized

as follows:

With practice, constant acceleration con ba achieved and maintained for
most vehicles over the vehicle speed range 0 to 25 mph for automatics and
manuals, In the case of automalics, copstant acceleration can be resumed
after the 1-2 transmission shift, Fluctuations in the occeleration are more

pronounced for manuals than automatics.
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There appear ta be no major advantages to a moving start aver o standing ;

start in terms of maintaining constant acceleration.

There may be difficulties in maintaining constant acceleration over the com-
plete range with some vehicles due to automatic transmission shift or carburetor
characteristics, Other types of engines and drivetrains not tested in this pro~
gram may also present problems, There are also a few vehicles that cannot
achieve an acceleration of 0,153 over the required vehicle or engine speed

range,

It appears possible to maintain constant acceleration within a range of £0,01g

for automatics and manuals obout a mean rate of 0,153,

The engine speed at the 1-2 transmission shift point for autometics varies from
run to run for similar acceleration profiles because it is dependent on throttle
position and engine speed. It is therefore necessary to impose 4 smaller allow-
able tolermance on the acceleration fluctuations for automatics than for manuals
in order fo obtain repeatable sound levels. With manual transmission vehicles,
It is only necessary to ensure that the required acceleration is obtained at the !

prescribed end condition where noise data are to be taken.

There are some vehicles equipped with automatic transmissions for which the J
transmission shift occurs with little or no noticeable change in engine speed.

This may lead to difficulty Tn identifying the shift point.

Some vehicles equipped with automatic transmissions produce higher sound
levels in second gear at speeds less than 25 mph than in first gear at the 1-2
transmission shift, Thus, automatics may have to be tested in both gears to

obtain the maximum sound level.

All of the test vehicles equipped with manual fransmissions produce higher
sound levels in first gear at 75 percent rated engine speed, or 22 mph, which~
ever occurs first, than at 25 mph in second geor. Thus, manuals needed only

be tested in first gear to obtain the maximum sound level.

The vehicle sound level is propertional to X log (engine speed). Near the
shift point, X = 45. The volue of X decreases with decreosing engine speed

for @ 0.15g occeleration,
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5.6  Interpolated Partial~Throttle Acceleration Nolse

As discussed in Section 5,3.3, the CCMC has proposed o method for determining
partial-throttle acceleration noise utilizing an interpolative technique. To use this tech-
nigque, the sound level at o predetermined operating condition is interpolated from meas-
ured sound levels made under full-throttle acceleration and cruise conditions. The method

is applicable only to vehicles equipped with manual transmissions,

The vehicle operating region of importance in the CCMC test procedure is partial-
throttle acceleration between about 40 and 65 percent rated engine speed as determined
from European light vehicle operation studies. As proposed, the CCMC procedure requires
the measurement of sound levels at three conditions that bound this region of importance:
full=throttle acceleration near 70 percent rated engine speed in second gear, full-throttle
acceleration near 33 percent rated engine speed in third gear, and cruise at 25 mph in
second gear. Linear interpolation between these three points then provides the sound level

at the required partial-throttle condition,

In an attempt to simplify the instrumentation required for the test, the CCMC pro=
cedure specifies an entry engine speed and gear from which the full~«throttle ccceleration
is initiated at o given point along the test track. Experience gained from previous tests
has shown that for the specified test configuration with a single microphone, the maximum
sound level is produced at on engine speed given by the entry engine speed plus a correc-
tion fastor. The measured maximum sound level for the full~throttle acceleration tests are
then assumed to correspond to this corrected volue of the engine speed, Since the instru~
mentation system at the Marana test site was designed to monitor continuously all the
vahicle parometers during a test run, it was not necessary to adopt this approximate core

rection procedure for determining the engine speed,

In addition to the abeve, other modifications were made to the proposed CCMC
precedure so that it could be evaluated with respect ta the proposed 0, 15g constant accel=
eration procedure. For comparisan purposes, sound level data from the constant accelera-
tion test Condition 1,0 was taken at 75 percent rated engine speed or 22 mph, whichever
occurred first, Since this test was conducted with the vehicle in first gear, it was decided
to perform the full=throttle acceleration tests required in the CCMC procedure also in first

gear, These data were taken from test Condition 4.1 — full-throttle ueceleration from a
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standing start {see Table 5.2) — at é0 and 90 percent rated engine speed to bound the

region around 75 percent rated engine speed, Finally, the cruise condition required in
the CCMC procedure was taken at 80 percent rated engine speed in first gear — Condi-
tion 5.2 in Table 5.2, In this manner, the interpolative procedure could be evaluated

even though it did net correspond exactly to that proposed by CCMC,

To obtain an interpolated sound level from the measurements described above,
further adaptation of the original CCMC procedure was required. A normalized power
curve for first gear cruise was used in place of the second gear curve nomally used in

the procedure. This curve was supplied by representatives of the CCMC.

In using the normalized power curves to interpolate the sound level for a given
operating condition, it is necessary to assume that engine power and acceleration are
linearly related at a given engine speed in first gear. Knowing the acceleration rate ot
full-throttle acceleration as a function of engine speed, the normalized power corresponding
to 0,159 can be linearly interpolated using the full-throttle and cruise (corresponding to

zero aceeleration) nomalized power curves for any engine speed.

With the use of the method described above, interpolated sound levels for 0.15g
and 75 percent rated engine speed (or 22 mph if it occurred first) were obtained. The
sound levels corresponding to the two full-throttle and the cruise conditions are presented
in Table 5.9. Also presented in this table are values of accelerotion produced ot the full-
throttle conditions. For comparison to direct measurement at the desired operating condition,
the sound levels and corresponding vehicle parameters for 0.15g constant acceleration and
full=throttle acceleration at 75 percent rated engine speed (or 22 mph) are presented in
Table 5,10 for each of the manual transmission test vehicles. Using the values in Table 5.9
and charts af normalized full-throttle and cruise power as provided by the CCMC, the sound
levels at the partial-throttle operating condition were interpolated. Examples of the appli=
cation of the interpolative technique are provided in Figures 5,20 and 5.21 for two of the
test vehicles demonstrating, respectively, interpolation for an eperating candition of 0, 15g
at 75 percent rated speed and 0,15g at 22 mph. In addition to the three sound levels
needed to construct the "isophonic* lines required for the interpolative procedure, the

full=throttle sound level at 75 percent rated engine speed (or 22 mph) is presented. This
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Table 5,9

Sound Level and Acceleration Dota Required for

Evaluation of CCMC Interpolation Procedure

FULL THROTTLE AT 60% MRES

FULL THROTILE AT 90% MRES

Maximum Seund

Maximum Sound

Acculeration

Leval {dBA) for

Vehicle Maximum Seund Aceolaration
Na, Level {dBA) ing's Level (dDA} Ingh Crutsa ab B0% MRES
005 47,6 10,2/-0,1 0,225 +0,004/-0,005 75.8 10,3/-0,3 [0,226 40,001/-0,00! 71,2 +0,1/-0.2
004 70,3 10,3/-0.4 0,311 110,008/-0,008 78,2 +0,1/-0,2 10,293 +40,003/-0,003 71,3 10,0/-0.0
00y 68,5 10,4/-0,3 0,105 10,002/-0,002 75,2 0,280 45,3 +0,0/-0.1
008 70,7 10,0/-0,1 0,326 10,004/-0,005 78,1 +8.,47-0,4 | 0,299 40,005/-0,008 71,1 40,2/-0.3
D10 65,3 0.,2/-0,) 4.314 10,000/-0,000 72,0 10,2/-0,2 | 0,275 +0,003/-0,001 67,8 +0,17-0.,1
al ] 62,7 10,2/-0.3 0,221 +0,001/-0,002 71,1 40,0/-0.1 | 0,214 40,002/-0,002 71.7 40,2/-0,3
a2 69,0 40,9/-0.0 0,31 10.008/-0,007 78,3 10,1/-0.1 | 0,209 +0,004/-0,004 72.8 +0,1/-0.1
013 &7 +0,3/-0,3 0,310 +0,000/-0,000 74,6 40.1/-0,2 | 0,260 +0.021/-0,021 47,4 40,3/-0.3
015 48,0 40,1/-0.1 0,351 10,005/-0,005 76.5 10,2/-0.2 [0,32] 10,004/-0,004 72,5 10,3/-0.3
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Table 5,10

Data for Manuals ot 75 Percent Rated Engine Speed

for Constant Acceleration

Vehicle Condilian Data Sound Level Acceloralion
Na, No, Fer: («IBA} Speed {mph) RPM ing's
005 1.0 75% 48,8 10,4/-0,7 -— - 0,141 +0,005/-0,01 _
4.1 75% 72,5 10,4/-0,4 20,8 40,0/-0,0 4344 11/-4 0,253 “U.DDI/—0.0D_
006 1.0 75% 70.4 41.3/-1.1 - L2 0,152 +40.010/-0,00_
4.1 75% 72,1 +0,5/-0.6 20,2 10,1/-0.1 4127 12/-2 0,308 +0,00s/-0,000
007 1.0 22 mph | 8,3 40.9/-1,0 0,150 40,019/-0,007
4,1 22mph | 71,6 40,2/-0,2 22,1 40,0/-0,1 4327 +18/-15 0,317 40,004/-0,004
008 1.0 22mph | 86.8 40,4/-0,6 0,140 10,000/-0,00_
4,1 22mph | 72,9 40,0/-0,0 22,0 40,0/-0,0 3661 11/-2 0.320 40,003/-0,0
00 1.0 75% 65,8 4¢.1/-0,2 0.147 iO.ﬂOJ/-D,ﬂO_
4,1 75% 62,46 t0,1/-0,1 18,5 10,0/-0,0 2558 14/-5 0,297 +0,004/-0,00_
o1l 1.0 75% 69.0 +1,2/-0.0 0,143 10,001/-0,004
4,1 75% 70.8 10,5/-0,5 | 17,3 10,0/-0.0 3B 10/ 0,228 'ID.OOI/-0.0D_
012 1.0 75% 71,3 0.5/-0.4 0,150 10.002/-0.00_
4,1 75% 74,2 10,0/-0,} 20,4 10,0/-0,1 A i6/6 0,311 iD.OO?/-D.UOH
[H1K] 1.0 2 mph | 65,4 10.5/-0.4 0,149 lD.UUI/-D.Dﬂ_
4.1 2mph | 47,9 10.6/-0,6 22,1 10,0/-0.0 2708 +23/-24 0,303 +0,001/-0.002
015 1.0 75% 70,9 10,7/-0,1 0.144 +0.014/-0,03_
4.1 75% 72,2 +0,6/-0,1 16,3 +0,1/-0.2 2B5] 45,4 0,338 10.003/-0.00“
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provides a comparison of the actual measured full-throttle sound level to the assumed

level established by the linear interpolation between full=thsottle sound levels at 60 and
90 percent rated engine speed.

Graphs similar to those of Figures §.20 and 5.21 were produced for the other
manual transmission vehicles with one exception. Using the sound levels of Table 5.9,
a graph was produced for vehicle #011, the Chevrolet Chevette, as indicated in Fig-
ure 5,22, It will be noted that in this figure the "isophonic" lines slope in a positive
direction, contrary to those of Figures 5.20 and 5.21. This implies that this vehicle is
fouder at cruise than at any other operating condition including full~throttle acceleration.
As it was suspected that a resenance may be occurring at this particular engine speed
accounting for the lack of dependence on acceleration, the sound level at o different
cruise condition was considered, In Figure 5.23, the interpolation graph obtained using
the cruise sound level ot 60 percent rated engine spead is shown for vehicle f011, As
Indicated in this figure, the use of the cruise sound level at 60 percent rated RPM produces
"isophanic” lines with negative slopes as was found with the other vehicles, It should be

noted that use of this sound leve! gives an interpolated sound level 1.4 dB lower than
before,

The interpolated sound levels corresponding to 0.15g at 75 percent rated engine
speed or 22 mph are presented in Table 5.11 for the nine manual transmission vehicles tested.
Also in Table §.11 are the directly measured sound levels at the corresponding condition
taken from the constant acceleration tests, It will be noted that the interpolated levels
are consistently higher than the directly measured levels for all cases except vehicle 007,
the Muzda RX-4, The average difference between these levels is 1.5 dB, the maximum
difference being 3.4 dB, The explanation for this consistent overestimation is not known.
Because of the consistency in the difference, it cannet be assumed that the diserepaney is
attributable to the occurrence of resonances or anti-resonances in the 0.15g acceleration

direct measurement candition,

In order to check the linear dependence of seund level on engine speed for full-
throttle acceleration assumed in the interpolative procedure, a comparison of the inter-
polated and directly measured sound levels at 75 percent rated engine speed, or 22 mph,

is presented in Table 5.12. Whereas the interpolated saund levels for partialthrottle
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Table 5,11

Comparisan of Interpolated and Direct Measurements of
Sound Leve! for Partial=Throttle Acceleration

Measured Level Difference;
Vehicla Opeating Interpaloted ot Operating [nterpalated
Na, Condition Level (dBA} Conditian (dBA) - Direet
005 75% 71.0 48.8 2.2
004 75% 72.4 70.4 1.8
a7 22 mph 47.8 68,3 -0.5
COR 22 mph 70,2 66,8 3.4
010 75% 47.8 55.8 2.0
on 75% 49, 2¢ 69,0 0.2
012 75% 7.8 71.3 1.5
013 22 mph 67,4 65.4 2.9
015 75% 7.9 70,9 1.1

* Lhing the medified inlerpaiation chart af Figure 5,23,

Table 5.12

Comparison of Interpolated and Direct Meosurements of
Sound Level for Full=Throttle Acceleration

Meawred Lovel Difforency:
Vehicle Opurating Intempolated at Operating Interpalated
Mg, Condition Level {dBA) Condition (dBA) —Direct
Q5 75% /1.8 72.5 0.7
004 75% 74,5 72,1 +2.3
007 22 mph 71,4 71.4 0.2
o} 22 mph 7.8 72,9 «1.1
ol 755 68,8 67.4 +.2
4] 75% 70.8 70.8 0,0
012 75% 7.1 71.3 +2.8
on 22 mph 49,6 69.9 -0.3
015 75% 72.8 72,3 0.5
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acceleration shown in Table 5,11 are consistently higher than the measured values,
there is no such consistency belween the interpolated and measured full=throttle sound
levels shown in Teble 5.12, This variability indicates that the assumption of linear
dependence of the sound level on both normalized engine power and normalized engine

speed will not be valid for all vehicles.

5.7  Test Results for Constant-Throttle Qperation

The vehicle tests cenducted for Condition 8.0 were designed to evaluate the
constant~throttle procedure as proposed by Genersl Motors, This pracedure requires the
selection of a maximum, but not necessarily full, throttle setting by trial-and-error, such
that when the throttle is ropidly opened to this setting, the vehicle will travel 100 feet
in & seconds from o standing start. [t is applicable only to vehicles equipped with auto-
matic transmissions, although a modified version for manuals is under review by General

Motors and was included in the test program.

Upon review of the results of the above procedure, it was considered desirable ta
conduct further tests using the constant-throttle technigue to achieve an end condition
specified by vehicle acceleration at the 1-2 shift point rather than by time and distance, -

A description of both these procedures is contalned In the following subsections.

5.7.1 Constant=Throttle Procedure For Automatics With End Conditions of Time and Distance

The performance of o constant-thrattle test requires a device fitted in the throttle
linkage to provide a limit to the throttle depression. This device is then adjusted so that
the vehicle travels 100 feet in 5 seconds when the throttle is rapidly depressed to this limit,
To obtain repeatable results, this device must provide a firm limit to throitle depression.
A restricting device applied to the linkege at the carburetor was found to provide the
most repeatable results, but wos difficult to install and adjust and required many different
modifications for opplication to all the vehicles to be tested, Accordingly, the method
suggested by the domestic automobile manufacturers was used, involving a flexible but
inextensible chain with a tumnbuckie attached aof one end to the throttle pedal and at the
other end to a rigid point on the steering column or dashboard. The turnbuckle was then

adjusted by the driver to achieve the required vehicle operation. With this equipment

“there were no major difficulties in selting the maximum throttle depression.
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In performing the constant=throttle procedure for automatics, three methods were
used to measure the elapsed time. The first method utilized an observer giving the vehicle
driver a signal to initiate the acceleration while simultaneously starling a stopwatch. The
observer was located at the 100-foot position and recorded the time for the vehicle to pass
this position. This method, however, was found to be unsatisfactory because it invelved
three separate reaction times, those of the Hmekeeper, the driver, and that due to vehicle
response, It wos found that the elapsed time measured for identical throttle-stap positions

was highly variable, being as much as 0,3 second.

