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FOREWORD

The Environmental Protection Agency is publishing a series of
reports prepared by contractors describing the technology, cest, and
i economic impact of controlling the noise emissions from commercial
products. It is hoped that these reports will provide information
: that will be useful teo organirations or groups interested in develop—
: ing or implementing noise regulations. This report was prepared by

Wyle Lahkoratories undeyx EPA Contract #68-01-1537.
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T.  INTRODUCTION

Because of the notoriety of the motorcycle noise problem, several
states and municipalities have enacted noise regulations specifically
Timiting the noise levels of both new machines and those already in use
(see Appendix C). These reguiations, within the last 5 years, have
caused a significant decrease in the noise levels of new vehicles, and a
great deal of noise reduction activity among the manufacturers., Still,
the products of one manufacturer were denied registration by the State
of California for several months during 1972 until adequate demonstration
of noise control abilities was made.

In support of this activity, this study was commissioned to (1) deter-
mine the noise levels of current (1973) model motorcycles, (2) evaluate
available motorcycle noise reduction technology to determine noise reduc-
tions feasible for future new machines, and finally {3) to estimate the
increases in manufacturing cost required to achieve these noise reductions.
The results are displayed in Chapter 6 on several charts and tables.
Defined noise levels achievable for various motorcycle types {developed in
Chapter &) are shown along with required manufacturing cost increases.
Noise levels, reductions, and estimated costs associated with specific noise
sources on the machines are also given, along with limited general infor-

mation on expected performance changes.
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These investigations have been carried out through the use of data
supplied pr1ncipa]1y by the motorcycle manufacturers listed in Appendix A,
without whose cooperation a project of this sort could not have been
completed. lyle Research sincerely wishes to thank all of the Tisted

organizations for their participation in this program.
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2, STUDY APPROACH

The prime pumose of this study was to estimate the manufacturing cost increuses
necessitated by the reduction of noise from future motercycle models. As a result of
the noise control watk which has been necessary since 1969 due to nonfederal noise
regulations, the motoreycle industry has coliected a substantial amount of data con=
cerning bath general motorcycle noise characteristics, and the noise produced by
specific model lines. Therefore, the main body of data used in this study was available
from the manufacturers, Supplemental information was obtained from exhaust system and
accessory manufacturers, industry organizotions, independent motorcycling journals,
and independent orgonizations which have performed motoreycle noise measurements.
Upon evaluation of all the available data, an independent physical testing progrem

was deemed unnecessary for this study,

Initial contacts were established with firms which manufactured 95 percent of the
new machines sold in the United States during 1972, These contacts resulted in per-
senal questioning of manufacturers supply\ing 80 percent of the new machines sold during
the first quarter of 1973, The following information was requested, as a minimum, from

each contact:
1. 1971, 1972, and 1973 model brochures and prices.

2, Noise levels of all 1971, 1972, and 1973 models measured vecarding fo
standard procedures - either SAE J33] or "The California Highway Patrol *
{CHP) mathod.

3.  The listed Information regarding the following "subsources" of noise on a
motoreycle:

Subsources:

e Exhaust = Qutlet, Wall Radiation

@ Intake
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Engine — Mechanical, Combustion
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Drive System ~ Drive Chain, Internal {primary drive, clutch, gearset)

Tires
Miscellaneous vibration of external parfs

Wind

Requested Infarmation for Each Subsource:

a.

Subsource noise level contribution to overall noise ot 50 feet when

measured per SAE J331 or CHP method

Typico) frequency spectro with specified conditions

Near-field or other supplementary or clarifying data

Medi fications accomplished in the past to achieve present levels:

¢ Reduction in 50 foot overall| noise level per modification

¢  Change in monufacturing cost per modi fication
Modifications available for the future:

o  Reduction in overall 50 foof noise level

¢  Reduction in the particular subsource noise leve! ot 50 feet
¢  Change in manufacturing cost resulting '
¢ Performance or styling changes required

s Date of ovollability or stoge of development

The company noise reduction timetable for implementing the chove

madi fications.

The modifications intended for use fo comply with future Califoria

noise fevel raquirements, and the expected manufacturing cost changes.

Measurements of minimum noise achievable by unpowered passby.

Share of the United States motarcycle market.,

Oninions an rensonable progressively Jower future regulotions ond test

procedures,
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9. Official policy statements.
10. General corporate financial brochure,

Partial or complete responses to the inquiries were received from manufacturers
which provided 93 percent of the new motorcycles sold in the United States during
the first quarter of 1973. Data resulting from previous Wyle Research contacts with
the motorcycle industry combined to yield o data base representing over 97 percent
of new machine sales in the United States, Similar information was also received
from over 50 percent of ofter-market exhaust system manufacturers. Many of the
manufacturers considered their data proprietary, and for this reason, company names
will not be identified with specific noise or cost data, The information received was
sufficient to allow reasonable estimates, through the analysis described in Chapters 5
and 4, of the manufacturing cost increases associated with varying degrees of noise

reduction for future new motoreycles.
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3.  THE MOTORCYCLE INDUSTRY

Metoreycles are an unusual eonsumer product on the United States market, Over
90 percent of sales consist of products of foreign origin — with 88 percent produced in Japan.
The only sizable U.S, manufacturer, AMF/Harley-Davidson, represents about 5 percent
of U,S, unit soles. The market also exhibits a high degree of concentratian, with only
six of over 40 U.S. involved manufacturers obtaining approximately 95 pereent of American
sales, These large manufacturers span the product renge by offering the consumer
machines of varied size and purpose. Also, these major suppliers manufacture o wide
field of other products, or are subsidiaries of diversified monufacturers. A listing of

principal suppliers of motorcycles to the United States is given in Table 1.

In addition to the principal manufacturers noted above, there are approximately
15 minor American manufacturers producing {imited numbers of medium to small size
machines for domestic sale. In general, foreign engine, engine silencing, and gear-
box units are fitted to frames manufactured by the American factories. This sector of
the market provides approximately 1 percent of United States sales, ond over half of
these machines are of the "minibike " variety (described in Chapter 4) which is not
intended for regular licensed use. Due to the extremely low portion of machines sup=
plied, and the very limited noise contral experience of these small shops, they are

net included in the project’s analysis.

To preserve the confidentiality requested by industry, and in view of the homo-
geneous, concentrated foreign nature of nearly the entire industry supply, this study
hes not grouped manufacturers according to gecgraphical, technical, or economic
parameters. Rather, the following analysis will attempt to relate the costs of noise

reduction to physical motorcycle characteristics,
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Table 1

Market Shares of Principal Motorcycle Manufacturers

Involved in the United States Market

Percent of Units
Sold in

Manufacturer Location United States?

Honda Motor Company Jopon 48,6
Yamaha Motor Company, Ltd. Jopan 18.9
Suzuki Mater Corporation Jopan 12.2
Kawasaki Motors Corporation Japan 8.2
AMF/Harley-Davidson U.S.A, 4.6

Motor Compony, Inc.
Tha Birmingham Small England 3.2

Arms Co., Ltd.

(BSA, Triumph)'
Bavarian Mator Works Germany 0.6
Bultaco Motors Spain 0.6
Hodaka Industrial Co.‘, Lid. Jopen 0.4
OSSA Spain 0.4
Husgvarna Czechoslovakia 0.3
Benelii Italy 0.2

98.24

Source: 1973 CYCLE Magazine Buyers Study? conducted by AHF Marketing

Research, Inc.

'The BSA Co., Ltd. has recently consolidated with other British motorcycle
firms to form MNorton Villiers=Triumph Corporation.

2Figures from other independent market studies agree clasaly with those of

this table,

e TIPS PT SUTLES N

PR VR

o Al A BB Bt e 4t 8 Emm i




Y e i it e e

4.,  MOTORCYCLE CONSTRUCTION AND NOQISE CHARACTERISTICS

Intreduction

The contemporary motorcycle is a highly developed, modern, high performance
transportation vehicle, and as such, becomes a notably compiex source of noise. The
exposed condition of the vehicle components allows several of them to contribute
significantly to total vehicle noise, Basic motorcyele canfigurations with noise sources

identified are shown in Figure 1.

With few exceptions, the motorcycle is a two wheeled vehicle powered by o
carbureted spark ignition air cooled reciprocating two or four stroke cycle engine
driving through a manual clutch and multiratio gearset, Moatorcycle size is conven=
tionally indicated by total engine displacement, expressed in cubic centimeters {cc).
Single row roller chain conveys engine driving effor! to the rear wheel. Both wheels
are of the wire spaked variety, mounted an o damped spring suspension, and contain
independently operated drum or disc brakes. The operation of contrals for brakes,
cluteh, throttle, and gearset is by small hand or foot movements, and all controls can
be operated simultaneously without removing hand or foot from its particular contral/s.
Ranges of dimensions and characteristics represented by available 1973 models are
shown in Table 2. Directional changes are made through a combination of turning the
hendlebars = front wheel assembly, and shifting of body weight. The constant imme~
diate aveilability of control mechanisms and use of subtle changes of body pesition
¢reates a sensation of motoring involvement for the motorcyclist which is generally
quite pleasing and sporting. This sporting interpretation is also intimately related to
the machine's sound. A motoreycle's exhaust noise is often referred to by the enthu-
siost @5 a "note, " indicating a kind of aural austhetic quality. Thus, & saleoble motor=
cycle, in addition to possessing traditional unfettered agility and stirring performance,

must present an acceptably impressive sound.

For pumoses of this study, four basic styles represented by current models will

be defined. Highway motoreycles, which span the entire size and performonce range,
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External Parts Vibration

Intoke

Drive Chain _.— Engine Combustion

Asgrodynamic Noise
of Complete Machine
and Moving Parts

!nternul\\ Engine Mechanical

Drive Components

HIGHWAY MOTORCYCLE

Exhaust -
Wall Radiation

MINIBIKE

Figure 1. Metoreycla Noise Sources and Cenfigurotions
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Table 2

Manufacturer Specification Ranges for Standard Highway
Motorcycles and Motor~Driven Cycles

50 to 1200
4.9 to 82
5900 to 10,000

Displacement, cc
Maximum Power, hp

Maximum Engine Speed, rpm

Specific Power Output, hp/100 ce 4,510 12,7
Weight, Ib 143 to 722
"Power to Weight Ratio, " {b/hp 5.9t025.5
Wheelbase, in 43.3t061,5
Number of Gear Ratios 3t010
5010 130

Top Speed, mph

Fuel Consumption, mpg ~ 20 to 90

are standard transportation meodels produced for licensing and use on public highways.
They contain all required safety equipment (lights, horn, passenger seat and handhold,
turn signals, etc.,) and have the least critical weight and size requirements, Dual

purpose matorcycles are a design compromise including features which allow reasonable

operation both on the highway and in nonpaved or natural areas. Differences from
pure highway machines include generally smaller components for less weight, increased
graund clearance wsually requiring a high mounted and smaller exhaust, changes in
frame geometry, suspension, engine output characteristics, and occasionally different

tire size and tread type. Off road motarcycles are designed for use over natural terrain

only, and contaln no features oriented toward highway usa. Performance demands for
off road use, which often includes racing and other competitive events, require

extreme light weight, balance and agility. Thus, items such os seat, fuel tank, fenders,
intake, and exhaust systems are of minimal functional dimensions, Unfortunately, this

configuration has in the past produced noise levels of other than minimal dimensions.

10
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Dual pumpose and off road motercycles are available in sizes of 500 cc or less.

Minibikes exist in many forms, from accurately scaled down motoreycles to simple

tube frames on small tires powered by lawn mower type engines. Intended for general
off road usa by children, some highly developed examples produced by large manu=

facturers contain the equipment necessary for highway licensing,

Soles of all four types are nearly equally divided between machines powered by
two stroke cycle and four stroke cycie engines, with the exception of off road motore

eycles, for which the lighter weight two-cycle engine is more common.

Average vehicle lifetime varies appreciobly with machine type and use, In
general, off road motorcycles are active between 3.5 and 5 years; dual purpose or
highway mochines under 350 cc can remain in use up to é years; ond large motoreycles
exhibit an average lifetime of between 5 and 10 years. At these replacement rates,
somewhat more than 75 percent of the field of smaller machines is renewed every 5
yeurs, ond ot least a similar portion of large motorcycles are replaced in less than

decade.

Measurement Procedures

Since the noise level of any acoustic source can be meaningfully measured end
recorded only with reference to a specified measuring technique, Tt becomes extremely
important to establish a firm procedure when measuring or discussing motoreyele noise.
Five such procedures exist (see Appendix B) which apply, in one way or another, to
new motorcycles sold in the United States, and the noise level values obtained for any

porticular machine differ greatly between these procedures.

Only two of these procedures, however, are widely used in establishing vehicle
nolse levels for legal compliance, and almost all noise level data and familiarity with
motorcycle nolse is based en these metheds, In the State of Califomia, the Califomia
Highway Patrol (CHP) has established a vehicle noise measurement procedure applicable

te motoreycles in which the maximum A-weighted sound pressure level is measured o3
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the motoreycle occelerates past at a 50 foot distance in one of the lower gears under
wide open throttle. This is the procedure used for new vehicle noise testing by
Californie outhorities. The Society of Automative Engineers (SAE) Standard U331 ~
Sound Levels for Motorcycles — measures the same quantity under similar conditions
except that the acceleration is arranged for individual machines so that maximum
rated engine power will be achieved quite close to the test microphone. This arrange-
ment hos caused measured levels to be from zero to 10 dB greater than levels achieved
by the same machine operating under the CHP procedure. Unfortunately, there is no
straightforward relationship between values obtained with the two procedures, Studies
accomplished during 197071 show the differences between SAE and CHP values which
existed for various size machines of that period.2:3 From this information, a conversion
curve of dB with displacement con be obtained which represents the meon difference
relationship for 1970 model machines 4 Due to significant chonges in motcreyele noise
chatacteristics since that time which have been forced by state legislation, this rela=
tionship is not strictly valid for 1973 machines.® Thus, any conversion between SAE
and CHP values for current models based on the 3 year old data will contain some

degree of inaccuracy.

Mearly BO percent of the noise level data obidined for this project were rﬁeas-
ured according to CHP procedure, the remainder being measured according to the
SAE procedure. Although SAE results more closely approximate maximum nolise, the
interest of accuracy will be served by converting the 20 percent SAE data into its
approximate CHP equivalent and presenting all noise levels as being obtained from
the CHP test method. Based on interpretation of the 1971 data, it will be assumed
that the CHP level is 2 dB lower than the SAE level for motorcycles under 400 cc
displacement, and 4 dB  lower for motoreycles of 400 cc and larger. This creates an

uncertainty of approximately +1.5 dB from true CHP method values.

The CHP and SAE test standards appear to have equivalent technical foundation,
and measurements of motorcycle acceleration noise can be made with equal precision

using either method. Hence, no lack of data quality was incurred by choosing the

12



A = AL GWRW AW aihd

g

o s

CHP method for use in this project. As mentioned above, the SAE method allows
achievement of maximum rpm consistently close to the microphone, and provides as
accurate a measurement as has been devised for maximum possible noise (see

Appendix B}. Because the SAE procedure more closely measures motorcycle noise at

an absolute leve] of performance {maximum rpm at wide open throttle), it might be

the most objectively useful type of measurement for community noise assessment or
regulation enforcement. Because lower noise level values are usually generated by

the CHP methed, it is more widely endorsed by industry. "Same-day " repeatability

of both procedures is usually within 1 dB, but occasional consecutive measurements of
the same machine differ by os much as 2 dB, During both the CHP o..d SAE procedures,
accelerations of up to 0.3 g ore produced. Although this level con be exceeded by some
large displacement machines, it defines the maximum normal duty acceleration. In oddi~
tian, as will be seen in the Cruise-By section of this chapter, o CHP method noise level
may accurately indicate the moximum steady speed passby noise to be expected from o
given machine during typieal use. One inequity in both these methods Is variable

rider weight. Clearly, a machine burdened with an excessively heavy operator will
accelerate more siowly than with a light rider, and will likely produce less noise during
the test, Also, several “treatments” have been discovered which can be opplied to any
particular test vehicle to reduce its test noise level below that of a machine nomally
prepared for routine operation. Boiling the final drive chain in grease, using unusuaily
heavy oil, providing abnormally high tire air pressure, and adjusting the fuel mixture

to a “lean" condition will cause the machine to accelerate more slowly against less
resistance, and is reported to reduce noise levels from @ mechanicaily loud vehicle by
as much as 3 dB, In summary, however, the SAE and CHP acceleration test methods
appear equivalently repeatable, meaningful in terms of in-use nolse levels, and accept-

able to industry as a useful method for determination of the noise levels of individual

motorcycles.

A=Weighted Nolse Levels

Noise levels have been obtained for most popular 1973 models as measured with

the California Highway Patrol test procedure, Reported noise levels obtained with the

13
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SAE procedure have been converted using the previously described adjustments. Al of
the levels are displayed In Figure 2, with distinctions shown between motoreycles with
two=cycle engines, four~cycle engines, ond minibikes. Off road motorcycles not subject
to registration are omitted, Noise level differences of up to 4.5 dB hove been found
between different machines of the some model. This noise level spread is similar to those
of other vehicle types, ond the data of Figure 2 represent the louder extramity of this
quality control region. Thus, practically all of the individual vehicles represented by
each point on the figure will be of or below the indicated noise level, The levels are

as measured, with the 2 to 3 dB "tolerance” sometimes found in vehicle noise measure~
ment procedures not applied, and represent vehicles as sold throughout the country.

The noise level spread evident for all motorcycle size ranges results from di fferences in
the configurations of engines, intake silencers, mufflers, and other noise sources on

the machine which will be discussed in detail further on in this chapter,

It is seen how the high displacement portion of the region in Figure 2 tepers off
roughly asymptotic to the 86 dBA level. Data from the previous years 1970-712:3,6,7,8
are distributed in a more linear manner, proceeding through the 86 dBA level and con~
tinuing through 95 dBA for the large machines, This difference indicates the high
dagree of noise contral which has been effected, primarily on the large displacement
machines and loudest small machines, since 1970. The values are not incidental, but
reflect the requirements of the California Vehicle Code which has set the national pace
in regulation of new=vehicle motorcycle noise by reducing permissible lavels {for
machines of over 15 horsepower) from 92 dBA for machines of pre=-1970 manufacture,
to 86 dBA for those of 1973-74 manufacture (see Appendiz C). Almost all new mator-
cycles sold in t‘he U.S. are equipped to meet this regulation. Consideration of
Figures 3 and 4 reveals the same noise level trend whether engine displacement, maxi~-
mum rmed. horsepower, of retail price is used as size discriminator = thus illustrating
the close relationship between these quantities and justifying the use of engine displace~

ment as a good size discriminator for noise contral analysis.

Further examination of Figure 2 reveals an apparent noise levei difference

between two distinet groupings, Matarcycles of under 100 cc displacement show wide

14
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scatter in achieved noise levels, from 71 to 83 dBA, while models of 250 cc and chove
range from 78 fo nominally 86 dBA, The 200 cc size represents the opproximate transi-
tion between the "motorcycle" and "motor-driven cycle" as usuaily dencted in state
vehicle laws and by the Society of Automotive Engineers.? Motor-driven cycles,
defined in California as two wheelers of under 15 horsepower, are restricted from cer-
tain high speed roads end, in California, are subject to stricter noise requirements.
Motoreycles, those of 15 horsepower or more, are afforded full vehicle status. The
state of modern engine development is such that the 15 horsepower figure is usually
attained by engines in the 150 cc to 200 cc ronge, and thus the below 200 cc category
contains principally motor-driven cycles. These small machines are generally suitable
for arterial, neithorhood or lower speed travel, while 250 cc or larger motorcycles
may be operated easily ot freeway speeds, Given the differences in noise levels,
clossification, and use of these groupings, discussion of noise levels in this report will
consider machines larger and smaller than 200 cc separately, with additional comment

on the exceptionally low nolse levels of motor-driven cycles smaller than 100 cc.

Severol additional considerations have become apparent from the acceleration
noise level data. Foremost, and a matter of immediate curiosity to most motoreyclists,
is the difference in noise level between vehicles powered by two-cycle and four~cycle
engines. Figure 2 indicates, however, that little difference exists between the two.
Throughout the 100 to 200 cc range, and for the popular 250 ce, 350 ce, 500 cc, and
750 cc sizes, the A~weighted sound pressure levels as defermined by CHP procedure
for the two engine types are well integrated, with no distinctive differences apparent.
This fact must not be construed to mean that a listener's perception of the two sounds
of equal noise level will be the same, for the differing frequency content of the noises
will cause dissimilar tonal quality. In the under 100 cc range, all of the low noise level
cycles {with the exception of minibikes) are two-cycle powered. This difference wili be
discussed in the following sections and chapters dealing with exhaust and mechanical

noise,

Another prime matter of interest is the comparison of noise levels of dual purpose

motorcycles to those of the highway variety. The question arises due to the traditional
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use of lightweight and nolsier components on motorcycles intended for part-time off
road use. Although not picférially shown, 42 percent of the available data represents
dual purpose machines, ond again, no significant difference can be noted between

the respective collective noise levels in any size range. Finally, attention is directed
at the effects of the recent trend towerd multicylinder engines. Three and four cylinder
engines have become common since 1970, but once again, no detectable general dif-

ference between singles, twins, triples, and fours exists in the data,

Off road motoreycles not subject to registration, licensing, or police surveillance
become a spacial case. Highly prone to individual post=purchese modifications com=
plimenting owners' tastes, exhaust and intake systems are commenly replaced with
various after-market units. In many cases, these accessory systems provide little
silencing, and for this reason factory noise specifications for off road models do not
truly indicate the noise fevels of post=purchase vehicles. Unmuffled two=cycle
powered off road machines can generate over 110 dBA during the CHP test, but areas
where unmuffled operation is within the law are becoming extremely scarce (see
Appendix C). Muffled levels from 80 dBA to 97 dBA, with most in the 90 dBA region,
are typical. Due to the difficulty of assessing noise impact from off road vehicles, the
difficulty in enforcing regulations more complex than the “adequate muffler " variety,
and the performance requirement, off road motorcyeles will not be included in the

economic evaluation of noise control potential.

