e e e o

e T

L AL e R J et T i s Bt 7 SR T S e e P T TR T B 2 A

/ ‘ EPl 550/r-52. 428

' Grant S§809277010
. I

N-96-0)

T—

Evaluation of Various Motorcycle Noise
Stationary Test Procedures

July 1982

Prepared for:

U.5., Envirommental Protection Agency

Qffice of Noise Abatement and Control -

: 401 M Street, SW
Washington, D.C, 20460

Prepared by:

National Association of Noise Control 0fficials

;J . P.O. Box 2618

Fort Walton Beach, FL 32549




SRR L B S N e A N

ML sl de b B3

e Tt

Ltz e,

"

CHAPTER 1

INTRODUCTION

On December 31, 1980, the United States Environmental
Protection Agency (EPA) published a final rule establishing
noise emission standards for new manufactured motorcycles
and motorcycle exhaust systems (1). Under the regulation
beginning January 1, 1983, all newly manufactured street and
dual purpose motorcycles (motorcycles designed for either
on-road or off-recad use) are required to cﬁmply with 2 noise
emission standard .0of 83 dB when tested under che prescribed
federal acceleration test procedure which is éontained in
Appendix A, The federal test procedure, referred to as [76,
vas developad by modifying the Scciety of Automotive
Engineer's (SAE) test procedure J-33la (2). The procedure
measures motorcycle noise emissions under full throctle
acceleration at specified percentages of the motorcycle's
maximum rated engine speed at a fixed point relative to a
mlicrophone location fifty feet to the side of the

motorcycle's path. The regulation also requires

~ manufacturers of original equipment and replacemenc exhaust

syatems designed and intended for installation on federally

regulated motorcycles to certify that their products will
not cause those motorcycles to produce noise levels in
excess of the new vehicle standard when tested under the F76
procédure.

During the development of this rule the EPA recognized
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the need for a simple, static noise test procedure which
could be used for State and local noise enforcement and Ffor
compliance testing by replacement exhaust- system
manufacturers (3). The EPA further recognized that the
usefulness of such a test would depend heavily on the degree
to which sound levels obtained under the static test could
be related to those obtained under the F76 acceleration
test,.

As part of its background study, the EPA developed and
investigated the possible use of a_scacibnary motorcycle
test- procedure refer;ed to as F50. The F50 procedure was
patterned after an International Standards Organization
(IS0) draft standard, It inveolved running the motorcycle's
engine up to fifty percent of its maximum net horsepower
rpm, wnloaded, and measuring the sound. lavel at a distance
of 0.5 meter from the exhaust outlet, on a line dispiaced 45
degrees from the exhaust axis. Even though their initial
evaluation of the test procedure indicated thact the
correlation hetween the F50 stationary test and the F76
acceleration test (r=0.69, Syx=3.45) was not high, che EPA
included the F50 test in its proposed rule published on
March 15, 1978 (3). However, in response to commentcs
recelved, many of which questioned the value of the static
test basgd on poor correlation with F76, EhglEPA dropped the
F50 stationary test from the final rule published December

31, 1980.

While the static test was officially dropped from che
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final regulation, EPA's Noise Enforcement Fncilitg (NEF)
continuéd te investigate medns of improving the Lesc, widch
they hoped to use as a screening test in their compliance
auditing program. During the summer of 1980, NEF engineers
conducted a.battery Of'EeSCS on 42 motorcycles. ‘The test.
program sought to improve the corxrelation between the srvatic

F50 test and the F76 acceleration test. The results of the

~ NEF test program indicared that the correlation between che

F50 and F76 tests improved when the rpm was aceurately
controlled, the F76 rpm was used for the stationavy rest,
and the microphoné distance was changed from the standard
position of 0.5 meter off the exhausﬁ port ta 3.0 tleet ko
the side of the motorevele., The EPA intendco:d to oondust
additional tests during the following summer. lowewer, iLn
March 1981 the Reagan Adminiscration announced L plans to
phase out the EPA Noise Control Program.

In June of 1980, the Society of Automotive Engineers
issued a recommended practice for the measurement of exhaust
sound levels of stationary motoreycles, SAE J1287. The
procedure, which is essentially identical to the F50

stationary test considered by EPA, is contained in

Appendix C.

The purpose of this report is to continue the
investigation of waﬁs to improve the correlation between
stationary motorcycle noise tests and the federal 70 passby
noise test. This report is diﬁided'into seven chapters as

follows: Introduction, Problem Definition, Rescarch Goals



R S —

A

and Objectives, Method, Results, Discussion, Summary and
Conclusions. The two principal test precedures, a listcing
t

of test vehicles, and a summary of test results are included

as appendices.
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CHAPTER II

" PROBLEM DEFINITION

The data which led EPA to conclude that the correlation
between the proposed F50 stationary test and the F76
acceleration test was too poor is shown in Figure 1.(5) As
indicated in the figure, the best estimate of the F50 level
for a motorcycle with a known F76 passby level of 83 dB is
approximately 91 dB. However, due to the variability
between the two tests, the degree of whichAis represented by
the standard error of estimate (Syx), the 95% confidence
interval for the same motorcycle's F50 level is + 6.3 dB or
(97.9,84.3 dB), In other words, it can be stated with a 95%
level of confidence that a motorcycle with a known F76 noise
level of 83 dB can be expected to produce an F50 noise level
of between 84.3 and 97.9 dB.

If the F50 test was to be used as an enforcement test
for determining compliance with the Federal standard of 83
dB under the F76 test, from an enforcement standpoint the
standard would have to be set high enough to reasonably
assure that a vehicle which fails under the stationary test
will likewise fail under the federal acceleration test. For
example, based on the data shown in Figure 1, a standard of
98 dB would have to be used in order to guard, at a
confidence level of 97.5%, against improperly failing a
motorcycle whiéh meets the Federal passby level of 83 dB.

In other words, the enforcement officer has to give away
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7 dB, Under such an appfoach a large number of motorcycles
x: ﬁ which exceed the Federal passby standard go undeteccted.

4 In order to maximize the capture rate (che percentage
of motoreycles exceeding the Federal passby standard which

can be properly identifled under a stationary test) the

standard error of estimate between the stationary and passhy

test must be minimized.

\____/"
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CHAPTER III

RESEARCH GOALS AND OBJECTIVES

In May 1981, the Environmental Protection Agency
avarded a grant to the National Association of Noise Control
0fficials to carry out motorcycle noise testing. The
principal goal of the project was to seek ways te imprave
the correlation between the SAE J1287 stationary test, which
is currently in widespread use, and the Federal F76 passby
test. The following objectives were estaslished to assure
the achievement of the principal goal:

1. Determine the effect on correlation of running the
stationary tests at the F76 passby test rpm, or a percentage
thereof, making the stationary test more like the passby
test.

2. Determine the effect on correlation of running the
stationary test using different degrees of instrumentation
sophistication, i.e., sound level meter cutoff at a
precisely controlled rpm as opposed to noise measurement in
rms slow while ﬁsing the motorcycle tachometer for engine
speed determination.

3. Determine the effect on correlation of running the
stationary test with the microphone location shiftced from
the standard position of 0.5 meter off the exhaust port to
1.5 meters and 3.0 meters from the motorcycle in line with
the rear axle.

All of the above modifications were intended to be




carried out in the most accurate manner possible, striczly
adhering to all test requirements, and using precision

laboratory type instrumentation and specially trained ' i
professionals.