The second method allowed the driver to time himself by simultaneously starting

the watch and depressing the throttle and then stopping the watch when the vehicle passed

the 100~foot mark. This method proved to be no more consistent than the first even though
it involved only the response times of the driver and the vehicle. For o given throttle
setting, the tatal range of variation in elapsed time was typically 0.3 to 0.4 second as
measured by the driver. To evaluate this variation further, a comparison of the elapsed
time as measured by the driver and the time measured by the data acquisitien syitem is
presented {n Table 5,13, The time given by the acquisition system corresponds to the time
elopsed from when the computer was actlvated by the vehicle passing the aclivation switch
at O feet to when the vehicle passed the deactivation switch ot 100 feet, In making this
measurement, the vehicle was consistently positioned on the test pad as close to the com=
puter activation switch as possible, However, because the time measured by the computer
does not include the response time of the vehicle to throttle depression, the time should not
necessarily be identical to that measured by the driver, As would be expected, Table 5,13
indicates that the variation in elapsed time as measured by the computer is less than that
measured by the driver. It is also opparent that the combined response time of the vehicle
and the driver is on the order of 0,2 te 0.3 second, This is importani since the GM pro=
cedure specifies an allowable tolerance of £0.] second in the clapsed time to travel 100 feet,
and it is assumed that this is the accuracy required to achieve repeatable saund level data,

It appears that differences in response time alone may be comperable fo this tolerance.

To evaluate the sources of variability in the elopsed time, a cantact switch was
installed on the throttle linkage in order to preduce a pulse when the throttle was depressed,

The pulse was transmitted via the telemetry system ta activate the computer, With this
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Table 5.13

as Measured by the Driver and the Computer

Measured Time
to Travel 100 Feet {sacs.)

Vehicle
No. Stopwatch* Computer
002 4.9 4,61
5.0 4.62
4,9 4,64
5.2 4,77
Mean +0,2 11
&Range | 0.0 486 .05
004 5,2 4.70
5.3 4,99
4.9 4.80
4.9 4,99
Mean +0,2 +0.12
& Range 5.1 ~0.2 4.67 -0.17

Held by Driver,
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method, driver reaction was eliminated ond the performance of the vehicle was directly
monitored. The elapsed times measured with this technique for two vehicies are presented
in Table 5,14, As indicated in this table, with the throttle switch timing method only
small variations in elopsed time oceurred from run to run for the same throttle setting. For
vehicle #014, the totol range in elapsed time was 0,08 second, and for vehicle #018, the
range was 0,16 secand. From these results it is apparent that the variability observed using
o stopwatch activated by the driver is due, primarily, to variations in the respanse of the
driver rather thon the response of the vehicle, Further, it is apparent that the use of a
throttle~switch=-controlled timing device is required ta maintain the accuracy of the elapsed

time measurement.

The throttle-switch technique also allowed the determination of vehicle hesitation
in the performance of the 100~foot test. To moke this evaluation, the time from the depres-
sion of the throttle to the time the vehicle moves 0.7 foot was determined from the computer
printout, This measurement was quite precise as o distance of 0 feet corresponds to the
position of the vehicle when the throttle is depressed rather than a specific point on the
test pad. The average time required for each of the vehicles tested to travel the 0.7 foot
is presented in Table 5,15, together with the standard deviation and the number of samples
included in the overage. From this table it will be observed that there is significant vari=
ability in the time taken for the vehicle to move 0.7 foot after depression of the throttle,
The average time varies by as mueh as 0,23 second, with standard deviations, in general,
less than 0,15 second, Although the results of Table 5,15 indicate that the average hesi-
tation is different for various vehicles, it is not known {f similar variation exists among

nominally identical vehicles due to production variations or minor misadjustments.

The issues of clapsed time mecsurement and vehicle hesitation as discussed above
are particularly important for the repeatability of a procedure specified by time and dis-
tance, As an example, Figure 5,24 shows the acceleration versus vehicle speed for two
nominally identical runs made at slightly different throttle settings for vehicle 4002, The
difference in elapsed time for these runs is 0.2 second; however, there is a difference of
about 3 mph in the speed at which its shift point occurs, Further, there is a difference of
about 0,03g between the two profiles prior to the 1-2 shift, These variations result in a

difference of 234 RPM in maximum engine speed at the 1-2 shift, More radical differences
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Table 5,14

Elapsed Time for Constant~Throttle Operation Over 100 Feet

as Measured by Computer Activated by Throttle Linkage

Vehicle
No,

Elopsed Time
(secs.)

014

5,15
5,10
5,07
5.07

Mean
& Range

+0.05
5.10 -0.03

018

4.83
4,92
4,80
4,96
4.76

Mean
& Range

+0,11
4.85 5 05

Table 5,15

Average Time for Vehicle to Travel 0.7 Feet
Under Constant=Thrattle Operation

Vehicle Mean Time Standard Deviation No. of
No. to Travel 0.7 Fr. of Time Samples
001 0.252 0.126 17
002 0,379 0.178 8
004 0.251 0.145 12
oi8 0,397 0.092 15
019 0.167 0,098 7
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in vehicle parameters for even smaller differences in elapsed time were observed for
vehicle #004. Acceleration profiles for twa runs for this vehicle are presented in Fig-
ure 5.25. The difference in elapsed time for the two indicated runs is only 0.1 second;
however, the vehicle shifts into second gear in one run but not in the other. This results
in a difference in acceleration of more than 0,07g between the runs prior to reaching

100 feet, The engine speed corresponding to the two runs for vehicle #004, shown in Fig-
ure 5, 25, is plotted versus vehicle speed in Figure 5.26. This indicates a difference in
maximum engine speed of about 1200 RPM prior to 100 feet of travel. Based on other data
taken for vehicle 1004, this corresponds to o difference of abaut 7 dB in maximum sound

level during the run,

The results of this series of tests provided further information on the performance
of vehicles fested using a specification of time and distence. In Figure 5.27, a plot Is
presented of moximum engine speed at the 1-2 shift versus elapsed time for 100 feet of
travel for five test vehicles. Each grouplng of points for a given vehicle represents runs
conducted at the same throttle setting. The curves are the best fit for three or four dif=
ferent settings. With some exception, most of the vehicles display a well<behaved func~
tion of maximum RPM with elapsed tine. Three of the vehicles, #0071, #018, and #019,
display behavior which makes them wel! suited to this type of test procedure. For each
of these three vehlcles, there appears to be little variation in engine speed with varia-
tions in time of 0.2 second for a given throttle setting, This is particularly apparent for
vehicle #001 as seen for the elapsed times from 4.55 to 4,73 seconds, and 5.02 to 5.17
seconds. This behavior is also evident for vehicle 018 between 5.91 and 6.11 seconds
and vehicle #011 botween 5.90 and 6.09 seconds. Unlike these examples, vehicle #002
displays o grodually decreasing engine speed with increasing elapsed time for a given throttle
setting, as evidenced for times from 5.05 to 5.30 seconds, Similar behavior is seen for
vehicle #004 at elopsed times ranging from 5.50 to 5.70 seconds, The almost multi~valued
dependence of engine speed on elapsed time,as discussed in regard to Figures 5,25 and 5,26,

is also indicated for this vehicle at elopsed times less than 5.2 seconds.

The repeatability of constant=throttle runs for a given throttle setting is indicated
in Table 5.16 for automatics set to achieve an end condition of 100 feet in 5 seconds. In

this table, the engine speed and acceleration dota are taken for the condition at which the
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Mean Values and Ranges of Engine Speed and
Acceleration at Maximum Sound Level for Automatics
With Constant Throttle Set for 100 Feet in 5 Seconds

Table 5,16

Mean Value ond Range
Vehicle for Four Runs

No, RPM Acceleration (g's)
oot | 1900 27| 9,138 0-002
+30 40,023

002+ 19 2 | o4 Te0m
+77 40,014

003+ w7z 50| e Tl
004+ 205 T | 0,90 9018
2 40,006

ooger | 2720 T 0141 oo
ow4ve | 2707 T | 0ate0 1O-00
016+ wst T2 | oz 10007
. +151 40,005
olger | 2764 D00 | o 1900

* Elapsed time measured by driver using stopwatch,

** Elopsed time measured using throttle switch and computer,
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maximum sound level is produced during the run =- this being, generally, the moximum
engine speed prior to the 1-2 transmission shift. The range in engine speed for any given
vehicle is genorally small, except for #018, where it corresponds to a range of about 3 db
in sound level, The repeatability for different settings will not be so good. The data shown
in Figure 5,27 indicate that a variation of £0.1 second in the time to travel 100 feet will
result in changes in maximum engine speed of 8 percent and 45 percent for vehicles #o18
and #1001, respectively. The corresponding ranges in sound level are about £1,5 dB and

+1.0dB, respectively.

5.7.2 Constant=Throttle Pracedure for Manuals

The constant-threttle procedure for manuals as proposed by General Motors requires
a throttle setting to achieve 0,159 ot 22 mph or at rated engine speed, whichever occurs
first, The sound level is then measured at 75 percent rated engine speed or 22 mph, which=
ever occurs first during the run at this setting, The fest is initiated from a moving start at

25 percent rated engine speed in first geor,

This procedure was conducted on nine manua! vehicles with little difficulty. The
mean values and ranges of engine speed and acceleration are shown in Table 5,17, Again,
it is noted that there is a considerable spread in the mean acceleration amongst the vehicles
at the end condition, ranging from 0,155g to over 0.27g. It was noted that for some
vehicles, the requirement to achieve 0,15g at 22 mph or rated engine speed involved close
to full-throttle operation at the measurement end condition, This was particularly true for
vehicle 011 which was set to achieve 0,15g at 22 mph, corresponding to 94 percent rated
engine speed, Al the measurement condition of 75 percent rated engine speed, the accel-
eration was 0. 184y compared with 0,228g at full throttle. This would indicate that a
throttle setting te achieve 0.15g at such a high engine speed does not correspond to normal

driving operation, and that a lower engine speed, say 70 or 75 percent, would be more

appropriate.

5.7.3 An Alternative Constani~Throttle Procedure

The results ebtained from the constant~throttle procedure for automatics proposed
by General Motors requiring end conditions of distance and rime show that for different

vahicles, there is considerable difference in acceleration at the point where maximum
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Table 5.17

Mean Values and Ranges of Engine Speed and

Acceleration at Maximum Sound level

Up to and Including the End Condition for Manuals
According to GM Constant=Throttle Procedure

Vehicle End Mean Value and Range for Four Runs
No, Condition RPM Acceleration (g's)
005 75% a7z 10 0.156 1501
006 75% 4023 *113 0.173 tg:ggf
007 ﬁa’;{.")“ 4105 M2 059 15000
008 2(22’2/5" a4g2 *18 0,155 T0:00
010 75% 2427 *¢2 0.215 1'%
o1 75% 2874 ! 0.184 70 0N
012 75% 4080 "4 0,158 "9:022
013 "225’;5" 2605 *77 0.156 1300
015 75% 2858 f179 0.271 iggcln;
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sound level is produced, The range of acceleration values is greater than that exhibited
in the vehicle operation measurements described in Section 4.0, and may lead to signif~
icant differences in engine speed and hence sound level at the shift point, The reasons
for the variations may be related to driver operation of the time of the test run, The large
variatians in acceleration can be eliminated, to a large extent, if the throttle is set to
achieve an acceleration of 0,15y at the 1-2 transmission shift (test Condition 9.0). This
condition has been identified as typical of normal driving operation (see Section 4,4)

and is the point ot which maximum sound level is produced in first gear,

A review of the behavior of vehicle acceleration in the vicinity of the shift point,
however, indicates o considerable variation over a relatively short period of time — see
Figure 5.24 for example. Therefore, to set the throttle for the above condition, it is
necessary to define more precisely the acceleration at the 1-2 transmission shift. Accord~-
ingly, tests were conducted on seven automatic vehicles with the throttle set to achleve
approximately 0,15 at the 1-2 transmission shift, The relationships between acceleration
and engine speed in the vicinity of the shift are shown in Figure 5,28, ln each case, the
values of acceleration are plotted up to and including the maximum engine speed prior to
the 1-2 shift, Note that in some cusés, the acceleration rate hos already begun to drop
shamply even though the engine speed is still increasing, due to the action of the auto-
matic transmission. However, it is also apparent that in all cases except one (vehicle #003)
there is a plateau in the curve that occurs 50 ta 150 RPM prior to the maximum engine speed
ot the shift, over which the acceleration is constant within e range of £0,005g, Therefore,
for this alternative procedure (identified as Condition 2.0), the throttle was set to achieve
0.15g at 100 RPM prior to the maximum engine speed ot the 1 -2 tronsmission shift. The
case of vehicle #003, which does not exhibit an acceleration plateau, will be discussed
in Section 6.2.1.

The results obtained for four vehicles, accordingto this alternative procedure, are
shown in Table 5,18, The range of velues for the engine speed und acceleration are com-
paroble to those shown in Toble 5.16 for the "100 feet in 5 seconds" procedure, but the

acceleration at the shift point is constrained to be much closer to 0, 15g as required.

it was also shown in Chapter 4,0 that a vehicle speed of 22 mph is the maximum

at which an occeleration of 0.15g i typical in uiban driving, Accordingly, test

5-67

WYLE LABDORATORIES



Q.25 j T T ] T 1 =
A\
0.20 |— —
o
: \\\, _ %
2oasf- T 2 ¥ —
@
T
w
v <
&
& Q"OO[ o0
0,10 | a 1018 "..“101. —
< Y003
a f013
a f014
e 1009
0.05 }— v #002 —
1 | i | | | r |
1400 1600 1800 2000 2200 2400 2600 2800 3000 3200

SITHOIVHOEY] 37AM

B R R el

Engine Speed, RPM

Figure 5.28. Acceleration as a Function of Engine Speed for a Single Constant-Throttle Operation
Near the 1-2 Shift,

P

Al ATy e Tar




Table 5.18

Mean Values and Ranges of Engine Speed and Acceleration

at Maximum Sound Level for Automatics

Operating Under Test Conditions 9.0 and 10.0

Mean Value and Range for Four Runs

Vehicle 0.15g at 100 RPM 0.15g at 22 mph

No. Prior to the 1-2 Shift (7.0) {10.0)
RPM Acceleration RPM Acceleration
+12 41,010 +32 +0.010
001 2119 _28 0.143 -0. 008 1856 30 0.160 -0.011
+88 3,006 +29 +0,004
014 2563 95 0.148 0.01] 2511 32 0,153 -0. 004
+24 +0,008 +5] +0.004
016 1997 23 0.142 -0.003 2137 37 0.150 0. 006
+25 0,001 +26 +0,003
018 219 45 0,147 -0.004 2041 27 0,150 ~0.002
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Condition 10,0 was established, requiring o constant=throitle operation to achieve 0,15g

at 22 mph. The results of these tests are also included in Table 5,18, and indicate ranges

in parameters similar to those obtained at the 1-2 transmission shift,

5.7.4 Summary of Constant=Throttle Test Results

The test Candition 8.0 (see Tables 5.1 and 5.2) was conducted on 18 vehicles

equipped with automatic ond monual transmissions to evaluate the constant-throttle method

of measuring the noise emissions from light vehicles under partial~throttle acceleration,

Modifications to this condition, nomely Conditions 2.0 and 10.0, were also tested. The

conclusions drawn from the results can be summarized as follows:

There are no major difficulties In determining and setting the throttle pasition
necessary for the constant=throttle procedure, provided that a rigid location

is used for the reskricting chain mechanism,

Timing the vehicle over a distance of 100 feet using a stopwatch held by an
observer or by the driver was found to be inadequate due to the significant
variations in time for o given throttle setting., More accurote methods are

required to provide satisfactary repeatability,

The hesitation in the vehicle upon rapid opening of the throttle is highly

variable from vehicle to vehicle.