Minibikes are o final small category including less than 5 percent of recent two-~
wheeled vehicle sales. Noise levels range throughout the under 200 cc category noise
fevel spread. Included in the above percentage figure are the once popular motor
scooters, which represent less than 0.4 percent of total sales, The little noise level
data which exists for motor scooters is within the range of under 200 cc noise levels,
but too little noise or economic data has been obtained to allow their inclusion in

the project onalysis.
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Cruise-By

Noise levels obtained with the CHP procedure lie somewhere batween the maxi-
mum and minimum levels of which the tested machine is capable, the proportion between
the two being a function of the test procedure.10 1t has been stated earlier that the
CHP procedure usually yields noise levels below the maximum possible for a given
machine, There also appears to be a relationship between CHP measurements and lower
motorcycle noise levels. Figure 5 shows the difference between CHP methed values and
steady speed passby values ot 50 feet for all matoreycle sizes. The shaded regions are
uniformly represented by g distribution of noise data, ond thus it is seen that 1973 model
motorcycles operated in the lower speed ronge of 25 to 40 mph can be much quieter
{5 to 25 dBA) than when measured during the CHP test. Also, even of maximum ineuse
speeds, constant speed noise levels still do not substantially exceed those determined
by the CHP procedure, suggesting that the CHP standard may provide a good indicator
of near-maximum levels generated by this mode of real life use. It should be mentioned
that the Function of steady speed noise level with speed for a particular machine does
not necessarily monotonically rise. Speed inereases of as much as 10 mph may have no
effect on noise level, depending on motorcycle construction, and the use of higher

gears can aven show reductions in total noise leve! with speed gains.

Coasf-Br

Discussion of vehicle noise control often includes allusion to a noise "baseline”
or "noise floor" — being the minimum possible noise level of an ideally silenced vehicle.
Such deseriptions can be highly misleading, and any mention of lower bounds must
tnclude exact specifications of the vehicle, its operation, meosurement teciniques,
and all other applicable conditions. Such minimum levels for motereycles are usually
portrayed by unpowered passbys at 50 foot distance which include nolse contributions
from drive chain, tires, roodway excited vibration, freewheeling internal drive systems,

ond windage. Maximum total levels between 60 and 68 dBA have been recorded for
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Figure 5. Difference Between CHP Method Acceleration and Steady
Speed Noise Levels for 1973 Model Motorcycles

moderate speeds of 30 to 40 mph, but no well~founded portioning of this noise between the
contributing sources has been accomplished. Estimates which have been made are included

in Figure 6, It is likely that the combined level of these cousting noise sources 1s the same

during powered passby, since all operate in the some mode with the exception of chain

load reversal. Although reductions in const=by noise could be accomplished through such '
devices as full chain cuses, shaft drive, or solid wheels, the contributions of these sources I
is clearly negligible (see Figure &) when compared to noise generated by the engine.

Thus, consideration of "noise floor" levels is currently of little practical use in the reduc=

tion of noise from existing models.
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Finally, noise levels experienced b).' motorcycle operators may be considered.
Recent studies have demonstrated the high levals of nolse present ot the ear during expo=
sure to airflow past the heud.] 1,12 g, motorcycles, at-ear noise levels {measured at the
car with o smell microphone) below 40 miles per hour vary with the type and operation
of the motoreycle, and have baen reported to be around 100 dBA at 20 mph, Above
40 mph, at~ear total noise levels bacome a function of speed alone, being completely
determined by acrodynainic noises; although certain narrow frequency ranges of the

machine radiated noise may still be apparent to the rider, Noise levels ore roparted



at these speeds from 100 dBA at 40 mph to over 110 dBA at 70 mph. Use of protective
safety helmets hos been shown to cause moderate reductions of at-ear noise depending
on speed, fit, style, and type of eye profecﬁonl.] Still, the motoreyclist is constantly

exposed to high noise levels by virtue of his unshielded passage through the air.

Noise Sources

As stated at the beginning of this section, the modern motorcycle is a complex
noise generator, several expt;sed companents of which contribute significantly to the
total noise produced. These contributing vehicle elements are commonly called noise
subsources. Typical contributions of various subsources to the total motorcycle noise
level as measured by the CHP procedure have been shown in Figure 6. The values are
not from any particular machine, but de represent typical component levels existing
for 1973 model motorcycles of the over 200 ce category. Immediately epparent is the
significance of exhaust outlet, engine intake, and engine mechanical noises, and the

low importance of the other subsources which were principally included in the coast-by

discussion,

Exhaust

Through an opened exhaust valve or port, an exhaust gas pulse with a temperature
of several thousand degrees and a pressure of several hundred pounds per square inch
enters the exhaust system in a matter of milliseconds. This lorge pressure near-
discontinuity propagates along the exhaust system piping to exit at an amplitude deter~
mined by the system configuration, A running engine can repeat this process over a
hundred times per second, with the resultant perceived noise appearing as a staccato
or smooth tone depending on engine type and speed. As measured using the "A"
weighting network of a sound level meter, unmuffled exhaust outlet noise alone can
be over 110 dBA at 50 feet during a CHP acceleration test. Some of the very simplest
mufflers consisting of a perforated tube surrounded by sound absorbing material will

attenuate exhaust=only naisa to balow 95 dBA, Further reductions have required more
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extensive reactive muffling, and levels of 82 dBA for large highway machines to

70 dBA for under 100 cc machines are generated by the exhaust outlets of 1973 produc-
tion models during the CHP test. It should be added that exhaust ievels as low as 756 dBA
are achieved using unusually large standard type muffling systems on some large displace-
ment highway vehicles, For off road motereycles, exhaust outlet noise has always been
the predominant subsource, and recent muffler and spark arrestor requirements have
caused o lowering of average exhaust noise levels to below 90 dBA for 1973 production

models.

The great pressure differential across an exhaust pulse traveling along exhaust
piping can excite the exhaust system walls into vibration which allows direct trons-
mission of exhaust noise through the system walls. The exact contribution of exhaust
waol| radiation to CHP method total noise levels hes not been determined, It is estimoted
that, although at present exhaust radiated noise is not a major contributor, its importance

on some machines may increase as total noise levels are reducad,

Immediately apparent to a listener is the di flerence in tonal quality between two-
cycle and four~cycle engined motorcycles. The origin of this difference must lie omong
the vehicle subsources, and of those, only the engine sources vary. Although disparity
will be found between mechenicel and intake noises from the two engine types, the pri-
mary difference accountable for the unique tonal interpretations is the exhaust. Figures
7 and B illustrate the charocteristic difference in exhoust noise spectra. Figure 7 1s a
representation of exhaust-only noise os measured o short distance from the exhaust outlet
of o muffled four~cycle motorcycle engine. The shape of the curve clearly corresponds
te combustion exhoust characteristics, with most of the energy below 500 hertz, and
slowly tralling off into the high frequency region. Figure 8 shows total passby noise
as measured for an unmuffled two-cycle machine where exhaust noise is the only signif-
ieant subsource. The trend of increased energy content at higher frequencies contrasts
sharply with that of the four-cycle engine, and accounts for the higher pitched ncise

asseciated with two=cycle machines. Due to the differing test natures, the respective
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numerical levels indicated on the figures cannot be meaningfully compared. It is
probable that some high frequency noise was already attenuated by the four-cycle muf-
fler, thus causing the two curves to diverge more widely than in equivalent comparison,
These small inaccuracies aside, the pertinent fact is that in each case exhaust noise

was the principal quantity measured, and o clear difference is apparent,

Relating the discreet tonal interpretations of two-cycle and four~cycle motorcycle
engines to irritability is difficult, For annoyance in this case is largely determined by
variable physical and psychological factors. Even scientific measures of subjective
noisiness which allow for frequency content and pure tones do not aceount for the
sensory difference between the two engine types.2 Thus, two matorcycles, even of
the same engine type, with equivalent A-weighted sound levels can be perceived as
of different loudness and quality, with attendant difference of irritation due to the

dissimilarity of exhaust nolse spectral distribution,

Intake

With the reduction of exhaust noise prompted by recent regulations, neise from
the intake system soon assumed important levels, and for current models, the two sub- .
sources are of approximately equal noise level for all motercyele sizes, They both
correspond to throttle opening, engine speed, and load, and are the two predominant
noise sources for most modes of operation. Although for over 10 years, some sort of
oir cleaner has been fitted to almost every standard machine, improved intake silencer
designs have been required in order to preduce current intake noise levels which range
from 77 to B4 dBA for machines larger then 200 cc, Two-cycle engines which, for a
given speed, induct nearly twice the volume of air as four-cycles of equal size, have
traditionally generated high intake levels, but recent improvements in silencing prac-
tice have reduced these levels to those of the exhaust. Also, there is some indication
that, as exhuast muffler "back pressure " increases, intake noise levels may also
increase. Intuke and exhaust mechanisms ore the boundary elements of the general
problem of flow through the propuision assembly, and their closa interrelation is the

subject of many current theoretical and empirical investigations,
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Engine Noise

As is characteristic of any vehicle propelled by an air cooled engine, a notice-
uble mechanical clafter and ringing accompanies the pessage of most motoreyeles.
Although the contribution of mechanical subsources to the total noise level determined
by the CHP test is difficult to measure, near field measurements have been made which
allow estimates in the 68 to 80 dBA range. Mechanical noises directly transmitted
from within the engine result from the actual striking together of englne parts, such
as piston slap, valve and valve train clatter (present in four~cycle engines only),
gear meshing, and noise from the roller and ball bearings widely used in motorcycle
engines. 13 Secondary mechanical nofse is thot radiated from the vibrating engine sur-
foces, such as cooling fins ond casings, which become excited by the aferementioned
collisions of engine parts and combustion pulses. Industry sources have found this
mechan}cul sound power to rise approximately with the fourth power of engine speed
(12 dB per doubling of rpm). The common small engine noise source of flywheel
windage ond vibration appears to contribute very little, Directly transmitted combus-
tion noise, a final source of engine noise, is considered by the industry to be of an
insignificant level in relation te the major sources for most modes of operation. Thus
it is principally the mechanica] sounds which provide engine noise of level and tohal
characteristies sufficient to vitally influence the total level and quality of a motor=
cycle's sound. Reduction of total motorcycle noise levels may require a dispropor-
tionate reduction of mechonical neise in order to produce a resultant sound sufficlently

free from the 'bolts in o can" effect.

Drive Noise

Prive noise is here considered to consist of noise from internal and external drive
system components, and tire noise. Internal sources are of two categories, gearset and
primary drive. Gearset noise originates with the meshing and mavements of gears and
bearings within the gear ratio assembly. The primary drive system, comprised of the

clutch and chain or gear linkage between engine crankshoft and gear set, creates
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additional contact sounds which are at times complemented by vibration noise from
clutch components. The total of these levels is generally lower, however, than thet
preduced by the external drive chain, which itself is not an important contributor during
the CHP test, The modern trend toward sporty vehicles has discouraged use of fully
enclosed chains or shaft drive, thus maintaining final drive noise levels at a maximum,
OF course, these drive system subsources assist in the excitation of external gearset
cases, primary cases, and other vehicle parts which radiate odditional sound. As stated
earlier, coast-by levels of 60 to 68 dBA have been recorded, and considering the higher
loading and vibration present under power, contributions of between 65 and 70 dBA
might result from current power drive systems. Tire noise, a normally predominant
companent of total vehicle noise os speeds increase, is found among the minor motor~
cycle subsources. Due to the extremely smoll contact surface and relatively well
damped sidewalls, tire noise, even at high speeds, ranges near 60 dBA. Off road
"knobby" tread types, when used on pavement, hove been noted to raise tire noise
levels 1,0 10 1.5 dB above those of highway tires, but such increased levels would

still not become impartant until total levels are reduced below 75 dBA. In any case,
highwaoy ute of these louder tread patterns will not become widespread due to extremely

high weor rates and reduced traction,

Aercdynamic and Miscellaneous Noises

Aerodynamic noise, that coused by the turhulent possage of air in and around the
motarcycle components and rider, may become more significant than 58 dBA (indicated
in Figure 6) as speeds increase. Spoke tip speeds of greater than 100 feet per second
with respect to oncoming airflow are achieved ot freeway speeds. Such sources, com=
bined with the dominance for the aperator of wind noise at high speeds, indicate that
high speed chainless coast-by tests might shaw surprisingly high aerodynamic/tire noise
levels, Radiation of noise from remaining motorcycle components such as fenders, fuel
tank and side panels due to the various engine, drive, and rood excitations is difficult

to quantify except by procéss of elimination, In this way, the level entered in Figure 6
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has been developed to closely represent the noise originating from these components

on an average 1973 machine.

Noise Source Relationships

The absolute levels and ranking of subsources shown in Figure 6 are representative
contributions to the maximum acceleration noise os measured by the CHP procedure, For
other modes of vehicle operation, the relative prominence of the subsources may change.
Duting acceleration, intake ond exhaust noise are at their peak since they correspond
directly together to throttle opening and load, Partial throttle closure to o steady speed
will couse o dewemphasis. Engine and vibration neises then assume more importence and,
at proper speeds, can effectively mask intake ond exhaust. Thus, along with a change
in total noise level, the tonal quality of the machine's sound changes with the operating
mode, and can give rise to further virtual or perceived changes in "noisiness. " Several
instances have occurred where, when comparing the noise of two motoreycles, observers
have judged the machine with the lower A-weighted noise level to he the noisier of the
two. Thus,quieting of a motargycle does not exclusively imply a lowering of total sound
pressure level, but can in some cases be achieved through tonal modifications, while

retaining a tone which renders the machine desirable to the consumer,

Noise source relationships may also change with vehicle use. Little data exist
which show noise level changes of properly maintained motorcycles with milecge accumu-
lation. One investigation, however, did note a significant increase in the level of a
new 250 cc two=cycle off rood machine. Initial acceleration noise levels of 85 to
86 dBA were increased ta %6 dBA after g few hundred miles of severe off road use, the
increase apporently divided between exhaust and mechanical noise, This lone example
connot be considered fo represent typical noise level changes with use, but does confirm
that transpositions of noise subsource importance, os well as total noise level increases,

are possible.
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5.  SELECTED NOISE LEVELS

Introduction

The 1973 models for which noise levels are shown in Figure 2 can be conveniently
grouped into two general classes, representing two distinet engine size ranges. As
explained in Chapter 4, the operoting characteristics of these classes separate near an
engine displacement of 200 cc. Furthermore, noise levels of the smaller machines with
engine displacements less than 200 ce again naturally divide into two regions, namely
0 to 100 cc and 100 to 200 cc, Figure 2 illustrates a proven industry ability to achieve
uniquely low levels for motorcycles in the 0 to 100 ce ronge, and so this size category
will be considered independently in the assessment of noise reduction copability,
Machines of the 100 to 200 cc class, although generating noise levels similar to those
of very lorge motoreycles, are often similar in construction and operation to the smallest
category. In fact,this 100 to 200 cc size range is a transition region containing machines
of large, small, and heterogeneaus character, and thus noise reduction abilities will also
be determined separately for this range. The discussion of noise control feasibility, then,

will distinguish as far as possible between technology for the follewing classes:

® Class 1—0t0 100 cc
© Class 2~ 101 to 200 ce

® Class 3—over 200 cc

The discussion of present and future noise levels of these three classes can be
facilitated by concentrating on a few representative tevels, It hos been decided , in
consultation with the EPA that three different noise levels will be examined for each
motorcycle ¢lass based on the information and data supplied by the manufacturers, The

three levels may be summatized as follows:

o level 1-Typical level of the quietest 1973 models
* Level 2— Leve! of the most quiet product which could be available in

October 1975, using all known or shortly available technology

29

e




¢ Level 3—A level somewhere between the first two, If widely divergent, repre-

senting a practical industry goal for October 1975 using available technalogy.

In Chapter 4 it was stated that noise levels from different vehicles of the same
make and model can differ by as much as 4.5 dB. Thus, in order to insure that all
machines of a specific model will exhibit noise levels below any given figure, many
factories attempt to achieve an average level for the mode! approximately 2 dB below
the goal figure, Considering this practice, and the fact that the noise levels of Figure 2
represent loudest production examples, the selected levels herein defined will be achiev~

able for almost all machines in each mede! line indicated os being able to meet these
levels,

It must be recognized that there exists in the motorcycle industry o diversity of
"character" provided by the varied approaches adopted by different factories to the
basic motorcycle concept. Machines of quite diverse basic style and design are avail=
able, from huge V~twins to small three cylinder two=strokes, and the "personalities”
of several of these arrangements represent decades old traditions. The experienced
motorcyclist can immediately sense, for example, English, Japenese, or Italion flavor
in a motoreycle's styling, its sound, its ride, or even the form of a single part. Hence,
the noise level values developed in this section must be average interpretations of this
wide range of machinery. The remainder of this section presents the rationale for the
establishment of the selected noise levels for each vehicle closs. A discussion of

specific noise reduction techniques Is presented in Chapter 6,

Level ]

The first leve! is representative of the best well established noise control tech=
nology existing for the 1973 model year, ond indicates where the industry stood in

terms of noise control at the start of this project.

For Class 1 vehicles (0 to 100 ce), noise levels which extend below 75 dBA are
principally for mini~cycle vehicles which constitute less than 25 percent of the Class 1
sales market and offer characteristically lower performance then standard Class 1 motor-

cycles. The groupings of noise levels above 80 dBA represents approximately 50 percent
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of the Class 1 vehicles sold; these baing mainly powered by four-cysle engines. The
distribution of the remaining machines with noise levels befween 75 and 80 dBA,
powered mainly by two-cycle engines, is fairly even. Thus, Level 1is established at
79 dBA as representative of the best well demonstrated level of noise control for existing

vehicles taking into consideration the higher noise levels evident for four-cycle machines.

An abrupt difference is seen for Class 2 vehicles (107 to 200 cc) where no noise
levels are below 76 dBA. In fact, very few are below B0 dBA, ond 81 dBA represents

Level 1 for this class, the lower limit for well-established levels,

For Class 3 vehicles (greater than 200 cc), a quite distinct lower level is apporent
and separate from the main data body, representing advanced and special mechines
atypical of the class. A level 1 of 82 dBA is the lower bound representative of the

majority of the lerge moachine field,

Level 2

The second level, that of the quietest possible product which could be aveilable
in 1975, is based upon liberal opplication of the avaliable noise control technology
to the quietest of existing machines without eliminating the basic performance

characteristics,

Noise levels of quiet Ciass 1 vehicles presently lie between 71 ond 75 dBA. Since
the principal difficulties which manufecturers encounter in reducing neise lie with
the larger machines, most previous subsource analyses and noise control activities
have not been directed toward vehicles in Classes 1 and 2. Furthermore, given the
extremely low minimum noise levels already achieved, which approach coast«by levels,
the indication is that saleable, prodiuction motar-driven cycles with noise levels less
than 70 dBA could not he monufactured by the date of interest, In one case ¢ noise
lavel of éB dBA hos been achieved with intake and exhaust silencers of disproportionate
size together with fully enclosed drive chain and mechanical treatments, but only with
excessive degradation of operating characteristics, which industry believes would

seriously limit marketability, Thus Level 2 for Class 1 vehicles is establishad aof 70 dBA,

31

T e e et s Bl st Rl e r e b a1




This represents an absolute minimum for the closs, is o full 10 dBA below present levels

of the class' main body, and wauld not be achieved by more than 25 percent of Cless 1

machines by the date of interest.