Since the SAE J1287 st#tionary test procedure is
currently used by enforcement officefs in the field under
less controlled conditions, a secondary geal for che projecﬁ
was to investigate the degree of accuracy sacrificed under a
simplified enforcement procedure by carrying out the
following objective:

4, Determiné the effect on correlation of running the
stationary test on an unprepared site typical of where an

enforcement officer might set up, using a hand-held type LI

_general purpose sound level meter to take noise measuremencs

and using the motorcycle tachometer to monitor engine speed.
This simplified enforcement procedure was intended to

reflect the correlation between the precise Federal F76

passby test and the SAE J1287 stationary test procedure as

it is typically applied by the enforcement communicty.-
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* CHAFTER IV

METHOR
Fifty-nine street and dual purpose motorcycles were
tested to determine their noise emission levels under the
Federal F76 acceleration test procedure and a battery of

stationary test procedures,

Test Sicte

Testing was conducted during the period of June 135,
1981, to October 15, 1981, at Lglin Alr Force Base, located
near Fort Walton Eeach. Florida. The test area, as shown in
Figure 2, was established on an inactive runway in
compliance with F76 minimum test site requirements. Thé
runyay was wide enough (40 m) to allow monitoring at che
15 m distance on both sides of the test wvehicles during the
F76 acceleration test procedure, and sufficiently long
(400 m) to allow the test wvehicle room to reach the proper
approach speed, accelerate past the microphones and

decelerate on the other side.

Mobile Noise Laboratory

A speclally equipped 1976 Argosy motor home was used as
a field laboratory during the project. Mostc of the test
instrumentation was housed in the van which, as shown in

Figure 2, was located.approximately 60 merers from the test

pad.
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Instrumentation

Sound Monitoring Systems
Two different sound menitoring systems were used in the

test program,

Precision Sound Measurement Systems

In order to meet the F76 test requirements and ensure
the most accurate degree of sound level measurement, a two
channel measurement system was used incorporating Bruel and
Kjaer (B & K) model 2607 measuring amplifiers in conjunction
with B & K model 2804 power supplies, model 2619
preamplifiers and model 4163 microphones. The system had
been specifically modified with an SLM cutoff mode’ added.
Under this mode the amplifiers were designed to hold the SPL
readings as the engine rpm of the test vehicle reached a
preprogrammed level, Traditional rms fast and slow
measuring modes were also utilized.

The sound level measurement system was calibrated with
an acoustic pistonphone calibrator, B & K model 4220. The
calibration was performed immediately before, during and
after each day's testing at intervals not exceeding four
_hours. The system was consisCtently within‘i 0.1 dB of the
calibration level. The internal noise of the system was
also measured before and after each day's testing at
intervals not exceeding eight hours. The noise floor
typically ranged from 25 to 35 dB. The frequency response

of the system was measured once per week using a B & K model
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1023 sine wave pgenerator in conjunction with a B & K model
2305 graphic level recorder. A-weighted and linear
frequency sweeps fell consistently within the type 1
tolerances for frequency respense specified in the American
National Standards Specifications for Sound Level Meters,

ANST 51.4-1971. (6)

General Purpose Sound Level Meter

A Quest model 215 type 2 general purpose sound level
meter was used in a set of tests, referred ﬁo as simplified
enforcement procedures, which were designed to reflect the
degree of accuracy which is typically found in enforcement
situations, The meter was alsoc used with a remote
microphone Lo monitor background noise levels at microphone
position number three during the battery of precision tests.

The meter was calibrated with an acoustic calibrator,
Quest model CA-lZ2, before and after each test series at
intervals not exceeding four hours. The meter was

congistently within + 0.2 dB of the calibraction level.

Engine Speed Monitoring and Control Systems

Ignition Disable System

During che F76 acceleration tests a porctable rpm cutoff
device was used to automatically disable the test vehicle
ignition when a programmed clesing rpm waslreached. The
device, developed by an NEF engineer, was designed to:
monitor the test vehicle's engine speed through an inductive

piclkup placed over a sparkplug wire, shunt the cest
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vehicle's electrical system to ground when the programmed
f:\ (closing) rpm was reached, thereby acting as a kill switch,
b | and trigger an electronic flash worn on the test driver's
belt to assist spotters in visually marking the point at
which the test vehicle's ignicion system was disabled on the

test track. In order to verify that ignition disable did

occur at the programed rpm during the acceleration test, the

test vehicle operator carried a Nagra model IV-SJ tape

. . recorder to record ignition pulses and the ignition cucoff
event during each run. These recordings were later analyzed
using a digital sEorage oscilloscope to verify that the bike
was disabled at the desired rpm and to check for stray or
missing ignition pulses or other anomalies. 'The system is

shown in Tigure 3,

Sound Level Meter Cutoff System

During part of the precision stationary tests, a SLM
cutoff device mounted in the moblle noise laboratory was
used to: moniteor the test vehicle's engine speed and, whep
the programed rpm was reached, trigger both measurement
amplifiers to hold their SPL readings and the digital
storage oscilloscope to verify the testc rpm.and check for

.any anomalies,

Weather Monitoring Systems
Wind speed and direction (on the test pad), relative
humidity, alr temperature and barometric pressure were

' monitored at a weather console located inside tha mobile
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noise laboratory.

Test Vehicles

Tést vehicles were selected to reflect, as closely as
possible, the current population of street and dual purpose
motorcycles. Table 1 compares the test vehicle population
with the U, 8. motorcycle population in cerms of
manufacturer, displacement and age.(7) Test vehicles were
obtained primarily from individual owners on a loan basis,
with sbme new motorcycles being provided b& local dealers.
Motoreycles and exhaust system configurations were chosen to
reflect a fairly uniform distribution of sound levels, based
on the F76 acceleration test, so that at least five
motorcycle emission levels fell within each 5 dB range from
75 to 105 dB. Appendix C contains a listing of test
vehicles including information on make, model, year, exhaust

system configuration, and the max rated horsepower vpm,

Test Procedures

Each motorcycle was subjected to twenty-two different
test procedures inecluding the F76 acceleration procedure,
SAE Recommended Practice J1287 and twenty modified SAE J1287
procedures. In each of the twenty modified test procedures
one of the following was varied from the standard procedure:
sound measurement system, microphone posit;on, or test rpm,
The requirements for each test;are summarized in Figure 4.
In each test the motorcycle's noise emission level was

established following the reference proecedure,
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i “ ! Table 1
i Test Vehicle Sample Compared With U.S. Motorcycle Population
] ‘
. U.8. Population Test Sample
Manufacturer
Honda 39.2% 39.0%
Yamaha - 23.1% 28.8%
Kawasgaki 14.9% 13.6%
Suzuki 13.3% 10.2%
Harley Davidson 6.3% 3.4%
Other 3.2% . 0%
100.0% . 100.0%
Engine Displacement
On-Highway
Under 125 cc G.1% 5.1%
125-349 cc 5,3% 8.5%
350=-449 cc 16. 4% 13.6%
450-749 cc 14, 6% 23.7%
Over 749 cc 22.4% 22.0%
(:) . Dual-Purpose )
Under 125 cc 12,8% 6.8%
125~349 cc 18.2% 20.3%
"350-449 cc 3.4% 0%
450-749 cc . 0.8% v,
Ovar 749 cc 0% 0%
100.0% 100.0%
Model Year
1982 0% 3.4%
1981 16, 4% 25.4%
1980 16.1% 16.9%
1979 " 15.8% 15.3%
1978 13,3% 8.5%
1977 12, 2% 6.8%
1976 8.8% 3.4%
1975 5.3% 6.8%
1974 4. 7% % -
1973 : 3.9% 8.5% -
1972 - 2.0% 3, 4%
1971 c.9% 0%
C . 1970 c.3% 0%
! : 1969 0.1% 1.6%
o . 100.0% 100.0%
Nt .

L BT e arsmrve b
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F76b Precision Stationary Tests Simplified Enforcement
Passby Procedure
Test ID 1 213t4l5]6 |7 o112 )13 1415416 1718 (19 20 21 22
Mierophane |5 g 0.5m 1.5m 3.0m 0.5m
Distance .
Microphone | ) o | AR J1287 12.0cn 24.0cn SAL J1287
Height
Microphone - X 90 from centerline of metorcycle .
Orientation F76b SAE J1287 in line with rear axle SAL J1287
SLM Type Specially modified B & K Model 2607 measuring amplifiers in conjunction Quest Model 215
yp with precision microphones/reamps, all meeting Type I specifications Type II SLM
SLM Response| A B c c B c C
Engine RPM d albletfda|d dla|dja|bjec|[dfald a c d
Test ID 1 23145167 [o 1L (1213141516 17118 |19 20 2] 22
= —e]
- NOTLCS: SLM Responsas Engine RPM

A=
B =
C =

RMS Fast Hold

RMS Slow Responsc

Sound Level Meter Cutoff

a
[}
[
d

SAE J1287 Test RPM
50% F76b Test REM
757 F76h Test RPM
F76b ‘Test RPM

Figure 4,

Summary

of Test Requirements

8T
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CHAPTER V

RESULTS -

'Each of the fifty-nine motorcycles was completely
testea. A summary of the test results is contained in
Appendix D.

