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SECTION 1

INTRODUCTION

Statutory Basis for Action

Through the Noise Control Act of 1972 (B6 Stat. 1234}, Congress estab-
lished a nmational policy "to promote an environment for all Americans free
from noise that jeopardizes their health and welfare." In pursuit of that
policy, Congress stated in Section 2 of the Act that "while primary respon-~
sibility for control of noise rests with State and local governments, Federal
action 15 essential to deal with major noise sources in commerce, the control
of which requires national uniformity of treatment," As part of that essen-~
tial Federal action, subsection 5(b){(1) requires the Administrator of the
Environmental Protection Agency (EPA), after consultation with appropriate
Federal agencies, to publish a report or series of reports identifying
products (or classes of products) which in his judgment are major sources of
noise. Further, Section 6 of the Act requires the Administrator to publish
proposed regulations for each product identified as a major source of noise
and for which, in his judgment, noise standards are feasible., Such products
fall into various categories, of which transportation equipment (including
recreationral vehicles and related equipment) is one.

Identification of Motorcycles as a Major Noise Source

Pursuant to the provisions of subsection S{b}(l), the Administrator
on May 20, 1975 published a report identifying new motorcycles as a major

source of noise.l Section & requires EPA to prescribe standards for the
nofse emissions of new motorcycles which are requisite to protect the public
health and welfare, taking into account the magnitude and conditions of use of
new motorcycles, the degree of noise reduction achievable through the applica-
tion of best available technolegy, and the cost of compliance.

In accordance with the authorities granted in Sections 3, 6, and 10 of
the Act, EPA may establish performance standards for specific components of
those products which have been identified as major sources of noise, Replace-
ment exhaust systems, which are noise sensitive components of motorcycles,
have, 1in the Jjudgment of the Administrator, been found to warrant separate
regulatory treatment as part of EPA's noise abatement strategy for new motor-

cycles.

Labeling

Provisions for requiring the labeling of products identified as major
sources of noise are contained in Sections 6 and 13 of the Noilse Control Act.
Labeling of motorcycles will provide notice to buyers that the product is sold
in conformity with applicable regulations, and will also make the buyer and
user aware that the motorcycle possesses noise attenuation devices which
should not be removed or tampered with. Labeling will also be of assistance
to enforcement officials in determining compliance with applicable laws and

ordinances.

T. Federal Register; 40 FR 23105, May 28, 1975
1-1




Preemption

After the effective date of a regulation for noise emissions from
a new product, Section 6 of the Noise Contrel Act requires that no State
or political subdivision thereof may adopt or enforce any law or regulation
which sets a limit on noise emissions from such new products, or components
of such new products, which is not identical to the standard prescribed
by the Federal regulation. Subsection 6{e}(2), however, provides that
nothing in Section 6 precludes or denies the right of any State or polit-
ical subdivision thereof to establish and enforce controls on environmental
noise through the licensing or the regulation or restriction of the use,
operation, or movement of any such product or combination of products.

To assist in controlling motorcycle noise, State and local authorities
are encouraged to enact and enforce noise regulations for motorcycles and
replacement exhaust systems which complement Federal regulations, as well as
requlations controlling the use and operation of motorcycles in areas where
they are deemed to be necessary.

Study Approach

In June 1974 EPA published a preliminary study report which exam1neg
motorcycle quieting technology and the costs of applying such technology.
This study provided the Agency with ap initial assessment of the feasibility
of motorcycle noise control, from which the Agency's regulatory options could
be further considered, Shortly after the major noise source identification of
motorcycles by the Administrator, EPA initiated further research studies of
quieting technology, cost and economic impacts, and environmental impacts, to
be used in assessing the variocus Federal noise regulatory alternatives for
this product.

During the course of these studies, all major motorcycle manufacturers,
many smaller ones, and a number of manufacturers of replacement exhaust
systems were visited by representatives of the Agency and its contractors.
These visits were made for the purposes of collecting technical data and
information, and to allow the industry the opportunity to become familiar with
and participate in EPA's ragulatory process.

Information and data collected from various sources by EPA and its
contractors which were used by the Agency in assessing motorcycle quieting
technology, compliance costs, and health and welfare impacts are presented in
this document.