In Class 2, one minibike already exists with a noise level near 76 dBA, and
several other standard maechines are at or below B0 dBA, Thus, it is reasonable to
expect that, given the noise reduction discussions of Chapter 6, the capability exists
to preduce standard machines with a Level 2 of 76 dBA by the dote of interest. For
Class 3 vehicles, two manufaclurers currently produce models (representing about 2 per-
cent of the marke!) with noise levels of 78 dBA. The remaining manufacturers have yet
to develop or prove the reliability of prototypes with noise levels of 80 dBA. The noise
level reductions required from the varicus subsources to achieve a total naise level of
BO dBA have been esteblished, but specific design modifications are still experimental
in most cases. It is also unlikely that further significant reductions could be availeble
by October 1975 for the 78 dBA machines through improvement of the treatments which
are to be described in Chapter 6. Rather, extension of these available techniques to
the principal field of noisier machines for complionce with impending state regulations
will consume manufacturer activities. Thus, the lack of available technology to achieve
levels below 78 dBA, together with the belief expressed by several principal manufacturers

that this level represents the minimum possible for Class 3 machines establishes Leve! 2

at 78 dBA,

Level 3

Level 3 indicates the noise levels which could be ottained by the principal body
of machines by October 1975,

Although the ability to produce Ciass 1 machines with noise levels in the 72 to !
73 dBA region has heen demonstrated, Level 3 is selected as 76 dBA, since demonstra- '
tion of the lawer levels has been achieved only for motorcyeles powered by two=cycle

engines, Approximately half of the Class 1 range of machines are so powered, and
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design similarities render it recsonable to expect that all such vehicles could meet the
76 dBA level by October 1975, The other half of Class ! vehicles, propelied by four-
cycle engines, oppear ta suffer a lack of available technology to reduce mechanical
and exhaust noises characteristic of this engine type. Thus not all of these vehicles
can be expected to achieve the 75 dBA level by the date of interest, One 90 cc four-
cycle model currently exists with a noise level of 77 dBA, and other four-cycle powered
mini-cycles have noise levels below 75 dBA. From this indication, and the specific
considerul‘fons of noise control in Chapters 4 and 6, 1t is reasoncble to expect that
roughly half of the existing four=cycle machines with noise levels greater than 80 dBA
can be reduced to 75 dBA by the target date. These vehicles, when combined with the
two=cycle powered machines which shouid virtually all be copable of achieving 76 dBA
constitute an estimated achievement potential of 75 percent of all Class 1 machines
which could attain Level 3 of 76 dBA by October 1975, Selected noise levels have
been developed for Class 1 s o whole since insufficient specific subsource nofse level
and cast data hos been accumulated for Class 1 vehicles to allow separate noise level

analyses for two= ond four-cycle powered machines.

For Class 2 vehicles, the level of 80 dBA has been attained by both two- and
four=cycle machines, Moreover, noise level data from the two engine types is more
homogeneously distributed, indicating an equivalence of available noise reduction
technology. As described in the introduction to this chapter, Class 2 represents o
transition region in which individual vehicles have construction, operation, and nolse
characteristics which can be similar to those of either Class T or Class 3 machines.
Thus, Level 3 should represent a goal atrainable by both types of Class 2 vehicles,
From Figure 2 it is saen that the minimum noise leve! already attained by both large
and small Class 2 machines is 7% dBA, and therefore Level 3 is selected af 79 dBA.
Approximately 90 percent of the 1973 Class 2 vehicles currently have noise levels
above 79 dBA, and it s reasonable to expect that, of thess, of least those with prin-

cipally Class 1 charocteristics could be reduced to 79 dBA by the target date, This
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would result in approximately 55 percent of all Class 2 vehicles meeting Level 3, It s
also expected that nearly half of the larger style Class 2 vehicles could be reduced to
79 dBA, yielding a total estimated potential compliance to Level 3 of approximately

75 percent of all Class 2 vehicles.

Cansidering Class 3 motorcycles, a noise level of 82 dBA as meesured by the CHP
procedure would constTtute o conservative goal, with over 50 percent of the industry
passessing good achievement potential by October 1975. However, manufacturers
involved in about 20 percent of U.5. soles claim a demonstrated ability to achieve the
1975 California regulation of BQ dBA with prototype or experimental Class 3 machines,
and the remaining manufacturers are in the midst of intensive test and development pro=
grams oriented toward this goel. The machines currently produced with noise levels
below 80 dBA constitute only 2 percent of current sales and contain unique design
qualities to reduce mechanical noise levels which normally become significant at or
about a total noise level of 80 dBA. Thus, on the basis of prototype achievements,
industry orientation, and avallable technology, B0 dBA i selected for Level 3, This
leve! should be within reach for almost half of the 1976 model Class 3 mochines with

concentrated development.

The three selected nolse levels for each of the motarcycle size classes are listed

in Table 3 on the following poge.

The target date of October 1975 has been chosen to facilitate quantification of
industry noise reduction potential and to canform to requirements set forth in the "Noise
Control Act of 1972. " Considering instead o date of October 1976, selected Levels 2
and 3 could be attained by higher percentages of the market. Level 2, which constitutes
the lowest levels possible in 1975, would not be significantly lowered, but could be more
widely achieved by all size classes, Level 3 would also be mare feasible, It has been
estimated that about 75 percent of the Class 1 machines could achieve Level 3 by
October 1975, and that this would require application of improved mechanical and

exhaust noise reduction methods for four-cycle powered vehicles. Assuming a continued
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Table 3

Selected Matorcycle Noise Levels!

Size Class
Selected Noise Class 1 . Class 2 Class 3
Level? (0 to 100 cc) {101 to 200 cc) {>200 cc)
Level 1 79 dBA 81 dBA 82 dBA
Lavel 2 70 dBA 76 dBA 78 dBA
Level 3 76 dBA 79 dBA 80 dBA

'Noise levels measured according to the California Highway Patrol mator-
cycle noise measurement procedure (see Appendix B and text).

®See definitions of Selected Noise Levels, Page 29.

ability to apply these new techniques to more four-cycle models, it is likely that over

80 pereent of the Claoss 1 machines coukd attoin Level 3 by October of 1976, It has

also been estimated that 75 percent of Class 2 vehicles couid be produced with noise
levels at or below Level 3 by October 1975, and that this would require improved
techniques of reducing noise from these Class 2 vehicles which have physical and

noise characteristics similar to those of the larger Class 3 vehicles. Assuming continu-
ing ability to apply these new techniques to large style Class 2 motorcycles, it can be
expected that over 80 percent of these machines could meet Level 3 by October of

1976. For the large displacement Class 3 motoreycles, it has been estimated that
approximately 50 percent of the vehicles available in October 1975 could, through
concentrated effort, meet Level 3 without extreme performance degradation. Even
Including an extre year, it cannot be predicted at this time thot the percenragrs achieve-
ment would be much greater in 1976, However, opproximately half of the industry is now
able to achieve Level 3 wilth modifications which olso result in serious decreases in maneu~
verability and performanca, In view of this, it is reasonable to expect that greater

than half of the machines available in 1976 could attain Level 3 with some significant
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reductions in all phases of performance, The consumer desirability of such machines

is estimated by the industry to be quite low. Thus it is seen that, especiolly for motor-
cycles with engines smaller than 200 cc (constituting about 40 percent of all motorcyles
sold in the United States), Levels 2 and 3 would be attainable by somewhat higher

percentages of the market by QOctober 1974,
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6.  NOISE REDUCTION TECHNIGUES AND COS5TS

In the preceding chapter, three selected noise levels were developed for each
motorcycle size class. This chapter will first present methods for achieving reductions
from individual motorcycle noise sources. The cost of applying this technology to
achieve the three selected noise levels for each vehicle class will then be developed

through examples of average 1973 machines,

Noise Reduction from Subsources

The following matorcyele noise subsources will be discussed in this section:

& Exhaust
o Iniake
®  Engine and Mechanical

®  Aerodynamic and Tires

For each of these subsources a brief description will be given of applicable noise
control techniques, followed by a numbered listing of these techniques and o chart
giving the associated increose in manufacturing costs. These costs have their basis
in engineering consideration of general industry data which relate absolute or per-
centege cest: to degrees of folal noise reduction, The aliotment of these group costs
among the various individual subsource modifications was accomplished by evaluation

of the difficulty of physically effecting the different modifications using:

8  Past and present industry predictions of noise reduction costs for certain

modi fi cations to specific models
*  Recent industry estimates of general costs for noise reduction of specific

motorcycle types i
®  Prototype examples of noise reduction costs which could be checked directly

using parts and |abor estimates for existing machines-

Established noise reduction costs which have accompanied previous quieting of pro-

duction machines were checked with the new information and found to roughly define

a lower bound for the predicted future costs.
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The industry data camprising the foundation of this analysis has been supplied
principally by the five main motoreycle manufacturers who produce nearly 95 percent
of all motoreycles sold in the United Stotes. It is our opinion that the cost information
provided by these manufocturers substantially represents industry expectations, Other
data from smalier suppliers or accessory manufacturers has been incorporated whenever

appearing reasoncble and somewhat consistent,

Exhaust

Most of the early successes in noise reduction that were achieved after the
introduction of local vehicle noise regulations involved improvements in exhaust
silencing, Technigues using larger volume, more restrictive sound baffles in the
mufflers, multiple mufflers, and the interconnection of header pipes on multicylinder
engines have reduced exhaust outlet noise to current levels. For large highway
machines of both the twe= and four-cycle variety, further reductions of 2 to 5dB in
exhaust outlet noise, as generated during the CHP procedure, will invelve a 30 to
100 percent increose in the volume of the exhaust system, requiring up to 30 pounds
additional weight, and more effective baffling. Radiation of noise from exhaust
system walls will olso need to be considered, In one manufacturer test, covering the
exhaust walls with thermal~shtink tubing caused near~fleld reductions in wall rodiation
noise level of from 6 to B dB. Thermal=shrink tubing is not practical for use on
production machines, but many manufacturers are planning exhaust systems with double
construction damped walls filled with acoustically ebsomtive material to reduce

exhaust system wall noise radiation.

Although inital improvements in muffler technology in some coses increased engine
power ocutput, while at the same time providing additional silencing, such benefits with
noise reduction can no longer be expected, The use of intemal absorbing materials,
double wolied heoder pipes, and additional baffling in the above mentioned larger
systems may provide reductions in exhoust noise of up to B dB from present levels, but

consistent demonstration of this has not been cchlaved, New muffling concepts have
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recently been demonstrated in the after-market motoreycle muffler industry, involving
the use of silicone elastic components and radial outlets. Manufacturers have demon-
strated reductions of exhaust-only noise on highly sensitive two-cycle racing machines
from over 100 dBA to the range of 76 to 82 dBA (depending on engine size) by merely
fitting such silencers to the vehicles' open tuned exhaust systems. Net changes
in engine power output are less than 5 percent positive or negative depending on the
opercting range. This type of silencer is currently being specified as original equip=
ment on several dual purpose and off road machines, and further development may

permit a more effective and cosmetic application to highway vehicles,

As described in Chopters 4 ond 5, for Class 1 mochines (<100 ce), o clear
difference in achieved noise levels between two-cycle and four-cycle powered vehicles
is apparent.  This may be due in port to the difference in exhoust noise spectrum
noted in Chapter 4. The higher frequancy nature of two=-cycle engine exhoust noise

renders it more easily attenuated by motarcycele-size reactive mufflers.

In summary, the most promising techniques for future reduction of exhaust noise,

considering available technology, reliability, and industry familiarity, are as follows:

i.  Muffler volume increose of 50 to 100 percent

. Simply modified muffler baffles

Use of elastic components and radial outlets

Double wall construction of headers and mufflers

D b W N

Increosed and more constrictive muffler baffling.

The progressive application of these techniques fo mochines with typical 1973
noise characteristics is necessary in order to achieve the three selected total noise
levels. The estimated costs of applying the techniques, together with the corres-
ponding opproximate noise reductions, are shown generally in Figure 9, und speci-

fically in Table 4 for reduction to the three selected noise levels.
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Amount of Exhaust Noise Reduction (dB)
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Figure 9. Estimated Costs for Reduction of Motorcyele Exhaust Neise

o Insufficient noise level/cost data exist for inclusion of Class 1 (< 100 ec)

motorcycles.

¢ These estimated cost ranges are for typical example medifications to
vorious machines of average 1973 noise characteristics as summorized
in Tables 7, Band 9.

e Numbers represent noise control techniques listed in text.
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Table 4

Required Exhaust System Modifications and Assaciated Costs to
Achieve the Selecied Noise Levels

Average Exhaust Per-Machine
Selected Noise Contribution Maximum Estimated
Nalse Machine Modifications | Manufacturing
Level Class (CHP Test Method) Required? Cost Increase?
. Class 1 A - -5
T’T";'?‘::;" Class 2 " ~78 dBA -5 -5
Class 3 77 to 82 dBA 3 -3
Class 1 —4 A $0 526
Level fo
i Class 2 ~75 dBA 1, 2 $5 to $8
Class 3 75 to 77 dBA 1, 2,3 $4 to 515
Class 1 —4 A $0 ¢+ $36
L 0
e;el Clofs 2 ~74 dBA 1, 2,35 % 10 812
, Cless 3 74 to 77 dBA 1,2, 3 $4 to §15
Class 1 - 4 — $1 to $5°
Level to
4 Class 2 ~70 dBA 1,2,3,4°5 $8 to $18
Class 3 ~72 dBA 1,2,3 4,5 $8 to $24

1 . .
These exhaust noise level ranges are those required to achieve the Selected Levels
with typical 1973 machines when combined with the necessary intake and mechan-
ical subsource noise levels developed elsewhere in this section.

2Numbers represent noise control techniques listed in text.

SAll costs are increases from mid=1973 manufacturing costs including direct and
indirect labor and materials, and engineering and development,

‘Insufficient data exist to accurately determine average subsource noise levels for
machines smaller than 100 cc.

*Not applicable.

®Costs for under 100 cc machines are estimated from cost projections for total noise
reduction provided by industry.
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Intake

The reduction of intake naise is effected in a manner similar to that employed
for the exhaust, and has played a fundomental part in the recent lowering of total
noise levels. Techniques such as the reduction of the inlet eross-sectional areas to
the minimum required for adequate intake supply, the use of noise baffles afong the
intake tract, large rubber enclosed plenum volumes along the intake tract, and posi=
tioning of inlet apertures behind filtration elements in acoustically shielded portions
of the machine heve been used to achieve current intake noise levels, Reductions to
levels below 79 dBA can be obtained by providing more complete inlet aperture
enclosures, more extensive internal boffie systems, double walled container structures,
o greater increase in system volume and additional acoustically absorptive material,
One manufacturer expects that in order to achieve atotal Class 3vehicle noise level of
75 dBA, intake filter/silencer velume will need to be increased faurfold from 1973
sizes, which will require entirely new spatial configurations and chenges in the
vehicle frame, No new concepts or techniques are anticipated which will ease these
basic intoke silencing requirements, Thus, it is expected that these methods for
reduction of intake noise will be more extensively applied to coming madels. The

methods of intake naise reduction are summarized below: , .

6,  Minimize inlet aperture cross-section

7. Add plenum chamber to intoke tract _
8.  Add intemalbaffles to intoke tract/silencer ;
9.  Shield inlet aperture behind special batriers or other motorcycle parts

10.  Increase intoke tract volume (including plenum volume) 50 to 100 percent

11, Double construction of intake systam walls

12, Apply acoustically absorptive materials in additian to air filtration elements.

The estimated costs of applying these techniques, together with the correspending
approximote reductions in intake noise are shown generally in Figure 10 and specifically

in Table 5 for reduction to the three selected noise levels,
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Amount of Intake Noiss Reduction (dB)
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Figure 10, Estimated Costs for Reduction of Motorcycle Intake Noise

o Insufficient noise level/cost data exist to include Class 1 (0 to 100 ce)
machines.

¢ These estimated cost ranges are for typical example modifications to
various machines of average 1973 noise characteristics as summarized
in Tables 7, 8 and 9,

& Numbers represent noise contral techniques as listed in rext.
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Table 5

Required Intake System Modifications and Associated Costs to
Achieve the Selected Noise Levels

Average Intake Per-Machine
Selected Neise Contribution Maximum Estimated
Noise Machine ) . Modifications  |Manufacturing
Level Class (CHP Test Method) Required? Cost Increase’
Tyical Class 1 4 5 -+
};P;;; Class 2 ~80 dBA > 5
Class 3 77 to B2 dBA 5 A
Level Class 1 4 4 50 to 52ﬁ
1 Class 2 ~78 dBA 6,7,8,9 ~$3
Cioss 3 77 to 79 dBA 6,7, 8,9 10 Mo 9
Level Class 1 4 4 $0to $36
3 Class 2 ~74 dBA 4,7,8,%9 10, 12 ~$5
Class 3 74 to 78 dBA 6,7,8% 10,12 $5t0
Level Class | - -4 $1 10 %
o Class 2 ~72 dBA 6,7,8,%,10, 12 3510 $7
Class 3 ~72 dBA 6,7,8,9,10,11,12] 36 to $15

These intake noise level ranges are those required to achieve the Selected Levels
with typical 1973 machines when combined with the necassary exhaust and
mechanical subsource noise levels developed elsewhere in this section.

2Numbers represent noise control techniques listed in text.

341l costs are increases from mid-1973 manufacturing costs including direct and
indirect labor and materials, end engineering and development,

#Insufficient data exist to accurately determine average subsource noise levels for
machines smailer than 100 cc.

*Not applicable.

®osts for under 100 cc machines are estimated from cost projections for total nolse
reduction provided by industry.
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Intake ond exhaust flows are of similar and related character, and thus the two
noise sources are generally feeated similarly and simultanecusly, The paths for move-
ment of gasses into and out of the engine also become paths for the escape of sound,
The difficuity, then, is constructing o system which will not pass the sound, but
which will pass the required gasses with little flow restriction. Appropriate balence
between the acoustical and flow performoncee of the two systems is required for opti-
mum engine performance with minimum noise. It has been suggested, for example,
that intake noise increases with increasing exhaust "bockpressure. " The intake/
exhaust modifications which hove been effected since 1969 are reported to have reduced
maximum power outputs for some large and small machines as much as 5 percent while
providing the bulk of noise reduction achieved, Experimental vehicles have
demonstrated further noise reduction capability through additional intake/exhaust
changes {see Appendix D). One powerful 750 cc machine was [owered from 84 to
78 dBA, os measured per CHP procedure, by the addition of a large truck type intake
silencer and extensive muffling. Similar reductions involving unusually large compo-
nents are obtainable for Class 1 and 2 machines, Power and performance losses are
almost exclusively due to intake and exhaust changes which increase intake and
exhaust flow resistance and disrupt system acoustic tuning. Total noise levels in
the range 78 to B0 dBA are widely believed to be the limit for noise reduction of
large machines through intake and exhaust treatment alone. At lower noise levels
than this, the contribution from the engine is, in most cases, equal to or greater

than that from the exhaust and inlet combined.