For some vehicles, slightly different throttle settings, os may be obtained by
different operators adjusting to a given test condition, can significantly affect
the vehicle and engine speeds at the 1~2 transmission shift for automatics when
time ond distance alone are specified. In some coses, these different settings
can determine whether the vehicle shifts or not during the test. Accordingly,

some vehicles ore more suited to this test procedure than others,

For a number of runs of a single throttle setting, the variation in engine speed

and acceleration at the 1-2 transmission shift is fairly low for automatics,

There is a significant difference in acceleration at the shift amongst different

vehicles when time and distance alone are specified,
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s The repeatability of the constant=throttle test procedure, and its consistency
from vehicle to vehicle, can be impreved by setting the throttle to achieve

an end condition of a given acceleration at the 1-2 transmission shift.

s There are no significant problems with the canstant~throttle procedure as
applied to manuals. However, the proposed GM procedure, whereby the
throttle is set to achieve a given acceleration rate at rated engine speed,

results in exceedingly high acceleration rates for some vehicles at 75 per-

cent rated engine speed,

5.8 Comparative Evaluation of Censtant Acceleration and Constant Throttle

The operational procedures of interest in developing a tast methedology for meas~
uring directly (as opposed to indirectly through interpolation) the noise emissions of light

vehicles can be summerized as follows:

s Condition 1.0 (Manuals and Automatics) — Constant 0.15g acceleration.

o Condition 8.0 (Automatics only) - Constant-throttle acceleration to achieve

100 feet in 5 seconds, ‘
]

s Condition 8.0 {Manuals only) — Constant-throttle acceleration to achleve
an acceleration of 0.15g at 22 mph or rated engine speed.

e Condition 9.0 (Automatics anly) = Constant~throttle acceleration to achieve
an acceleration of 0.15g at 100 RPM prior to the maximum engine speed at
the 1-2 transmission shift,

e Condition 10,0 (Automatics only) ~ Constant-throttle acceleration to achieve
an acceleration of 0,13g at 22 mph.

These "direct measurement" proceddres are evaluated for repeatability in this section,

A comparative discussion of the applicability of the "direct measurement" procedure and

the CCMC procedure, which uses an indirect method to determine vehicle noise emissions
al partial throttle, is provided in Chapler 4.

To assist in the evaluation of the procedures, the average ond range of the maxi-

mum sound levels measured prior to or at a specific operating condition under the constant
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acceleration and constant-throttle procedures, together with the range in other vehicle
parameters are presented in Tables 5,19 and 5.20 for manuals and cutomatics, respectively.
For the manual transmission vehicles, the eperating condition used in this comparison is

75 percent rated engine speed or 22 mph, whichever occurred first. For the automatic
transmission vehicles, the operating condition used in the comparison for all but vehicle

#009 is the 12 transmission shiff.

Two main observations can be made from the average valuves of sound level pre~
sented in these tables. First, for manual transmission vehicles it will be noted that there
is little difference in the sound level at 75 percent rated engine speed {or 22 mph} as meas-
vred under Conditions 1.0 and 8.0. This leads to the cenclusion that the operation of the
vehicle prior to the end condition does not significontly affect the meosured sound level,
This conclusion is verified by Figures 5.29, 5,30, and 5.31, where the A~weighted sound
level as measured under Conditions 1,0 and 8,0 is shown as a function of engine speed for
three manual fransmission vehicles. From these figures it is seen that the sound levels
measured under the two procedures are within 1 dB of each other except at low engine
speeds. The divergence of the sound level curves for each vehicle can be explained by
the differences in the two procedures. At low engine speeds, considerably less throttle is
required to maintain an acceleration of 0.15g than thot used for constant~throttle condition,
Thus, in this region, the constant=throttle sound levels are higher. As the vehicle speed
increases, increasing throttle settings are required to mainfain 0. 15g and hence the throttle
positions of the twa procedures become more similar, At some paint, depending on vehicle
performance and gearing, the sound level preduced under constant acceleration can become
higher as the throttle position increases beyond that required for the constant=throttle pro-
cedure. Such a crossover does not oceur for vehicle #011 (Figure 5.31), because, as noted

In Section §5,7.2, this vehicle is almost at full throttle for Condition 8,0,

A second observation concerning the dato given in Table 5.20 is that the sound
levels measured for automatic transmission vehicles can be significantly affected by the
vehicle operation prior ta the maximum sound level. This behavior is primarily due to
the dependence of the maximum engine speed at the 1-2 shift on the manner in which the
shift is approached, This influence of vehicle operation en the occurrence of the shift

was found to vory from vehicle to vehicle. For seme vehicles, constant=throttle operation
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i Table 5.19
i
4= Total Data Range for Maximum Sound Level
N Prior to and Including End Condition =
Manuol Transmission Vehicles
“l
-
Range of Vehicle Paromeiers
- ghox, | Rongesl ot Maximum Sound Level
| Veh, Test End Level Level Distance | Speed Engine | Accel.
- Na, Cond, Cond, (dBA) (dB} {F1) {mph} Spead {a'"s)
3 003 1.0 75% 9.4 1.4 ?.1 4.9 148 0,027
_ 8.0 75% 70.4 1.1 15.8 2.0 i85 0,023
008 1.0 75% 70.6 1.7 13,4 0.7 163 0.025
'_’ 8.0 75% 70.2 0.4 10.5 0.9 24 0,053
- 007 1.6 | 22mph | 49.0 1.1 3,2 11 238 0,02
8.0 | 22mph | &9.4 0.3 2,8 0,1 0 0.015
potet
Y
Li ws | 10 | 22meh | 677 [ 1 42 | 04 a | o.om
i 8.0 22 mph | 4.8 0.2 0.0 0.1 15 0,000
i
;o 0l0 1.0 75% | 66.3 0.8 10,5 1.5 02 | o.015
L 8.0 75% | 47,3 1.2 8.3 0.7 g7 0,025
) al 1.0 75 | 49,7 0,8 7.7 0.2 29 0,014
r'* 8.0 75% 71.0 1,0 2.8 0.4 104 0,028
™ 012 1.0 75% 7.7 0.8 0.5 1,0 202 0,017
8.0 75% | N9 0.5 13.3 0.4 1 0,029
[} 013 1.0 22mph | 45,5 0.6 11, 1.0 122 0,008
8.0 22mph | &4.5 0,3 . 1.1 134 0.007
1 03 1.0 753% 711 1.4 B.4 0.4 100 0,053
B 8.0 75% K .5 0.7 0.2 % | 0,00
. Avg. 1.0 1.0 7.9 0.7 129 0,019
! 8.0 0.6 B.§ 0.4 114 0,021
3
i
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Table 5.20

Tota! Data Range for Maximum Sound Level
Prior to and In¢luding End Condition =
Automatic Transmission Vehicles
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Ranga of Vehicle Paromelers
S':::{‘i R.:Sagg::f' at Maximum Seund Level
Veh, Test End Level Level Divonce | Speed Englne | Aceel,
Mo, Cond, Cond, (dBA) {db}) (3] {mph) Speed {g's}
o 1.0 12 64.3 2.9 8.7 3.0 225 0,020
8.0 1=2 61.5 0,9 1.2 [X] 61 0,004
2.0 1=2 63.2 1.5 10,5 0,7 49 0,018
10,0 22 mph | 41.6 0.2 13.3 1,2 42 0,021
002 1,0 -2 40.8 1.2 14,7 2.2 114 0,04
8.0 1=-2 62.9 2,1 5.6 0.8 75 0,046
004 1.0 1-2 41,0 1.6 A5 0.7 105 0,006
8.0 12 651 2.4 3.5 0.1 51 0,M¢9
009 1.0 22mph | 48.7 1.3 6.1 0,3 54 0,006
8.0 100 fr. | 48.0 0.8 2.1 0.t 5 0.009
9.0 22mph | 68.9 0.8 0.7 0,2 3a 0.003
014 1.0 j=2 70.9 2,9 27.3 2.4 174 0,014
8.0 in2 70.0 1.6 11,2 1.4 159 0,011
2.0 1-2 69.2 0.7 14.7 1.8 183 0,016
10.0 22mph | 43.8 0.4 7.7 0,9 &1 0,008
014 1.0 1-2 45,6 2.5 0.3 .9 263 0,023
8.0 1-2 65,4 C.5 4,2 0.8 &l 0,024
9.0 1-2 65,9 0.6 2,8 0.4 47 0.012
10.0 22mph | 44,5 0,5 n.2 1.2 88 0.010
018 i.0 1=2 48,7 3.7 18.9 1.7 458 0,01)
8.0 1-2 47,9 2.5 67.4 4.6 449 0.000
9.0 f=2 63,2 0.9 8.4 [N 70 0.005
10.0 22mph | 42,2 0.4 7.1 0.8 5) 0.005
Avemagas of 1.0 and 8,0 Only

Avg, 1.0 - 2,3 17,1 1.9 228 0,017
8.0 - 1.5 . 1.5 124 0,017

Averages of 1.0, 8,0, 9.0, and 10,0
Avg. 1.0 - 2.7 20,3 2,1 275 | 0,014
B.0 - 1.3 19.3 1.9 15} 0,011
9.0 -— 0.9 7.4 9,8 74 0,011
10.0 - 0.5 8.1 0.9 0 0,009
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produced a 1-2 shift at vehicle speeds considerably less than for constant acceleration

even though the acceleration immediately prior to the shiff wos the same in both cases.

An example of this behavior is shown in Figure 5.32 for vehicle #014, For some vehicles,
the shift occurred at almost identical vehicle speeds far constant acceleration and constant=-
throttle operation, as shown in Figure 5.33 for vehicle #016, Finally, for some vehicles
constant acceleration operation will cause the 1~2 shift to occur at lower vehicle speeds
than constant throttle even though acceleration just prior to the shift is identical. This
behavior was observed for vehicle 002 as shown in Figure 5,34, As con be seen from

these figures, the specification of vehicle operation through an entire acceleration is of
concem for o partial-throttle acceleration noise test procedure for outomatic transmission
vehicles because of the influence it has on maximum engine speed and hence maximum
sound leve| at the shift paint. It should be noted that the two vehicles with the greatest
difference in sound levels between Conditions 1.0 and 9.0, namely vehicles #001 and #018,

were the most difficult to operate at constant acceleration.

In considering the repeatability of the procedure for automatics, paimary atten-
tion should be given to the variation in moximum sound level in Table 5.20, The variation
in distance at which the maximum sound level is produced indicates how repeatably the
relationship hetween vehicle position at maximum sound level and microphane position
will be attained from run to run. The other vehicle paramelters are also of Importance,
particularly engine speed as it is generally indicative of the variation in shift point, Exam-
ination of the ranges in Table 5.20indicates that, generally, the two constant=throttle con~
ditions, 8,0 and 9.0, were performed with less variability than the constant acceleration
condition, 1.0, To aid in overall comparison, the average of the ranges of each of the
parameters are also given at the bottom of Takle 5.19, The averages are calculated for
Conditions 1.0 and 8.0 and for 1.0, 8.0, 9.0 ond 10.0 separately since Conditions 9.0
and 10,0 indicate that the constant~throttle procedure, on the average, produced less varia-
tion than the constant acceleration procedure. The limited data comparisan of the averages
for Conditions 1.0, 8.0, 2.0, and 10,0 indicote that Conditions 9.0 and 10,0 consistently

produced the least variation of all three procedures for all vehicle parameters.
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The total data ranges presented in Table 5,19 for manual transmissien vehicles
display substantially less difference in the variability between constant aceeleration
and constant-throttle procedures than was indicated for the automatics, The averoge
of the ranges for Conditions 1,0 and 8,0 are very similar for all parameters. The
average sound leve! range displayed by both procedures is, however, smaller than the

corresponding ranges for automatic transmission vehicles,
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6.0  DEVELOPMENT AND PRELIMINARY IMPLEMENTATION OF TEST PROCEDURE

The resulls cbtained from the light vehicle measurements provided sufficient
information on the different proposed test procedures to define a preliminary urban accel-
eration test procedure for light vehicles, This section describes the rationale used in
selecting the type of procedure most suited to light vehicles, specifying the requirements
to be met in implementing this procedure, and presents the results of tests which were

conducted on a limited number of vehicles in order to identify potential difficulties,

6.1  Direct Measurement Versus the Intempolation Technique

The test procedures reviewed in the previous chapter concentrated mainly on the
direct measurement of vehicle sound level, but alse included the CCMC procedure in
which the sound level is interpolated from data token under full=throttle and cruise con=
ditions, The advantages of the CCMC procedure are the ease of performance and the
minimal vehicle instrumentation required to monitor vehicle operation. However, these
advantages are achieved at the expense of probable inaceuracies in determining engine
spead at muximum sound level using standard carrection factors for all vehicles, To cor-
relate engine speed and sound level wauld require added instrumentation and remove one

of the advantages of the procedure,

The CCMC procedure conlains the assumption that the vehicle sound level is a
linear function of engine specd and power, The CCMC has measured and plotted sound
level data for several vehicles as a function of engine speed and power, and the curves
indicate that the assumption of lincarity is correct to within about 2 dB. The data
shown in Table 5.11 also show a difference of about £2 dB between directly measured
and {nterpolated sound levels, 1t is recognized that the tests in this program were not
conducted in strict aecardance with the CCMC operating procedure, However, the range
of error Is expected to be representative of the procedure. Furthermore, the three=-point
interpolation does not always reduce the errors that moy be observed in a single sound
level measurement — see Flgures 5,22 and 5,23,

A related considerction appears to be that values of noise reduction achieved by

many engineering treatmenis under full-throttle cendition do not provide the reduction

that would be projected by the interpolation method in partial-throttle operating conditions.,

6=
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This is due fo certain vehicle camponents emitting highly disproportionate levels of noise

under full throttle compared to their contribution under |ess severe operating conditions.

Finally, the CCMC proposed procedure is applicable to manual transmission

vehicles only. Thus, the portial-throttle mode of operation for automatics cannot be

measured by interpolation but must be measured directly,

In view of the potential inaccuracies inherent in the CCMC test procedure, ond
the absence of o similar procedure for automatics, which form the major portion of the
U.S. light vehicle fleet, it was decided to adopt a procedure involving the direct meas-

urement of vehicle sound levels under partial~throttle operation.

6.2  Selection of Vehicle Test Operation i

In Chopter 5.0, the advontages and disadvantages of various proposed "direct
measurement” test pracedures were evaluated in terms of vehicle operation, It was deter=
mined that, in general, the maximum sound levei ot speeds less than 25 mph occurs ot the
1=2 transmission shift point, and thot this is the level that should be measured. The suit-
ability of each of the proposed test procedures in measuring this maximum sound level

must now be evaluated in terms of the criteria established in Section 2.1, These criteria

can be restated as follows:

The vehicle operation must simulate the vehicle parameters exhibited during

typical driving in urben arecs,

The vehicle operation must allow the measurement of the maximum seund

level at the 1-2 shift point.,

The procedure must be uniformly applicable to all autemobile types and

canfigurations,
The vehicle operation and sound levels must be repeatable,

The pracedure must be practical in ferms of cost and time.

With regard to the first twa of these critetia, the vehicle opergtion dato presented

in Chapters 3 and 4 have identified an acceleration rate of 0,15g at speeds less than

about 22 mph as being fairly typical. This information is sufficient for vehicles equipped

6-2
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with manual tronsmissions, where the engine speed at the shift point {defined as 70 percent
rated engine speed) is not dependent on the acceleration~time history, But for automatics,
it has been shown that the acceleration~time history is important in determining engine

speed at the shift point, The question is — which procedure that specifies un acceleration
of 0.15g at the shift point will result in @ maximum engine speed for automatics that com-

pares well with the maximum engine speed produced in urban driving?