In order to evaluate the degree.of variability betwaen
each of the twenty-one stationary tests and the F76

acceleration test, regression analysis was performed with

each stationary test's results regressed on the F76 cesc

results. Table 2 .presents a summary of the analysis
indicating the correlation coefficient, r, and standard

error of estimate, Syx, for each comparison.



Summary of Regression Analysis

Table 2

Test ID Regressed on F76b | Microphone [ S1M SLM Engine
r Syx Distance | Type | Response REH
1 - - 15, 0m I Fast Hold F76h
2 .89 4,28 0, 5m I [SLM Curtoff | SAE J1287
3 .87 4,33 0.5m T |SIM Gutoff | 50% F76b
4 .91 3.67 0.5m I {SIM Cutoff | 75% F76b
5 .94 3.21 0.5m I ]JSLM Cutoff F76b
& .88 4,18 0. 5m I Slow SAE J1287
7 .94 3.11 0.5m by Slaw F76h
8 .88 4.01 1. 5m I |8LM Cutoff |SAE J1287
9 .89 3.59 1.5m I |SLM Cutoff |50% F76b
10 94 2,78 l.5m I |SLM Cutoff [75% F76b
11 .95 2.39 1.5m I |SIM Cutoff F76b
12 .87 4,06 1.5m I 51ow SAE J1287
13 .94 2,68 L.5m I Slow F76b
14 .88 3.69 3.0m T ISLM Cutoff |SAE J1287
15 .89 3.59 3.0m I |SLM Cutoff [50% F76b
16 .94 2,63 3.0m I [SLM Cutoff |75% F76b
17 .95 2.50 3.0m I SLM Cutoff F76b
18 89 3.61 3.0m I Slow SAL J1287
19 .95 2.45 3.0m I ‘Slow F76b
20 .90 3.89 0.5m II Slow SAE J1287
2l .92 3.43 a,5m IT Slow 75% F76b
22 .94 3.23 0.5m i1 Slow F76b
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CHAPTER VI

DISCUSSION
Based on the results presented in Appendix D and
summarized in Table 2, each of the original objectives

outlined in Chapter III can be addressed. It should be

‘noted that throughout this chapter where references are made

to percent reductions in Syx or test variablicy, such
percent reductions are calculated arithmetically racher than
logarithmicaly. For example, a change in Syx from 4.00 dB

to 3.00 dB would represent a 25% reduction.

Effect of Test RPM

As shown in Table 3, the correlation between the
stationary and passby tests improved when the test rpm'was
changed. While the standard error of estimate was only
reduced 3.8% to 3.84 dB when the 50% F76 test rpm was used,
using 75% of the F76 test rpm and the F76 test xpm had
significant effects, -reducing Syx’to 3.03 dB and 2.70 dB and
repreaen;ing reductions of 24.1% and 32,3% over the Syx for
the SAE J1287 test rpm.

This improvement in correlation between the passby and

stationary tests, based on the use of the F76 test rpm,

points to a major conflict between the F76 and SAE J1287

test procedures. Under the F76 procedure the test rpm is
established as a percentage of the motorecycle's maximum
rated engine speed based on its engine displacement (see

Appendix A, TFigure 1), For example the test rpm of a
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Table 3

Effeet of Test rpm apnd Distance eon Syx

(SIM Cutoff Response Only)

L)
(R}

Distance 0.5m 1,5m 3.0m Xy
Test
Tpm
SAE J1287 4,28 4,01 3.69 3.99
50% F76 4,33 3.59 3.59 3,84
75% F76: 3,67 2,78 2.63 3.03
F76 J.21 2,19 2,50 2.7G
Ez 3.87 3.19 3.10
§l = Average Syx for Test rpms over Distances
§2 = Average Syx'for Distances over Tast rpms
Table 4
Effect of Instrument Sophistication on Syx
(S5LM Cutoff vs rms Slow)
Test SLM Distance 0.5m 1.5m 3.0m §3
rpm Response
U SIM Cutoff 4.28 { 4.001 | 3.69 | 3.99
SAE 11287
rms Slow 4,18 4,00 3.6l 3.95
S5LM Cutoff 3.21 2.3% 2,50 2.70
F76
rms Slow 3.11 2.68 2,45 2.75

§3 = Average Syx for Test rpms and SLM Responses
over Distances
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motoreycle with an engine displacement of less'chan 175 ce
is set at 95% of the motoreycle's maximum rated engine
speed, while a motoreyle with an engine displacement greater
than 675 cc has a test rpm of 55% of max rated engine speed.
The SAE J1287 test procedure sets the test rpm for all
motorcycles at 50% of the maximum rated engine speed., These
different methods of caleculating test rpm appear o
contribute greatly te the variability betwean the F76 and

SAE J1287 procedures,

Effect of Instrumentation Sophistication

Under the precision test approach two lewvels of
instrumentation were utilized. The first level involved
sound level meter cutoff at a precisely concrolled rpm. The

second level involved noise measurement in rms slow while

‘using the motorcycle tachometer for engine speed

determination. Table 4 compares the two levels of
instrumentation for two test rpms and three microphone
locations. The twe levels of instrumentation appear to
measure equally well with no significant differences in Syx
noted., It appears that the use of sound level meter cutoff
does not significantly reduce the variability betwveen the

stationary and passby test results.

Effect of Microphone Location
Shifting the microphone location from the standard
position of 0.5 meter off the exhaust port to 1.5 meters and

3.0 meters from the motorcycle in line with the rear axle
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did tend to minimize the variability between test resulcs,
As shown in Table 3, Syx dropped from an average of 3.87 dB
at the 0.5 meter microphone distance to 3.19 dB ac 1.5
meters and 3,10 dB at 3.0 meters representcing reductions of
17.6% and 19.9% in test variability. The higher degree of
variatipn assoclated with the 0.5 meter location might have
been due to the sensitivity of measuring in close proximity
to the exhaust pert, During the simplified enforcement
procedure, where a hand held sound level meter was used to
take measurements as oppesed to the tripod mounted
microphones utiliéed in the battery of precision tests, the
sound pressure level was noted to vary for some motorcycles
as the microphone orientation was shifted slightly from the

standard displacement of 45 degrees from the exhaust axis.

 Effect of Simplified Enforcement Approach

Surprisingly, the simplified enforcement tests proved
to be as éccurate as the precision tescs. Table 5 compares
the standard error of estimates for the two precisicn test
procedures and the simplified enforcement procedure for both
the SAE J1287 and F76 test rpms. On the average, the .
simplified enforcement procedure had an Syz of .56 dB which
represents a 5.1% reduction in variability over the Syx of
3.75 dB for the SLM Cutoff procedure and a 2.35% reduction
over the Syx of 3.65 dB for the type I rms slow response
measurement procedure. The ability of the type 1II sound

level meter to measure noise on a level equal with type I
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Table 5
(~7 : Effect of Simplified Enforcement Approach on Syx
(0.5 Meter Microphone Distance)

SIM S1M Test rpm SAE J1287 F74 .?:4
. Type . Response "Approach
I SLM Cutoff Precision 4,28 3.21 3.75
I rmg Slow Precigion 4.18 3.1l 3.65
II rms Slow Bimplified Enforcemend 3.89 3,23 3.56
§4 = Average Syx for SLM Types and Responses and Approaches
over Test rpms
> instrumentation might be explained by the fact that

motorcyele exhaust noise is dominant in the 50 Hz'to 1000 E=z
frequeney range (8), where the frequency response
requirements for type I and type II meters are most
stringent (7).