Engine and Mechanical

To reduce total noise levels below about 82 dBA for the majority of larger
machines requirescurtailment of mechanical noise from both engine and drive system
components. For conventional engine designs, little success has generally been

achieved by limiting engine port working clearances, and for the high.speciﬁc output
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motorcycle engine, reliability is jeopardized. Attempts to date ot limiting mechenical
noise have reduced total noisle levels less than 2 dB, and have included items such os
cast-in or rubber damping webs between coaling fins, staggered costing of fin surfoces,
addition of stiffening ribs in engine covers, polishing end running=-in of gear contact
surfaces, and elostic isolation of engine and drive units. One prototype machine in
Closs 3 complements advanced intake and exhaust sifencing with such mechanical
medification, and yet reaches a total noise level of only 80 to B2 dBA measured
according to the CHP test procedure with performance decreased about 10 percent.,
Furthermore, experimentction is proceeding on such advaneed techniques as the use

of nonresonating materials for lightly loaded components, use of quieter plain bearings
instead of the common roller or ball variety, increased forced lubrication, more effec~
tive decoupling of companents from the engine or frame, water cooling {olready used
on large displacement multicylinder two~cycle machines), drive chain enclosures,
shaft drive, and doukle construction or increased damping of engine and tronsmission
cases, Mechanical levels between 78 and 74 dBA constitute the horizon of industry’s
engineering predictions incorporating combinations of the above trectments for Class 3

machines. Extensive machine redesign is indicated by several of these treatments;

hence, mechanical levels will not be reduced at the source without o greot deal of effort,

For the small Class 1 motoreycles, the mechanical noise levels from four-cycle
engines may be significantly more difficult to reduce than two-cycle mechanical noise.
This Is suggested by Figure 2, which shows 1973 model two-cycle Class 1 machines.ro
be quieter than four-cycle models, Such o situation might be expected, since two-
cycle engines do not contain the kind of valve systems which are responsible for much
four-cycle engine mechanical clatter. Thus, reduction of mechenical noise from four-
cyzla engines cmaller than 100 ec may require @ more extensive and complicoted

appIiéorion of noise reduction techniques than necessary for two-cycle counterparis,
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A stonderd opprooch to reduction of mechanical and engine naise in tronspor-
tation vehicles involves acoustic encapsulation or shielding of the noise sources.
Barriers and engine compartments provide a considerably less costly and complex
salution to the problem than extensive mechanical rework, and could conceivably
provide o noise reduction of up to 5 dB, as with larger automotive vehicles,
Effective encapsulation is difficult to provide for air cooled engines due to necessary
provisions for the cooling airflow (inlet and outlet apertures, ducting, blower). When
the weight, spotial, ond extreme cooling requirements of a motorcycle are considered,
opplicability of encapsulation appears more uncertain, Motorcycle manufacturers
claim that encapsulation or shielding of mechanical noises is completety inapplicable
to their products due principally to cooling requirements, but less importantly because
of other standard performance reasons, such as increased weight. Still, certain large
size English models with semi-enclosed engines have infrequently appeared as recently
os the mid=1960s with no apparent mechanicol difficulties. Also, the Italian style
motor scooters and well known “Honda 50" type machines have been quite popular in
recent years and occeptably reliable with partially enclosed engines. Thus, olthough
no noise data has become aveileble for these examples, shielding of mechanical noises
to some extent may be feosible for today's vehicles. It may be noted that the manu-
facturers of the above-mentioned English machines were since forced to retire from
the motorcycle business. Although engine enclosures were not likely to blame, they
do represent an old style design philasophy quite different from the current U, S. fashion,
The conceivable changes in appearance, weight, bulk, simplicity, power, ond ease
of maintenance could perhaps create serious marketing difficulties, Altematively,
the streamlined fairings now popular in Europe may significantly shield mechanical
noise while improving high speed performance (See Aerodynemic Section, Page 49). The
lack of industry expérimenfurion leaves the actual aesthetic and noise reduction potential

undetermined.
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Exceptions ta the rule of high engine noise levels do exisi. One manufacturer,
whose product has been characterized for many years by smooth running and high
reliability, deals very effectively with primary nolse sources through an elaborate
enciosed intake system and large mufflers. Also, an impressive lack of engine mechan=
ical noise is evident, due largely to use of solid bearings end small clearonces. The
enclosed shaft drive, whose ring and pinion gears are preassembly run in, eliminates
final drive noise, Vibrotion is greatly limited by the "opposed engine design which
almost completely balances primary reciprocating engine forces. In this way, o
reascnably performing lorge displacement 1973 production motorcycle attains noise
fevels befow 80 dBA, However, the machines have only recently begun to escope
long standing characteristics of low performance and slow response. While mointain-
ing low noise levels and high reliability, the roted power is from 5 to 39 percent below,
and retail price from 5 to 75 percent above values from machines of equal engine dis—
placement exhibiting higher noise levels. Thus, penalties have been incurred in this

clossic example of smooth machinery and noise control,

The in=use and prospective techniques for reducing mechanical noise levels
may be summarized as follows:

13.  Stiffening of cooling fins with rubber or cast-in webs, and stiffening.
of engine/drive cases with cast=in webs

14, Sroggered shaope casting of cooling fins

15. Finely finished and run-in geors; use of helical primary drive geors

16. Simple engine/drive unit vibration isolation

17. Enclosed final drive chain

18, Heovy final drive chain case

19.  Double construction and damping of engine/drive coses

20, Advanced engine/drive isolation system

21,  Use of plain beorings

22. lIncreased lubricent flow and pressure
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23. Encapsvlation of engine/drive units
24, Liquid cooling
25. Sheft final drive

26, Decreased working clearances,

The caosts of applying these techniques together with the corresponding approxi-
mate reductions in engine ossociated noise are shown generally in Figure 11, and

specifically in Toble 6 for reduction to the three selected nolse levels,

Aerodynamic and Tires

Typical naise levels produced by the combination of aerodynamic sources and
tire/roadway interactions are in the range of 60 to 65 dBA ot 50 feet from the motor-
eyecle. Although these levels are negligible contributions to present day tatal motor-
cycle noise levels, existing future requirements for 75 and 70 dBA motoreycles may
require serious investigation of these sources. Turbulence caused by the motion of -
machine parts through the eir may be reduced with detail part changes. Solid or
thick spoked cast alloy wheels instead of wire spoke wheels are appearing on custom and
racing machines, and may provide substantially less alr disturbance, It hos also been
suggested that the now common disc brake produces more air flow turbulence, and thus
more flow noise, thon the conventional drum type. The maze of cables, levers, and
wires undoubtedly contributes to cerodynanic noise which streamlining or routing
through vehicle components might reduce. The question of overall vehicle streomlining
to eliminate the various protuberances has long been posed by various safety advocates,
and reduced windage noise could be o result, Fairings, fiberglass streamlinings
covering the entire front of the machine, are commenly found in Europe and may
represent a first step. Their aerodynamic qualities are known to yield 5 to 10 percent
increases in moximum speed, Little research has been conducted regarding motor-
cycle tire noise due tothe low magnitude of the problem, commen investigations
being ariented toward higher traction and lenger wear for the powerful mochines
appearing on the market., Tubeless tires exist for road racing purposes, but it is unknown

whether these or various highway tread patterns have differing noise charecteristics.
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Figure 11, Estimated Costs for Reduction of Motorcycle Engine/Mechanical Noise

& [nsufficient noise level /cost data exist for inclusion of Class 1 {0 to 100 cc) machines.

® These estimated cost ranges are for typical example modifications to various machines
of average 1973 noise characteristics as summarized in Tables?, 8 and 9,

s Numbers represent noise control techniques as listed in rext.
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Table 6

Required Engine/Mechanical Noise Modifications and Associated Costs to

Achieve the Selected Noise Levels

Average Mechanical Per-Machine
Selected MNoise Contribution Maximum Estimated
Noise Machine Modifi cations Manufacturing
Level Class (CHP Test Marhod)' Required2 Cost Incrense?
Tvpical Class 1 —4 3 4
’,”;73 Class 2 ~77 dBA 5 5
Class 3 78 to 80 dBA 5 2
)
Level Class 1 - 4 $0 to $2
) Class 2 ~75 dBA 13, 15, 16 $1 10 $5
Class 3 75 to 78 dBA 13, 15, 16, 17 $5 to $8
Level Class 1 —4 4 %0 to 546
A Class 2 ~74 dBA 13,15,16,17,20,23 | $2 to $7
Class 3 74 to 78 dBA 1310 17, 20, 22 % to $16
Level Class 1 4 A $1 to &°
A Class 2 ~72 dBA 13,15,16,17,20,23 1  $21t0 $9
Class 3 74 ta 75 dBA 57 to $21

1310 19, 21, 23

'These mechanical noise level ranges are those required to achieve the Selected
Levels with typical 1973 machines when combined with the necessary exheaust
and intake subsource noise ievels developed elsewhere in this section.

2 . . . .
MNumbers represent noise control techniques listed in text.

A1 costs are increases from mid-1973 manufacturing costs including direct and
indirect labor and materials, and engineering and development.

“nsufficient data exist to accurately determine average subsource noise levels for
machines smaller than 100 ce.

*Not applicable,

®Costs for under 100 cc machines are estimated from cost projections for total noise
reduction provided by industry,

51

s b1 s o o s £t imbiss 1 ML (mmileg £ e o

R T



COI W ol FRST PSP RY AWEES

Advanced Concepts for Noise Reduction

The noise contrel techniques included obove are conventional methods epplicable
to most types of machinery and approacheble through standard engineering procedures,
For many of them, much experimentation and development remains to establish effects
or feasibility, but they do not involve radical departure from existing configurations,
Exceptions to such modifications include repowering with new engine types. Electrically
powered two-wheeled vehicles are now being produced in limited numbers in the United
States, but most performonce characteristics are below average for current model gaso-
line motorcycles of comparable price. Production rotary Wankel powered models are
expected to be available in late 1974 with CHP procedure noise levels approaching
80 dBA. However, performance comparability to reciprocating engine machines and
in=-service reliability have not yet been established. Reciprocating steam and gas
turbine motorcycles have been constructed for various experimental purposes, and
although they might be workable with development, none show exceptional promise
for noise control in the near future.

Achievement of the Selected Noise Levels Through Applicetion of Noise Reduction
Techniques

The previous discussion of techniques to reduce noise emitted from various
individual sources on the metoreycle has focused on reducing exhaust, intake, and
mechanical noise, The noise control cost information developed for these subsources
con be combined to determine the total costs of noise reduction to the three selected
noise levels, These costs, together with the required modifications and individual

‘subsource levels are shown in Tables 7 and 8 for typical 1973 motareycles.,

For motorcycles in Class 3, cases in which total vehicle noise is dominated by
exhaust, intake, and mechanical sources, and in which all subsources are about equal,
are analyzed, The subsource noise levels used are average levels for 1973 model machines,
and the modifications accomplished to reduce these levels, indicated in the vertical

columns of Table 7 by estimated costs, represent typical approaches to total
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Table 7
Estimated Per-Machine Manufacturing Cost Increases for Noise Reduction of Typical Full-Size Motereycles >200 cc.,
Selected Achieved Taral Level *1 Level 13 Level 2
Naise Level 76 dBA
82 dpA I 82 dRA ]:g_z_qqfx 82480 || BoaBA 60 434 A0 dBA 76 dBA 78 dBA 78 dBA
Vehicle Madified? E(50%) l 1404} A5 T ATti5) E(507) 1{409) MI{54) £ {50%) 1(409) W59y A= (59)
EXHAUST 87077 dBA | 77475 doA | 7977 dBA | 80475 dBA | 8277 d0A | 77074 dBA | 79-074 dDA || B2-e77 dBA| 7772 dBA | 79-+72 DA || BO72 dOA
Py B2 | 90t | e | Besi2 || a2 9es0| Doaz | Besz ] wesio | Besz | e
Hadity Baffles TR s | e T e st T s e s s Ll -
Elastic Campenents $1 1o S2 ‘- e - Sl | - §2 52 - §2 $2
Double Yiolls - - - R - _Min s Yo% 10 % 4o 56
Incraare Baifling - - - - - - - 32 10 53 - - -
INTARE 7748A | 82470 dBA| 79078 dRAL BO-»77 dBA | 77+754DA| 2078 dRA| 79074 dBA || 77472 dBA ] 82072 dBA | 7972 84 )| 8072 DA
Saimize Inat - 51 51 5 §1 51 51 51 T
[Plenum Chomber - stiesz_| S1ses2 || S1res2 | s1res2 [ Slese (| _Shig 2| Sts [ S1ms2 |
Interncl Boffim - S 2 L 51te 2 5L'_a__$2 $1rg §2 - §110 82 $) 1o 52 HETRTH $1 1o 52
Intet Skislding . s s lsv s om 1 51 ) s |
L [increcte Enclowure, - - . 1053 | $11083 | S1res3 || M3 | N | Sies f Sk
z : e LA T T
. B [Davble Wells - e s s L s S0 ] 2008 ) S22 4
o £ f{:f;:";:“"m““ . - - . - - Stras2 0 Slres2 | Slies2 | S1wes2 || s11082
=
] MECHANICAL . TBdBA | sBdBA | EO»78 .“fﬁ',‘,-‘ 7875 d6A (|l 70475 dBA | 78474 dBA| B0-+78 dBA || 7B+75 dBA| 7874 dBA | 80475 dBA || 78-w7( dBA
2 . »
3§ |3 Hleving Fin and . - 10 82 51 51 $1a 82 51 51 $1052 | $1ros2 52
A ; SR A
I {Charge Fin Shope - - - 1. gl 42 St 52 §2 52 52
Finish and Run-ln
Helical Gears - - €2 42 $2 §2 52 2 $2 52 $2
Simale lalation - - 52 2t s [ 52 2 §2 ) .82
Enclote Chaln - - " 2. s 1.5 - - 52 52 51
Heavy Chain Case - - h o oz ¥ b he = 81 bad
Dauble Coier - - - - b - - - - - 54 112 53
Improve lialation - - - - ) S1es3 ) 183 - - $1 1o $2 S 10 $3 -
|Elain Bearings - - = = - - - - - d $lto 53
Increase Lubrication - - - - S11s83 | Sl $3 - - $110 53 $tia 83 -
Encapsulation - - - - - - - - - - $2 10 810
Liguid Casling - - - - - - - - - - -
Shal1 Drive - - - - — = - - z = -
Dacrease Cleoronces - - - - - - - - - - -
“""(’:a';‘f;‘r:‘::;:‘;‘"“ 10815 | 910818 | $1310521| Slaro$27] $2010538 | 52000 538 | 1810 832 [ $2810 $45| $2810 48] $34 10 457 $34 40 54
_-‘Vnhicln Modified" Indicates typical vahicle with dominant axhaust (E), Inlcke {1}, mechanical (M), or even (A} noise saurcas followed by percent of naw vehicles In eoch cotegory.
"Intarpretation of specific manulocturer data, )
.See Table 9 for noise description of "Wehicle Modified, " time required, and additional [nformation,
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Table 8

Estimated Per-Machine Manufacturing Cost Incremses for Noise Reduction of
Typical Small Motareycles (Metor-Driven Cycles) <200 cc

] I f
Selected Achieved Tolal Level 1 Levei 7 bove! 72 74 dBA
Noite Level __%BA |, BldbA || . _7adna_ | _ 7vasa__ [ _ 70d8a 76, dBA
Vehlele Size Modified Do 100 cc 100 10 200cc” 010 100 ¢ 10010200¢ee | 010 100¢ce 100 o 200 cc § 100t 200 cc
EXHAUST, JBTSAdA  f | 7BeeTddBA || | 7B70dBA || TAes943A
Inereate Volume 50 to 1?0:', Madify Bellles I - 58 F o« | S5re g - $510 58 S5 10 88
Extea Balllus, Elastie Components B - T R | IR AN RE 2 R - S1to 84 $1ta 84
Double Walls _ e el ez a0 % A 2105 |
Approptiate Combination 010 52 - 010 53 ) - $1ta 85 - -
INTAKE | eoereana J | moenedpa p B9=72d8a | 80+70dBa
Minimiza Inlel X=-Section, Interior Ballles, . N =
o Plenum, Shielding e 4] s 3
o e il N [ (R, .
1 [Increata Inlet Enr.l:fufru Volume 5030 [00F, _ - - i . Q1o 84 215 84
£ Apply Absowptive Linings | ]
& | Pauble Wallad Enclosure - - = - B - - 31 %
3 .
= | Approprinte Combination 50 10 52 - 010 53 - e % - -
ﬁ MECHANICAL 7775 dhA T774 dRA 772 ¢BA 7770 dBA
I | Fin end Case Sliffurfinu Weby, Finith and Run-In - Stio 85 _ 51 1o 85 _ S0 55 11 &5
Helical Gears, Engine holation
Enclose Chaln, Improve lialation, - . - St o §2 _ $11e 54 11 57
Encopislation A .
Dauble Construztion Cotes, _ . .
Increate Lubricatlan - Slio &4
| Approptiate Combinatien S0to S2 - 5010 4 - $1 10 % - -
Yotal Manufacturing Cost Increme S0r0 & 910 516 5010 510 $13 0 $24 310 §17 31510 5§34 519 to 842

*Bosed an interpretation of specific manufacturer dota,

See Table 9 for nolse description of "Wehicle Size Modified, " time required, and additional information.
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Table 9

Information Explaining Tables 7 and 8

Tables 7 and 8 itemize the estimoted increases in the “cost of goods manufactured "' —
including engineering costs — required per unit for application of various noise
reduction techniques to motorcycles with specific typical 1973 model noise char-
acteristics in order to achieve selected reduced noise levels. The cost ranges
developed represent all normal production machines in each mode! line capable

of meeting the selected levels with the modificotions indicated.

These estimated cost increases are for achievement of the Selected Noise Levels
by Qctober 1975 and, therefore, essentially represent the differences between
the Y973 model and 1976 mode! manufacturing costs which would be anticipoted
due to modificotions for noise reduction only.

®  Total noise levels are those which would be mensured by the California Highway
Potrol motorcycle measurement procedure (see Appendix B).

*  Noise Levels given for exhaust, intake, ond mechanical subsources are the
approximate contributed levels from these subsources to the total level measured
during the California Highway Patrol acceleration noise test. '

©  The reduction in the noise level contributions of the various noise subsources
{which are accomplished by the costed modificiations) are shown in the horizontal
rows lobeled Exhaust, Intake, and Mechanical.

®  The cost ranges given include machines powered by both two-cycle and four-
cycle engines.

®  Noise charocteristics of the "typical 1973 vehicles” modified in Tables 7 and 8
are;

Motorcycles >200ce

Total Exhoust Intake Mechonical

Noise Character Noijse Level  Contribution  Contribution  Contribution
Exhaust Dominated 84 dBA 82 dBA 77 dBA 78 dBA
Intoke Dominated 84 dBA 77 dBA 82 dBA 78 dBA
Mechanical Dominated 84 dBA 79 dBA 79 dBA 80 dBA
All Sources ~ = 84 dBA 80 dBA 80 dBA 78 dBA

Motor-Drivan Cycles <200cc

Total . Exhaust Intake Mechonical

Engine Size Runge  Noise Level Contribution Confribution  Contribution
100 - 200cc 83 dBA 78 dBA BO dBA 77 dBA

<100cc ~80 dBA Insufficient Defailed Data Availeblas
55
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noise reduction. Values for typical 1973 subsource levels are given in Table 7.
At the bottom of each column in Table 7, the total estimated increase in manu-
facturing cost is given for the vehicle described in that column to achieve the
selected noise level, The specific reductions of subsource levels are shown in the

appropriately labeled horizantal row.,

This information for machines in Classes 1 ond 2 is shown in Table 8, which is
similar to Table 7, Becouse there is less available data for small machines, costs are
given for groups of modifications rather than individual cases. For Class 1 motor-
driven cycles, little information is ovailable on the effectiveness of subsource modi-
fication and so subsource noise reduction costs have been extracted from monufacturers'
estimates of the total percentage retail cost which will be required to attain the

selected noise levels,

A summary of the developed manufacturing cost increases for achieving the
selected noise levels is given in Table 10 and Figures 12 ond 13, This information
includes average costs, cost ranges as developed for the specific models of Tables 7
and 8, ond the ronge of general industry cost estimates, Specific estimates are shown

to fit well within the general manufacturer predictions in Figures 12 and 13.

Table 10 and Figures 12 and 13 also include costs which have been incurred by
monufacturers in reducing the noise levels of their machines from 92 dBA — the
regulation in Colifomnia prior to 1970 — down to 84 ond 86 dBA, the existing California
regulations for motor=driven cycles and full size motoreycles respectively, The new
costs developed in Tebles 7 and 8 are substantially higher than the costs for past noise
reducﬁo'ns becouse, as noise levels become lower, new techniques have to be
developed and applied te an increasing number of subsources. It must be emphasized
that the cost figures have been determined for average motorcycle noise characteristics
using little precise information on specific modifications. Thus, they serve only os a
gulde to increased manufacturing costs, due to noise reduction alone, and may vary

appreciably for individual models with specific problem subsources.
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Table 10

Estimated General New Motorcycle Noise Reduction Costs

c 1973 Calif, Selected Noise Levels®

ost Require~

Characteristic ?nentsl Level #1° | Level #22 Level #3?
- $3 $10 35

Manufaeturing | Average?

Cost Increase | Specific Range® | Lte3t 30 to %6 $3t0 317 50 to 310
Class 1 General Range® SIF.DSDroSIO $4 to $25 | “Large" $20 to 340
- $13 $24 $19

Manufacturing | Average
Cost Increase | Specific Range $9 10 816 | $1510 332 | $13to $24

Class 2 General Range ;3"::;?: $8 to 320 |51B1to 340 | $10to $35

Manufacturing | Average - $13 $37 $28
Cost Increase | Specific Range $4 to 527 | §26 10 $57 | $20 to 338

General Range |1%to 5% | $10to $90] $20 to $1500 $15 to $110

Class 3
$12 to 568
Loss of Moximum Performance’ |19 to 548 - -7 54 to 20 78
Fuel Consumption Increase o -7 - s]O%w

'Costs to achieve this level are for the reductions from typical noise levels which
existed under tha pre~1970 92 dBA California requirement.

ZCosts to achieve this fevel are for reductions from typical 1973 noise levels, and
include all normal production machines in the model lines which are copable of
achieving the selected noise levels.

JAverage values have been determined from specific examples of Tables 7 and 8 based
on percentage of 1973 models with various dominent noise sources,

‘Speciﬁc ranges are the extremes from the specific examples of Tables 7 and 8,

SGeneral ranges are manufacturer estimates bosed on general percent of retail cost
or production cost.

%Selected noise levels, as measured par California Highway Patrol motorcycle noise
measurement procedures, are given in Table 3.

"Ineludes maximum speed, acceleration, comering speed, etc,
aRange of general industry estimates for production machines.
%Insufficient data.,

0. ., : .
Estimate from one major manufacturer,
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7. CONCLUSIONS

This study has shewn that, although significant reductions in noise from production
motorcycles sold in the U.S, have been effected since 1969, further substantial reduc-
tions ore possible, Treatment principally of intake and exhaust noise has brought large
motorcycles within the 1973 California requirement of B dBA as measured with the
California Highway Patrol procedure, and has been responsible for certain performance
decreases and production cost increases of up to 5 percent of preregulation levels. All
small machines have been brought into compliance with their lower current regulation
of B4 dBA. The principal manufacturers are now working hard toward meeting the dif-
fieult 1975 Californfa requirement of 80 dBA with large machines through addition of
mechanical noise treatments and further improvements in intake and exhaust silencing.
Although some models have already achieved B0 dBA, the main body of available

models will suffer further performance and cost changes to meet this level.