To provide a satisfactory answer to this question, it {s necessary to take the results
of the light vehicle operation study conducted af Marana (see Chapter 4,0) and compare
the vehicle parameters at the shift point with those oblained using the proposed test pro=
cedures evaluated in the previous section. The comparison is shown in Table 6.1 where
the maximum percent rated engine speed at the 1«2 shift, ond the acceleration ot 100 RPM
prior to the shift, are glven for the Marana operational study and for the various procedures
tested in the nolse study. It should be remembered that the percent rated engine speed
shown for the Marana operational data is about 5 percent lower than that reported for
street driving conditions — see Section 4,3. This table, together with the results of the
noise tests, will be used to select the optimum test procedure according to the eriterian

detailed above,

The third column in Table 6.1 shows the vehicle parameters ot the 1-2 shift for
the procedure requiring a constant acceleration of 0,159, The maximum engine speed
at the shift — the parameter which largely determines the maximum vehicle sound level ~
agrees reasonably well with that obtained in the operational data for twa of the cases but
is a little high in the other two cases, This procedure was difficult to conduct for some
vehicles (see Section 5.5.1) ond the variabilities in engine speed and sound level af the

1-2 shift were by far the greatest for all procedures tested,

The next three columns present the data For the canstant-throttle test procedure
stipulating distance and time — namely, 100 feet in 5.0, 5.5, and 6.0 seconds. Of the
three, the procedure requiring the vehicle to travel 100 feet in 5.5 seconds is closest in
representing the Marano operational data, However, there are several aspects of this
procedure that do not make it completely suitable according to the established eriteria,
The lack of definition of vehicle ageeleration and engine speed at the 1-2 shift, resulting

from the specification of vehicle operation in terms of distance and time, leads to a lack

6=3
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Table 6.1

Comparison of Potentlal Test Procedures

PERCENT RATED ENGINE SPEED AND ACCELERATION AT THE 1-2 SHIFT

Marana 100 Feet in:

Vehicle Operational 0,153 Constant fn: 0,159 at
Ne, Data* Acceleration 5.0 Sees, | 5.5 Secs. | 6,0 Sees, 1-2 Shift
001 46% 56% 51% 45% 41% 56%

0.126g 0.152g 0.141g 0.124g 0.109g 0.155g
002 44% 48% 62% 51% 48% 52%
0.133g 0.160g 0.198g 0.14%g 0.123g 0.155g
004 38% 41% 69% 41% 35% 41%
0.136g 0.147g 0.194g 0.159g 0.115g 0.159g
018 70% 80% 88% 1% 54% 70%
0.16%g 0.154g 0.162g 0.123g 0.104g 0.147g
019 55% -~— 70% 66% 56% 65%
0.114g - 0.143g 0.0%4g 0.093g 0.147¢

* The engine speed data presented differs from that described previously at the Measurement

Methodology Workshop held at Marana on June 22 and 23, 197718 The original data
contained a correction factor to obtain o "sound energy weighted" engine speed at the
shift point, This factor is omitted from the data in Takle 6,1.

6=4
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of definition of the location ot which the shift occurs, This variation makes the microphone

placement extremely sensitive, In some cases, minor variations in the time to travel 100 feet

may completely change the shift characteristics and the maximum sound level. Finally,

this form of .constant=throttle test can be performed only with autematics. There is no

equivalent test procedure for manuals,

The final column in Table &.1 presents the data for the constanf~throttle test stip~
ulating an acceleration of 0.15g at 100 RPM prior to the 1-2 shift point. The agreement
between the maximum engine speed achieved in this test and that for the operational data
is about the same as for the constant-throttle test requiring the vehicle to travel 100 feet
in 5.5 seconds, However, if the Marana operational data are corrected by adding 5 per-
cent to each value of rated engine speed to account for urban driving conditions (see
Section 4.3), the test specifying 0.15g prior to the shift point provides the best agreement
of the two — see Table 6,2, The definition of a given acceleration at the shift point
improves the repeatability of the procedure, and its consistency from vehicle to vehicle.
The variation in maximum engine speed — and hence sound level « at the shift point can
be controlled by suitable limitations in the variation of acceleration, Furthemmore, the
definition of vehicle operation is exactly equivalent to that for manuals, where the 1-2
shift point is defined as 70 percent rated engine speed, For these reasons, this procedure

was adopted for measuring the noise emissions from light vehicles operating at low speed

in urban areas,

6.3 Definltion of Test Conditicns

With the selection of the constant=throttle technique as the optimum method of
achieving the required vehicle operating condition, it is now necessary to define the

details of the test procedure. Vehicles equipped with autematic transmissions will be

discussed first,

6.3.1 Automatics

The basic test procedure for automatics requires the selection of a maximum throttle

setting that, with the transmission in Drive, will produce an acceleration of 0.15g at
100 RPM prior to the maximum engine speed at the 1-2 transmission shift. The sound level
is then measured at the maximum engine speed. It was noted in the light vehicle noise

tests that the vehicle speed at which the shift occurs varies considerably from vehicle o
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Table 6,2

Comparison Between Engine Speed at the 1-2 Shift .:
For Corrected Marana Operational Data and Test Data

Percent Rated Engine Speed at the 1-2 Shift i

Vehicle | Marana Operational Data . '
No, Corrected for 51050 SF eet 'c? ?"_;ssic;:

Urban Conditions* +9 econas :

001 51 45 56 ;

002 51 51 52

004 43 41 41

018 75 61 70 ,

019 60 66 65 i

f

Mean of (Corrected Operational Data - i

~ Test Data) 3.2 0.8 5

Standard Deviation 7.4 4.4 |

* Oblained by increasing the Marona operational data by 5 percent —
see Section 4,3, i
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vehicle ~ see Table 5,5 for example. The review of operational data in Chapter 3,0
showed that an acceleration rate of 0.15g was typical only at speeds less than about

22 mph, and that in the speed range 22 to 25 mph an acceleration of 0,129 was more
typical, Therefore, it would be unrepresentative to require an aceeleration of 0,15g

at the 1-2 shift if this shift occurred at speeds greater than 22 mph, Accordingly, the
busic test procedure applies only to those vehicles that shift ot speeds less than 22 mph
when the throttle is set to achieve 0.15g at the shift point. For thase vehicles that shift
at higher speeds, the basic test procedure must be modified to require o constant=throttle

setting that will produce an acceleration of 0,159 at 22 mph, However, the maximum

sound leve| occurs, and is still to be measured, at the maximum engine speed prior to

the 1=2 transmission shift.

It was also noted in the light vehicle noise tests that some automatics produce
higher sound levels in second gear at speeds of 25 mph than they do at the maximum engine
speed prior to the shift point in first gear — see Figure 5,12, Since the purpose of the
test procedure is to measure the maximum vehicle sound levels up to a speed of 25 mph,
it is ¢lear that a test in second gear is also required for automatics. As mentioned above,
the appropriate acceleration rate for this speed range is 0.12g, It is most unlikely that
any vehicle equipped with an automatic transmission and subjected to the rate of accel-
eration required in the constant-throttle test will shift into third gear at speeds less than
25 mph, Therefore, with the vehicle in second gear, there will be no transmission shift
in this speed range, Note that a test in second gear must be initiated from a moving start
(15 mph was found to be adequate in the vehicle noise tests) to prevent the 1=2 transmission
shift from oceurring. This second constant-throttle test for automatics therefore requires
the selection of a maximum throttle setting that, with the transmission in second gear, will
produce on acceleration of 0.12g at 25 mph when the test is initiated from a steady speed

of 15 mph. The sound level is then measured at 25 mph. In the event that this condition

‘cannot be achieved, the throttle position must be adjusted to obtain the highest possible

acceleration at 25 mph without downshifting to first gear. Vehicles that shift from Frst
to second gear at speeds greater than about 22 mph when subjected to the basic procedure
are most unlikely to produce higher levels in secand gear at 25 mph, and are therefore

not required to be tested in second gear (see Figure 5.13)*

* Data presented in “Light Vehicle Noise — Volume II"4 shaw that the cutoff speed
of 22 mph can be reduced to 19 mph,
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At this point, it is necessary to note one additional modification to the basic test
procedure that is required for certain vehieles, In the noise tests it was noted that one
vehicle (#003) shifted from first to second gear without any appreciable change in engine
speed, Whereas all the other vehicles exhibited changes in engine speed ranging from
330 RPM to almost 900 RPM at the 1-2 shift, the engine speed for vehicle #003 changed
by only 77 RPM. Mereover, the change in engine speed with increasing vehicle speed
was very small, making it almost impossible to define accurtely the required 100 RPM
prior to the maximum engine speed at the shift point. For this reason, vehicles exhibiting
this behavior cannot be tested according to the basic procedure in first gear. Since the
small change in engine speed at the shift point will result in a correspondingly small change
in sound leve! (as shown in Figure 5.12 for vehicle #003), a higher level is to be expected
in second gear, Accordingly, the vehicle should be set to achieve 0.12g at 25 mph.
Although there is no quantitative basis for the selection of o criterion that would identify
vehicles exhibiling this kind of characteristic, o reasonable eriterion is that the change

in engine speed at the 1-2 shift is less than 150 RPM.

6.3.2 Manuals

The test procedure for vehicles equipped with manual transmissions also requires
a measurement of the sound level at the 1+2 transmission shift with the vehicie accelerating
ot 0,159, As aresult of the Marana vehicle operation study and date subsequently abtained
from the domestic qutomebile monufacturers (see Chapter 4,0), an engine speed of approx-
imately 70 percent of the rated value appears appropriate for the 1-2 shift and hence was

adepted for the test procedure.

The vehicle noise tests showed that there was little difference between the cen~
stant acceleration and constant-throttle methods for achieving the required operating con=
dition in a repeatable manner. The constont=throttle method was, however, selected in

order lo provide a vehicle operation that was similar for both automatics and manuals.

To abtain the maximum sound level at the 12 shift it is, of course, necessary to
operate the vehicle in fist gear. Some vehicles, however, ore designed to cccelerote
from rest in second geor under normal conditions, the fiist gear having e much higher

gear ratio for use in off-road conditions and an steep hills, Since the purpose of the test

6~8
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procedure is o measure sound levels under normal operating conditions, it is necessary to
define the gear nommally selected. Merely stating that the transmission sholl be placed

in the gear recommended by the manufacturer for normal operating conditions may lead

to some ambiguity for some vehicles that are designed for on~ and off-road use, An alter-~
natve gpproach can be adopted by neting that almost all vehicles shift at speeds less than
25 mph. A vehicle with a very high first gear ratio that is designed for on= and off~road
use will shift from first to second gear at o very low speed, but will most likely shift from
second to third gear at aspeed less than 25 mph so that its performance is compatible with
the other vehicles on the highway. Accordingly, the procedure for manuals should specify
the selection of the highest gear (lawest numerical ratio) consistent with the shift at

70 percent rated engine speed occurring at a vehicle speed less than or equal to 25 mph.
This ensures thut vehicles with a very high first gear numerical ratio that shift into third

gear at speeds less than 25 mph would be tested in second gear.

There may he some high=performance vehicles for which the 1-2 shift oceurs at

speeds greater than 25 mph, For these vehicles, the test should be conducted in first gear.

With the transmision selected in the manner described above, a maximum throttle
setting must be determined o achieve an acceleration of 0.15g at 70 percent rated engine
speed from on initial moving start. For the same reasons presented in the previous section,
the vehicle speed at which this acceleration condition occurs shall not he greater than
22 mph. The sound level is then measured ot 70 percent rated engine speed {the shift point)
or 22 mph, whichever occurs first, The data given in Table 5,8 indicate that no test is

required In the next highest geor.

6.4 Allowable Tolerance in Acceleration

In the development of a test pracedure, it is, of course, necessary fo specify

tolerances in the test parometers that are identified in the various conditions to be achieved.

The parameter of major importance in this test procedure as applied to automotics is the
acceleration at the shift point, since this determines the engine speed ab which the sound
level |s measured, To assess the importance of restricting the range in acceleration, o
series of constont-throttie tests were conducted at a number of different throttle settings

with six representative vehicles, For each setting, the maximum engine speed at the

6-9
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1-2 transeission shift was recorded together with the acceleration at 100 RPM prior to

the shift, The results are shown in Figure 6.1, where it can be seen that, with one excep-
tion {vehicle #003), the engine speed at the shift point increases menotonically with the
acceleration, Within a range of +0.005g about the desired acceleration of 0.15g, the
maximum range in engine speed for the five vehicles is £4 percent, corresponding to a
range in sound level of approximately £0,6 dB, It would therefore appear adequate to

specify the acceleration required in the test procedure as 0.15g (or 0.12g) £0,005g,

Vehicle #003 exhibits o characteristics that is different to that of the other vehicles
in the range of engine speed shown in Figure 6.1, At low engine speeds, the corresponding
acceleration for constant~throttle operation increases with increasing engine speed as the
throttle depression is increased. However, for engine speeds greater than about 1700 RPM,
increosing the throttle depression results in lower values of acceleration at the shift point,
There are thus two possible throttie settings that will achieve an acceleration of 0,159 at
the shift polnt. A review of the computer printouts for vehicle #003 operaling at a constant
acceleration of 0,15g, indicated that the engine speed at the 1«2 shift was in the range
1400 to 1500 RPM. This indicates that the constant-throttle should be set to achieve 0,15g
in this engine speed range, rather than the higher values around 2000 RPM as indicated by
the curve in Figure 6.1, Accordingly, it is necessary to determine the correct throttle

setting by working upwards from low settings, and not downwards frem high settings.

Before the tolerance in aceeleration was finalized, however, it was necessary to
determine the repeatability of the procedure for autematics to see if different attempts
ot setting the throttle would result in significant variations in engine speed ot the shift
point. Three vehicles were selected and the basic test procedure performed ot throttle
settings that were reset on consecutive days, The results are shown In Table 6.3, The
first point to be noted is the relatively small variation in engine speed between the various
settings for each vehicle — the variation for vehicle #019 being +3 percent, which cor-
responds to a variation of approximately £0.5dB. The second point is that in all but one
series of runs, the acceleration at the shift point varied by only £0.003g. Finally, the
variation in engine speed for any given throtile setting was very small, in general less
than 1 percent, Thus, for a limited number of vehicles with automatic transmissions,

the feasibility of achieving repeatable results was demonstroted,
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WYLE LABORATORIES




o

U B P

3
i

!

Ld 1 1%

i

L

Acceleration, g's

0,20

[=]
th

0.10

o0

l_

800 1200

Figure 6.1.

1 ! L
1600 2000 2400 2800 Jz200 3400 4000

Enging Specd, RPM

Acceleration as a Function of Engine Speed at the 1-2 Shlff

Point for Different Constant=Throttle Settings.

WYLE LABDORATORIES




T e o T Pt e i TVt At Y U A o ot e e P

e e o e e A A e i £ AR Y S S T

-

ol

=1

i

i1

a
| S—

ok

2

L]

U S N |

e

Table 6.3

Comparison of Throttle Settings
Determined on Different Days

Accelemation 100 RPM Maximum RPM at
\ Prior to 1-2 Shift 1-2 Shift
Vehicle
No. Avg.* Range Avg.* Range
012 0.156g +0,002/-0,002 3234 +11/-14
0.152g +0,003/-0,002 3337 +31/=40
0.144g +0,002/-0.003 3140 +11/-23
002 0.155g +0,002/-0.,002 1880 +4 /=4
0.152y +0,002/-0.00] 1832 +25/=12
001 0.150g +0,001/-0.000 2066 +9/=16
0.147g +0,007/+0,005 2043 +16/-20
* Average of four runs,
6=-12
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For manuals, the engine speed is specified in the test procedure, and so a variation
in acceleration may cause changes in sound level due to the change in vehicle power,
It is known that the noise level has a much greater dependence on engine speed than on
acceleration (see Figures 5,20 ta 5,23} and thus the allowdble tolerance in acceleration
for manuals could be greater than 0.005g. How much greater, though, remained to be

estoblished in the preliminary implementation of the test procedure (see Section 6.6).

6.5  Microphone Locations

In order to complete the development of a procedure for the measurement of noise
from vehicles, it is necessary to examine the directivity of the sound radiated by the
vehicle at the measurement condition so that switoble microphone locations can be selected
to characterize adequately the noise emissions of each vehicle, To ossess microphone
placement, plots of the A~weighted saund fevel versus microphone position were made
for all the test vehicles at various specific operating conditions. Examples of such plots
are presented in Figures 6.2, 6,3, and 6.4 where the A-weighted levels as measured by
each of the eight microphone positions (see Figure 5.2) at the stoted vehicle operating
conditions are plotted as a function of microphone position relative to the vehicle position
at that eondition, Thus, a distance of 0 feet in the figures represents the vehicle position

(actually the front bumper) with the microphone positions arrayed about that point,

In Figure 6,2, the sound level at 70 percent rated engine speed as measured under
Condition 1.0 {constant acceleration) Is presented for vehicle #005, Examination of this
figure indicates that a plateau in sound level occurs in the vicinity of 0 feet, This plateau
includes the moximum level and extends from cbout 24 feet to +28 feet over which the
sound level is fairly constant, Although continuous data are not available as a funetion
of distance over this plateau, it appears that a microphone placed at any position along
the plateau would record the same measured sound level within a tolerance of £0.5 dB.

A plateau can also be observed for vehicle 018 af the 1-2 transmission shift operated
under Condition 8,0 (constant throttle} as shown in Figure 6,3, In this case, the ploteau

over which the sound level is constant extends from about =45 feet to ot least +10 feet,

Similar plateaus cbout the vehicle location {0 feet) were observed for the other fest

vehicles operated under Conditions 1.0, 3,0, and 8.0 with the exception of vehicle f014,

6-13
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The sound level as o function of microphane position is shown in Figure 6.4 for this vehicle
as operated under Condition 3.0 ot 25 mph, ond it is seen that a sound level plateau aceurs
to the rear of the vehicle, ranging from about ~65 feet to ~46 feet, Near 0 feet, the sound
teval is about 2 to 3 dB lower than it is at the plateau, [t s suspected that the seund level
plateau lies behind the vehicle for two reasons. Compared to the other test vehicles,
vehicle 1014 (a Ford van) is lengthy and hence affords maximum separation of the engine
and exhaust noise sources. Also, unlike any of the others, this vehicle has dual rear
wheels which are equipped with four mud-and~snow tires, The front tires are conventional
and therefore tire noise is accentuated to the rear of the vehicle, It should be noted that r
the A-weighted coast-by sound levels produced by this vehicle at 25 mph dre appreximately
65 db compared to about 57 to 58 dB for conventionally equipped vehicles.