These resuits, while not conclusive, suggest that type
IT sound level meters can be utilized on non-standard sites
resulting in approximately the séme degree‘of accuracy

achieved with type I instrumentation and standard sites.



CHAPTER "VII

SUMMARY AND CONCLUSIONS

The principal goal of the experiment was to investigate
ways to improve the correlation, more specifically to reduce
the standard error of estimate, between the SAE J1287
stationary test procedure and the Federal F76 passby test
procedure, Fifty-nine motorcycles were successfully rested
under both procedures, as well as twenty modified stationary
test procedures. _

Based on the results obtained, running the SAE J1287
test using the F76 test rpm resulted in the greatest
reduction in variability berween the two tests. The
standard error of estimate was reduced approximétely 32
percenﬁ. Correlation between the stationary and passby
tests was also found to improve as the microphone location
in the statlonary test was shifted from the standard 0.5
meter position to 3.0 meters to the side of the motorcycle,
accounting for a 20 percent reduction in test variability.
However, use of sophisticated SLM cucqff instrumentation, as
opposed to the standard type I measurement system, nad no '
noticeable effect on the test resulcs.

These findings suggest that the correlation between the
federal F76 passby test procedure and the SAE J1287
stationary test procedure can be significantly improved. By
changing the SAE J1287 test procedure to regquire use of the

F76 test rpm and a microphone locaticn of 3,0 mecers, the
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standard error of estimate can be reduced 41 percent from
4,12 dB to 2.45 dB. Similarly, the 95 percent confidence
interval would be reduced from 1.8.2 dB to + 4.8 dB.

The secondary goal for the experiment was to
invéstigate the degree of accuracy sacrificed under a
simplified enforcement procedure.

The results of the experiment suggest that no
significant degree of accuracy is lost when the statiomary
test is conducted using a hand-held type LI sound level
meter on g non standard site under cypical enforcement
conditions, . |

While the results of this experiment are encouraging,
additional research is needed to fully document the affects
of test rpm, microphone location, and instrument |

sophistication.
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APPENDIX A

Motorcycle Neoise Emission Test Procedure for Street and
Off-road Motorecycles

40 CFR Subpart D, Appendix I-1(a)
‘(Commonly Referred to as F76)

(a2) Instrumentation

Proper usage of all test instrumentation is essential
to obtain valid measurements. Operating manuals or othex
literature furnished by the instrument manufacturer nust be
referred to for both recommended operation of the instrument
and precautinns to be observed. The following
instrumentation must be used, whewe applicable:

(1) A sound level measurement system which meets the
type S1A requirements of American National Standard
Specification for .Sound Level Meters, ANSI §1.4-1571, As an
alternative to making direct measurements using a scund
level meter, a microphone or sound level meter may be used
with a magnetic tape recorder and/or a graphic level
recorder or indicating instrument provided that the system
meets the performance requirements of ANSI §51.4-1971. The
sound level measurement system must be calibrated at least
annually to ensure that the system meets the performance
requirements of ANSI S1.4-1971.

(2) An acoustic calibrator with an aceuracy of within
+0.5 dB. The calibrator must be checked annually to verify
that its output is within the specified accuracy.

(3) (1) An engine speed measurement system having the
following characteristics:

(A) Steady-state accuracy of within +3% of actual
engine speed in the range of 45% to 100% of the engine speed
(rpm) where peak net brake power (maximum rated rpm) is
developed; and _

(B) Response characcerlstlcs such that, when closing
rpw is indicated under an acceleration as described below,
actual engine speed is no more than 3 percent (cf closing
rpm) greater than the specified closing rpm.

(ii) The vehicle tachometer may be used to ascertain:

(A) The approach rpm provided its meets the
specifications in subparagraph (a){(3)(1i)(A).

(B) The closing rpm provided it meets the
specifications in subparagraphs (a) (3) (i) (A) and (B).

) (iii) Indirect engine speed measurement systems, such
as gystems which determine engine speed from wvehicle speed
measurement, may be used provided the speclflcatlons of
paragraph (a)(l)(l) are met.

4) An anemometer with steady-state accuracy of within

+10% at 20 km/h (12.4 mph).
(5) A microphone windscreen which does not affect
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microphone response more than +0.5 dB for frequencies
20-4000 Hz or +1.0 dB for frequencies of 4000-10,000 Hz,
taking into account the orientation of the microphone.

(b) Test site.

(1) The measurement area within the test site must
meet the following requirements and be laid out as
described:

(1} The following points must be established:

(A} Microphone target point-a reference point on the
vehicle path;

(B) End point-a point on the vehicle path 7.5+0.3 m
(24,6x1.0 fr) beyond the microphone target point, and

{C) Microphone location point-a point 15+0.3 m
(49.2+1.0 F£tr) fyom the microphone target point on a normal
to the vehicle path through the microphone target point,

(ii) The microphone must be:

{A) Positioned at the microphone location point
L.24+0.1 m (3.940.3 ft) above the ground plane; and

(B} Oriented in a plane perpendicular teo the vehicle
path, and at an angle to which the microphone was calibrated
to have the flattest response characteristics over the
frequency range of ‘100 Hz to 10,000 Hz when measured with
respect to the motorcycle source,

(iii) The surface of the ground within at least the
triangular area formed by the microphone location and the
points 154+0.3 m (49.2+1.0 ft) prior te and 15t0.3 m
(49.2+1,0 ft) beyond the microphone target point must be
flat (+ 5 em (2.0 in)) and level (grade not more than 0.5%
along vehicle path), have a concrete or sealed asphalt
surface, and be free from snow, soil or other extraneous
material. )

(iv) The vehicle path must be relatively smooth and of
sufficdent length for safe acceleration, deceleration and
stopping of the motorcycla,

(2) The test site must be flat, open space free of
large sound-reflecting surfaces (other than the ground) such
as parked vehicles, sign-boards, buildings or hillsides
located within a 30+0.3 m (98.4+1.0 £t) radius of the
miecrophone location and the fellowing points on the vehicle
path (see Figure Al):

{1) The microphone location peint;

(ii) A point 15 + 0.3 m (49.2 + 1,0 £ft) before the
microphone tarxget point; and

(iii) A point 15 4+ 0.3 m (49.2 + 1.9 fc) beyond the
microphone target point. _

(¢) Measurement procedure,
(1) To establish the aceeleration point, the end point

must be approached in second gear from the reverse of the
intended test direction at a constant engine speed of 30% of



St

31

maximum rated rpm or closing rpm less ten percent (of
maximum rated rpm), whichever is lower, (+2.5% of observed
reading). When the front of the motoreycle reaches the end
point (approached from the reverse direction), the throtctle
must be smoothly and fully opened to accelerate the
motoreycle past the microphone target point under wide open
throttle. When the motorcycle veaches closing rpm the
throttle must be smonthly and fully closed., An ignition
disable device may be used to turn off the engine at closing
rpm in lieu of closing the throttle manually. The location
of the front of the motorcyele at the time of chrottle
closure 1is the acceleration peint for the test runs. The
test runs must be made in the opposite direction. A
sufficient number of trial runs must be made to assure
accurate establishment of the acceleration point,

(2) Closing rpm must be determined according to the
motorcycle engine displacement, as follows '(see Figure A2):

Closing rpm

Displacement (cc) (Fraction of Mawximum
Rated RPM-Percent)
L Ay T 95
L7B=875, vt et e 109 - 0,08 % (engine
displacement in cc)
676 and above....,.......... 55

(3) The distance from the acceleration point to the
end point must be at least 10 m (32,8 fr)}. If this distance
is less than 10 m (32.8 £t) by the procedure specified in
paragraph (c) (1), ahove, third gear, if the motorcycle is so
equipped, must be used. If the distance is still less than
10 m (32.8 fr), fourth gear, if the motorecycle is so
equipped, must be used, and so on. If closing rpm is
reached before the vehicle travels 10 m (32.8 fr), with the
vehicele in its highest gear, the throttle must be opened
less rapidly, but in such a manner that full throttle and
closing rpm are attained at the end point.