In the opinion of Wyle Research, bgsed on the current available deta developed
during this praject, ft is within Industry capability to reduce the nolse levels of approxi-
mately holf of the field of motorcycles over 200 ce displacement (herein defined as
Closs 3) to B0 dBA aos measured by the CHP standard by October of 1975, This will
Involve substantial manufacturer development effort and will necessitate production
cost increases averaging $28 per machine, Performance could further diminish more
than 5 percent, and general Industry predictions of fuel consumption increases range
as high as 10 percent, The B0 dBA ievel is within reach for nearly all of the
under 200 cc machines by the date of interest. For machines with engine displace~
ments between 100 and 200 ¢e (Class 2), about three~quarters of the vehicles available
in Qctober 1975 could be produced with noise levels at or below 72 dBA for on
average per-machine manufacturing cost increase of $19, It is finally estimated that
the industry is capable of manufacturing ebout 75 percent of the under 100 cc machines
(Class 1) ovailable in October 1975 with noise levels of 76 dBA or less, with per-

machine manufacturing cost increases averaging $5 over 1973 manufacturing costs, |
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Methods for achieving noise levels below 80 dBA for large motorcycles and

76 dBA for small machines have not been widely developed. The following aspects

of noise reduction will require extensive research before widespread lower levels can

be expected,

Mechanical Noise Shielding — The use of barrier or encapsulation techniques
to attenuate engine and drive system mechanical noise in its path as an alter~
native to involved mechanical redesign. Related problems such as engine
cooling effects should be addressed. The noise masking effects of existing

motorcycle fairings should be determined.

Use Cycle — Although most of the industry appears content with existing
maximum acceleration noise test standards, typical use cyele dota would
provide information aliowing correlation of current noise meosurement
procedures to real troffic noise levels or development of a new procedure
directly related to in-use noise.

New Power Sources ~ Further investigation into applicability of unconven-
tional engine types, particularly rotary combustion, should be undertaken
to help determine future noise reductien potential.,

Minor Sources — Specific investigation into the presently less important
noise subsources: windage, tires, final drive chain, component vibration,
etc., should be undertaken to (1) provide data useful in further noise
reduction, and (2) define lower bounds for obtoinable motorcycle nolse

reduction.
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APPENDIX A
CONTACTS

Motoreycle Manufacturey/Distributors Providing Quantitative Data

American Honda Motor Company, Incorporated
Gardena, Califomia

Butler & Smith Corporation
Norwood, New Jersey :
(Distributor; BMW Motoreycles) .

The Birmingham Small Arms Company Incomorated
Duarte, California
(Distributor: Triumph, BSA, Rickman Motorcycles)

AMF/Harley-Davidson Motor Company, Incomporated
Milwaukee, Wisconsin

Kawasaki Motors Corporation, U.5. A,
Santa Ana, California

Pacific Basin Trading Company
Athena, Oregon
{Distributor: Hodaka Motoreycles)

U.S. Suzuki Motor Corporation
Santa Fe Springs, California :

Yamaha International Corporation i
Buene Park, California
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Accessory Manufacturers Providing Quantitative Data

Manufacturer

Bassani Manufacturing
Anaheim, California

Discojet Comporation
Davis, California

Hooker Heeders
Ontario, Califomia

J&R Manufacturing Company
Bell Gardens, Califomia

Murphy Muffler
Long Beach, California

Skyway Cycle Products
San Fernando, Califomia

Torque Engineering Company
Northridge, California

.Produ cts

Bassani competition exhausts,
silencers

Xdusor mufflers
Hooker mufflers, compelition
silencers

J&R spark arrestors, silencers
Stroto~Flex mufflers

Skyway silencers and spark
arrestors

Silencers, spark arrestors, competition
exhausts

Other Information Sources

American Motoreycle Association
Westerville, Ohio

City of Chicago
Department of Environmental Control
Chicago, Illinois

CYCLE Magazine
New York, New York

DIRT BIKE Magazine
Encine, Callfornia

A-2

Matoreyele Industry Council
Washington, D.C.

United States Department of
Agricultute

Forest Service Equipment Develop«
ment Center

San Dimas, Colifornio
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CALIFORNIA HIGHWAY PATROL NOISE MEASUREMENT PROCEDURE
EDITED FOR NEW VEHICLES

ORDER ADOPTING, AMENDING, OR REPEALING
REGULATIONS OF THE DEPARTMENT OF TIE
CALIFORNIA HIGHWAY PATROL

After proceedings had in accordance with the provisions of
the Administrative Procedure Act {(Gov. Code, Title 2, Div. 3,
Part 1, Chapter 4.5) and pursuant to the authority vested by Sec-
tion 2402 of the Vchicle Code, and to implement, interpret, or
make specific Sections 23130 and 27160 of the Vehicle Code, the
Department of the California Highway Patrol hercby adopts, amends,
or repeals regulations in Chapter 2, Title 13, California Adminis-

trative Code, as follows:
(1) Amends Article 10, Subchapter 4 to read:
Article 10. Vehicle Noise Measurement

1040. Scope of Regulations. This article contains procedures
implementing Section 23130 of the Vehicle Code which applies to the
measurement of neise from motor vehicles and combinations of vehi-
cles subject to registration when operated on g hipghway, and Sec-
tion 27160 of the Vehicle Code which applies to the measurement of
noise from new motor vehicles offered for sale.

1041, Definitions. The following definitions shall apply
wherever the terms are used in this article:

(a) First Gear, The "first pear" is the highest numerical
gear ratio of the fransmission which is commonly referred to as
low gear.

(b) Maximum RPM. The "maximum rpm' is the maximum governed
engine speed, Or if ungoverned, the rpm at maximum engine horse-
power as determined by the engine manufacturer in accordance with
the procedures in SAE J245, April 1971. .

{c) Vehicle Reference Point. The "vehlcle reference point"
is the location on the vehicle used to determine when the vehicle
is at any of the points on the vehicle path. The vehicle reference
point shall be the front of the vehicle unless such peosition is
more than 16 ft from the exhaust outlet, in which case both the
front of the vehicle and the exhaust outlet shall be used as ref-

erence points.

ot



1042, Personnel, Persons selected to conduct noise measure-~
ment testing™Or to measure noise level of vehicles operated on a
highway shall have been trained and qualified in the techniques of
sound measurement and the operation of sound measuring instruments.

1043, Instrumentation. Equipment used in making vehicle
noise measurcments shall be sclected by technically trained person-
pel and shall meet the following requirements:

(a) Sound Level Meter, The sound level meter shall meet
the requiremenis ol ANST standard $1.4-1971 for Types 1, 2, or 524,
(b) Sound Level Calibrator. The sound level calibrator

shall calibrate the entire sound level meter with an acoustic cali-
brator of the coupler-type. '

{c) Tachometer. A calibrated engine speed tachometer shall

be used to defermine when maximum rated rpm is attained in con-
ducting the tests specified in Section 1046 of tlLis code.

{d) Anemometer. An anemometer shall be used to measure
the wind speed af The test site when conducting tests specified in
Section 1046 of this code.

1044, Noise Measurement Sites. Noise measurement sites shall
be selected To meei location, greound condition, and roadway surface
requirements in the following subsections (a) and (b):

{a) Measurement Sites for Vehicles on the Highway.

(b) Measurement Sites for New Motor Vehicles. 8Sites far
measuring noise from new motor vehicles Lo determine compliance
with Section 27160 of the Vehicle Code shall meet the following
conditions:

{1) Location. The loecation shall be a flat open
space freec of large vertical sound-reflecting surfaces
such as sighboards, buildings, hillsides, or trees
within 100 ft of the microphone and within 100 ft of
the centerline of the path of the vehicle from the
point where the throettle is opened to the point where
the throftle is closed.

{2) Ground Condition, The ground surface bhetween
the microphone and the path of the vehicle shall be
asphalt or concrete free of powdery snow, loose soil,
or ashes.

{3) Roadway Surface. The surface over which the
vehicle travels shali be dry and relatively smooth con-
crete or asphalt pavement free of extraneous materizl.
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1045. Microphone and Personnel Positions. The microphone
for the sound Ié&vel meter and the personnel involved in all types
of vehicle noise measurements shall be positioned as follows:

(a) Microphone Location. The mierophone shall be located
50 + 1 ft from the centerliné of the lane of travel of the vehicle
at a height of 4 + 1/2 1t above the plane of the roadway surface.

(b) Microphone Oricntatlon. The microphone shall be ori-
ented in relation to the source of the sound in accordance with
the instrument manufacturer's instructions., Where the instruction
manual is vague or does not include adequate information, a specific
recommendation shall be obtained from the manufacturer,

(c) Technigian Location. The technician making direct
readings of Tthe mefer shall be positioned in relation to the micro-
rhone in accordance with the instrument manulacturer's instructions.
¥here the instruction manual is vague or does not include adequate
information, a specific recommendation shall be obtained from the
manufacturer,

(d) Bystander Location. During noise measurements, by-
standers shall remain at least 50 ft from the microphone and the
vehicle being measured, except for a witness or trainee, who may
be positioned beyond the technician on a line with the technician

‘and the microphone.

1046, Operation of New Motor Vehicles, New motor vehicles
tested to determine compliance wilh Section 27160 of the Vehicle
Code shall be operated in conjunction with any auxiliary equipment
that would be in use while the vehicle is operated on the highway,
including but not limited to cement mixers, refrigerator units,

and garbage compactors.

(a) Heavy Trucks, Truck Tractors, and Buses,
{b) Light Trucks, Truck Tractors, Buses, and Passenger Cars. .
(c) Motorcycles. The test procedure for motorcycles shall !

be as follows:

(1) Test Area Layout. The test area layout for
motoreyecles shall be the same as specified in subsec-
tion (b) (1) and Figure 3 for light trucks, truck trac-
tors, buses, and passenger cars. {(See nextpage.)

(2) Gear Selection. Motorcycles shall be oper- i
ated in second gear, Véhicles which reach maximum rpm '
at less than 30 mph or before a polnt 25 ft beyond the

microphone point shall be operated in the next higher
gear.




100 Radiun 100! 1c0° ] 100' nadius
‘ : ,._,5 "“"’"‘i ‘/

:eh;cla ) ] '5/7 I \ \c

50

I

Microphane
Lecacion

100 Radius

A = Kicrophone point
B = Accelerarion peint
C = E£nd point

D w End rone

Test Area Layout. The test area shall include
a8 vehicle paih of sulficient length for safe accelera-
tion, deceleration, and stopping of the vehicle. The
vehicle path (shown with only one direectional approach
in Figure 3 for purposes of clarification) shall be
‘marked with the following zone and points:

{A) Microphone point - the location on
the centerline of the vehicle path that is
closest to the microphone.

(8) Acceleration point - a location
25 ft before the microphone point.

{C) End point - a location 100 ft be-
yond the microphone point.

(1) End zone - the last 75-ft distance
between the microphone point and the end
peint,

Figure 3. Test Area Layout for Light Trucks, Truck Tractors,
Buses, Passenger Cars, and Motoreycles




T sy e we

T R T T T PP PR U P

{(3) Acceleration. The vehicle shall proceed along
the test palh aft @ coustant approach speed which corre-
sponds either to an engine speed of 60% of maximum rpm
or to 30 mph, whichever is lower. VWhen the vehicle
reference point reaches the acceleration point, the
throttle shall be fully opened, The throttle shall be
held open until the rear of the vehicle is approximately
100 ft beyond the microphone or until the maximum rpm is
obtained, at which point the throttle shall be gradually
closed, Wheel slip shall be avoided during this test,

(4) Engine Temperature, The engine temperature
shall be wilhin normal operating range before each test
run, .

(d) Deceleration. Tests during deceleration shall be coli-
ducted when deceleration noise appears excessive. The vehicgle shall
appreach the end point from the reverse direction at maximum rpm in
the samc gear selected for the tests during acceleration. At the
end point, the throttle shall be closed and the vehicle shall be
nllowed to decelerate to 1/2 of maximum rpm.

. 1047, Meter Operation. The sound level meter shall be oper-
ated in accordanceé with the instrument manufacturer's instructions

and as follows:

{a) Meter Setting. The A-welghting network and the fast
meter response shall be used.

(b) Calibration Check. An external calibration check shall
be made before and aiter each period of use and at intervals not
exceeding 2 hr when the instrument is used longer than a 2-hr period.

(c) Meter Reading. The reading recorded shall be the highest
sound level 6btained as the vehicle passes by, disreparding unrelated
peaks due to extraneous ambient noises.

{4a) Ambient Sound. Measurements shall be made only when the
A-weighted ambient scund level, including wind effects, due to all
gources other than the vehicle being measured, is at least 10 dB{a)
lower than the sound level of the vehicle.

(e) Wind, Measurements shall be made only when the wind
velocity is Tess than 12 mph.
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1048, Vehicle Noise Level. The measured neise level of a
vehicle shall be reporied as follows:

(a) Vehicles on the Highway.....

{b) New Motor Vehicles, The sound level readings for deter-
mining complTANEe ol Hew moLkor vehicles with Section 27160 of the
Vehicle Code shall be obtained after sufficient preliminary runs to
enable the test driver to become familiar with the operation of the
vehicle and to stabilize engine operating conditions,

(1) At least four measurements shall be made from
each side of the vehicle, When the exhaust outlet is
mere than 16 ft from the driver's position, at least
two rups in each dircction shall be performed with each
of the reference points described in Section 1041 (c)
of this code.

(2) The A-weighted sound level for each side of
the vehicle shall be the average of the two highest
readings on that side which are within 2 dB(A) of each
other. The noise level reported for the vehicle shall
be the sound level of the loudest side.

B-7
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SOUND LEVELS FOR MOTORCYCLES - SAE J331 SAE Standard

i, INTRCDUCTION

This SAE Standard established test procedure, environment, and
instrumentation for determining maximum sound, levels for all
classes of motorcyéles.

2. SOUND LEVEL LIMITS

3. INSTRUMENTATION

The following instrumentation shall be used for the mensure-
ment required:

3.1 A sound level meter which meets the requirements of
International Eleciroacoustic Commission Publication 179, Precision

Sound Level Meters (IEC) and American National Standards 1.4-~1961

“General Purpose .-Sound Level Meters" (ANSI).

B e r o TP

R LIPS S VR A o



S T W R AR FEEERE SRR

3,1.1  As an alternative to making direet measurements using
# sound level meter, a microphonc or sound level meter may be used
with »a magnetic.tape recorder and/or a graphic level recorder or
indicating meter providing the system meets the requirements of

SAE Recommended Practice J184, Qualifying a Sound Data Acquisition

System.
3.2 A sound level calibrator (see Section 6.3.4).
3.3 A calibrated engine'speed tachometer,
3.4 An aﬁemometer.

4. TEST SITE

4.1 A suitable test site is a flat open space free of
large reflecting surfaces, suéﬁ as parked vehicles, signhoards,
buildings, or hillsides, located within 100 ft of either the vehi-
cle or the microphone, h

4.1.1 “ The ambient sound level at the test slte (including
wind effects) due to sources other than the vehicle belng uensuved
shall be at least 10 dB{A) lower than the level of the tested
vehicle. .

4,1.2 The surface of the ground within the measurement areca
between the vehicle being measured and the microphone shall be dry
cbncrete or asphalt, free from powdery snow, loose soll, or ashes,

4,2 The test area layout shall inblude 8 vehicie path that
ie of relatively smooth, dry concrete or asphalt, free of extra-
neous materials such as gravel and of sufficient length for safe

acceleration, deceleration, and stopping of the vehicle., The

following points and zones shall be established on the vehicle path:

B-9
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4.2.1 The microphoneg shall be located 50 It % 1 £t from the
centerline of the vehicle path and 4 £t + § £t above the ground
plane. The microphone point 1s that lccation on the centerline of
the vehicle path which is closest to the microphone.

4.2.2 The end point shall be established on the vehicle ﬁath
256 £t from the microphone point, .

4.2.3 The end zeone is the lat 10 ft of vehicle path prioxr to
the end point.

4.2,4 The acceleration point shall be established so that
the vehicle will be in the end zone as near as practical to the
end point when the engine speed at maximum rated horsepower is attained.

To establish thé acceleration point, approach the end
point in low gear from thé reverse direction at a constant speed
obtained from 2/3 of t@e engine speed at maximum ratéd-ﬁorsepower.
At the end point fully open the throttle and acceleraté past the
rmicrophone point under full acceleration. By irial select the
loweét trunsmiséion gear that will result in the vehicle traveling
the shortest distance from the end point to the place where the
engine speed at maximum rated horsepower is reached; but not less
than 50 £t. The location on the vehicle path with respect to the
operator's position.when the engine speed at meximum rated horse-
power is attailned is the acceleration point.

5. - PROCEDURE

5.1 For the test under acceleration, the vehiele shall
broceed along the vehicle path at a constant approach speed in the
genf selected in paragraph 4.1.4 and at 2/3 of the engine speed at

maximum rated horsepower.

B-10



When the driver's position Is at the acceleration
point, the throttle shall be rapidly and fully opened. Full
throttle shall continue until the engine speed at ﬁaximum rated
horsepowe? is reached, which shall be within the end Zone 25 near
ag practical to the end peoint, Yhen the onging speed atl muwximum
rated horsepower is reached, the throttle shall bé éloscd. Wheel
s8lip which affects the maximum sound level shall be avoilded and
the manufacturer'’s safe maximum rpm shall not be exceeded.

5.2 For the test under decelerat;on, apprroach the end
point from the reverse direction at an engine speed of maximum
rated horsépower in the gear SFlected for the acceleration test.
At the end point, close the throttle and allow the vehicle to
decelerate to an engine speed of at least one-half of the rpm at
maximum rated horsepower.:

5.3 The engine temperature shall be within the normal
operating range prior to cach run,

5,4 Measurements,

5.4.1 While making sound level measurements, not more than
one person other than the observer reading the meter shall be
within 50 ft of the vehicle or microphoue, and thét person shall
be directly behind the observer reading the meter, on a line
through the microphone and the observer.

5,4.2 The meter shall be sget for "fast" response'and for the

A~weiphting network.

g-1
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5.4.3 The meter shall be ohserved while the vehicle is ac~
celerating, The appliecable reading shall be the highest sound
level obtgined for the run ignoring unr%lnted peaks due to ex-
traneous ambient noises,. At least four measurcments shall be made
for each side of the vehicle., All values shall-be recorded. Suf-
ficient preliminary runs to familiarize the driver and to establish

the eﬁgine operating conditions shall be made before measurements

begin.

~

5.4,4 The sound level for each side of the vehicle should be
the average of the two highest.readings which are within 2 dB(A)
of each other, lThe sound levql reported shall be that of the
loudest side of the vehicle.

6, GENERAL COMMENTS

6.1 Technically trained persbnnel shbuld‘select”equipment
and tests should be conducted only by qualified persons treined in
the current techniques of sound measurement.

6.2l An additional 2 dB tolerance over the sound level
limit is recommended when rechecking a vehicle at a different time
and location should be allowed to provide for varintions in test
slte, vehicle operation, temperature gradients, wind velocity
grnéienta, test equipment, and inherent differences in nominally
identical vehicles,

6.3 Proper usage of all test instrgmentation is essential
to obtaln valid measuremeﬁts. Operating manuals or ofher literaw
ture furnished by the instrument manufacturer should be referred
to for both recommended operation of the instrument and precautions

to be observed. Specific items to be considered are:

B-12
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6.3.1 The type of microphone, its directionul response
charscteristics, and its oricntation relative to the ground plane
and source of noise; .

6.3.2 The effects of ambient weather conditions on the per—
formance of all instruments (e.g., temperature; humidity; and
barometric pressufe);

6.3.3° Proper signal levels, terminating impedances, and
cahle lengths on multi~instrumeﬁt measurement systems;

6.3.4 Proper acoustical calibration procedure, to include
the influence of extension cables, etc. Field calibrition shall
be made immediately bgfore anq after each test sequence. Internal
calibration means is acceptable for field use, provided that ex-
ternal calibration is accomplished immediately beforé or after
field use,

6.5 Vehicles used for tests must not be operated in a
manner such that the break-in procedure specified by the manu-
facturer is violated.

7. REFERENCES

Bugpested reference material is as follows:

1, ANS Sl.} - 1960 Aqoustical Terminology

2, ANS S1l.4 - 1961 General Purpose Sound Level Meters

3. ANS S1.2 = 19682 Physical Measurement of Sound

4: I, E. C. Publication 179, Precision Sound Level Meters

(available from ANSI).

hpplicntions for .copies of these documents should be addressed
to the American National Standards Institute, Inc., 1430 Broadway,
New York, New York 10018.
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BRIEF HISTORY

The ISO Recommendation R 362, AMeasurement of Noise Emitted by Vehicles, was
drawn up by Technical Committee ISO/TC 43, Acousiics, the Secretariat of which is held
by the British Standards Institution (B,5.1.).