Public Participation

Throughout the development of this regulation an effort has been made to
allow a1l groups and organizations who have an interest in, or may be directly
affected by motorcycle noise standards, the opportunity to participate in the
rulemaking process. This public participation effort has included meetings
with concerned state, county, and city officials, as well as with motercycle
user groups, jndustry associations, and motorcycle dealers. Advance coples of
a draft Notice of Proposed Rulemaking (NPRM) and selected sectjons of the

Control of Motorcycle Noise, Volume I, Techonology and Cost Information.
EPA publication 550/9-74-001A
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supporting regulatory analysis were distributed to manufacturers and inter-
ested government officials several months prior to publication of the NPRM to
allow additional time for analysis and comment. Appropriate officials in all
50 states were contacted by telephone, and informational mailings were sent
and follow-up contacts made Eor the purpose of obtainlng viewpoints and
opinions from these officials. Ongoing attempts Lo coordinate Federal, state,
ard local wotorcycle noise control actions are being made by the Agency.

On March 15, 1978 a Notice of Proposed Rulemaking for Motorcycles and
Motorcycle Replacement Exhaust Systems was published in the Federal Register
(40 FR 10822). Public hearings were held in Anaheim, California, April 28 -
May 1, 1978; in St. Peterburg, Flovida, May 5, 1978: and in Washington, D.C.,
May 9, 1978. All coments submitted with vespect to the proposed regqulation
during the public hearings and during the public comwent period have been
given careful consideration. An analysis of these comments is included in

this document.

Qutline and Summary of the Background Document and Appendices

Section 1. Introduction

Section 2, Industry Description, General information on motor-

cycles, motorcycle manufacturers, exhaust system manufacturers, and the
structure of the industry is presented in this section.

Section 3. Noise Level Test Procedures. This section contains
a discussion of existing noise measurement methodologies for motorcycles,
and a presentation of EPA's Einal procedure for use in regulatory compliance

testing.

Section 4. WNoise Level Data Base., This section presents noise levels
of motorcycles and replacement exhaust systems which were obtained using
various test procedures,

Section 5. Public Health and Welfare Analysis. An analysis of
current impacts of motorcycle mise, and impacts expected as a result of
various regulatory options is described,

Section 6, Noise Reduction Technology. A discussion of motorcycle
noise reduction feasability is included in the section. In addition the
various engineering techniques involved in controlling noise from motorcycle

noise subsources are also analyzed.

Section 7. Costs of Compliance, This section provides estimates
of the costs involved in applying these techniques to guiet motorcyclas and
replacement exhaust systems to various not-to-exceed regqulatory lavels.

Section 8., FHconomic Impact Analysis. Bstimates of the economic
impacts of various regulatory options on the manufacturing industry, on
specific fims, on employmant and on other economic measures are contained

in this section,

Appendix A, Motorcycle Noise Level Test Procedures., Texts of the
noise level test procedures discussed in Section 3 are presented in this
appendix.

1-3
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Appendix B. Test Sites and Instrumentation. This appendix presents
descriptions and photographs of the instrumentation and the test site loca-
tions used in performing EPA's motorcylce noise testing.

Appendix C. Product Identification and Noise Levels. This appendix
includes noise level data developed by EPA on individual motorcycles and

replacement exhaust systems.

Appendix D. A synopsis of State and local Taws applicable to motor-
cycle noise.

Appendix E. This appendix includes a summary of foreign motorcycle
noise laws.

Appendix F. Motorcycle and Aftermarket Exhaust System Demand Fore-
casting Model. This appendix describes the econometric models used to
forecast motorgycle and aftermarket exhaust system demand.

Appendix G. Relation Between Standard Test Methodologies and Repre-
sentative Acceleration Conditions. The assessed relationship between
motorcycle noise levels under rapid acceleration conditions (the official
EPA test procedure) and noise levels under representative unconstrained
traffic acceleration conditions is detailed in this appendix,

Appendix H, Additional Motorcycle Neise Level Data. This appendix
contains data developed in a test program conducted by EPA to gain additional
data relating to the proposed test procedure and to investigate tachometer
response characteristics. Operator ear and stationary test data are also

presented.

Appeadix I. This appendix describes results of EPA's efforts to
develop a sliding scale of cleosing RPM so that more accurate comparisons
could be made between the noise levels of varifous motorcyctes displacement
classes. Also tachometer log was {nvestigated.

Appendix J. Exploration of a Statiomary Test Incorporating an
Electronic Ignitionm Disable System. This appendix summarizes a study where
EPA evaluated the use of an ignition disable device for both moving vehicle
and stationary vehicle test procedures.

Appendix K.  Further Study of the Ignition Disable Device, Data
are included in this appendix to show results of EPA's efforts to refine the
ignition disable device and to keep rpm overshoot within acceptable values.