{4) If the motorcycle is equipped with an aukomatic
transmission, the procedure specified in paragraph () (1),

~abgve, must be followed except that the lowest selectable

range must be employed, and the procedure specified in,
paragraph (c)(3) must be folleowed using the next selectable
higher range, if necessary, and if the vehicle is so
equipped, If closing rpm is reached before the vehicle
travels 10 m (32.8 f£t), the throttle must be opened less
rapidly, but in such a manner that full throcttle and closing
rpm are attained at the end point.
(5) Throttle opening must be controlled to avoid

excassive wheel slip or lift-off.

" (6) To conduct a sound measurement, the motorcycle
must proceed along the vehicle path in the forward
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directions in second gear (or higher gear as applicable
under paragraph (c)(3)) at a constant engine speed of 50% of
maximun rated rpm or at closing rpm less cen percent (of
maximum rated rpm), whichever is lower (4+2.5 percent of
observed reading). When the front of the vehicle reaches
the acceleration point, the throttle must be smoothly and
fully opened. Full acceleration must continue until closing
rpm is reached, which must occur within + 1.0 m (3.3 fr) of
the end point, and at which time the throttle must be
smoothly and fully closed, An ignition disable device may
be used to turn off the engine at closing rpm in lieu of
closing the throttle manually.

(7) A sufficient number of preliminary runs musc be
considered before the testing to familiarize the rider with
the test procedure and operating conditions of the vehicle.
The engine temperature must be within the normal operating
range prior to each run. :

(d) Measurements.

(1) The sound level meter must be set for fast
response and for the A-weighting network, The microphone
wind screen must be used. The sound level meter must be
calibrated with the acoustic calibrator as often as is
necessary throughout testing to maintain the accuracy of the
measurement system,

{2) The sound level meter must be observed throughout
the acceleration period. The highest sound level cobtained
for the run must be recorded, '

(3) Measurements must be made until at least four
readings from each side are within 2 dB of each other. The
noise level reported must be for the side of the motorcycle
having the highest noise level.

(4 While making sound level measurements, not more
than one person other than the rider and the observer
reading the meter may be within 15 m (49.2 ft) of the
vehicle or microphone, and that person must be directly
behind the observer reading the meter, on a line through the
microphone and the observer,

¢5) The ambient noise level (including wind effects)
at the test site due to sources other than the motorcycle
being measured must he at least 10 dB lower than che noise
level at the microphone location produced by che motorcycle
under test.

(6) Wind speed at the test site during cests must be
less than 20 km/h (12.4 mph). :

{e) Required Data.

For each valid test, the following data must be

recorded:
(1) Motoreycle type, serial number, medel yedr, and

date of manufacture.
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y (2) Names of persons conducting test.

;: S (3) Test location.
e (4) Wind speed and ambient noise level measured on the
same day as the test and representative of condicions during
the test,

{3) Motoreycle engine displacement, maximum rated rpm,
and closing rpm.

(6) The gear used for testing if other than second
gear, or type of transmission and description of testing if
motorcycle is equipped with automatic transmission.

(7) Description of the sound level meter including
type, serial number, and calibration date.

(8) Description of the external acoustic calibrator
ineluding type, serial number, and calibracion date.

(9) Description of the tachometer or engine speed
measurement system used for conducting the test,

(10) Maximum noise level for each pass on cach side of
the motoreycle including invalid readings and reasons for
invalidation, ;

(11} Reported noise level.

(12) Other information as appropriate to complecely
describe testing conditions and procedure.

A A T ERE
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APPENDIX B

Measurement of Exhaust Sound Levels of Statcionary
Motorcycles

SAE Recommended Practice - SAE J1287
1., SCOPE

This document establishes the test procedure,
environment, and instrumentation for determining the sound
levels of motorcycles under stationary conditiens. This
test will measure primarily exhaust noise, but does not
represent the best procedure for evaluating total vehicle
noise. For this purpese, SAE Recommended Practice J33la,
Sound Levels for Motorcyeles, or SAE Recompended Praccice
J47, Maximum Sound Level Potential for Motorcveles, are
recommended.

2, INSTRUMENTATION

The following instrumentation shall be used:

2:1 A sound level meter meeting the Type 1, Type 314,
Type 2, or Type 82A rvequirements of American National
Standard Specification for Sound Level Meters, 51.4-1971
(R1976) .

2.1.1 As an alternate to making direct measurements
using a sound level meter, a microphone or sound level meter
may be used with a magnetic tape recorder and/or sound level
recorder or other indicating instrument, providing the
system meets the requirements of SAE Recommended Practice
J184a, Qualifying a Sound Data Acquisition System.

2.2 A sound level calibrator with an accuracy of
+ 0.5 dB, (See paragraph 5.%.)

2.3 A windscreen which does not affect microphone
response mare than + 1 dB for frequencies of 63-4000 Hz and
+ 1.5 dB for frequencies of 4000-10,000 Hz,.

2.4 An engine speed tachometer with a steady state
aceuracy of +3% at the test speed,

2.5 An anemometer for measuring wind speed, with an

" accuracy of +1.5 m/s at 9 m/s (&3 mph at 20 mph).

3. TEST SITE

3,1 The test site shall be a flat, open surface free
of large sound-reflecting surfaces (other than the ground)
such as parked vehicles, sipgnboards, buildings, or hillsides
located within a 5 m (16 fr) radius of the motoreycle being
tested and the location of the microphone.

3.2 The surface of the ground within the area
described in paragraph 3.1 should be asphalt, concrete, or
hard packed earth, level within an average slope of 40 mm/m,
0.5 in/ft) and shall be free of loose or powdered snow,
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plowed soil, grass of a height greater than 150 mm (6 in),
trees, or other extranecus materials,

4, PROCEDURE

4.1 The rider shall sit astride the motorcyele in
normal riding position with both feet on the ground and run
the engine with the gearbox in neutral at a speed equal to
one-half of the speed at which the engine develops maximum
rated net power, (Sece SAE Recommended Practice J245, Engine
Rating Code~-Spark Ignition.) If no such speed is published
for the particular motorcycle, then the test speed shall be \
calculated from one of the following formulae:

For four-stroke engilnes:
250,000/stroke in millimeters or
(9,800/stroke in inches)

For two-stroke engines:
200,000/stroke in millimeters or

(7,900/stroke in inches)

4.1.1 If no neutral is provided, the motorcycle shall
be operated either with the rear wheel at least 50 mm (2 in)
clear of the ground or with the drive chain or belt removed.

4.2 The engine of the motoreycle under test shall be
at normal operating temperature during the test.

5. MEASUREMENTS

5.1 The sound level meter shall be sat for the
A-welghting network and should be set for slow dynamic
response. (See Appendix, paragraph A.6.)

5.2 Tests shall be made on each side of the motorcycle
having ‘an exhaust outlet, .

5.3 The microphone shall be loecated behind, 0.5 + 0.01
m (20 + 1/2 in) from, and within 0,01 m (1/2 in) of the same
height as the exhaust outlet, and ar a 45 + 10 deg angle to
the normal line of travel of the motorecycle, If there is

-more than one .exhaust outlet per side, the micrephone shall

be located with reference to the rearmost outlet. The
longitudinal axis of the microphone shall be in a plane

- parallel to the ground plane.

5.4 No wire or cother rigid means of distance
measurement shall be attached to the sound measuring system.

5.5 The sound level recorded shall be that measured
during steady state operation at the engine speed (& 200
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rpm) determined in Section 4, measured on the loudest side
of the motoreycle. The test speed in rpm shall be recordead.