Work on this guestion by the Technical Committee began in 1958 and led, in 1960, to
the adoption of a Draft ISO Recommendation,

This first Draft ISO Recommendation (No. 419) was circulated to all the 1SO Member
Bodics for enquiry, in November 1960, Taking into account the observations put forward
by the Technical Committee ISOITC 22, Automobiles, regarding mechanical specifications,
Technical Committee ISQ/TC 43 presented & Second Draft ISO Recommendation, which
was circulated to all the ISO Member Bodies in May 1962, and which was approved,
subject to a few modifications of an editorial naturc, by the following Member Bodies:

Australia France Poland

Austriz Germany . Portugal
Belgium Grecce Spain

Brazit Hungary Sweden

Canada India Switzerland
Chile Ireland United Kingdom
Czcchoslovakia Isracl U.S.A.
Denmark Netherlands U.S.S.R,
Finland New Zealand Yugosiavia

One Member Body opposed the approval of the Draft: Japan,
The second Draft ISO Recommendation was then submitted by correspondence tb the

ISO Council, which decided, in February 1964, to accept it as an ISO RECOMMEN-
DATION.
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1SO/R 362+ 1064 (E)

ISO Recommendation R 362 ' February 1964

MEASUREMENT OF NOISE EMITTED BY YEHICLES

1, SCOPE

This 1SO Recommendation deseribes methods of determining the noise emitted by motor vehicles,
these being intended (0 meet the requirements ol simplicity as far as is consistent with repro-
ducibility of results and realism in the operating conditions of the vehicle,

2. GENERAL REQUIREMIENTS
2,1 Test conditions
This 15O Recommendation is based primarily on a test with vehicles in motion, the 180
reference test, 1t is generally recognized to be of primary impertance that the measuremenis
should refate to nornal town driving conditions, thus including transmission noisc ete.
Mensurements should also relate 1o vehicle conditions which give the highest noise level
eonsistent with normal driving and which lead to reproducible noise emission. Therefore,
an acecleration test at full throttle from a stated running condition is specified,

Recognizing, however, that different practices already cxist, specifications of two other
methods used are also given in the Appendix, These relate to:
fa) a test with stationary vehicles (see Appendix A1) and
(b} a st with vehicles in motion, under vehicle conditions which (in the case of certain
vehiclzs) are diflerent from those in the IS0 reference test (see Appendix AZ),

When cither of these tests is used, the relation between the results and those obtained by
the 18O reference test should be established for typical examples of the model concerned,

2,2 Testslte

The test methods prescribed call for an acoustical environment which ¢an only be obtained
in an extensive open space, Such conditions can usually be provided

for type-npproval measurements of vehicles,

for measurements at the manufacturing stage, and

for measurements at official testing stations,
It is desirable that spot checking of vehicles on the road should be made in a similar
acoustical environment. I measurements have to be carried out on the road in an acoustical
environment which does not fulfil the requirements siated in this 150 Recommendation,
it should be recognized that the results obtained may deviate appreciably from the results
obtained using the specified conditions,

2,3 Intctpretation of results

The results abtained by the inethods specified give an objective mensure of the noise emitted
under the prescribed conditions of test. Owing, hewever, to the fact that the subjective
appraisal of the anneyance or noisiness of different ¢lasses of motor vehicles is not simply
related to the indications of a sound level meter, it is recognized that the correct inlerpres
tation of results of the measurements in this 1SO Recommendation may require different
limits to be set for the corresponding annoyance of different clusses of vehicles,

B-16
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3. MEASUREMENT EQUIPMENT

A high quality sound level meter should be used, The weighting network and meter time constint
employed should be curve * A " and * fast response ™ respectively, as specified In Recommen.-
dulion No. 123 of the International Elcctrotechnicnl Commission for Sound Level Meters, A
detailed technical description of the instrument uscd should be supplied.

Nortes

1, The sound level measured using sound level melers having the microphane close to the instrument
case may depend on 1the orjientation of the instrument with respeet to the sound source, as well ius on
the position of the observer making the measurement. The instructions given by the manufiuciurer
cancerring the orientation of the sound level meter with respect 1o the sound source and the observer
should therefore be carefully followed.

1f 0 wind shield is used for the microphone, it should be cemembered that this may have an influence
on the sensitivity of the sound level meter.

Ta ensure accuriie measurements, it is recommended that before each scries of measurements the
amplification of the sound level meter be checked, using 2 standard noise source and adjusting as
necessary.

It s recemmended that the sound level meler and the standard noise source be valibrated periodivally
at a Jaboratory equipped with the necessary facilities foe free-field catibration.

bl

L

»

Any peak which is abviously out o/ character with the general sound level being read should be
ignored,
4. ACOUSTICAL ENVIRONMENT

The test site should be such that hemispherical diverpence exists to within & 1 dB.

Note.—A suitable test site, which could be considercd ideal for the purpose of the measurements, would
consist of an open space of some S0 m radins, of which the central 20 m, fo1 example, would consist of
concrele, asphalt or similar hard materjal,

In practice, departure from the so-called * ideal * conditions arises from four main causes;
{a} sound absorption by the surface of the ground;
(6) reflections from abjects, such as buildings, and trees, or from persons;
(€} ground which is not Ievel or of uniform slope over a sufficient area;
(@) wind.

It is impracticable to épccify in detail the effect produced by each of these influences. It is con-
sidered important, however, that the surface of the ground within the measurement area be free
from powdery snow, long grass, loose 50il or ashes.

To minimise the effect of reflections, it is further recommended that the sum of the angles sub-
tended at the position of the test vehicle by surrounding buildings within 50 m radius should not
exceed 90° and that there be no substantial obstructions within a radius of 25 m from the vehicle,

Acoustical focussing effects and sites between parallel walls should be avoided,

Wherever possible, the level of ambient noise (including wind noise and—~for stationary tesis—
roller stand and tyre noisc) should be such that the reading produced on the meter is at least
10 dB belaw that produced by the test vehicle, In other cases, the prevailing noise level should be
stated in terms of the reading of the meter,

Nore—~Care should be taken that gusts of wind do not distort the results of the measurements.

The presence of bystanders may have an appreciable influence on the meter reading, if such
persons are in the vicinity of the vehicle or the microphone, No person other than the observer
reading the meter should therefore remaln o the neighbourhood of the vehicle or the microphone,

Note.~Sullable conditions exist, if bystanders are at a distance from the vehicle which ia at least twice
the distance from vehicle to microphone,
B-17
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5.1

5.2

5.3

5, MEASUREMENTS WITH YEFHCLES IN MOTION

Testing ground

The testing ground should be substantially level, and its surface texture such that it does
not cause excessive lyre noise,

Mensuring positions

The distance from the measuring positions to the reference line CC (Fig. 1) on the road
should be 7.5 m. The path of the centre line of the vehicle should follow as closely ns

possible the line CC.

The microphone should be located 1.2 m above the ground level,

Numlber of measuremenls
At least two measucements should be made on each side of the vehicle as it passes the
measuring positions,

Nore,—It is recammended that preliminary measuremenis be made for the purpose of adjustment,
Such preliminary measurenienis need not be included in the finel result,

C
H
- '
B
8
Microphone ool l5 Mg picrophons
E
®
A E 3 A
c

Fig, 1, — Measuring poslifons for measurement with vehleles In motion

8.4 Test procedure

5.4.1 General conditions

The wehicle npproaches the line 44 in the appropriate conditions specified below:

When the front of the vehicle renches the posilion, in relation to the microphone,
shown as A4 in Figure 1, the throttle is fully opened as rapidly ns practicable and held
there until the rear of the vehicle reaches position BB in Figure 1, when the throtile is
closed a3 rapidly as possible,

Trailers, including the trailer portion of articulated wvehicles, are ignored when con-
sideting the crossing of linc 48,

Nore—Il the vehicle is spcclally constructed with cqummcnl (such as concrete mix:rs. com-

pressors, puighs, €8}, which is uscad whilst the vehisls is in normal service o the o tand, this

cquipnent should also be operating during the test.
B-18
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5.4,2 Particular conditions

$,4,2,1 VewicLi witll No craknox, The vehicle should approach the line A4 at a steady
speed corresponding

either to an engine speed of three quarters of the speed at which the engine
develops its maximum power,

L]
or to three quarters of the maximum engine speed permitied by the governor,
or to 50 kmfh,

whichever is the lowest,

5,4.2.2 VEHICLE W A MANUALLY OPERATED Gran-noX, If the wehicle is fitted with a two.,
threcs, or four-speed gear box, the second gear should be wsed, IT the vehicle has
more than four specds, the third gear should be used, Auxiliary step-up ratios
(* overdrive ") should not be engaged. If the vehicle is fitted with an auxiliary
reduction gear box, this should be used with the drive allowing the highest vehicle
speed,

The vehicle should approach the line A4 at a steady speed corresponding

either 1o an engine speed of three quarters of the speed at which the engine
develops its maximum power,

or ta three quarters of the engine speed permiued by the governor,
or to 50 km/h,

whichever is the lowest,

54,23 YEHICLE WITH AN AUTOMATIC GEAR-HOX. The ‘vehicle should approach the line Ad
at a steady speed of 50 km/h or at three quarters of its maximum speed, whichever
is the lower. Where alternative fopward drive positions are available, that position
which results in the highest mean acecleration of the vehicle between lines A4
and B2 should be selected.

The selector position which is wscd only for engine braking, parking or similar
slow maneuvees of the vehicle should be excluded,

5,4,2.4 AOGRICULTURAL TRACTORS, SELF-PIOPELLED AGRICULTURAL MACHINES AND MOTOR Clis
TivatoRs, The vehicle should appronch the line A4 at a steady speed of three
quarters of the maximum speed which can be nchieved, using the gear-box ratio
which gives the highest road speed.

5.5 Statement of resulis
Al readings tnken on the sound level meter should be stated in the report.
The basls of horsepower rating, if appropriate, should be stated in the report.

The stale of loading of the vehicle should also be spcﬁiﬁcd in the report,
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APPENDICES

AL, MEASUREMENTS WITIH STATIONARY VEIICLES

Measuring positions
)

Measurements ure made in cach of the four main directions at a distance of 7.0 m1 from
the nearest surfuce of the vehiele, The actual positions used for the measurements are
shown in Figure 2. Il measurements are required in mere than the four measuring
positions shown in Figure 2, they should be 1aken rom chosen positions on the circles
shown — j.e. the circles with radijus 7.0 m.

The microphone should be located 1.2 m above the ground fevel.

MOTORCYCLE WITH OR CAR WITH O
WITHOUT SIDE-CAR T';M&;WTHDUT

Test arca
perimelor

Fig. 2. — Measuring positlans for measurement with stutionary vehlcles

Number of measurements

At least two measurements should be made in each measuring position.

Yehicle condillons

The engine of the vehicle without o speed governor should be run at three quarters of
the number of revelutions per minute at which, according to the manufacturer, it
develops its maximum power. The enpine speed, expressed in revelutions per minute,
is measured by means of an independent instrument, ¢.g, by the use of free-running
roflers and a tachometer. A governed cngine should be run at maximum speed.

The engine should be brought to its usual working lemperature before meusurements
are carried out.
Statement of results

All the sound l2ve] readinge cbserved in ench meacuring pesition chould be stated in
the report, B=20
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A2, MEASUREMENTS WITI YENICLES IN MOTION (MODIFIED METHOL)

Testing ground

The testing ground should be substantially level, and its surface texture such that it
docs not cause excessive tyre noise,

Measuring positions

The distance from the measuring positions to the reference line CC (Fig, 1) on the
road should be 7.5 m, The path of the centre line of the velicle should follow as closely
a5 possible the line CC.

The micraplione should be located 1.2 m above the ground [evel.

Nuwinber of measurements
At least two measurements should be made on each side of the vehicle as it passes the
measuring positions,

Note.—It is recommiended that preliminary measuremcnts be made for the purpase of adjust-
ment. Such preliminary measurements need not be included in the final result,

Test procedure

A241  General conditions

The vehicle approaches the line A4 in the appropriate conditions specified below:

When (he front of the vehicle reaches the position, in relation to the microphone,
shown as A4 in Figure 1, the throttle is fully opened ns rapidly as practicable and
held there until the rear of the vehicle reuches pasition B8 in Figure 1, when the
throttle is closed as rapidly as possible,

Trailers, including the trailer portion of artieufated vehicles, are ignored when
considering the crossing of line 48,

Note.~~Il the vehicle is specially construcied with cquipment (such as concrele mixers,
COMmpressors, pumps, eic.), Which is used whilst the vehicle is in normal service on the
roxd, this equipment should also be operating during the test.

A24.2  Particnlar conditions

Vehicles should be driven in such a manner as to comply with cither of the following
conditions:

A24.2.1 VEHICLE WITH A MANUALLY OPERATEL GEAR BOX, WITH OR WITHOUT AUTGMATIC

cLurcn, The vehicle should approach the line A4 (Fig. 1) at o steady speed
correspanding to three quarters of the revolutions per minute at which the
engine (accerding to the manufncturer) develops ils maximum power, The
gear ratio should be chosen such that the road speed most closely approaches
50 km/h at this engine speed. However, if the vehicle has more than three
forward genrs, the first gear should not be used.

A2422  VEHICLE WITII AN AUTOMATIC GEAR BOX, The vehicle should approach the line 44

AlS

at a steady speed of 5O km/h or at three quarters ofits maximum speed, whichever
is the Jower, Where alternative forward drive positions are available, the position
which results in the highest sound level of the vehicle shounld be sclected,

The selector position which is used only for engine braking, parking or similar
slow maneuvres of the vehicle should be excluded.

Statement of results
All readings taken on the sound level meter should be stated in the report,

The basis of horscpawer rating, if appropriate, should be stated In the report,
The stale of leading of the vehicle should also be specified in the report,
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MOTORCYCLE INDUSTRY COUNCIL SUPPORTED NOISE TEST PROCEDURE
FOR NEW VEHICLES

INTRODUCTION

This Standard establishes maximum sound levels for motorcycles and
motor driven cycles and describes the test procedure, environment,
and instrumentation for determining these sound levels.

INSTRUMENTATION

The follewing instrumentation shall be used {or the measurcment
required:

2.1 - A sound level meter which meets the requirements of Inter-
national Electroacoustic Conmmnission Publication 179, Precision
Sound Level Meters,

2.1,1 Alternatively, a microphone/magnetic tape recorder/indicating
meter system whose overall response is equivalont to the above

may he used.

2.2 A sound level calibrator (see paragraph 4.5)

2,3 A calibrated windscreen or nose cone (sce paragraph 4,4)
PROCEDURE

3.1 A test site suitable for the purpose of measurements shall

consist of aflat open space free of large reflecting surfaces
such as signboards, buildings, or hillsides located within
100 ft. of either the vehicle or the microphone.

3.1.1 Tho surface of the ground within the measurement area shall
be dry concrete or asphalt, free from powdery snow, loose
soll or ashes,

3.1.2 Because bystanders may have an appreciable influence on
meter response when they are in the vicinity of the vehicle
or the microphone, not more than one person other than the
ohserver reading the meter shall be within 50 ft, of the vehi-
cle or microphone, and that perscn shall be directly behind

" the ohserver reading the meter, on a line through the micro—
phone and the obhserver,

.3.1.3  The ambient sound level (including wind effects) due to sources
other than the vehicle being measured shall be at least 10dbA
lower than the level of the tested vehicle,

3.1.4 The path of vehicles shall be of relatively smooth, dry concrete

asphalt, iree of extraneous inatier such as gravel,
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3.2

3.3

3.1.5

3.1.6

The microphone shall be located 50 ft. from the centerline of
the vehicle path at a height of 4 {t, above the ground plane.,
An acceleration point shall be established on the vehicle path
25 ft. before the line through the microphone and normal vehi-

cle path,

VEHICLE OPERATIONS

3.2.1

3.2.2

3.2.3

The vehicle shall use second gear., Vehicles which reach maxi-
mum rated engine speeds before reaching a point 25 ft, beyond
the microphione shall be tested in third gear.

The vehicle shall proceed along the test path at a constant
approach specd which shall correspond to either the engine
speed of 60% of the speed at which the engine develops
maximum horsepower or at 30 mph whichever is lower, When
the front of the vehicle reaches the acceleration point, the
throttle shall be opened wide, and maintained until the front
of the vehicle is 100 ft, beyond the microphone, or until the
maximum rated engine speed is reached, at which point the
throttle shall be closed,

Wheel slip which affects the maximum sound level must be
avolided,

MEASUREMENTS

3.3.1

3,3.2

3.3.3

- vehicle,

The meter shall be set {for "“fast" response and for the A-welghted i
network, ,
The meter shall be observed while the vehicle is accelerating. i
The applicable reading shall be the highest sound level obtained ,
for the run, ignoring unrelated peaks due to extrancous ambient :
noises. Sufficient preliminary runs to familiarize the driver

and to stabilize the engine aperating conditions shall be made
before measurements begin., Immediately after the preliminary
runs, at least two measurements shall be made for each side

of the vehicle. All of the values shall be recorded.

The sound level for cach side of the vehicle shall be the average
of the two highest readings which are within 2db of each other.
The sound level reported shall be that of the louder side of the

GENERAL COMMENTS . | _ |

4,1

It is strongly recommended that technically trained personnel
gelect ocquipment and that teste be conducted only hy qualified

uuuuu LIRS RS2 LA

persons trained in the current techniques of sound measurement.
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_An additional 2db allowance over the sound level limit is

recommended to provide for variations in test site, vehicle
oporation temperature gradients, wind velocity gradients,

test equipment, and inherent differences in nominally Iden~
tical vehicles,

Instrument manufacturers' specification for orientation of the
microphone relotive to the meter should be adhered to,  * °
Wwhen a windscreen is required, a previously calibrated wind-
screen should be used. It is recommanded that measuwements
be made only when wind velocity is helow 12 mph.
Instrument manufacturers' recommended calibration practice
should be followed, Field calibration should be made Imme-~
diately before and after cach test sequence., Either an external
calibrator or internal calibrator means is acceptable for field
use, providing that external calibration is accomplished imme-
diately before and after {ield use.

REFERENCLE MATERIAL

Suggested reference material is as [ollows;

USASI ST, + 1-1960 Acoustical Terminology

USASI 81, 2-1962 Physical Measurement of Sound.
International Eleciroacoustic Commission
Publication 179, Precision Sound Level
Meters {available from USASI).

{hpplication for coples of these documents should be addressed
to ANSI, 10 Dast 40th Street, New York, New York 10016).
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C Proposed M.1,C. 4-Mode Motorcycle Naise Measurement Test Data Sheet

)

Manufocturer:

Model:

Displacement:

D Motoreycle

[:] Motor-Driven Cycle California Law defines o mator-driven cycle on the basis
of the engine producing less thaa 15 gross brake horsepower,
[ Motaoreycle Data
Moda dB(aA) Multiply By Welghted
Number Description Tast Result | Waighting Factor Result
1. CHP Maximum Noise Procedure 0.5
2, Steady 65 mph driveby (top gear} 0.2
a. Steady 40 mph driveby (top gear) 0.2
4. 2000 rpm {neutral) 0.1
Vehicle stationary with front at end
point (refer to CHP Procedure)
© Totol =
{Add Weighted Results) _J
( Mator«Driven Cycle Data )
Mode ’ dB{A) Multiply Oy Welighted
Number Description Test Resuit | Welghting Facter Result
I, CHP Maximum Noise Procedure 0.5
3, Steady 40 mph driveby (top gear) 0.4
4. 200 rpm (neutrol} 0.1
Vehicle stationary with front at end
point {refer to CHP Procedure)
Totol =
" (Add Weighted Results) - )

v

NOTE: THIS METHOD DIFFERS FROM THE PRECEDING M,1.C,

SUPPORTED PROCEDURE,

B-~25
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NOISE MEASUREMENT PROCEDURE USED FOR QUALIFICATION IN
AMERICAN MOTORCYCLE ASSOCIATION
SANCTIONED OFF-ROAD COMPETITION

e e
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b
£ 50 feet
~

Rupinted fram AMA NEWS

RECOMMENDED NOISE

TESTING

During the FIM spring, 1972, congress
held In Geneva, Switzerland, the world
governing body for the sport of motor-
cycling adopted nolse atandards and
teating methods hased on proposals made
by the delegntes of the American fed.
eratiun. After experlencing ditficu)tiss
with various methods designed for tech.
nical accuracy and sophistication, the
FIM turned to the American Motorcyela
Anseclatlen  for suggestions with the
hopa that & world-wide ncise abatement
prograin could be estabilshed, basad on
& Dracticat, exsily-administered method
of nolee testing.

‘The FIM method provides that all ma.
chines under examinatien be measured
at & distance of 50 feet (16.2m). They
should be running in neutrsl with tha
nolta lavel rvending taken 8t & pre-de-
termined motor spaed, depending upon
the size of the motoreycle.

A hund-hald metep, such aa that avails
abla from the AMA, should ba held
ahout 4 fest (1,2m} from the groynd (a
comfortabla posture with the elbowa
bent} with the mlerophone pointing at
a right angle to the motoreyele, The in-
dividual holding the meter, proferably
the refetee In charge or someons ap-
pointed by him, takes the reading of euch
motoreyele and reparts it to u clerk whe
should record it beside the contestant's
number 4n ah entry list.

With the motoreyrla started and run=-
ning in neutrat, the motor I3 sccelerntad
to o certain Tpm and held there just
long enough for the rending to be talen.
Care should ba taken not to over-rav the
motar or to hold It at speed tov long.

Below nre L jeading spseds sstsh
lished by the FIM:

G0ce Lo TBee ...
100ee to 125cc ... -
116ce to 260¢e ...