To evaluate the numeraus plots preduced similar to those of Figures 6.2, 6.3, and ;
6.4, the data from the microphone position plots are presented in Table 6.4 showing the ;
microphone position relative to the vehicle position at which the average maximum sound ?
leve! was observed for the given vehicles and test canditions. It will be ohserved that
the position of the average maximum varies considerably from vehicle to vehicle and con- i
dition'to condition. The total range of this variation is from ~40 feet to +35 feet., Also :
presented in the table is the range of microphone positions over which the sound levels
are within 1 dB of the maximum level, This range defines the plateau of maximum sound
level as discussed in regard to Figures 6.2 and 6.3, A microphone placed within the
indicated range would measure within 1 dB of the maximum sound level. Typically, the ;
range extends from at least =10 feet to +10 feet — the two exceptions being vehicle 001
under Condition 8.0 and vehicle #014 under Condition 3.0. Thus, for most vehicles, a
microphone placed adjocent to the vehicle at the positien where the desired operating
condition occurred would measure within 1 dB of the maximum sound level produced along

the line parallel to the vehicle path.

For the preliminary implementation of the test procedure, additional microphones
were displayed to ensure that the maximum sound level would be monitored, These were
placed 25 fect on cither side of the microphene pesitien at which the maximum |evel was
expected, in a line parallel to the vehicle path. Similor arrays of three microphones
were placed on both sides of the track to monitor the sound levels from both sides of the
vehicle. Each microphone was placed 4 feet above the surface of the test pad.

6-15
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Table 6.4

Evaluation of Microphene Placement

Mean Pesition of | Rangs of Microphone Pasition
Vehicle Test End Microphone ot Max, Within | dB of Max,

Na, Condition | Condition | Sound Level (ft.)* Seund Level {ft,)*
01 " 8.0 1-2 -5 =102 0

3.0 25 mph CL] =30 to +20
002 8.0 1-2 ~25/0 =30 to +20

3,0 25 mph 0 =10 1o +20
003 4.0 1.2 =10 =20 1o +25

3.0 25 mph 0 ~30 o +30
004 8,0 1-2 +10 =10 10 +20

3.0 25 mph +10 ~40 to +40
005 8.0 700 +0 =200 ta 430
004 8.0 70% ~20 =30 10 +25
007 8.0 70% -i0 =40 1o +15
08 8.0 70% =14 =20 ta +10
009 3,0 25 mph +15 =10 1o +20
¢o 1,0 70% -0 =35 ta +15
i 8.0 70% +35 =10 ta +40
02 8.0 70% =10 =34 1o +25
013 8.0 70% -0 =15 to +20
014 8,0 1.2 ~iQ =70 to +30

3.0 25 mph 40 =70 to ~10 / +10 ta +20
o5 8.0 70°% ~5 -30 to +20
016 8,0 1-2 +5 =40 1o 430

3.0 25 mph +20 =30 4o 430
oe 8.0 1-2 -20 =20 1o +1Q

J.0 25 niph =25 =40 1 +30

* With rupect to vehicle pasition,
6-16
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The six microphones described above were located 50 feet from the vehicle path =
the standard distance used in the United States for motor vehicle noise meosurements. In
Europe, the standard measurement distance is 25 feet, and it was considered desirable to
include measurements at this distance for comparison purposes, As the instrumentation
system waos limited at this time to 8 acoustic channels, it was only pessible to provide

2 microphones at 25 feet,

It should be noted carefully that o total of 8 microphones were used in order ta
cbtain additional data for defining the exact number that would be required in the final
test procedure. It wos not proposed that 8 microphones would be required in the final

test procedure,

With the microphones located as deseribed above, it was necessary to ensure that
the vehlcle achieved the desired end condition at the correct place along the track =
namely, the end point (see Figure 6.5). This was achieved by performing a trial run after
the appropriate throttle setting had been determined, and nating the vehicle position at
the end condition. The test was then initiated at a point along the track such that the
end condition occurred as close as possible to an imaginary line drawn between the center
micraphones on either side of the track. Based upan the data in Toble 6.4, an allowable

tolerance or end zane of 10 feet was specified within which the end condition must be

achleved,

6.6  Preliminary Test Procedure

(Subsequently maodified os indicated in Chapter 7.0,)

Automatic Transmission Vehicles

CONDITION 1

Gear Selection: The outomatic transmission gear selector shall be placed in the

Drive position.

Vehicle Operation: Using a throttle-stop technique, maintain constant throttle

initiated from rest to achicve 0,15g ot 100 RPM prior to the maximum RPM
at the first transmission upshift or at 35 km/h {22 mph}, whichever occurs

first, Exception: An engine speed which decreases 150 RPM or less at the

6-17
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first transmission gear change when operated as above shall not be considered
to be an upshift for purpases of this procedure, Vehicles exhibiting this char-
acteristic shall be set to achieve 0.15g at 35 km/h (22 mph).

End Condition: The end condition is 100 RPM prior to the maximum RPM at the
first upshift exhibited by the above operating condition or 40 km/h (25 mph),

whichever occurs first,

CONDITION 2

Gear Selection: The automatic transmission selector shall be placed in that posi-
tion which corresponds to the gear attained after the first transmission upshift
under Condition 1. If a transmission upshift {s not attained in Cendition ]
prior to 35 km/h (22 mph), the vehicle is not required to be operated under
Condition 2.

Vehicle Operation: Using a throttle=stop technique, maintain constant throtile
initiated from 25 km/h (15 mph) to achieve 0.12g at 40 km/h (25 mph). If
0.12g at 40 km/h cannot be achieved in the selected gear, adjust the throttle

position to achieve the greatest possible acceleration at 40 km/h without pro-

ducing a downshift cut of the selected gear.

End Condition: The end condition is 40 km/h (25 mph).

Manual Transmission Vehicles

Gear Selection: The vehicle shall be operated in the gear with the lowest numerical
ratio which will produce 70 percent rated engine speed at or below 40 km/h
{25 mph). If 70 percent rated engine speed cannot be achieved prior to or at
40 km/h in any gear, operate the vehicle in the gear with the highest numerical

retic.

Vehicle Operation: Using the selected gear and a throttle~stop technique, main-

tain constant throttle initiated from 25 percent rated engine speed to achieve
0,15g at 70 percent rated engine speed or of 35 km/h (22 mph), whichever
accurs first. If 0.15g cannot be achieved in the selected gear, operate the

vehicle at the greatest attainable acceleration,

6-19
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End Condition: The end condition is 70 percent rated engine speed or 40 km/h

(25 mph), whichever occurs first.

End Condition

Vehiele Position: The position at which to initiate the preseribed vehicle operation
shall be such that the vehicle end condition is achieved at an established end

point. The end condition will be achieved within £3m (10 feet) of the end point,

Vehicle Operation: When the vahicle end condition is reached, the throttle shall

be released sufficiently to minimize further increase in vehicle engine speed,

6.7  lmplementation of Preliminary Test Procedure

The full test procedure as defined above was implemented on ten of the vehicles
used in the previous noise tests to ensure that there were no problems in vehicle operation
and measurements, and to define more accurately the allowable tolerances. The layout
of the test track and location of the elght microphones is shown In Figure 6,5, Each
vehicle completed four runs across the track after the required constant-throttle setting
had been determined and the correct injtiation point established so that the end condition
waos achigved as close as possible to the end point. Runs where the end condition was

achieved outside the end zone were discarded,

The light vehicle noise tests (described in Chapter 5,0} were conducted using o
fairly sophisticated instrumentation system In order to obtoin detailed information on
vehicle noise characteristics and operating parameters throughout the duration of each

test run.

Two of the more complex portions of the instrumentation were the telemetry system
and the digital computer, The telemetry system was used to transmit vehicle operation
data ond intetior sound levels to the control reom. The computer was used to acquire,
store, and print the data after each run, Even though it is convenient to use such a system,
it was not considered necessary for conducting the developed test procedure. An alterna~

tive approach that is less complex and costly is to record vehicle speed, acceleration,

6-20
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and engine speed on a strip-chart recarder installed in the vehicle, thus eliminating the
need for both the computer and the telemetry system. This method was tried and proved
to be completely practical, with the advantage that the driver could monitor the vehicle
operation at the compllerion of each run, thus reducing the time to establish the required
throttle setting for each condition. An example of a strip-chort recording obtained in
this way is shown in Figure 6.6. Having established the feasibility of this opproach, the
telemetry system was again installed, and the strip-chart recarder placed in the control
room. In this way, vehicle operation dato taken from the strip-chart recorder could be

compared and checked for accuracy with that from the computer printout.

The results of the tests are shown in Tables 6.5 through 6.7 indicating the vehicle
operating parameters at the end condition tegether with the maximum sound levels measured
by the three microphones on each side of the vehicle. The arithmetic average is taken
for all parameters over the four runs. The following conclusions can be drawn from these

results

& A comparison of the acceleration at the end condition as measured by the
strip-chart recorder and the computer shows agreement generally within
+0.001g, indicating that sufficient accuracy can be obtained with a sim=

plified measurement system,

e The range in acceleration at the end condition taken over four runs is generally
less than £0.005g for automalics in Conditions 1 and 2. The range in engine
speed 1s also small, resulting in sound level variatians that are generally
within 0,5 dB. Thus the allowable tolerance of £0,005y for automatics

is both acceptable and achievable,

o  The range in acceleration at the end condition for manvals tends to be within
+0,005g except for vehicle #015 where the range is greater than +0.01g.
This agrees with the trends cbserved in the constant acceleration tests, The
allowable tolerance for monuals was therefore increased to £0.01g, recog-
nizing that for a few vehicles this might invelve additional runs. The ranga

in sound fevels is slightly greater than £0,5 dB,

s Vehicle positien ot the end condition is within £5 feet of the end point which
is satisfactory, However, bosed on the study of microphone placement, there
is no need to change the allowable tolerance from £10 feet,
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Table 6.5

Test Data For Vehicles Equipped With ;
Automatic Transmissions — Condition 1 :
{Average Values and Range for '
Four Runs in Each Direction)

. i

5 g s 5 MGIT SIDE LEFT SIDE !

a5|sa3| FE| =z )55 . |

L:’T..gﬂ_—u-g “t:.‘ 'ua’ & B - e | 3 5 R .-EF\‘ F

.‘-"SUE‘JU L) ::'.-" P b o 1 u % w awv o X !

E<olddy| 22| &E |32 [ 5 |25|=2| 5 |25 |52 !

& & < £Y | = @z |E< = |&= £ ;

VEHICLE > o -] Lo {
g [ e sa | 130 gg [ 92 e | a7 92| 2in| 9.0 i

Tayota Coralla (FOO4) '.WW «.m/y 3,67 T AT .|y .5 y'z,q ;
1

22005 A2 004 {245 20,2 L T VST N 2 | P I I Y 2.4 i

A83 | 182 | w332 [ ee | e | eva| 3l00 ] -2 sa.2 | 2218 2.3 !

N a0 :

Chavrolat Cheverie (F019)

'.Oy% X1 R M g I vm?' TTW/' y L]
=001 |-2,002 |-Zin TR P B gl IR I Wl 1 Rl ] s T W)

NN
. 3
g

147 52 1832 19,7 7.5 6J.6] 1803 | 0,7 62.2 1800

Dodya Rayal Monaca (#002) 1.003 *-ﬂy 5 _A 0.4, |0 0.e s nn/ 7.8,7[0.0.7 c57/|s.¢ ;
-~ - .
003 |00 |2 0.2 -2 0,3 L L] <02 | -4.9 ;
a7 | vz T asza ] 227 56 | eB7] 2tas) e | e2 ] 227] 15,9 :
Facd Van F-350 (014} TTEGJ}*‘.‘O‘D? v y .Ty y AITZ\T7) 70 R y '0/727 :
L2003 | <001 |43 LB a7 LA | Ces -|.-=4. % [-70.5 ;
s | vz | 043 | paa 5o f s2.5] poak) 2.4 | 62,9 | 1999) 8.3 '
Olds. € ’ 7003 A 0027 _~| 18.3.7| 1,97 0.3.7 | TeA 1,527 6. 4.| 55_~| . i
Ids.. Catlaw (7007) 200k | 2008 | 290 |f.2 /’-’3’.7 R e PR e e
- A [ =em | = | 7.6 | 75,0 | 3161 18.2] wem | oz | ===
~

Mercedes Tenz 240D *** (F007) /y/ 105, '%nm/ ~o.;7/ pd
<. 004 ool 7002 |t |22 s

* Al any aof the 3 microphones (50 ft),

** Reference polnt is sturt of end zone,

**4 Vehicle would not achieve 0, 159 at 35 km/ and did not shift ot speeds below 40 km/h,  deasurements en loudest side anly,
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Table 6.6

Test Data For Vehicles Equipped With
Automatic Transmissions — Condition 2
{Average Values and Range Fer
Four Runs in Each Direction)

-
-
B ERE B RIGHT SIDE LCFT SIDE
_:5 ‘r':l; R [ . = 'S.
GO 2% |e& |22 5o 8
ob | Bu 2« Y o B jad ] B e
E3 08T |42 2% [ (x4 TElL3
Gy U ] 4 b X o g 8- -3 @ g u g
< < | = s 2 |&= (53 z R
VEMICLE > =
J22 ) 25 | 26 | 12.4 Je3.e | 25.2) 159 ) 45.4 ] 252 | 16,
Toyata Coralla (f004) 0.0 ~|+.0037(10.0,7| 5.8~ |0.27 [0.4.7} 12 .37 | 0.4~ ﬁ.}/ 7.9/
<oor | o0 0.2l B0 (Ao | al e B [ Aa LD

A2 ) 20 |25 e fen2 | 247 a7

64,3 1.25,2 11..0.

Chevrolot Chevetta (f019) '-0}'/ +.002-7]40.1 y 'V . "1-/0/ 'O-V '0'- V
- =001 -.00d -0,30-2,8 [.<0.5 -0,5].7-4.4].<0,3 -0.3 =7

22 21 25,7 13.¢ | 1.7 25,00 12.4

6.8 125.2 14.1

Dodge Poyal Monoca (002} 'i.’ﬁy'.y% y i, ;2/ -1'.’..',/-‘ 'u./a/ yla.s
~.002 00X ~"-0,3] ~%4.4 ~0,3 D .4l -),2] <D,2 0,4 1.