5.6 The ambient sound level (including wind effects)
at the test site due to sources other than the motoraycle
being measured shall be at least 10 dB lower than the sound
level produced by the motorecyecle under cest,

5.7 Wind speed at the test site during test shall be
less than 9 m/s (20mph).

"5.8 While making sound level measurements, not more
than one person other than the rider and the measurer shall
be within 3 m (10 £t) of the motercycle under test or the
microphone, and that person shall be directly behind the
measurer on a line through the microphone and the measurer.

5.9 Acoustic calibration of the sound level meter
shall be made immediately before the first test of each test
day, and should be made at the end of each test day. Field
ia&ibration should be made at intervals of no more than

our,

6. GENERAL COMMENTS

6.1 It is essential that persons conducting the tests
be knowledgeable about the test procedure and use of the
instrumentation.

6.2  Proper use of all test instrumentation is
essential to obtaining valid measurements. Operating
manuals or other literature furnished by the instrument
manufacturer should be referred to for both recommendad
operations of the instrument and precautions to be observed.

6.3 Specific items for consideration:

6.3.1 The type of microphone, its directional response
characteristics, and its orientation relative to -the source
of sound.

6.3.2 The effects of ambient weather conditions on the
performance of all instruments (that 15 temperature,
humidity, and barometric pressure).

6.3.3 Proper acoustical calibration procedure to
include the influence of extension cables, etc.

6.4 Although either Type 1 or Type 2 sound level
meters shall be used with this procedure, it is suggested
that a Type 1 instrument be considered as it generally has
lesser overall tolerance which can resulc in more accurate
measurements .

6.5 The use of the word "shall" in the procedure is to
be understood as obligatory. The use of the word “vhould"
is to be understood as-advisory. The use of the word 'may"
is to be understood as permissive.

7. REFERENCES

1. SAE J33la, Sound Levels for Motorcycles,
2. SAE J47, Mawimum Sound Level Potential for
Motorcycles.
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3. ANSI S1.4-1971 (R1976), Specification for Sound
Level Meters.

4. BAE Jl84a, Qualifying a Sound Data Acquisition
3. SAE J245, Engine Rating Code-Spark Ignition,
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APPENDIX C

Listing of Test Vehicles

39

Note: OEM = Original Equipment Manufactura
1 Kawasaki KE 175 1978 OEM 7000
2 Honda CB 360 1975 Aftermarket 8500
3 Honda CB 750 1981 OLM %000
4 Yamaha X5 500D 1877 Afvermarker 8500
5 Honda CB 75CE 1969 - Afcermarket 8000
6 - Honda CB 400T 1978 0EM 9500
7 | Kawasaki| X2 2500 1981 OEM 8000
8 Yamaha X5 6501 - 1981 QEM 7500
9 n::ﬁ:zn XLE 1000 | 1981 Aftermarket 5800
10 Suzuki TS 185 1973 OEM 7000
11 |Kawasaki| Xz 5504 | 19go pappaEmcker - 8500
12 Honda XL 2508 1981 QEM 7500
13 |Kavasaki| Kz 400 1975 | o phodiiied - 8500
14 lionda GL 1100 1981 OEM 7500
15 Honda XL 1853 1979 QEM 8000
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16 Honda | CB 900C | 1980 OEM 8500
17 Henda CE 650 1979 OEM 2000
18 Yamaha | XT 2508 | 1981 0EM 8000
19 Yamaha | -RD 3508 | 1975 lng;fé:dafggv:d 7500
20 Honda CB 750A 1977 QLM 7500
21 Suzuki | GS' 2507 1980 QEM 10000

22 Yamaha | XS 400D 1977 OEM 9000
23 Honda CX 5000 1979 OEM 9000
24 Honda | CB 450 1973 |, hoaitied - 8500
25 Honda | CB 450 1973 0EM 8500
26 Suzuki | GN 400X | 1980 OEM 7500
27 Yamaha | Xs 750 SE | 1979 I""ga"f’;lfge;';‘;:xj = | 9000
28 _ Honda CB 350 1973 Aftermarket 3000
29 Yamaha 3R 250C 1980 QEM 8000
30 Harley | o¢ 125 1973 0EM. 6750

Davidson
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Nomper®| doke | woser | vear [ Sppause Sroren |ty Roved
i Honda | CL 175 toyp | Hodiiied OFM - 16000
12 Honda | CL 175 1972 Modified OEM 10000
33 Honda | XL 1258 1979 “Dgéfgizegﬂizﬁgg ~ {9500
34 Honda ‘XL 1258 1979 Aftemmarket 9500
35 | KawasakL | KL 250 1980 Mu??:éiiggm;ved 8500
36 Yamaha DT 175F 1979 Aftermarlet 7000
37 Yamaha |  RD 125 1975 OEM 9500
38 ‘ Honda CB 1258 1980 OEM 10000
39 Kawagaki kﬁ 100 ' 1976 QEM 7500
40 Honda €B 500C 1981 OEM 8500
41 | Kawasaki | Kz 1000CTD | 1977 Modified OEM 8000
42 Suzuki Gs 750 1980 0EN 9000
43 | susuks | &S 1000E | 1979 ”°g;%?f:e§zsgﬁzg ~ | so00
b4 Honda |GL 1000LTD | 1976 OEM 7500
45 Kawasaki KZ 440 1980 OEM 8500
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et e | vear | vesr | S sy | v e
46 Yamaha | XI 550RH 1981 OE 9000
47 Suzuki | 6§ 550L 1981 OEM 9000
48 Yanaha DT BOH 1981 “"ﬁ;;é:‘go‘l"*:&;ozgi el 7000
49 Yamaha | DT 8OM 1981 ok 7000
50 Yamaha | T 1008 | 1loal OEM 7000
51 Yamaha | DT 100H 1ogy [logilicd BN = Spark] 7009
52 Yamalia XV 920RH 1981 .OEI-I 7000