... 6000rpm
. 6500rpm
e 5000rM

*This level is now set at 90 dBA., B-26

METHOD

Astee to B0lce .. 4500rpm

over Bibee .. ... 4000Tpm
Nota that these recommendations are
Lased on traditions] FIM class deslgna-
tlona, If n motor aize falls betwean cate-
karies, it should be muved to the next
lurger class, Far example, a 1fllec ma-
chine should be measured at 5000 rpm,
falling into the class ol motorcyeles up

"t 250ce,

It the motereycls has no tachometer,
the testing crew may waut to use n
counter which attarhes to-the electeiral
aystem, & method suggestad by the FIM,
1£ no such device in available, the motor
speed should be eatlmated av 2/3 maxi-
mum safe revolutions,

No motoreyels, tested et tha motor
apsed deslgnated for its moter class, may
excerd 02 decibels (92dB{a)) and he
legal for AMA amataur compesition or
profesalonal motowcross,

Common sense should be followed in
udminjstering this teat. For example,
only the motorcyels being teated should
be tunning. An open area should be
chasen no that the contestant will not
be Jeopurdized by nolss echoing from
walls or othar large objecta.

This method iy designed for [ta sime -

pllcity, Mare sophisticated and accurate
methada are available, but they are mots
complicoted, difficult and expansive to
admintster, Furthermore, with the more
complicated methods, the indlvidual bes
Ing testad cap umually find more ways
to manipulate the noise level of his ma<
chine and control the resujta to hir banes
ik

For thoss interested in improving the
sport nf motoreyellng by reducing of+
fensive nolse, this simpls method, ad.
miniatared in A aplrit of cooparation by
official and contestant alike, is & maost
convenlent and effective technlque
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NOTE — NEW INFORMATION

The two remaining motorcycle noise test procedures are new Society of Automotive
Engineers recommendations received ofter writing of the report text, Some of the short=
comings discussed in the Measurement Procedures section of Chapter 4, such as variable
rider weight, have been addressed in the new standards, The new SAE Recommended
Practice J331a - Sound Levels for Motorcycles — is a revised version of J331 similar to
the Califomia Highway Potrol measurement standard. Recommended Practice XJ47 —
Maximum Sound Level Potential for Motorcycles — is essentially the oid J331 referred

to in the text.
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September 10, 1973

SOUND LEVELS FOR SAE RECOMMENDED
MOTORCYCLES — SAE XJ 331a PRACTICE

1. SCOPE

This SAE Recommended Practice establishes the test procedure, environment, and
iﬁstrumgntaﬁon for determining sound levels typical of normal motorcycle operation,
2. INSTRUMENTATION

2,1 The following instrumentation shall be used, where opplicable:

2.1.1 A sound level meter which meets the Type ! requirements of the American
National Standard Specification for Sound Level Meters 51.4=1971. As an alternative
to muking direct measurements using o sound level meter, a microphene or sound level
meter may be used with a magnetic tape recorder and/or a graphic tevel recorder or
indicating meter providing the system meets the requirements of SAE Recommended

Practice J184, Glualifying o Sound Data Acquisition System,

2.1.2 An Acoustic Calibrator {see Section 6.4.4).

2.1.3 A calibrated engine speed tachometer having the following characteristics:

(8) Steady state accuracy of better than 1 percent.
) Transient response: Response to o step input will be such thot
within 10 engine revolutions the indicated rpm will be within

2 percent of the actual mpm.

B-28
Note: This is a retyped copy of the pending SAE Standard.
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2.1.4 Aspeedometer with steady state accuracy of at least £10 percent,
2.1.5 An anemometer with steady state accuracy of at least =10 percent,

2.1.6 An acceptable wind screen may be used with the microphone. To be
acceptable the screen must not affect the microphone response more than + 1 dB for

frequencies of 20~4000 Hz or * 1=1/2 dB for frequencies of 4000 ~ 10,000 Hz.

3.  TEST SITE

3. The test site for measuring sound levels of motorcycles shall be a flot open
space free of large sound reflecting surfaces (other than the ground), such os parked
vehicles, signboards, buildings, or hillsides, located within 100 ft (30,4 m) radius of

the mierophone location and the following points on the vehicle path:

@) The microphone point.
(&) A point 50 ft {15.2 m) before the microphone point,

(€} A polnt 50 ft (15.2 m) beyond the microphone point,

3.2 The measurement area within the tast site shall meet the following require=

ments end be [ayed out as described;

3.2.1 The surface of the ground within at least the triangular area formed by the
microphone location and the points 50 ft (15.2 m) prior to and 50 ft (15.2 m) beyond the
mierophone polnt shall be dry concrete or asphalt, free from snow, soil, or other

extraneous material, -

3.2.2 The vehicle path shall be of relatively smooth, dry concrete or asphalt,
free of extraneous materials such as gravel, and of sufficient length for safe acceleration,

deceloration, and stopping of the vehicla,

B~29
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3.2.3  The microphone shall be lacated 50 ft (15.2 m) from the centerline of the
vehicle path and 4 fr (1.2 m) above the ground plane.
3.2.4  The following points shall be established on the vehicle path:
(o) Microphone point ~ a point on the centerline of the vehicle

{
5 path where a normal through the microphone location

intersects the vehicle path,
®) End point — a point on the vehicle path 100 ft (30.4 m) beyand
: the microphone point.
{c) Acceleration point — o point on the vehicle path 25 ft (7.6 m)
prior to the microphone point.
k 3.2.5 The test area layout in Figure 1 shows a directional approach from ieft

to right with ane microphone location, for purpeses of clarity. Sound level measurements
are to.be made on both sides of the vehicle; therefore, it will be necessary to establish

either o corresponding clear area or end points ond accaleration points for opproaches

from both directions.

B-30
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Vehicle Path

50' 50 100" —
—-l 25" |

! H J

¥

AT

100" Redius A s lm'quim
H Microphone A = Microphona polnt
B - Acesleration paint

100 Radius C = End polnt

D - End zone
25' = 7.6 Melres

50' -~ 15,2 Metres
100" =~ 30.4 Metres

FIGURE 1

4.  TEST WEIGHT

4.1 At the start of the test serfes, the vehicle shall be filled with ﬁ.;el

and lubricant to not less than 75 percent of capacity.

4.2 The combined weight of the test rider and test equipment used on the
vehicle shall be not more than 175 Ibs {79.4 kg) nor less than 165 (74.8 kg). Welghts
shall be placed on the vehicle saddle behind the driver to compensate for any difference
between the actual driver/equipment load and the required 165 Ib (74.8 kg) minimum.
5, PROCEDURE

5.1 The vehicle shall use second gear unless during the test under accelera-
tion the engine speed at maximum rated net horsepower is reached before the vehicle

reaches a point 25 ft (7.6 m) beyond the microphone point in which case the vehicle

shall be tested In third gear.

B-31
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5.2 For the test under acceleration the vehicle shall proceed along the
vehicle path ot a constant approach speed which shall correspond ta either an engine
speed of 60 percent of the engine speed at maximum rated net horsepower or a vehicle

speed of 30 mph (48 km/h), whichever is slower. When the front of the vehicle reaches

the acceleration point, rapidly and fully open the throttie and accelerate until the front

of the vehicle is 100 ft (30.4 m) beyond the microphone point, or until the engine speed
at maximum rated horsepower is reached, at which point the throttle shall be closed.

Wheel slip which effects the maximum sound level shall be avoided.

5.3 When excessive or unusual noise is noted during deceleration, the
following test shall be performed with sufficient runs to establish maximum sound level

under deceleration.

5.3.1  For the test under deceleration, the vehicle shall proceed along the
vehicle path at an engine speed at maximum rated net horsepower in the geor selected
for the test under acceleration. At the end point, the throttle shall be ropidly and
fully elosed, and the vehicle ellowed to decelerate to un engine speed of one-half
of the rpm ot maximum rated net horsepower,

5.4 Sufficient praliminary runs to familiarize the driver and to establish
the engine operating conditions shall be made befofa measurements begin. The englnc

temperature shal| b within the normal operating range prior to each run,

6.  MEASUREMENTS

6.1 The sound leve! meter shall be set for “fast" response ond for the

A=weighting network,
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6.2 The meter shall be observed whiie the vehicle is accelerating or decelerating.
Record the highest sound level obtained for the run, ignoring unrelated peaks due ta

extraneous ambient noises. All values shall be recorded.

6.3 At least six measurements shall be made for each side of the vehicle. The
highest and the lowest reading shall be discarded; the sound level for each side shall be
the average of the remaining four, which shall be within 2 dB of each other, The sound

level reported shall be for that side of the vehicle having the highest sound level.

6.4 The ambient sound level (including wind effects) at the test site due to
sources other then the vehicle baing measured shall be at least 10 dB lower than the

sound level produced by the vehicle under test.
6.5 Wind speed at the test site during tests shall be less than 12 mph (19 km/h).
7.  GENERAL COMMENTS

7.1 Technically competent personnel should select equipment and the tests
should be conducted only by trained and experienced persons familior with the current
techniques of sound measurement.

7.2 While making sound level measurements, not more than one person other
than the sider and the observer reading the meter shall be within 50 ft {15.2 m) of the
vehicle or microphone, ond that person shall be directly behind the ohserver reading the
meter, on a line through the microphone and the observer,

7.3 The test rider should be fully conversont with and qualified to ride the

machine under test and be familiar with the test procedure,

B-33
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7.4 Proper use of all test instrumentation is essential to obtain valid measurements,
Operating manuals or other [iterature furnished by the Instrument manufacturer should be referred

to for hoth recommended cperation of the instrument and precautions to be observed. Specific

e R e A e e e e

items to be considered are:

7.4,1  The type of microphone, its directional response characteristics, and its
orientation relative ta the ground plane and source of noise.

7.4.2  The effects of ambient weather conditions on the performance of all
instruments (e.g., temperature, humidity, and barometric pressure),

7.4.3  Proper signal levels, terminating impedances, and cable lengths on multi=
instrument measurement systems,

7.4.4  Proper acoustical calibration procedure, to include the influence of
extension cables, etc, Field calibration shall be made immediately before and after
each test sequence, Internal calibration means is accoptable for field use, provided

that external calibration is accomplished immediately before or after field use.



B.  REFERENCES

Suggested reference material is o5 follows:

8.1 ANSI §1.1 - 1960, Acoustical Terminology

8.2 ANSI 51,2 -~ 1962, Physical Meosurement of Sound

8.3 ANSI §51.4 - 1971, Specification for Sound Level Meters

8.4 ANSI §1.13 - 1971, Mathod of Measurement of Sound Pressure Levels

8.5 SAE J184, Qualifying a Sound Data Acquisition System

8.6 SAE J47, Maximum Sound Level Potential for Motorcycles. This
procedure is recommended for determining the vehicle's maximum patential sound Tevel.

The procedure does not represent normal motorcycle safe operating practice.

APPENDIX

The SAE recommends that the following sound levels, when measured in accordence
with the test procedure described obove, be used as a reference in the design and
development of motorcycles. A 2 dB (A) allowance is recommended to provide for
variations in test site, tempercture and wind grodients, test equipment ond inherent

differences in nominally ldentical vehicles,

Engine Displacement A~Weighted Sound Level
169 cc and less ' 82 dB(A)
170 cc thru 500 cc 84 dB(A)
more than 500 ce 86 db(A)
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September 10, 1973

MAXIMUM SOUND LEVEL, POTENTIAL SAE RECOMMENDED
FOR MOTORCYCLES - SAE XJ 47 PRACTICE
1. SCOPE

This SAE Recommended Practice estoblishes the test procedure, environment and

instrumentation for determining maximum sound level potential for motorcycles.

2, INSTRUMENTATION

2.1 The foliowing instrumentation shall be used, where epplicable:

2,1.1 A sound level meter which meets the Type 1 requirements of the
American National Standard Specification for Sound Level Meters (51.4-1971). As
an alternative to making direct measurements using o sound level meter, a microphone
or sound level meter may be used with a magnetic tape recorder and/or a graphic level
recorder or indicating meter providing the system meets the requirements of SAE

Recommended Practice /184, Qualifying a Sound Data Acquisition System.

2.1.2  An acoustic calibrator {see Section 6.4.4).

2.1.3 A calibrated engine speed tachometer having the following characteristics.

() Steady state accuracy of better than 1 percent,
{b) Transient response: Response o a step input will be such that
within 10 engine revolutions the indicated rpm will be within

2 percent of the actual pm.

B-36
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2.1.4  An anemometer with stecdy state accuracy within 10 percent.,
2.1.5  An occeptable wind screen may be used with the lmicrophane. To be
acceptable, the screen must not affect the microphone response more than 1 dB for

frequencies of 20 to 4000 Hz or % 1=1/2 dB for frequencies of 4000 to 10,000 Hz.

3. TEST SITE

3. The test site for measuring sound levels of motoreycles shall be a flat
open space free of large sound reflecting surfaces (other thon the ground) such as parked
vehicles, signboards, buildings, or hillsides, located within 100 ft (30,4 m) radius of
the microphone location and the following points on the vehicle path:

(@) The microphone point.
(b) A point 50 ft (15.2 m) before the microphone point. |

(¢) A point 50 ft (15.2 m) beyond the microphone point.

3.2 The measurement atea within the test site shall meet the following

requirements and be loyed out as described:

3.2.1  The surface of the ground within at least the triangular ares formed by
the microphone location and the points 50 ft (15.2 m) prior to and 50 ft (15,2 m) beyond
the microphone point shatl be dry concrete or asphalt, free from snow, soil, or other

extraneous material.

3.2.2  The vehicle path shall be of relatively smooth, dry concrete or asphalt,
free of extraneous materials such as gravel, ond of sufficient length for safe acceleration

deceleration, and stopping of the vehicle.
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3.2.3  The microphone shall be located 50 ft (15.2 m) from the centerline of
the vehicle path and 4 ft (1.2 m) above the ground plane.
3.2.4  The following points shall be established on the vehicle path:
(8} Microphone point - a point on the centerline of the vehicle
path where a normal through the microphone location inter~
sacts the vehicle path,
(b} End point - a point on the vehicle path 25 ft (7.6 m) beyond the
microphone point.
(¢) Acceleration point = a point on the vehicle path at least 25 ft
{7.6 m} prior to the microphone point established by the mathod
described in paragroph 4.1,
3.2.5  The test area layout in Figure 1 shows a directional approoch from left
to right with one microphone location for purposes of clarity. Sound leval measurements
are to be made on bath sides of the vehicle; therefore, it will be mcessary to establish

either a second microphone location on the opposite side of the vehicle path with a

corresponding clear area or end points, and acceleration paints for approaches from

both diroctions.
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Vehicle Path

,_.,. 50" et 50'—-’
25'

! Minimum /

100 Rucius/ A | 100 Radivs

\- Mierophone
Location

100! Rodius

A = Mieroghone point

8 - End polnt

C = Acceleration
point

D - Center of clear

area radius

25' = 7.6 Metros

50" = 15.2 Metres
100" = 30.4 Matres

FIGURE 1

4.  PROCEDURE

4.1 To establish the acceleration point, the end point shall be approached
in low gear from the reverse direction af o constant road speed obtained from 60 percent
of the engine speed at maximum rated net horsepower. When the front of the vehicle
reaches the end point, the throttle shall be ropidly and fully opened to accelerate past
the microphone point under wide open throttle. By trial, the lowest transmission geu.r
shall be selected that will result in the vehicle traveling the shortest distance from the
end polint to the ploce where the engine speed at maximum roted net horsspower is
reached, but which is not lass than 25 ft (7.6 m) past the mierophone point. The
location of the frent of the vehicle on the vehicle path when the engine speed at
maximum rated net horsepower is attained shall be the acceleration point for test runs

to be mado in the opposite direction.
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4.1.1  When the procedure described in paragraph 4.1 results in a dongerous
or unusual operating condition such as wheel spin, front wheel lifting or other unsafe
conditions, the next higher gear shall be selected for the test and the procedure rerun to
establish the acceleration point. In any event the procedure shall result in the vehicle

being at the end point when the engine speed at maximum rated net horsepower is attained,

4,2 For the test under acceleration, the vehicle shall proceed olong the
vehicle path at o constant approach speed in the geor selected in paragraph 4.1 and at
60 percent of the engine speed at maximum rated net horsepower. When the front of
the vehicle reaches the acceleration point, the throttle shall be rapidly and fully opened.
Full acceleration shall continue until the engine speed at maximum rated net horsepower
is reached, which shall be at the end point, af which time the throttle shoil be ¢losed.

Wheel slip which offects the maximum sound level shall be aveided, and the manufacturer's
safe maximum engine speed shall not be exceeded.

4.3 When excessive or unusual noise is noted during deceleration, the
following test shall be performed with sufficient runs to establish maximum sound level |
under deceleration, E

4.3.1  For the test under deceleration, the vehicle shall approach the end

point from the reverse direction at the engine speed at moximum rated horsepower

in the geor selected for the test under acceleration. At the end point, the throtte

shall be rapidly end fully closed and the vehicle shall be allowed to decelerate to

an engine speed of one~half of the rpm at maximum rated net horsepower.

B-40
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4.4 Sufficient preliminary runs to familiarize the driver ond to establish the

engine operating conditions shall be made before measurements begin. The engine temperature

shall be within the normal operating range prior to each run.,

5.  MEASUREMENTS

5.1 The sound level meter shall be set for "fast" response and for the A-weighting
network.
5.2 The meter shall be chserved while the vehicle is accelerating or decelerating,

The highest sound leve] obtained for each run shall be recorded ignoring unrelated pedks

due to extraneous ambient noises.

5.3 At least six measurements shall be made for each side of the vehicle, The
highest and the lowest reading shall be discarded; the sound level for each side shall be
the average of the remaining four, which shall be within 2 dB of each other. The sound

level reported shall be for that side of the vehicle having the highest sound level,

5.4 The ambient sound level (including wind effects) at the test site due to
sources other thon the vehicle being measured shall be at least 10 dB lower than the sound

level produced by the vehicle under test.
5.5 Wind speed at the test site during tests shall be less than 12 mph (19 km/h),
6.  GENERAL COMMENTS

6.1 Technically.competent personnel should select equipment, and the tests
should be conducted only by trained and experienced persons familiar with the current

techniques of sound measurement.
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6.2 While making sound level measurements, not more than one person other
than the rider and the observer reading the meter shall be within 50 ft (15.2 m) of the
vehicle or microphone, and that person shall be directly behind the observer reading the

meter, on a line through the microphone and the observer.

6.3 The test rider should be fully conversant with and qualified to ride the

machine under test ond be familiar with the test procedure,

6.4 Proper use of all test instrumentation is essential to obtain valid measure~
ments, Operating manuals or other literature furnished by the instrument manufacturer
should be referred to for both recommended operation of the instrument and precautions

to be observed. Specific items to be considered are:

6.4.1  The type of microphone, its directional response characteristics, and its

orlentation relative o the ground plane and source of noise,

6.4.2 The effocts of ambient weather conditions on the performance of all instru=

ments (e.g., temperature, humidity, and barometric pressure).

46.4.3  Proper signal levels, terminating impedances, and cable lengths on multi=

instrument measurement systems.

6.4.4  Proper acoustical calibration procedurs, to include the influence of
extension cobles, etc. Fleld calibration shall be made immediafely before and after
cach test sequence. Internal calibration is aceeptable for field use, provided that

external calibratlon s accomplished immedictely before or after field use.
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6.5

Vehicles used for tests must not be operated in ¢ manner such that the breck-in

proceture specified by the manufacturer is violated.

7. REFERENCES

Suggested reference material is as follows:

7.1
7.2
7.3
7.4
7.5

7.6

o e e e
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ANS! §1.1 - 1960, Acoustical Terminology
ANSI 51,2 - 1952, Physical Measurement of Sound :
ANSI 51.4 - 1971, Specification for Sound Level Maters

ANSI 51,13 = 1971, Method of Measurement of Sound Pressure Levels

SAE J184, Qualifying a Sound Data Acquisition System

SAE J331, Sound Levels for Motoreycles. This procedure is recommended

for use in obtaining motorcycle sound levels typical of normal road operation,
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APPENDIX

The SAE recommends that the following sound levels, when measured in accordance
with the test procedure described above, be used as a reférence in the design and develop-
ment of motorcycles. A 2 dB(A) allowance is recommended to provide for variations
in test site, temperature and wind gradients, test equipment, and inherent differences

in neminally identical vehicles,

Engine Displacement A~Weighted Sound Level
169 cc and less B6 dB{A)
170 ¢¢ thru 500 cc 88 dB(A)
more than 500 cc %0 dB(A)
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2.1.5

SAE XJ47

Paragraph 2.1.5 hos been rewritten to agree with SAE J34 with the
requirements for the windscreen,

Paragraphs 3.1 and 3. 1.1 have been combined. Paragraph 3.1.2 and
3.}.3 have been removed from the Site requirements and placed under
paragraph 5, Measurements, and are now paragraphs 5.4 and 5.5 with
no wording change.