Callad)

120 120 26,0 8.6 | 48,5 25,41 15,

69,3 | 25.2 12,4

Ford Van F=350  (Y014) T.TJ/?n.cm/—o.d 1,2 70,4 yvl.'--o.r VIM/
-.um/?uuz -0,6)~0,9 1408 |~0,21~ 00,0 l~0.0 4,2

* At any of the 3 mlcrophones {50 M1},
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Teble 6.7

Test Data For Vehicles Equipped With

Manual Transmissions

{Average Values and Range For
Four Runs in Each Direction)

i RIGHT SIDE LEFT SIDE
£ e84 84 ¢ |f23
it e M = i - . -
AL R L T P - N B B I
oK o BTS2 eBT ) x |20 2l % 13T e
] FEHS R 85 [SRE | £ |88 |F=| 2 (£5%if
VEHICLE & < < L5 o ¥ o« i 5 5
= - >
Jdse |55 | 0984 [ 8.9 | er.e | 3960 [ 143 | 42,3 [3951 | 151
W Ralbi (1020) 5500 noyy 23 m/ 7 A A y
5002 <7003 | -2he |45 [ 40,2 2| <17 {08 | S0 |25
Jag | 150 5 o718 | 10.7 [ erw | 3ag0 | 142 | se.9 |39 [ 11,7
Chevralet Chevette (f011] 5200 '”‘ﬂ/y A0S AVTANEATAATE AT AT
ooz | <00l <81 | 0.2 | A4l 99,0 [ 0.6 | 7188 5.4
60 154 | 2780 | 5.3 [ 0.7 | 2739 4 10,4 | 70,0 | 2680 16.2
: ; . LO11~1+,015~ 731 .7 7|06 71150 2| 78,4103 97 19,7
ford Pickup FIS0 (*0|5) | 3800 / / / S / 2
2019 | <017 |0 |05 | Ao.a | C120.4E5 | 0.4 | ~T07 |78
A58 053 [ 2500 [ 124 [ ero |3 [ 96| es (207 ] 1.0
Fard Granuda (7010) 3400 y OIS I A TE AR A TE S0 y y
oo <0 Ly | ote L rn Lo Ltfs o 7 e

* At any of the 3 micraphones (50 f),

** Relerence point iy slart of end zone,
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e The sensitivity of microphone placement is analyzed further in Table 6.8,
where the moximum sound level measured by any of the three microphones
on the loudest side of the vehicle is compared to the second highest fevel
measured on the same side. The difference between these twe levels is gen-
erally less than 1 dB, Note that the center microphane (0 feet) measures the
highest or second highest level in all cases. The error introduced by taking

the readings from the center microphone only is in general less than 0.5 dB,

The results of the trial implementation of the preliminary test procedure indicate
no major problems with either vehicle operation or sound level measurement. The repeat=
ability of all parameters is within allowable tolerances, Accordingly, it is considered

that validation of the proposed test procedure for light vehicles has been demonstrated,

Subsequent to the development of the basic test procedure, o total of 66 light
vehicles were tested to develop a data base for the 1977 model ),rear."r In these tests,
sound levels were measured at distances of 25 feet and 50 feet from the centerline of the
vehicle path. The results showed that both micraphone distances were suitable for char-
aclerizing light vehicle noise emissions, Comments recelved from domestic and foreign
light vehicle rnc:nl.:i'cu‘.rurergt5 were largely in favor of standardizing the microphone distance
at 25 feet, to allow greater flexibility in the selection of test sites. This modificotion was

incorporated in the finalized test procedure presented in Section 7.0.
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Table 6,8

Sensitivity of Microphone Placement

Microphene Microphone Error |
Receiving Receiving 2nd =rror In
Highest Level Highest Leve! Taking Center
Vehicle Difference Microphone
No. Position* | Level Position® | Level n Level Only (dB)
oo 0 62.9 =25 62.3 0.6 0
002 0 63,3 =25 62,9 0.4 0
004 0 65.4 +25 64.7 0.7 4]
Q09 +25 71,0 0 70,2 0.8 0.8
010 0 67.0 -25 66,2 0.8 o]
on +25 67.9 0 67.4 0.5 0.5
014 =25 69.2 +25 8.6 0.6 1.2
015 25 70.5 0 70.3 0.2 0.2
019 ~25 69.1 0 69,0 0.] 0.1
020 +25 69.3 0 é8.1 1.2 1.2

* Position Relative to End Point in Feet.
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7.0 FINALIZED NOISE TEST PROCEDURE

This section contains the finalized version of the urban acceleration noise test
procedure for light vehicles incorporating modifications as determined necessary from

the preiiminary implementation and data base developmenr.4

Urban-Acceleration Noise Test Procedure

for Light Vehicles

1.0 INTRODUCTION

The test procedure deseribed in the following sections is designed to provide «
measurement of the noise emissions of fight vehicles operating under acceleration con=-
ditions typical of those in urban areas. Sound level measuremenis are made for & vehicle
operation in which a given acceleration rate 1s achieved at a particular engine RPM or
vehicle speed. A constont partial-throttle setting is used for the test. Appropriate test
conditions are provided for vehicles equipped with elther manual or automatic transmissions,
The sound level is measured by a microphone located 25 feet (7.5m) from the centerline
of the vehicle path. Criteria for the selection of the site, the instrumentation and the

test condition appropriate fer a partleular vehicle are specified in the procedure.

2,0 DEFINITICNS

Automatic Transmission: Any transmission which does not require action on the

part of the driver to change gears,

Manual Transmission: Any transmission which requires direct action on the part

of the driver to change gears.

Numerical Gear Ratio: The ratio between input and output shaft speeds in a

transmission, excluding the torque converter. A ratio greater than 1:1 is a reduction.
Note that the ratic of gears commonly called "low" have higher numerical ratio {e.g.,
3:1) than gears commonly called "high". In this test procedure, the term numerical

gear ratio is used to avoid ambiguity.

7-1
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Test Run; The complete operation of a vehicle in a prescribed manner from

initiation to termination of vehicle motion in the preseribed directon.,

End Zone: The section of the vehicle path, 20 feet in length, within which the

end condition must be achieved for a run to be valid.

End Condition: A particular value of vehicle speed or engine speed which must

be achieved during testing for a run to be valid,

Excessive Speed: A 1,6«mph greater vehicle speed, or a 4-percent greater

engine speed, than that specified by the end condition.

Operating Condition; A combination of vehicle acceleration and vehicle or

engine speed which is simultaneausly achieved when the vehicle is operated according

to this test procedure.

Rated Engine Speed: An engine speed specified by the manufacturer which is

aither the speed at which maximum power eccurs or the moximum ollowable speed,

Synchronized Instrumentation System: An arrangement where all vehicle and

acoustic data are simultaneously recorded with a common time reference.- This usually

requires some degree of telemetry between the vehicle and a fixed position,

Unsynchronized Instrumentation System: An arrangement where acoustic data

are not measured on a comman time reference with vehicle data,

Tost Condition: A complete specification of gear, throttle stop, starting point,

and vehicle operation,

Test Sequence; A series of runs employing a single throttle~stop setting, of which

o minimum of four runs are valid runs.

Throttle Stop: An adjustable device which limits the opening of the vehicle's

throttle but does nat interfere with closing the throttle.
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3.0  TEST SITE

3.1  The testsite shall consist of a test pad over which the vehicle travels and sound
level measurements are made, plus approach and deporture paths, The site shall be
located in an area free of reflecting structures and sources of acoustic interference. The

dimensions of the site are shown in Figure 7.1,
3.2  The following points shall be established on the test pad:
3.2,1 An end zone &‘:onsisting of a 20~foot section of the vehicle's path of travel,

3.2.2 A microphone position located within the trapezoidal area shown in Figure 7.1 at
a point 25 feet from the center of the end zone an a line paralle! to and 25 feet from

the vehicle's path of travel.

3.3  If space and equipment pemit, a double~sided lest pad with microphones located
on hoth sides of the vehicle path may be employed to permit simultaneous measurement
of the sound level or both sides of the test vehicle. Both sides of the site must meet the

requirements specified in this section,

3.4 The surface material of the test pad shall be homogeneous over the entire area,
and shall consist of sealed asphaltic concrete, The surface shall be smooth and flat
within £2 jnches {0,05m) over the entire area, and shall be free of loose gravel and
other particles, snow, ice, etc, The path over which the test vehicle travels shall be

dry and free of snow and jce,

3.5  The approach and departure paths shall have their centerlines aligned with the
vehicle path on the test pad, and shall be long enough to provide for accelerating the
vehicle to test speed and safe stopping after the test. They shall be dry and free of

snow, ice, and any loose material which might be carried onto the test pad by the test

vehicles,

3.6 There shall be no reflecting obstacles located within 50 feet {15m) of the vehicle
path on the pad or any microphone pesitions —see Figure 7.1, The ambient sound level at
the site, produced by sources othar than the vehicle being tested, shall be at least 10 dB
lower than the sound level measured from the test vehicles as it is operated according to

the procedure described in Section &.
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4.0 INSTRUMENTATION

4.1 Instrumentation System

Instrumentation is required to measure both acoustic data and vehicle porometers,
including vehicle speed, acceleration, ond engine speed, The instruments for measuring
vehicle paremeters are usually mounted in the vehicle, while instruments for measuring
sound level are stationary. Obtaining o record in which all data are synchronized with
respect to a common time reference usually requires some degree of telemetry between
the vehicle and the fixed ucoustic instrumentation, Swch a synchronized system
is not necessary to conduct the test, although it may be desired for research or other
purposes, Therefare, this test provides alternative procedures for two instrumentation

systems.

4.1.1 An unsynchronized Instrumentation system requires that vehicle parameters

be recorded with o common time reference, but synchronization with sound level data

is not required.

4.1.2 A synchronized instrumentation system requires that a common time reference

be vsed in recording vehicle parameters and sound level data. The synchronization method

must be accurate to within £50 msec.

4.1,3 Field calibration of the complete vehicle and acoustic instrumentation systems
shall be performed immediately before and after each series of test sequences on a vehicle

on the same day.

4,2 Acoustic Instrumentation

4,2,1 Acoustic measurements shall be made using instruments meeting the specifications
of ANSI 51.4 (1971), "Specification for Sound Level Meters”, for a Type | sound level
meter. The meter shall be set to A-weighting and "fast" response. The field calibration

device used shall have an eccuracy of at least 0.5 dB,

4.2.2 The microphones shall be oriented so as to provide the most uniform directivity in
the plane of the vehicle ravel and positioned ot a height of 4 feet (1.2m) above the test
pad surface. Windscreens shall be placed on all microphones in ceccordance with micro=

phone and manufacturer's recommendations.

7=5
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. 4.2,3 If asynchronized instrumentation system is used, sound levels must be recorded

during each run such that the time history of the sound level is available. If an unsyn=
chronized system is used, maximum levels may be read directly from the sound level

meter, using one trained person for each channel in a double-sided test pad arrangement.

4.2.4 1If a recording system is utilized, it must meet the requirements of ANSI $4.1 (1973),
and "Qualifying a Sound Data Acquisition System" (SAE J184),

4,3 Vehicle Instrumentation

4.3.1 The vehicle shall be instrumented to record continuously vehicle speed, accel«
eration, and engine speed during each run, In addition, the times at which the vehicle
enters and exils the end zone must be marked or otherwise recorded for each run. The

measurements must be made to within the following accuracy:

Vehicle Acceleration ~ +0,002g

Engine Speed - 150 RPM
Vehicle Speed ~  +0.2 mph (0.3 km/h)
Time* —  +50 msec

* Times at which the vehicle enters and exits the end zone.

4.3.2 The recording system must be such that vehicle parometers may be checked after

each run to ensure that the operation specified in Section 6 has been satisfied,

4.3.3 To provide smoothing of vehicle parameter signals, a time constant of 100 to
150 msec is to be used, To assure proper time alignment, the same time constant must
be used in all nen~acoustic channels. Neo filtering shall be applied to acoustic data

other than that associated with "fost" response.

4.3.4 For an unsynchronized instrumenlation system, displays of vehicle speed and
engine speed, as appropriote for the specified end condition, must be clearly visible
to the driver during the test, These provide information needed by the driver to avoid

excessive speed (see Section 6,3),

/-6
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5.0  TEST VEHICLE 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 test vehicle shall he at its normal operating

temperature .

5.3 The test vehicle shall contain only the driver and the instrumentation necessary

for conducting the test,

5.4  An adjustable stop mechanism must be installed in the throttle linkage. This
throttle stop must pravide a positive, repeatable, stopping point at partial throttle, and
not interfere with norma! closing of the throttle, A continuously adjustable stop mech=

anism, such as provided by a screw thread, is recommended,

5.5 Al auxiliary equipment on the test vehicle which can be turned off from the

passenger compartment shatl be in the off position during the test,

6.0  VEHICLE OPERATION

The purpose of this test is to measure the maximum sound level produced by light
vehicles under partial=throttle acceleration at speads up to 25 mph, The vehicle is
operated ot a constant-throttle setting in first gear to achieve a specified acceleration
immediately prior to, or at, the shift to second gear. For vehicles with manual trans-
missions, shifting is defined to vceur at 70 percent rated engine speed. For vehicles with
outomatic transmissions, the shift occurs at an engine speed controlled by the transmission,
The maximum sound level up to and including the shift is then measured, unless the shift

occurs at a speed above 25 mph, in which case the measurement is made at 25 mph.

For some vehicles with automatic transmissions, the sound level produced under
acceleration in second gear at 25 mph is higher than that measured at the shift from first

to second gear. A second test condition is therefore given for such vehicles, correspending

to 25 mph in second gear.

The following subsections describe, for each test condition, the vehicle operation,

the appropriate adjustment of the throttle-stop setting, the starting point on the vehicle

WYLE LADORATORIES




i path, as well as the requirements for a valid test sequence. Preliminary runs will be
| needed to establish the throttle-stop setting for the test sequence, A correct starting

point cannot be established until completion of these preliminary runs,

6.1  OCperation of Manual Transmission Vehicles

— Step 1. Geor Selection: Place the transmission gear selector in first gear unless opera-

tion in a lower numerical ratio gear will produce 70 percent rated engine speed
at or below 25 mph {40 km/h), in which case use the lowest numerical ratio gear

which will produce 70 percent rated engine speed at or below 25 mph (40 km/h).

— Step 2, Throttle~Stop Adjusiment/Operating Mode: Adjust the throttle stop such that
- an operating condition of 0.15g acceleration at 70 percent rated engine speed
; | or at 22 mph (35.4 km/h), whichever occurs fitst, is ochieved during the opero-
: = tion of the vehicle as specified in Step 4. Allowable tolerances in the acceler-
E i ation are specified in Section 6.4. Completion of this step will nomally require
= preliminary runs.
: ij Step 3, Starting Point/End Condition: Adjust the starting point such that the specified
1; - operation of the vehicle in Step 4 will result in the end condition eccurring
f L,: when the front-most edge of the frant bumper is within the end zone. The end
, » condition is 70 percent rated engine speed or 25 mph {40.2 km/h}, whichever
| oceurs first,  The starting point can be estabiished by performing a preliminary
. run in the reverse direction, inftiaring the vehicle operation in the end zone
, U and noting the point where the end condition is achieved,
“ ! Step 4, Vehicle Operation: With the appropricte gear selected, opproach the starting

point at 25 percent rated engine speed, maintalning canstant engine speed, At
u the starting point, rapidly open the throttle to the adjusted throttle-stop position,
. Maintain the throttle of the adjusted throttle~stop position until the end condition
; l is achieved.

7-8
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6.2  Operation of Automatic Transmission Yehicles

There are two test canditions for vehicles equipped with automatic transmissions.
Test Condition 1 applies to all such vehicles; Test Condition 2 applies to vehicles exhibiting

certain characteristics when operated according to Test Condition 1,

6.2.1 Test Condition 1

Step 1. Gear Selection: Place the automatic transmission geor seiector in the Drive

position,

Step 2. Throtile~Stop Adjustment/Operating Mode: Adjust the throttle stop such that

an operating condition of 0,15g acceleration at 100 RPM pricr te the maximum
RPM at the first transmission upshift, or 0,15y at 22 mph (35.4 km/h), which-~

_ever oceurs first, s achieved during the operation of the vehicle as specified

in Step 4. Allowable tolerances in the acceleration are specified in Section 6.4,
Completian of this step will nomally require preliminary runs, If an acceleration
of 0,159 cannot be achieved, the throttle stop shall be adjusted to achieve the
maximum acceleration possible. If the vehicle operating condition can be achieved
at two different vehicle speeds, the transmission upshift at the lower speed shall

be selected.

Exception: If in achieving the operating condition, the engine speed decreases
150 RPM or less from the moximum engine speed noted at the first transmission

upshift, the vehicle shall be tested only under Test Condition 2.

Step 3. Starting Point/End Condition: The starting point shall be such that the specified

operation in Step 4 of the vehicle will result in the and condition occurring when
the front=-most edge of the front bumper is within the end zone, The end condi-
tion is the maximum RPM at the first transmission upshift or 25 mph (40,2 km/h),
whichever occurs first, The starting point can be established by performing o
preliminary run in the reverse direction, initiating the vehicle operation in the

end zone and noting the point where the end condition is achieved.

Step 4, Vehicle Operation: With the appropriate gear selected, positien the vehicle

at the starting point with the engine idling and the brake set, Simultanecusly

7-9
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release the brake ond rapidly open the throttle to the adjusted throttle~stop
position. Maintain the throttle at the adjusted throttle=stop position until the

end condition is achjeved,

6.2.2 Test Condition 2
Criteria for testing under Condition 2:

1. Vehicles for which the first transmission upshift accurs at a vehicle speed
less than 19 mph* (30.6 km/h} when cperated according to Test Condition 1

shall also be tested under Test Condition 2.

2, Vehicles that exhibit the characteristics specified in the Exception for Test

Condition 1 shall be tested under Test Condition 2.

Step 1. Gear Selection: Place the automatic transmission selector in that position which
corresponds to the gear attained after the first transmission upshift under Can=

dition 1.