- 53 Honda | MB 50C 1982 gg%;iiegeﬁgﬁea 9000
54 Honda | MB 50C 1982 0EM 9000
55 | Kawasaki| KZ 650D 1979 OEM 8000
56 Kawasakl| K2 SSOA‘ 1980 Aftermarket 8500
57 Yamaha SR 500 --1978 OEM 7000
58 | Yamaha | SR 500 1976 | | Modifid - 7000
59 |Kawasaki | Xz 6sop | 1979 AFtermarket 8000
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Summary Of Test Resules
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Vehicle| 1 2 3 4 5 6 7 8
Test 1D
1 78.8 | 92,0 { 77.7 | 92.8| 87.9 | 8a.2| 82.1 | 78.3
2 82.8 [100.8 | 89.8 | 101.0[107.6 | 90.2| 87.0 | 93.6
3 81,9 | 96,8 [ 85.4 | 88.8| 97.9 | 87.2| 8.1 | 85.9
4 89.8 |103.3 | 87.7 | 98.5 (103.0 | 92.3 | 91,7 | 92.2
5 98.1 |110.4 | 91.8 |105.B |108.0 | 99.2 {101,2 | 95.8
6 82.8 [102.6 | 89.8 | 98.6 |108.1 | 90.5 | 88.3 | 95.0
7 97.8 {111.0 | 9.0 |106.5 |108.0 | 99.4 |[100.5 | 97.8
B 80.5 | 94,0 |-88.9 | 94.2 |100.1 | 88.1 | §1.8 | 88.9
9 79.5 | 89.8 | BI.8 | 86.2 | 90.1 | 84,9 | 80.3 | 80.5
10 87.5 | 97.6 | 85.0 | 94.2 | 96.3 | 90.3 | 88.3 | 87.4
1l 96,0 (105,1 | 91.4 [101.3 [t02.2 | 98.3 | 97.2 | 91.6
12 78.8 | 95,3 | 87.0 | 93.8 |to0.8 | 88.5 | 83.5 { 90.8
13 95.7 {105,0 | 89.5 [101.2 [102,3 | 97.2 | 96.5 | 93.6
14 75.7 | 88.0 | 83.5 | B8.3 | 93.4 | 81.9 ; 77.0 | 83.5
15 74.0 | 82,6 | 75.6 | 80,0 | 83.4 | 77.7 | 77.3 | 73.7
16 82.8 | 91,2 | 78,9 | 89.4 | 89.7 | 83.3 | 84.4 | 81,9
17 91.0 | 99,0 | 87,3 | 95.8 | 94.8 | %0.5 | 93.0 | 85.0
18 74.3 | 89,8 | BlL.6 | 87.3 | 94.0 | BL.5 | 77.5 | 85.2
19 91.4 | 98,3 | 84.0 | 95.6 | 95.7 {-90.5 | 90.5 | 86.9
20 82 (102 90 {102 [106 92 88 56
21 89  |105 88 (102 |10l 94 93 94
22 97 lin al  |to7 {107 00 o2 97
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vehicle | 9 10 11 12 13 14 15 16
Test ID
1 93.4 | 83.8| 99.61 81.5| 99.7| 77.3| 79.8 | 78.0
2 104.6 | 92.0|113.0( 84.6]109.1| 93.4] s2.5| 89.0
3 96,3 9t.2|106.1| 4.1 [104.3| 9.4 81.8 [ 855
4 100.0 [ 95.1|110.5| 88.0 |114.1| 89.8| 88.9 | 87.8
5 105.3 | 100.2 [ 114.3 | 94.5 | 116.9 | 94.7 | 95.9 | 90.9
6 105.8 | 90,8 |t11.2{ 85.2)111.0] 92.7| &2.2| 89.8
7 106,0 [102,0 {115.5] 93,5 | 118.0! 94.4 | 96.7[ 91.0
8 99.4 | 88.8 |108,5| 83.8 [103.4 ] 88.6) 7.4 85.5
9 92,2 | 88.4 |l02.6| 83.2|to1,2] 82,9 78,7 | 80.0
10 95.7 | 92.4 |106.1 | B87.4 |108.4 | 84.6 | 87.0| 84.7
11 102,5 | 96.8 |110.7 | 92.5 [112.1 | 89,8 | 94.2 ] 88.4
12 99,9 { 87.6 [106.4 ] 85.3 |102.0 | 88.0 | 80.0 | 7.2
13 101,5 | 99.0 [108.3{ 92.1 |[110.0 | 89.6 | 94.2 | 84.6
14 91,8 | 82.1 (100.5| 78.2 | 95.1 | 82.6 | 74.5| 81.2
15 83,7 81.3{ 94.5| 7.2 94.5] 76,9 | 73.0| 75.2
16 | 88.6| 86.3 | 99.6| 81.9 |101.6{ 79.2 | 80.9 | 79.0
17 93,8 { 91.8 [105.0 | 86.5 [105.8 { 83.8 | B8.5 | 82,4
18 91.4 | 82.3 | 99.8 | 79.2 | 96.4 | 82.1 | 75.0( 81.3
19 . 94.5 | 94.8 [102.8 | 87.3 |103.6 | 83.6 | 82.0 | 83.7
20 104 92 |108 85 |108 93 82 89
21 101 97 |107 88 (115 89 89 | 89
22 107 |10t (113 93 118 {-35 96 91
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Vehicle | 17 18 19 20 21 22 23
Test ID
1 77.8 | 79.8 | 97.8{ 77.1 | 84.2 | 83.9 | 80.2 |104.5
2 91.7. 85.6 |113.6 | 90.5 | 89,7 [100.2 | 90.0 {113.9
3 82,4 | 84,7 [112.1] 83.3 | 88.7 | 95.1 | 88.8 1109,3
4 88,4 [ 90.3 [114.9 | 87.4 | 96.9 |100.7 | 89.9 ]115.4
5 93.9 | 96.3 [118.0 | 91.9 | 99.9 |103.3 | 92.3 [122.1
6 89.0 | 84.2 |112.2 | 91.3 | 90.2 | 96.9 | 90,4 [113.8
7 92.0 | 95.6 [116.4 | 92.0 |102.7 [103.2 | 91.6 [122.2
8 87.4 | 83.3 [107.6 ] 88.0 | 87.4 | 92.7 | 6.8 |108.9
9 78.4 | 81.7 }105.6 | 80.1 | 85.8 | 87.8 | 84.56 [102,8
10 85.1 | 87.6 {108.6 | 84.1 | 94.1 | 94.9 | 87.0 {108.9
11 91.0 | 93.4 [112.4 | 88,9 |100.7 | 8.9 | 89.6 |116.3
12 87.8 | 82.8 [106.8 { 87.2 | B7.6 | 92.6 | 86.2 |107.0
13 89.4 | 93.8 [112.0 ) 89.0 | 91.4 | 99.2 | 89.2 |116.0
14 82,0 | 77.8 {102.5 | 8.2 | 80.4 | 86,2 | 8l.0 {102.8
15 71,9 | 75.9 | 99.2 1 73.5 | 78.9 | 83.9 | 78.7 | 96.7
16 77.5 | 83.1 [102.1 | 78.5 | 88.8 | 88,4 | 82.2 [10t.6
17 84.3 | 89.2 |106.4 | 83.2 | 93.8 | 92.3 | 85.4 [109.0
18 81.8 | 77.8 {102,2 | 80.8 | 81.2 | 85.7 | 80.9 [100.0
19 84,0 | 90.0 [106.0 | 83.5 | 95.0 |'92.6 | B84.2 [109.5
20 89 85 {113 89 90 97 90  [113
21 87 88 115 85 96  |100 90 114
22 94 97 Inz 90 f[toz |104 97 |12l
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30