APPENDIX

The recommended A-weighted sound levels have been retyped as they
were under the proposals prior to the June droft. The numbers typed
in the June 8 draft were incorrect.
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APPENDIX C
CURRENT REGULATIONS

State and municipal vehicle noise regulations display a variety of nature and
intent. Limits are usually presenled regarding tn-use vehicle operation, and some
authoritles such as California and Chicage require noise certifications of new medels
before sule is permitted. Noise measurement techniques are predominantly non=
standardized between jurisdictions, with sundry procedures and distances being
preseribed. Most regulations do not specifically identify motordriven cycles,
but include them in an "other vehicles” category not applying to motorcycles and
heavy trucks, The regulations included here, representing the country's most
sophisticated and restrictive, have been edited to motorcycle opplication, and sections

which deal generally with horns or equipment instaliation pertaining to motoreyeles

have been amitted.
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FROM CALIFORNIA STATE VEHICLE CODE

Section 23130. (a) No person shall operate either a moter vehicle

OF ¢enpination of vehicles of a type subject to registration at

any time or under any conditien of grade, load, acceleration or
daceleration in such a manner as to excaed the following noise
limit for the cotegory of motor vehicle within the speed limits
specified in this section:

Speed Limit Speed Limit
of 35 mph of more than
or less 35 mph

{1) Any motor vehicle with a
manufacturer's gross vehi-
cle weighr rating of 6,000
pounds or more....

”

{2) Any motorcvcle cther than a ‘
motor-driven cycle-~———mmcamaen 82 4dB(A) 86 dB(A)

(3} Any other motor vehicle and any
combination of vehicles towed by )
such motor vehitcle-———=cerwnmoacs 76 dB(A) g2 dB({A)

{b) The noise limits established by this section shall be
based on a distance of 50 feet from the center of the lana of

‘travel within the speed limit specified in this section. The

Department of the California Highway Patrol may provide for
measuring a distanece closer than 50 feet from the center of the
lane of travel. 1In such a case, the measuring devices shall be
B0 calibrated as to provide for measurements equivalent to the
noise limit established by this section measured at 50 feet.

(d) This section applies to the total noise freom a vehicle
or combination of vehicles and shall not be construed as limiting
or precluding the enforcement of any other provisions of this
code relating to meotor vehicle exhaust noise.

C-2 ;
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.Section_23130.5, (a) Notwithstanding the provisions of subdivision

ta) of Section 232130, the noisa limits, within a speed zone of
35 miles paxr hour or less on lavel streets, or streets with a
grade not exceeding plus or minus 1l percent, for the following
categories of motor vehicles, or combinations of vehicles, which

are subject to registration, shall he: }

{1) Any motor vehicle with a manufacturer's gross vehigle
weighi rating ~f 6,000 pounds or more.... )

(é) Any motorcycle other than a motor-driven
CyClommm e e s e mmams 77 AB (A}

(3) Any other motor vehicle and any combination
" of vehicles towad by such motor vehicle-

vehicle or combination

Ko person shall operate such a motor Com o
the noise limits specified

of wvehicles in such a manner as to exceed
in this section.

The provisions of subdivisions (&), (d),'(e), and (f) of
Section 23130 shall apply to this section. "~

(d) Tha noise limits established by this section shall be
bhased on a distance of 50 feet from the center of tlie lane of
travel within the speaed limit specified in this section. The
Department of the Califoxnia Highway Patrol may provide for
measuring at distances closer than 50 feet from the conter of
the lane of travel. In such a case, the measuring devices shali
be so calibrated as to provide for measurcments equivalent to the
noise limit established by this section measured at 50 feet.

Saction 27150. (a) Every motor vehicle subject to registration

- ghall at all times be equipped with an adequate muffler in constant
operation and properly maintained to prevent any excessive or
unusual noise, and no muifler or exhaust system shall be sguipped

with a cutout, bypass, or similar davice.

(b} Subdivision {a) shall also apply to motorcycles oper~
atad off the highways, except motorcycles being operated in an
organized racing or competitive event conducted on a c¢losad course.
‘For the purposes of this subdivision, ."closed course" means a
permanent motor racing faeility which has one or more of the

following:
{1} Safety crash walls,
{2) Grandstands which seat 500 persons or more.

(3) Sanitation facilities for persons attending events,
{4) A business license or permit from a local authority to

conduct motor racing or-competition events.
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Section 27151, Mo person shall modify the exhaust system of a motor vehicle
in a manner which will omplify or increase the noise emitted by the motor of such
vehicle, above that emitted by the muffler original ly installed on the vehicle
and the original muffier shall comply with all of the requirements of this chapter,
No person shal! operate o motor vehicle with an exhaust system so modified.

Section 27160,  (a) Mo person shall sell or offer for sale a new motor vehicle
which produces a maximum noise exceeding the following noise limit ot o
distance of 50 feet from the centerline of travel under test procedures established
by the depariment:

(1) Any motorcycle monufactured before 1970 =cecasaasucacne 92 dbA
{2)  Any motoreyele, other than @ motor~driven

cycle, manufactured after 1969, and before

1973 == 88 dbA
(3) Any motorcycle, other than a motor~driven

cycle, manufactured after 1972, and before

1975 - B5dbA
{4)  Any motercycle, other than a motor~driven ‘

eycle, manufactured after 1974, and before

1978 80 dbA
(5) Any motarcycle, cther than o motor-driven

cycle, manufactured after 1977, and before

1988 75 dbA

6)  Any motorcycle, ather than a motor=driven
cycle, monufactured after 1987 70 dbA

(13)  Any other motar vehicle manufactured oRter
1967, and before 1973 86 dbA

(14)  Any other motor vehicle manufactured after
1972, and before 1975 B4 dbA

(15)  Any other motor vehicle manufactured after
1974, ond before 1978 - 80 dbA

(16)  Any other motor vehicle manufactured after
1977, and before 1988 75 dbA

(17)  Any other motor vehicle manufactured after
1987 wmaa 70 dbA

Test procedures for compliance with this section shall be established
by the department, toking into consideration the test procedures of the Society of
Automotive Engineers.
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CHAPTER 5. EQUIPMENT OF OFF-HIGHWAY VEHICLES

Section 38275, (a) Every off-highway motor vehicle subject to
identification shall at all times be eqguipped with an adequate
muffler in constant operation and properly paintained so as to
meet the requirements of Section 38280, and no muffler or exhaust
system shall be equipped with a cutout, bypass, or similar davice,

{b) The provisions of subdivision (a) shall not be applicable
to vehicles being operated off the highways in an organized racing
or rompetitive event upon & closed course and which is conducted
under the auspices of a recognized sanctioning body or by permit
issued by the local governmental authority having jurisdiction.

Sectlon 38280, (a} Notwithstanding the provisions of Section 27160,
no person shall sell or offer for sale a new off-highway motor
vehicle subject to identification which produces a maximum noise
exceeding the following noise limit at a distance of 50 feet from
the centerline of travel under test procedures established by the
Department of the California Highway Patrol:

{1} Any such vehicle manufactured on or after
January 1, 1972, and before January 1, 1973 ~-—~ 92 dbA -
: (2) Any such vehicle manufactured on or after
~ January 1, 1573, and before January 1, 1975 --- 88 dbA
: (3) Any such vehicle manufactured con or after
January 1, 1975 =-emcemvmceccsmenincceemaeeeees §§ dbA

{(d) Test procedures for compliance with this section shall
be established by the Department of the California Highway Patrol,
taking into consideration the test procedures of the Society of
Automotive Engineers.

C-5
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CHICAGO NOISE ORDINANCE

From Chapter 17, Chicago Municipal Code

17-4.7 (a) It shall be unlawlul for any person

te opernie amy moter of a motor vehicls of a

cwelght In excess of four tons (S.000 Ihs)e2. .
(b) No parson shall =ell, or offer for sale, o
new molor vehicle that produces a maximun noise
excecding the following neise limit ot o distance
of 50 fecl from tire center line of travel uncer test
proceduras esiabiished by Scction 17-4.24 of this
chapter: :

nisa

%ﬁfg‘z’g Mﬂgﬂ;ﬁ:‘!{lrtf ?L.’m‘! 4
(1) Motoreyele before 1 Jan, 1070 02JB(A)
Same after 1 Jan, 1070 BSUB(A)
Same « after1Jan. 19738 SGBE(A)
Same afler 1 Jan, 1075 §16B(A)
zme after 1 Jan, 1280 ThdBR(A)
(2) Any molor after1 Jan. 1065 SSan{A)

vehicle with
fprons
vehiele
welght of
8,000 pounds
OrINOIC « s s
{3} Passcnger
cars, motoy-
driven cycle
and any
other motor
vehicle :
Same after 1 Jan, 1673
Same - after 1 Jan. 1575 80dB(A)
Same after 1.Jan. 1930 734D{A)
The manufacturer, distributor, importer, or desig-
nated agent shall corlify In writing to thie Cammin.
sloner that his vehislas sold within the City coin-
ply with the provisions of this seclion,
{c) No person shall eperate within (he speed
Jimits specified In this section either a mator ve-
hicle or combinalion of vehleles of a Lype subject
to registration at any time or under any condition
of grade, load, aceeleration or deeeleration in sueh
manner ng to exceed the fallowing noise limit Jor
the cutegory of mater vehlele, Lased an o distnnee
© of not less than IO feet fromn the center line of
travel wnder Lest procedures established by Section
17-4.25 of this chapter:

before 1 Jan, 1073

84 dB(A)

C-6
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Noise Liwmit in Relailon
To Poxted Speed Limit
85 M Over
Type of Veliele orLess  SEMDI

. 1) Aay motor vehicle

with o manulae-
torer's GVW rating
of 5,000 1ts, or
MOre, «ane

(2) Any motorevele
other than & moetor-
driven cycle
before IJan, 1978 B2dB(A) 86dB(A)
afler 1Jan, 1978 78dB(A) 82dD(A)

{3) Any other motor
vehicle and wny com-
bination of motor
vehlcles towed by
such moter vehicle

o after1Jan 1970 T0AB(A) B2dB(A)
after1Jun. 1978  T04B(A) T0dBE(A)

This section applies to the total nolse from a
vehicie or combination of vehicles and shall not be
construed us limiting or precluding the enforcemoent
of any otlher provisions of this eode relating to
maotor vehiele mulllers for neise conlrol,

(d) No person shall madily eor charge the
exhnust mufiler, injake mulller or nny other noise
abatement device of a molor vehicle in o manncer
sueh that the noise emitted by ihe motor velicle
iz inereased above that emitted by the vehicle ns
originally manufactured, Procedures used {o estab-
lish compliance with this paragraph shall be those
used 1o cstablish eomplinnee of o new mntor ve-
hicle with the requiremcents of this article,
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17-4.22(n} No person shall sell or ofier for sale
n new motor-driven reereationnl er ofl-highway
vehicle, including dunebuggles, snowmobiles, all-
terrain vehicles, go-carts, and mini-bikes, that pro-
duces o maximam noise exceeding the folioving
noise limil at a distance of 50 feet from the cenler
Hue of lravel under {est procedures eslablished by
Section 17-1.28 of this chapler:

Tunc of Dale of
Velicle Manufacture

Snowmoebile

. Noiss Limi}

- Any olher afier 1 January 1971 80 dB(A)

velicle

tncluding .

Dune buggy,

ail-terrain afier 1 Jannary 1073 82 4B(A)

vehicle, L

go-cart,

mini-bike after 1 Jannary 1975 73 dB{A)

{b) 1t shall be unlawlul for any nperson to oper-
ate o moter-driven vehiele of a type not subjeet to
registralion for road uay, al any time o1 ynder any
eondition of load, aceeloration, er degtleration, in
such & manner as to exceed the following noise limit
at any point on property zoned for business or resi-
dential use at a distanse of not less than 50 fect
from the path of travel:

Noisp Limit

before 1 January 1073 86 dB(A)
after 1 Januwary 1973 - 82 dB(A)
17-4.23 'The operational performance standards
eatablished by this ordinnonee shall not apply to any
publie performance being conducted in secordance

GRS N IO
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with the provisions of a specinl pormit granted by
the city for the conduct of a publle performane.

17-4.24 Test procedures to delermine whelher
maximum noise eriilted by new olor velicles sold
or affered for sale meet the noise limlls stided in
Scclion 17-1.7(h) of this chapler shall be in sub-
staatinl conformity with Standards aund Teeon-
mended Practice establishied by the Suciety of Aulo-
molive Fngineors, Ine., ineliding Sa3 Stondad
1333 ; SAE Recommendeed Practice J184; SA)5 Nee:
ommoended Practice J260; SAR Standard JO33 nud
such other and further standards ns may be pro-
pounded in the Codc of Recommended Priostices
of the Nepnvtment of Lnvironmental Control,

17-4.95 Test preeecdures to determine whether
maximum nokee emilted hy motor vehieles in use
meet the noize limits sinted in Seetion 17-1.7{c) ol
this chapter shall be in sylatantial eonformity with

Standards and Decommended ractice estavlished -
by the Society of Aulomolive Kngincess, I, iIn-

cluding, SAT Slandard JusG; SA1L Standard Ju3L;
Becormicnded Mractice J885: Hecommended TPrac-
tice J181; and snch ether amd further slandards as
may he propoutded in the Code of Becommended
Prociices of the Department of Huviroumental Con-

trol.

et ey, g




e —— e "
b m— v Lt

mmee b e e,

From Article 5

COLORADO SPRINGS CITY ORDINANCE

Section .
8-39. Classification, Measurement of Nolse - [For purposes of determin:

ing and classifying sny nolse as excessive or unusually loud as declared
to be unlawful and prohibited by this Article, the following test

messuromoents and requirements may be applied; provided, however, a
violation of Section 8-38 may occur without the following measurements

boing made:

A. Noise occurring within the jurisdiction .of the City shall
be measured at a distance of at least twenty-five (25) feet
from a noise- source located within the public ripht-of-way,
and if the noise source is located on private property or
property other than the public right-of-way, st lsast
twonty-five (25) foet from the property line of the prop-
orty on which the noise source is located.

B. 1. The noise shall be measured on the "A" weighing scale
on sound level meter of standard design and quality
and -having characteristics estsblished by the American
National Standards Institute.

2. Por purposes of thislArticle, measurements with sound
loﬁel meters shall be made when the wind velocity at
the time and place of such measurement is not more
than five miles per hour, or tweniy-five (25) miles
per hour with a wind screen.

I3. In all sound level measurements considerution shall be
given fo tho offect of the ambient noise level created
by tho encompassing noise of the environment from all
sourcos at tho time and place of such sound level

moasuremont.
C-8
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Section
8-46., Vehiclos Weichinp Less than 10,000 Lbs, - A noise measured or

registored as provided above from any vehilcles weighing less than 10,000
lbs. In excoss of 80 decibels in the "A" weighing scale in intensity

shall be and is hercby declared to be excessive and unusually loud and

unilawful .

C-%
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FROM LAKEWOOD, COLORADO MUNICIPAL CODE

‘Section 10.57.080 MUFFLERS--PREVENTION OF NOISE, (1) It shall be un-

Tawful for any person to operate, or for the owner to cause or knowingly

. permit the operation of any vehicle or combination of vehicles, within
this municipality, which 15 not equipped with an adequate muffler in
constant operation and properly maintained to prevent any unnecessary
noise, and no such muffler or exhaust system shall be modified or used
with a cutoff, bypass or similar device, No pérson shall modify the ex-
haust system of a motor vehicle in a manner which will amplify or increase
the noise emitted by the motor of such vehicle above that emitted by a
mutfler of the type originally installed on the vehicle.

{2} For the purposes of this section, the definitions contained in
Section 9,52,030 of the Lakewood Municipal Code shall be applicable,

Section 10.60.160 MOTOR VEHICLE NOISE. (1) It shall be unlawful for any
—person to drive or move or for the owner to cause or knowingly permit

to be driven or moved, within this municipality, any motor vehicle
which emits a noise sound pressure level in excess of the dB(A) esta-
blished by subparagraphs (2) and (3) of this section. Moise from a
motor vehicie within the public right-of-way shal)] be measured at a
distance at least twenty-five feet from.the near side of the nearest
traffic lane being monitored and at a height of at least four feet
above the immediate surrounding surface on a sound level meter of
standard design and operated on the "A" weighting scale. Noise from
a motor vehicle which is located other than within the public
right-of-way shall be measured at a distance at least twenty-five
feet from said motor vehicle and at a height of at least four feet .
above the immediate surrounding surface on a sound level meter of
type 2 or better, as specified in the American National Standards
Institute Publication 51.4-1971, or successor publicattions, and
operated on the "A" weighting network.

(2) Motor vehicles weighing less than 10,000 pounds, manufac-
turer's gross vehicle weight (GVW}. Any motor vehicle with a weight
of less than 10,000 pounds, manufacturer's gross vehicle weight {(GVW),
or any combination of motor vehicles towed by such motor vehicle shall
not emit a noise sound pressure level in excess of 80 decibels in the
"A" weighting network dB(A).

(3} Motor vehicles weighing 10,000 pounds.or More, «...
{4) Subparagraphs (2) and (3)‘of7this section shall apply only

to vehicles traveling on streets with a posted speed limit of forty-
five (45) miles per hour or less,

c-10
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APPENDIX D

MOTORCYCLE NOISE REDUCTION COSTS -
SPECIFIC EXAMPLES

Matoreycle CHP=Type Modifications Production
Category Noisa Level Cost
Change Increase
.> 200cc From 86 to B4 dBA ® Smaller intake silencer 315,00
Highway (A)
apertures
8 4 mufflers instead of 2 +151b
Hi>h€v€3:0cc(‘8) From 84 to 80 dBA 8 [nerease intake baffling
gnway and absorption
¢ Increase exhaust baffling ~$40.00
# Interior mechanical
changes
Hi>h2\f:c?A) From B4 to 78 dBA ¢ Installation of large truck Severe
gnway intake silencer on Engi
passenger seat ngine
» Wrap angine end exhaust Cooling
in heavy asbestos Problems
» Supplemental exhaust
mufflers
Hi:hzv:):;?B) From 85 to 80 dBA * [ncrease intake silencer size
¢ Frame change $87.00
® Water cooling
* Large double wall mufflers Very
Difficult"

¢ Damped double engine cose
covers
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Motereyele CHP-Type Medifications Production
Category Moise Level Cost
Change Inerease
Hi;h%f:;c(B) From 85 to 80 dBA » Increase intake silencer size
¢ Larger double walled $51.00
mufflers
® Frame change
¢ Improved gear tooth finish "Very
o Damped double engine Difficult"
case covers
.> 200cc Frem 85.% to BO dBA | ® Increase intake silencer size
Highway (B)
# Larger doublfe walled $31.00
mufflers
8 Damped double engine
case covers
¢ Improved gear tooth finish "Difficult"
>Dig?cc From 84 to 80 dBA ¢ Increase intoke silencer size
. Purpose (B) e Lorger double wolled $38.00
: muffler .
® Frame change
¢ Damped double engine "Very
case covers
f ® [mproved gear tooth finish Difficult"
; :llzg?'i(\)::y (A) From 85 to B0 dBA | ¢Increase intake siloncer size | Reliability
® Increase exhaust system size Unproven
: ¢ Interior mechanical PE;?J:::°°
i traatments 5% — 15%

NOTES: See following page.
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NOTES:

A,

B.

";,““l‘ﬁ g g b e 3 -

Prototype existing machines.

Projected ability and costs for a specific model. Duplicated values for
several modals are not repeated. These medifications may not be pessible *
by 1975,

This table does not present complete performance or quality degradation
descriptions.

It is unlikely that a practica! prototype has been corstructed yet which
emits g noise level during the CHP test of 75 dBA or less. Manufacturers
claim that lead time of up to 5 years after complete 80 dBA |evels are
achieved will be required to produce 75 dBA machines.
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APPENDIX E
NOISE REDUCTION OF MOTORCYCLES CURRENTLY IN USE

The prospect of quieting vehicles olready produced and in use is an essential
consideration in the reduction of trunspbﬁation vehicle noise impact. In the case of

motorcycles, requirement of such octivity appears highly impractical. Development

.of retrofit packages consisting of intake end exhaust system replacements or modifi~

cations for many of the over 4 millicn motorcycles registered in the United Stotes

would be quite difficult forthe multitude of existing models. In California, for
example, it is reported that one motorcycle in 12 exceeds state noise regulations, *
Beyond this, mechanical noises in these old machines may have increased beyand

intake and exhoust levels obtained through retrofit parts, constituting e limit for
potential improvement {excluding possibility of the still unproven shielding concept),
Cost of ports and installation lobor would average near $40 ~ e significant percentage
of a used machine's value. More important, the requirement for retrofitting in na way
assures such modifications will be properly effected and maintained by the vehicle
owners. Many motorcycles become to their owners unique expressions of individuality,
and thus the machines tend to become modified to personal taste, Unfortunately, o
common constituent of such taste is loud noise. Hence, over 80 percent of all excessive
noise violations issued by the California Highway Patrol to motoreyclists are due to
exhaust system modifications made by the owner which cause the machine to exceed |
legol noise requirements, 1t becomes apparent that regulations specifying additional
retrofit parts would find less compliance than existing noise regulations. Considering
these facts, and the short turnover period of the motorcycle population {6 to 10 years -

see Chapter 4), the most practical and effective approach to reduction of noise impact

*
Letter from California State Attorney General's office to "Motorcycle Owners, ‘
Riders and Enthusiasts"(M.O.R.E,), October 19, 1973, :

E-1
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from motorcycles is vigilont enforcement of existing laws while new vehicle improve~
ments take effect through attrition and replacement, The requirement of solid unit
or all welded exhaust systems, especially for four-cycle machines which typically have

low internal exhaust cleaning requirements, would assist in limiting future modifications.
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