Step 2. Throttle=Stop Adjustment/Operating Mode: Adjust the throttle stop sueh that
an operating condition of 0,12g acceleration at 25 mph (40.2 km/h) 1s achieved

during the operation of the vehicle as specifled in Step 4. Allowable tolerances
in the acceleration are specified in Section 6.4, Completion of this step will
normally require preliminary runs. If an acceleration of 0,12g at 25 mph cannot
be achieved, the throttle stop shall be adjusted to achieve the moximum accel-

eration possible at 25 mph without producing a downshift from the selected gear.

Step 3. Starting Point/End Condition: Adjust the starting point such that the specified

operation of the vehicle in Step 4 will result in the end condition occurring when

the Front-most edge of the front bumper Is within the end zone. The end condition
is 25 mph (40.2 km/h). The starting point can be established by performing a
preliminary run in the reverse direction, initioting the vehicle operation in the

end zone and noting the point where the end condition is achieved.,

* As determined from a review of the data obtained from 66 light vehh::les.4
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Step 4, Vehicle Operation: With the appropriate gear selected, approach the starting
point at 15 mph (24,1 km/h)}, maintaining 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-

dition is achieved,

6.3 Threttle Closing After End Condition

If an unsynchronized instrumentation system is used, the throttle shall be closed
after the end condition is achieved to avoid excessive vehicle or engine speed. Exces=
sive vehicle speed is 1,6 mph (2.6 km/h) grecter than the specified end condition speed.
Excessive engine speed is 4 percent rated engine speed greater than the engine speed
specified for the end condition, It is permissible, but not required, to release the throttle

after achieving the end condition when a synchrenized instrumentation system is used,

6.4  Obtaining a Valid Test Sequence

6.4.1 Ifa synchronized instrumentation system is used, a run shall be considered valid

when the end condition is achieved within the end zone,

6.4.2 If an unsynchronized instrumentation system is used, o run shall be considered
valid when the end condition is achieved within the end zone and excessive vehicle or

engine speed, as specified in Section 6.3, is avoided.

6.4.3 Inorder to characterize satisfactorily the sound level on each side of a vehicle
for a specified test condition, a series of runs employing o single throttle=stop setting
shall be abtained, For asite having e single microphene, a minimum of four valid runs

in each direction {a total of eight runs) are required, For a site having a microphone on
both sides of the vehicle path, a minimum of four valid runs are required, Thereby, a
minimum of four valid sound level measurements for each side of the vehicle are obtained.

Such a series of runs conducted at the same partial-throttle seHing shall be termed o

test sequence.
6.4,4 A test sequence shall be considered valid when the average of the measured

acceleration values of all valid runs, at the engine or vehicle speed specified for the

operating condition, are within the follewing tolerances:

7-11

WYLE LABORATORIES

ES



S

DA TR S e e

Bt arkid

2 g T

e g

I

| Y

ST

sE

- ATTESE W

St e s 3 P

.

I_J

L}

L]

4
g

i_E - Py

IS U

.73

maximum value measured for the two sides of the vehicle. For automatic trapsmission
vehicles, the reported level shall be the higher of the average maximum levels produced
by Test Conditions 1 and 2.

8.0 ENVIRONMENTAL CONDITIONS

8.1  Moise measurements shall be conducted only when the wind speed —~ including

gusts = is less than 10 mph {16 km/h) measured on the test pad at the microphone height,

B.2  Noise measurements shall nat 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.

7-13
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APPENDIX A

Review of GM Chase~Car Data

A.l  Introduction

The General Motors Chase-Car Study of 1974 has been most often cited a3 the
appropriate data base from which vehicle operation information should be token, A
review of this study has revealed o number of limitations which render its use questionable
for the determination of noise impact. The limitations identified in the study can be

grouped into five areas:

s  Improper sampling of traffic density conditions.

¢ Inclusion of questionable vehicle trips.

o  Excessive tolerance in the definitlon of acceleration,
s Possible errors in determining vehicle acceleration.

s  Failure to isolate urkan situations.

The remaining discussion in this Appendix presents a detailed exemination of each of
these limitations. In this discussion, information is also drawn from the DOT/TSC anal-

ysis of the GM Chase~Car data tapes,

A2 Traffic Density Sampling

The first area of concern in the GM Chase-Car Study is the failure to provide. o
representative sample of all kaffic volume and density conditions, The time distribution
of trips monitored in the study is shown in Figure A-1 together with a typical example of
the time distribution of traffic flow in urban areas, This figure indicates that the data
do not adequately represent the peak traffic conditions oceurring between 7 a.m, and
8 a.m., and between 4 p.m. and é p.m. The bulk of the GM data was taken at mid~day
carresponding to substantially lower traffic volume.a conditions. The concentration on the
off-peak traffic conditions has @ number of implications. First, a large portion of daily
driving has been statistically excluded. Second, since it is most probably that peak
traffic volume is directly related to peak troffic density, the most congested traffic con=
ditions hove been excluded, Finally, the data sample is biased toward mid=day trips
which may be substantially different in nature than the home-to-work and wark-ta~home

trips oceurring during the peak traffic hours.

WYLE LABORATORIES



ERT el et o] P~ ST

et o L A T T8 A

T T BT

e T 3 e T TR A, rem e o BT

e

PSS

|

3 3

_3

i

Percent {%0)

=
I

e FHWA = Hourly Distribution of
Daily Vehicle Miles

=wew= GM Chase-Car Study —
Distribution of Miles Covered
By Time of Day

»

Noon
Time of Day

Figure A1, Hourly Distributions =~ GM Chase-Car Data and Daily
Urban Traffic.

WYLE LABORATORIES

IIJ]IIIII!]III\\'Q:
01 23 465 7 B8 9 1011 121314 1516 1718 19 20 21 22 23 24.




T e el RS Vi

In addition to the limitation presented by the tendency towards mid~-day sampling,
another limitation is inherent in the chase~car technique itself, This limitation coneerms
the inability of one automobile to chase another inconspicuously and accurately in light
or heavy traffic flow. In light traffic, the problem of remaining unobserved by the driver
in the chased car precluded data collection in the light traffic volume hours between
10p.m, and 6 a.m. This time period accounts for abaut 11,35 percent of daily urban
traffie, In heavy traffic, it is often difficult to remain close to the chased vehicle as
it changes Janes or as other vehicles merge into the some lane., The problem of following
vehicles in low-speed, heavy traffic results in a shift In the percentage of data taken in

heavy traffic from speeds in the 0 to 25 mph range to higher speeds.

A.3  Trip Selection

The secand problem area in the GM Chase~Car Study Is the occurrence of certain
biased trip types in the data sample, Information on trip occurrence is supplied by the
DOT/T5C analysis of the GM data tapes. In their analysis, TSC excluded approximately
300 of the 2,500 #rips used by GM due to velocity and acceleration errors caused by
faulty clock information on the tapes. With this exclusion, T5C determined the break=

down of the 2,200 trips to be as follows:

768% Unblased, Partial Trips
17% Biased, Partial Trips
4% Unbiased, Full Trips
1% Other Trips

The heavy reltance of the study on partial trips implies that the early portions of most
trips hove been truncated. Although the nature of these portions is not known, it is con=
ceivable that the first portion of many trips involves driving which may be substantially
different from other portions of the trip due to variables such as population density, road
type, etc, This breakdown of trip oceurrence also indicates that many biased trips were
included, Blased trips refer to those which originated from locations such as the hotel

at which the chase-car operator was staying, It should be noted that the most statistically

valid trips, those which were unbiased and full, make up anly 4 percent of the entire

dota set,

A-3
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A.4  Definition of Acceleration

A third prebiem area is the definition of the acceleration and cruise operations.
To diseriminate acceleration modes from cruise, GM used an acceleration threshold of
0.05g, and labeled all accelerations less than this as part of the cruise mode, The
utilization of such a threshold leads to the high eccurrence of the cruise mede in the
GM analysis. In their analysis of the GM data tapes, TSC used a much lower accelera=
tion threshold, with the result that the relative frequency of occurrence of cruise and
acceleration is radically changed, as shown in Figure A=2, It should be noted that an
acceleration of 0,159 corresponds to a speed change of 11 mph in 10 seconds. The justi-
fication for using a lower threshold in acceleration is clear when it is recognized that
there is o difference of between 2 to 8 dB between the sound level produced by an auta~

mobile at cruise and at an acceleration of 0,059 in the speed range up to 25 mph.

A.5 Determination of Acceleration

A further problem area dealing with acceleration concerns the ability of the
chase car to simulate accurately the acceleration of the vehicle being chased, As
acceleration hos an added derivative of time, its instantaneous value is considerably
mare difficult to duplicate visually than is speed. For this reason, it is questionable
whether the chase-car technique can accurately measure vehicle acceleration. Although
some speed validation is presented by GM for the chase-car technique, none is given
for instantaneous acceleration. Further, the provided speed-versus-time validation is
too condensed in time to offer any substantial indication of the accuracy of acceleration

simulation,

A.6 lsolation of Uban Data

The final problem area limiting the opplicability of the GM study to nojse impact
assessment is its foilure to isolate urban driving from all other driving, Due to their par=
ticularly high concentration of both population and vehicles, urban areas are of prime
importance in assessing noise impact, Further, it is anticipated that rural ond urban
driving patterns are significantly different. Evidence of this difference is provided by

the TSC analysis of the Chase~Car data. In their analysis, T5C successfully divided the

A4
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road types into urban and rurel, The eccurrence of operating modes for these two

classifications can be compared in Figure A~3. This comparison indicates that the

oceurrence of modes is substantially different for rural and urbsn driving. The GM :
study does classify roadways inta highway and non-highway categories, However, the :
non~highway category canrot be cansidered synonymous with an urban area. The lack

of correspondence is demonstrated by a comparison of the speed distributions given by

GM and the EPA Urban Driving Cycle, as shown in Figure A=4. For this figure, the .
fraeway portion of the EPA cycle has been eliminated to be consistent with the GM
definition of non~highway driving., From this comparison, it will be noted that the GM ,
non-highway category includes speeds up to 60 mph while the maximum of the EPA cycle f
is between 35 and 40 mph, Further, the GM non=highway road type includes more high=- E
speed driving than does the urben driving specified in the EPA cycle.

A.7 Conclusions

1
!
{
i
Because of the potential limitations In each of the three studies discussed above, ;
{
it Is concluded that typical automabile operation for noise impact purposes is not well ;

defined by the existing data. This indicates that further work in this area is necessary

before the automebile nolse impact can be determined and a measurement methodology

developed. !
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APPENDIX B

Phatographic Measurements of Vehicle Operation

B.1  Introduction

Because of the inconsistencies and limitations of the existing automobile operation
daka, it was decided that some limited independent measurement of vehicle kinematics
under uninfluenced operation was required. The purpose of this study was to provide a
qualitative understanding of traffic behavior as well as to obtain velocity and accelera-
tion data which could be used to compore to the existing operational data, A secondary
objective of the study was the development of an effective data collection technique,

The objective of these limited measurements was not to obtain a valid data base which
would fully deseribe vehicle operations, but the dota can be used to support conclusions

drawn from other studies,

B.2  Approaches to Vehicle Operation Measurement

There are several methods by which autemebile operations could he measured.
The methods used in previous studies Include the chase-car technique, the use of instru-~
mented individual vehicles, or combinations and variations of these. The chase-car
technique used in the CAPE-10 and GM studies has a number of serious limitations. If
the "chase=car" technique is used to simulate other vehicles, although speed may be
adequately simulated, there is considerable question as to how accurately acceleration
can be determined, Since acceleration has an added derivative of time relative to
velocity, its instantaneous value is extremely difficult to duplicate visually using another
automobile. This limitations could be eliminated with the use of a radar unit and the
sensing of chase vehicle velocity; however, uncbscured contact with the chased vehicle
is diflicult to maintain at corners, intersections, and in those situations where vehicles
are likely to become between the chase and chased vehicles. Another limitation of the

chase~car technique is that it is not suited for either high or law traffic density conditions.
Another method used to collect vehicle operation data using instrumented vehicles

is to install transducers directly in privately owned vehicles and record data as the

operator drives normally, This method also has several limitations. With this technique

-1
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data collection is limited to transducer output, and no information is obtained to relate
recorded kinematic and performance data to the circumstance or location under which

it was produced. Further, unless the instrumentation was installed without driver know-
ledge, driver patterns may be influenced by its presence. Also, statistically valid selec~

tion of the drivers to be studied is quite difficult,

Because of the limitations inherent with chase~car and instrumented-vehicle
techniques of automobile operation measurement, a stationary, photographic technique
utilizing motion pictures of traffic flow was selected. By observing the variation of
position for individucl vehicles in the traffic flow from one motion picture frame to the
next, displacement as a function of time was determined for each automobile, This

method of vehicle aperation measuremant has the following advantages:
e Explicit information on vehicle location at the time of specific operations.

s Increased accuracy in the detemination of instantaneous velocity and

acceleration,
& Unaffected by extrames of traffic density.
e No influence on individual drivers,
e The effect of one vehicle upon another can be observed,

A disadvaniage, of course, is that engine speed cannot be monitored.

B.3 Vehicle Measurements

To utilize this method of kinematic measurement, it is convenient to break con-
ceptually roadways inte two major segments; namely, those between intersections where
uncentrolled free flow exists, and those in the vicinity of an intersection where How
interruption occurs, With this breakdown, data can be collected for each type of seg=
ment independently,

With the existence of traffic flow models to deal with free flow, it was decided
to measure vehicle kinematics at an intersection. The site chosen for the measurements
was o traffic |ight-controlled intersection on State Route 7 in Mclean, Virginia, near its

junction with Interstale 495, At thissite, Route 7 is a four-lane major arterial roadway

B-2
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that intersects with a two=lane readway. In addition to four lanes, Route 7 also has
left-turn lanes at this intersection. The left-turn lanes are cantrolled individually by

the traffic lights. The neighborhood around the intersectian is primarily residential;
however, the houses are separated from Route 7 by frontage streets. The posted speed
limit on this section of Route 7 is 45 miles per hour, A photograph of the site taken from
the data film is presented in Figure B~1. It should be noted that this site was not selected
to be necessarily representative of all intersections or even a ¢lass of intersection, but
rather to be used to demonstrate the utility of the measurement technique and obtain

some preliminary autemobile aperation data,

The data films of vehicle operations at the intersection were taken from the top
floor of a neartby hotel, From this vantage point over 280 feet of the roadway could be
photographed. Motion pictures of the traffic of Route 7 were taken using o 16mm camera
at a frame rate of 24 frames per second. The camera wos operated such that the complete
acceleration of the automobile waiting at the light was recorded when the light changed
to green. This afforded dota on the acceleration of individual automobiles in a line
starting from rest in response to a traffic light change,

As part of the data collection, motion pictures were also taken to establish
accurate time and displacement information, The camera framing rate was used as the
time base for data reduction; however, to verify the frame rate, o stopwatch was photo=
graphed for 30 seconds at the beginning and end of each reel of film. Displacement
along each lane of the roadway was determined as port of the data reduction by photo-
graphing a reference vehicle with a distance scale affixed to its side as it passed through
the intersaction in the appropriate lane.

Reduction of the data films was accomplished with the console editing device
pictured in Figure B=2, The editor displayed the film frame by frome and provided aecurate
frame count. To obtain the kinematic data from the traffic flow, the camera frame rate
was first verified with the phatographed stopwateh,  The film rate was found to be
occurate for all three reels of data film, Distance along the roadway was then deter-
mined using the motion pictures of the reference vehicle, To accomplish this scaling,
the vehicle was allowed lo move 10 feet s indicoted by its markings. Then, the 10-foot

distance was transferred lo a transparent overlay an the editor screen, Proceeding in this

B3
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f Automohbile Operation Measurements

Figure 8-2, Data Film Analys;s With Console Editor
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manner, 10~foot increments were established along the entire vehicle path corresponding
to one lane of travel, The 10-foot increments obtained in this manner are displayed in

the photograph of Figure B~1,

With the establishment of the film rate as an accurate time base ond with the
determination of distance along the roadway, the displacement of individual automobiles
in the traffic flow was readily obtained os a function of time, To chtain this information,
a point on each vehicle was noted and followed as it passed each 10~foot increment.,
Parallax error wos minimized by using the distance determined for the lane corresponding
to vehicle travel and by using a point on the vehicle similar in location to the markings
on the reference vehicle used originally to establish distance., The frame count as the
point passed the ingrement morker was also noted. Due to the discrete nature of the film
framing, the point on the vehicle could not always be lined up with the distance incre=-
ment murker. This introduced an error of about 5 percent in the distance measurement.,
Continuing with this date reduction, displacement as a function of time from the initia=

tion of acceleration was determined for the vehicles filmed.