VYehdcle | 25 26 27 28 29 il 32
Test ID
L 86.2 [ 79.0|103,8( 92.7 | BO.,7 | 79.2| 98.9 | 93.0
2 91,1 | 88,4 112,8]101.3 | 86.8 83.0 106.7 | 99,2
3 87,2 | 83.31104,5( 97,31 85.6{ 82,2[105.3 | 97.7
4 92.5 | 89,6 [108.6 | 105.6 y 92.6 { 89.2 [ 112.0 [105.4
3 99.2 | 99.7 [116.5 | 110.6 | 98.8 | 94.7 1 117.4 [1i2.7
6 91.5 | 88,4 | 112,51 99.9 | 87.3 ) 82,2 |105,3 | 95.2
7 99.1 | 99.0 |115.5 | 111.8 | 99.5 ! 94,0 (118.3 [li3.4
B 88.7 | 83.2 |106.7 | 93.2 | 82,3 | 78,9 {102.0 | 94.6
g 84.0 | 80.0 [101.,2 | 92,2 | 81.7 | 79.8 |101.1 93.2
10 89.7 1 85,3 |105.7 | 98,6 | 88.7 | 85.8 {108.2 ] 99.5
11 $5.7 | 97.8 |113.1 |103.4 | 93.8 | 92.0 |110.3 |105.4
12 88,5 | 83,7 [110.7 | 93.2 | 83.6 | 80.0 |102.0 | 94.2
13 96,2 | 98.0 [112.0 [L04,8 | 96.2 | 92,4 t111.4 |104,8
14 81.9 77,9 1100.2 | 87.6 | 78,0 | 72.6 | 96.6 | 88,5
15 77.5 | 74,0 ) 94,2 | 86.0 ) 76,2 | 73.0 | 95,1 | 87.7
X 83.2 | 81,3 [100.9 | 93.3 B5.7 |- 80.3 [182.3 | 94.4
17 89.3 | 89.6 [107.8 | 99.9 B9.6 | 86.8 |106.0 [100.2
18 82,3 78.0 [103.6 | 88,2 77.6 | 74.2 | 95.6 | 87.8
19 89.8 | 90.0 |105.8 | 99.0 | 90.2 |-BG6.8 [l105.6 | 99.8
20 91 87 113 101 87 85 105 98
21 93 90 106 105 92 91 115 106
22 99 100 115 112 100 -95 1192 115
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ehicle | 33 34 35 36 37 38 39 40
Test ID
1 102.8 | 88.4 | B7.5| 84,8 83,3 | 83.0| 79.3 ] 77.7
2 t08.5 [100,5 | 95.5| 96.2| 98.3} 84.8 | 87.3 | 90.6
3 110.0 |100.4 | 93.5| 95.6| 98.2 | 83.6 | 85.7 | 85.7
4 120.6 |107.1 [100.5 | 99,3 |10L.9 [ 92.5 | 92.9 | 8&8.6
5 124.8 |111.2 |109.5 [100.5 }105.3 | 97.5 | 97.0 | 91.5
6 107.3 | 99.5 | 94.4 | 96.6 | 98.7 | 84.7-| 85.2 | 91.1
7 123.2 [110,5 [108.7 [101.6 [104.2 | 97.6 | 96,9 | 91.7
8 101.6 | 94.2 | B9,0 | 90.0 | 93.0 | 81.6 ; 81.0 { 8G,9
9 102.7 | 94.6 | 86.0 | 89.5§ 91.8 | 81.0 | 79.8 | 82,0
10 112.0 | 99.9 | 93.4 | 92.7 | 96,8 | 88.5 | 86,8 | B5.4
11 117.4 |102.5 |101.5 | 96.8 | 99.9 | 95.4 | 93.3 [ 89.0
12 102.0 (102.8 | 87.3 | 88,5 | 92.6 | B0.8 | 79.5 | 87.3
13 113.4 | 93,5 {101.8 | 95.4 | 99.9 | 94.8 | 93,6 | 89.2
14 96.9 | 88.2 | 83.2 | 83.8 | 86.8 | 76.9 | 76,8 | 81.2
15 98.3 | 88.4 | 8L.5 | 83.9 | 86.5 | 75.6 | 74.7 | 75.7
16 105.7 | 93,2 [ 88,2 | 86.7 | 90.4 | 83.6 | 82,3 | 79.7
17 109.5 | 99,8 | 96.9 | 92.5 | 94.9 | 89.3 | 86,6 | 83.4
18 96,3 | 87.5 | 83.6 [ B2.4 | 86.9 | 77.2 | 75.8 | 81.8
19 . 108.0 | 98,1 | 97.4 | 90.4 | 94,0 |.90.2 | 87.2 | 83,5
20 109 100 94 96 99 86 85 90
21 121 105 96 97 102 93 92 90
22 126 111 109 100 104 99 97 92
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Vehicle| 41 42 43 bt 45 46 47 48
Test ID
1 86.0 | 78.6 [101.7 | 76.1 | 77.9 | 76.8 | 20.0 | 86.0
2 102.9 | 91.6 [114.0 | 88.1 | 87.2 | vo.5| 97.0 {102.3
3 93.6 | 83,6 [100.6 | 81.0 | 84.0 | 81.9 | 93.4 |101.4
4 10L.0 | 89.7 |107.4 | B5.0 | 89.9 | 89.9 | 46,7 {104.56
s 106.1 | 94.0 |112.4 | 89.9 | 94,9 | 93,8 | 95,2 [107.2
6 104,7 | 91.4 |112.2 | 87.2 | 87.7 | 88.2 | 96.4 |10L.4
7 106.8 | 92.8 |112.2 | 89.8 | 93.6 | 93.8 | 98.8 |105.5
8 99.0 | 88.6 |108.9 | 86.1 | 83.5 | 87.5 | 93.6 | 98.8
9 87.5 | 79.7 | 95.7 | 77.2 | 79.% | 79.5 | 89.3 | 98,6
10 94,9 { B6.6 [103,5 | 83.1 | 86.6 | B7.7 | 93.1 | 99.7
11 101,5 { 90.7 [109.8 | &8.2 | 92.4 | 92.6 | 94.3 [101.5
12 98.8 | 88.6 [107.3 | 85.6 | 82.6 | 86.8 | 92.8 | 98.3
13 102.4 {9l.2 [108.5 | 87.7 | 90.1 | 92,8 | 94.6 [100.0
14 91.6 | 83.4 [100.2 | 81.5 { 78.6 | 82.4 | 87.2 | 91.6
15 82.0 | 74.2 |89.3 | 73.2 173.4 | 74.3 [ 83.4 |92.6
16 88.8 | 80.9 | 96.7 | 78.6 | 80.7 |82.0 } 86.9 |93.2
17 95.2 | 86.0 [102.1 | 84.3 |86.4 |85.8 | 88.5 | 94.5
18 92,7 |83.0 [to1,4 |80.7 [78.5 [81.9 {86.8 |91.8
19. 95.7 |86.0 [L02.3 |82.5 [85.3 |-86.2 ]89.2 |92.6
20 104 91 110 87 87 89 97 99
21 100 950  NLOg 85 90 89 96 |10}
22 107 93 L1l a9 94 94 99 [103
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chicle | 49 | S0 | s1 52 | 53 s4 | s 56
Test ID
1 77,1 | 79.0] 8e.0| 78.8| s8.9| 78.1| 78.1] 90,9
2 93.6| 92.1{101.9| 91.2|106.1| 83.0] 85.4 99.1
3 92,1 | 92.9 [100.2] 85.2|105.5| 82.11 86.4 92.6
4 95.3 | 94.8 {102.5| 89.6]109.4| 90,5} 87.9 | 99.4
5 98,8 | 98.8 {104.8 | 91.9|ili.5| $3.3{ 90.8 |104.9
6 92,4 | 91.8| 98.6| 91.1]103.3| 92,01 89.5 | 99.6
7 97.4 | 96.8 |103.4 ] 91.4 |110.0 ] 91.8 | 50.8 |105.9
8 87.0{ 86,2 | 94.7 | 87.2|101,3 | 80.5| 87.5 | 95.4
9 85.3 ] 86.5| 93.2| 81,0|t00.1 ] 79.6| 81.5| 90.0
10 87.6 | 88.9 | 96,5 | 85.2|103.3 | 86.9| 85.6 | 95.0
11 90.6 | 91.2 | 98,2 | &8.1|105.8 | 90.9 | 88.9 [100.1
12 84.8 | 84.4 | 92,3 | 86.1) 98.9 | 79,5 86,7 | 95.5
13 88.8 | B9.7 | 96.4 | 87.9 [103.0 | 89.4 | 88.4 [100.0
14 79.6 | 80.7 | 88.0 | 81.3| 94.6 | 74.7 | &1.9 | 90.3
15 79.1 ] 79.3 | 87.5 | 75.1 | 94.1 ] 73.2 | 75.8 | 84.3
16 81.3 | 82.5 | 89.4 | 79.5| 97.8 |' 80.9] 79.8 | 89.6
17 84.9 | 85.3 | 92.4 | 83.4 [101.2 | 85.5 | 83.6 | 92,0
18 79.0 | 78.4 | 86.0 | 80.8 | 92.5 | 74.4 | 81.4 { 87.8
19 83.8 | 83.0 | 90,5 | 82.3 | 97.8 |.85.4 | 83.6 | 94.3
20 91 89 | 97 91 {102 82 |35 |99
2l 93 | 92 | 99 89 1106 88 | 88 | 98
22 96 | 95 103 92 |08 93 | 91 {105
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Vehicle | 57 58 59
Test ID

1 81.9 |lo1,7 | 80.9
2 90.7 (ll4.8 | 90.0
3 87.6 |109.8 | 87.0
4 89.4 (113.5 | 89.2
5 95.4, |117.3 | 91.9
6 90,0 |112.2 | 91,0
7 95.1 (117.2 | 91.3
8 B6.7 |l06.4 | 87.6
9 82.3 |101.0 | 82.6
10 85.3 |105,2 | B6. O
11 92.2 |[110.0 | 89.4
12 85.9 |l04.6 | 87.2
13 92.2 |110.4 | 88.8
14 79.5 1 99.8 §82.3
15 7.1 | 94.3 | 77,0
16 80.2 | 99.8 |80.,9
¥ 87.4 [104.9 |84.2
18 79.4 (98,3 |82.3
19 87.3 04,7 (83,2
20 %0 i1l 91

21 91 112 88

22 96 117 92