Vehicle velocity at each Increment along the roadway was calculated by computer

using a difference equation for velocity. This equation is given by:

As, As,

i i+l
—_— + ——— .
At, mi+l At m'
v. = i i+l
. AT
i Afi bfl_”

where v; is the velocity ot the i'th distance marker, At is time taken to move from the

i'th =1 to the i'th marker, and As, is the distance increment between these same two markers,
For purposes of reducing the film data, As, was o constant 10 feet and At was the number

of frames token between markers divided by 24 frames/sec. With this information, the

velocity equation becomes:

.'_\n“_’ . aAn,
.-.‘.n1 .‘.\n.l.“‘i
= 0,42 ft/sec
i 4 An, AN, 1t/

where an, is the number of frames elopsed between the i'th=1 and i'th increments.
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Using the equation described above, speed-versus-time profiles were obtained
for 34 automobiles coresponding to 14 traffic light changes, An exomple of these speed
profiles is presented in Figure B-3 for o range of accelerations observed, As evidenced
by this figure, thete was indication that the profiles could be fitted reasonobly well with
straight lines. The coefficients of determination calculated for these linear approxima-
tions were quite high and are also indicated in the figure, Linear opproximation to the
data was selected both due to the nature of the results and to the accuracy of the meas=-
urements; however, it could not be established if automobiles actually accelerated in a
truly linear manner. As indicated in the figure, there is some variation in the dota about
the linear mean acceleration rate. As the velocity information is only accurate within
about 1 mph, the variations cannot be atkributed decisively to elther data limitations or
actual vehicle operatlon. An indication of error in the data reduction process was
obtained by an independent determination of displacement as a function of time for one
vehicle in two different data reductions. The resulting speed profiles are indicated in
Figure B=~4, From this comparison, it will be observed that agreement of the two data

reductions is within 1 mph for all the velacity data.

Another example of automobile speed profiles is affarded in Figure B=5. [n this
figure, profiles are prasented for the first, second, ond third automobiles in a line os
they accelerate after the light change. A feature demonstrated by this figure which was
alse indicated by the rest of the data set is that the lead vehicle in a line accelerates at
a higher rate than the second and that the second vehicle accelerates faster than the third.
This trend is further evidenced in Table B-~1 which presents the linearly approximated
accelerations of the first through fourth automobiles in @ line for the 14 light changes
observed, The values presented in Table B=1 have been averaged using several different
groupings of the results, These expected values of linearly appraximated accelerations

are presented in Table B=2 alang with the corresponding standard deviatons,

Because of the very limited nature of this study, the average acceleration values
presented in Table B2 cannot be used to arrive at any general conclusions, However,
the results can be compared to existing vehicle operation data. Of the three existing
vehicle operation studies only the CAPE-10 Study and EPA Urban Driving Cycle supply

data in a format which cen be used for comparisen, The CAPE-10 presents an average

B=6
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Table B-1

Automobile Accelerations: Linear Approximations

Light ist Autemoblile 2nd Automabile 3rd Automobile 4th Automobile
Change Acceleration | Ceeff, of Acceleration Coeff, of Acceleration | Coeff. of Acceleration | Coeff, of
No. (in g's) Determin. {ing's) Determin. (in g's} Determin. (in g's) Determin,
1 0.15 0,99 _— - - - 0.1 1.00
2 - - 0.12 C.98 0.14 0.96 - -—
3 0.16 1,00 0,13 0.96 0.08 0.98 - -
4 0.15 0.99 0.14 0.97 0.12 0.99 8.10 0.99
5 0.16 0,99 0.1 0.98 0.12 0.99 - -
4 0.19 0.99 -— -~ - - - -
il 7 0.17 0,98 0.12 0.99 ~- - n- --
° 8 -- - 0,11 0.98 - - - -
9 0.24 0.97 0.21 0.99 0.15 0.95 - -
10 0.2 0.9 0.17 0.98 0.18 0.98 - -
1 0,13 0,95 0.11 0.96 .11 0.96 - -~
12 0,13 0.97 0.13 0.96 0.10 0.9% - -
13 - ne a.1 0.93 - - - -
g 14 0.18 1,00 0.13 0.98 0.08 0.98 - -
L]
>
?
)
]
]
i
)
!
1
i
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Table B=2

Vehlcle Accelerations:

Average Linearly Approximated Acceleration Rate

All Observed Automobiles

All Observed Automabiles
Less First of Line

First Automabiles of Line Only

Second Automabiles of Line
Only

Third Automobiles of Line
Only

Expected Value  Standard Deviation
ing's o
0,140 0.037
0.125 0.029
0.170 0.032
0.133 0,029
0.120 0,031
B-11
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acceleration for each of the five cities included in that study, These profiles are shown

in Figure B-6, For comparison purposes, the profiles were fitted with an average linear
approximation between the speeds of 5 and 25 mph. This approximation resulted in on
acceleration rate of 0.14g which compares well with that determined in the Wyle meas-
utements, The speed-versus-time Information of the EPA Urban Driving Cyele for starts

from zero miles/hour was also used to construct acceleration profiles. These profiles
indicated that acceleration ranged from cboyt 0,07g to 0.15g, The range of these accel-
erations agrees well with that observed in the Wyle study; however, 1t should be remembered
that accelerations greater than 0.15g were eliminoted from the Cycle to allow simulation

with ¢ dynamometer.,

B-12
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APPENDIX C

Instrumentation System

C.1 Intreduction

The data acquisition system for the noise tests discussed in Section 5.0 consisted
of instrumentation to measure and record simultaneously both sound levels and vehicle
operating parameters. The equipment was located along the test section, where the
vehicle operated, on board the vehicle, and in o trailer located 300 feet from the test
track. A block diagram of the complete data acquisition end recording system Is shown

in Figure C~1, The detalls of each element of the system are given in the following

sections.

C.2  Acoustic Data

Measurements of the sound leve) produced os the vehicle passed over the test
section wera made at eight locations beside the test track and one location inside the
vehicle, All measurements were made with B8K %-inch Type 4134 microphones mounted
on B&K 2619 preamplifiers. The microphones were placed on tripods at o height of 4 feet
above the asphalt sutface with o diaphragm parallel to the ground, This orientation
results in a flat frequency response (1 dB) up to 10 kHz for all roise sources in the hori=
zontal plane, Eight microphones were placed at a distance of 50 feet from the vehicle
path centerline spaced every 25 feet beside the 200-faot~long test section — see Sec~

tion 5.3, Polyurethane foam windscreens were installed on each microphone.,

The microphone preamplifiers, powered by B&K 2801 power supplies, were placed
near the tripods and coaxial lines carried the signals to the instrumentation trailer where
they were Input to GR 1933 sound level meters, A broad band, unweighted signal was
passed from the sound level meters to a second bank of GR 1551 sound level meters where
the signal wos amplified and recorded on FM tape using a Honeywell 5600C tope recorder,
The bandwidth of the recording was DC to 10 kHz, controlled by the 30 ips tape speed of

the recarder, An IRIG B time code was also recorded on the FM tape.

The signal from the microphene wos filtered in the GR 1933 sound level meters

using an A-weighting network, aond then detected using the "fost” response characteristic,

C-}
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This corresponds to a detection time constant of approximately 100 msec. In the GR 1933,
the signal was converted to a DC voltage proportional to the A-weighted sound level in
decibels and was input to the computer for storage on digital tape and printout, The
A-weighted levels from each microphone channel were alse recorded on an oscillograph

recorder fed from the output of the FM tape recorder, and monitored during each run,

Sound levels were measured in the vehicle during all tests, the data being tele
metered to the control trailer. The microphone was positioned approximately & inches
from the driver's right ear using the guidelines in SAE Procedure 336a. A B&K 4134
microphone was used, mounted on o B&K 24619 preamplifier powered by o B&K 2804
power supply.

C.3 Vehicie Parameters

Vehicle parameters that were wsed included engine speed, vehicle speed, accel=-
eration, manifold pressure, and position on the test track, The data were transmitted

from the vehicle vio o telemetry system to the recorders in the nstrumentation troiler,

Engine Speed

Engine speed was sensed by means of a capacitalive pickup attached to the secondary
wire of the ignition coil for vehicles equipped with spark-ignition engines. The signal
was conditioned to provide a single square pulse for each ignition firing pulse, and fed to
a frequency-to-voltage converter to provide a DC signal proportional to the engine speed.
For vehicles equipped with diesel engines, a magnetic pickup was used 1o sense the rota=

tional speed of the crankshaft pulley.

Vehicle Speed

Vehicle speed was measured by o fifth wheel attached to the rear bumper of the
vehicle. A standard Nucleus, Inc,, fifth wheel assembly was used with a Dise Instrument
Model 885 optical encoder installed in place of the standard unit to provide en extremely
stable and consistent pulse output of 100 pulses per revolution, The standard unit produces
pulses of irregular duration with evidence of frequency madulation for constant rotation
speeds, The fifth wheel circumference is 7 feet so thot one pulse was generated for each
0.07 foot of linear travel, This is equivalent to 628 pulses per second at 30 mph. The
puises were transmitted via the telemetry system and conditioned in the trailer,

C-3
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The speed decoder in the ground station accepts the pulse input from the discrim-
inator and converts it to a 0 te 10v DC signal propertional to frequeney. The pulse train
is also divided down by a factor of 10 to give one pulse per 0.7 foot of travel. This signal

is input to the computer which provides a cumulative total of distance travelled,

Acceleration

The vehicle accelaration was measured by a Statham LOD=1-180 strain-gage
accelerometer hard mounted to a.bracket on the floor of the vehicle. The mounting plate
was adjustable for attitude in two axes to allow the accelerometer zero to be set with the
vehicle in its tested configuration, The low level signal output from the accelerometer
is amplified to a level of 0 to Sv for talemetering and the output is filtered to remove

vibratien ond noise outputs from the signal.

Manifold Pressure

The manifold pressure was measured by « strain-gage pressure transducer with an
internal amplifier, This transducer is connected into one of the vacuum lines to the engine
intake manifold, The measured pressures range from about 3 to 15 psia and produce an
output of G to Sv. A filter in the signal conditioner removes high-frequency fluctuations

caused by temporary local pressure changes in the manifold,

Interior MNoise

Interior sound levels were measured by @ General Radic Medel 1933 Type [ precision
sound level meter set to A-weighting network and fast response, The 0 to 4,5y cutput was

fod directly to the telemetry system,

The signals from each transducer (except the interior microphone) were Ffiltered
to eliminate high frequencies, using filters with a time constant of 100 msees, which is
approximately equal to the time constant in the ground ecoustic system, In this way, the

measured acoustic and vehicle parameter data were time compatible.

The transducer inputs were connected to a vehicle signal conditioner operating
from a battery power supply that generated regulated voltages for transducer excitation

and operation of the electronics, Inputs for calibration signals and outputs for driver

C-4
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display were provided on the unit, Filtering and signal conditioning required to interface
the transducers to the telemetry system are performed in this unit. The signals for accel-
eration, engine RPM, intferior noise, and manifold pressure were available at the signal
conditioner for display on analog or digital voltmeters and oscilloscopes, as required by

the driver.

C.4  Computer System

The computer system is based on @ Varian Date Mochine Model 620, 16-bit mini-
computer. The computer has 12K of on-line memory and a variety of peripherals for use
in a data acquisition mode. Input/output devices include a poper tape reader/punch,
digital incremental tape recarder, a cartridge-type disc, teletype and printer/plotter.,
Acquisition of analog data is through o 16=channel differenrial multiplexer to an analog-
to=digital converter which converts the £10v inputs to 12=~bit digital formats. The multi=
plexer is capable of sequentially scanning the inputs at rates of up to 50,000 channels
per second but in this application is used only to about 500 channels per second. Also
included in the system is a clock, which allows the measurement of elapsed time con=
currently with the data,

In test operation the data was acquired, digitized, and stored on the disc as it
was received, At the completion of each test, the data was run through various analysis
or plot programs and the results displayed on the printer/plotter within two minutes. Upon

examination, the data was stered on magnetic tape for further analysis or file purposes,

In addition to data storage, the disc is used to store all active programs, These

programs can then be called out by the operator via the teletype.

C.5 Telemetry System

The telemetry system is designed to transfer the data from the moving vehicle to
the instrumentation trailer in an accurate and reliable manner, The vehicle parameters,
after processing by the signal conditioner, ore input to the system in the vehicle containing
the VCOs (voltage-ceontrolled oscillators) and transmitter. The VCOs convert each 0 fo
5v DC input signal to a sine wave with a frequency which is controlled by the input signal,
The sine wave outputs from all VCOs (operating ot different frequencies) are combined and
modulate a 256 MHz carrier in the transmitter.
C-5
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The transmitter output was fed to an antenna mounted on the roof of the vehicle
by a magnetic base. The medulation containing the data was removed by the receiver in
the control trailer and fed in parallel to the inputs of ol! the subcarrier discriminators.
These units separate out the individual signals and output @ £10v DC level, The signals
that were input to the VCOs as 0 to Sv level are thus reproduced as an equivalent £10v

level for input to the recorders and computer,

C.é6 Calibration

Calibration of the system and its various components were performed first in the

laboratory and subsequently in the field.

Laboratory Calibrations

The equipment was calibrated In the Wyle test facilities at Hampton, Virginia,
before being used in the field, These calibrations checked the sensitivity, linearity, and
response of the components before they were assembled into a system, All laboratery cali-

brations were performed using equipment with standards traceable to the National Bureau

of Standards.

Field Calibrations

Field calibrations were performed to maintain system accuracy as described below:

e  Manifold Pressure — A daily calibration of monifold pressure wos performed
using o pressure pump and gauge connected directly to the pressure transducer
input, The pressure was set to 5 psia and then the ambient value (about 14,3 psia)

and the discriminater cutput adjusted for the proper range and zero,

» Engine Speed = Engine speed and calibrations were performed using a function
generator to simulate the pulses from the lanition. For each engine type the
pulse frequency corresponding to a fixed RPM was input to the signal condi~
tioning assembly, and the telemetry discriminators adjusted to yield an output

level of £10v corresponding to the required range of engine speed,

o Acoustics — A pistonphone colibrater was used ot the start of each day and

at the completion of each vehicle test series.

C-6
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P e  Telemetry System — Calibrations for range and linearity were performed for
the entire system with each test vehicle. Precision voltages were input to

the VCOs in the vehicle and the discriminator outpufs checked and adjusted

to the required accuracy.

[P

:] » Vehicle Speed — Daily calibration for vehicle speed was performed by inserting
n a square wave from a function generator at a frequency of 628 Hz into the
bl speed decoder module at the ground station, This frequency was monitored
1
= by o frequency counter and Is equivalent to a vehicle speed of 30 mph, Cali-
!
- bration of the fifth wheel was achieved by moving the wheel o measured dis-

I tance (200 feet) and counting the total number of pulses generated, The
{ s accuracy of the vehicle speed was found to be better than +0.5 percent,
3
: rl: s Acceleration — Calibration of the accelerometer was performed prior to tesking
each vehicle and periodically during the testing. The zero level was sat by
: parking the vehiclé on the test pad with all equipment installed and the plat-
form leveled by means of a bubble level adjacent to the accelerometer. The
J [: driver monitored the output with a digital velimeter and adjusted the zero on
; . the transducer omplifier to 0.0v L£1mv. He then rotated the accelerometer
L 90° to o vertical orientation and set the output {1.0g) to Sy £! mv. The

ground station eperator, in radie contact with the driver set the telemetry dis-

criminator oulputs to 210v corresponding to 0 to 1.0g. The settings were

I

checked at 30-minute intervals.

— C.7  System Accuracy
H
"J The accuracy of the system during the test program was maintained at a high level

<
;
E
i
!
}

1 by lollowing rigid procedures of calibration and adjustment before each tost series, Detalied
- records of signal levels set before tests and levels measured after tests were also maintained

- and demonstrated a high degree of instrument stability during the tests,

Estimates of the accuracy of each parameter hove been made based upon expected
. calibration errors end upan actual perfermance during testing. Table C-1 lists the param-

! eters measured and the ussociated accuracy of the meosurement,
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Table C-]

System Measurement Accuracy

Parameter

Measurement Accuracy

Pass=by Acoustic Levels

Interior Noise Levels
Vehicle Speed
Acceleration

Engine Speed

Distance

+0.5dB
+1dB
+0.1 mph
+0,0029

125 RPM at 3000 RPM
+0.2%
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