Appendix L. Motorcycle Neise Estimated Frcm Time/Distance Measure-
ments During Acceleratfon in Urban Traffic Situations. This appendix
summarizes a text program which was undertook by EPA to define motorcycle
acceleration profiles and associated nofse emissions as the Vehicle operated
in an urban traffic situation.

Appendix M. Fractional Impact Procedure. The procedure used in
assessing the health and welfare impact and benefits to be derived fronm
regulating noise emission are summarized in this appendix.
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Appendix M.  Fractional Impact Procedure. The procedure used in
assessing the health and welfare impact and benefits to be derived from
regulating noise emission are summarized in this appendix.

Appendix N. National Roadway Traffic Noise Exposure Model.  This
appendix includes a detailed discussion of the National Roadway Traffic Noise
Exposure Model. This discussion encompasses the data, calculations, and
assumptions that underline the model with focus on those details relevant to
considerations of noise emission standards for motorcycles.

Appendix 0. National Motorcycle Noise Control Emphasis Plan - Sum-
mary. This appendix is a summary of the Agency's plans to assist States and
Tocal governments in developing and implementing programs to control motor-

cycle noise. .

Docket Analysis. A1l of the questions, comments, and issues raised in
the public hearings and in written submissions to the docket are addressed in

detail.

1-56
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SECTION 2
INDUSTRY DESCRIPTION
2.1 Production Definition

For the pur‘poses'of the EPA motorcycle noise regulation all motar-
cycles which are designed and marketed for on-road operation are considered
to be "street" motorcycles, subject to noise standards for street motorcycles.
This category includes:

Street and hfghway motorcycles

Moped-type street motorcycles

Endiiro motorcycies intended for 1limited street operation

Mintcycles intended for street operation

Motor-driven scooters

Thnis street motorcycle category encompasses vehicles having the following
characteristics:

Approximately 50 to 1300 cc engines, developing from 1 to 100 horsepower

Two-stroke, four-stroke and rotary engines

One to six cylinders

Liquid, fan and air cooling systems

Two and three wheels

L"lght to heavy~weight

Shaft and chain drive

Manual and hydraulic torque converter automatic transmission

Moped-type street motorcycles are two-wheeled vehicles intended for
use on streats and roads. These vehicles, which are popular in Europe and
Asla and which have been already introduced into the U.S., have the following
features:

Not more than 50 cc engines

Not more than 2 horsepower

Top speed 1ess than 30 m.p.h.

For the purﬁoses of the EPA noise regulatfon.all motorcycles which are

designed and marketed for off-road and off-road competition use, with the
exception of motorcycles desfgned and marketed solely for use fn closed-

2-1
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course competition events, are considered to be "off-road" motorcycies.
This off-road motorcycle category includes:

0ff-road, trail, and cross-country motorcycles

Enduro motorcycles not intended for street operation
Minicycles not intended for street operation

Trials motorcycles

All-terrain motorcycles not intended for street operation

This off-road category encompasses vehicles having the following charac-
teristics:

50 to 750 cc engines

Two-stroke and four-stroke engines {great majority two-strokes)
Single cylinder

Afr cooled

Two and three wheels

Light-weight

Chain drive

Manual, centrifugal clutch and continuously variable (belt) automatic
transmission )

For the purpose of the EPA noise regulation all motorcycles designed and
marketed solely for use in closed-course competition events are considered
competition motorcycles and are not subject to EPA noise control standards.
They are however, subject to the labeling provisiens of the motorcycle noise
regulation. Closed-course competition events 1Include: short track, dirt
track, drag race, speedway, hillclimb, ice race, and the Bonneville Speed

Trials,

Two and three wheeled tractors are not considered to be motorcycles for
the purpose of the EPA motorcycle nofse regulation. Also, electric and
b?ttety-powered motorcycles are not subject to the provisions of the regula-
tions.

2.2 New Vehicle Manufacturers

More than 30 different manufacturers from all over the world sell motor-
cycles in the U.S. Manufacturers described in the Motorcycle Industry's
Councf1's‘1978 Statistical Annual are 1isted in Table 2-1,

Almost all forefgn motorcycle manufacturers have coempanies in the U.S.

distributing their products. The four major Japanese companies have wholly
ovned subsidiaries Tocated in Scurthern California. Most of the smaller

2-2
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manufacturers are represented by independent distributing firms who represent
their brand under contractual arrangements. Distributors are listed in Table
2-1 with the associated manufacturers.

Along with motorcycle manufacturers there are a few other U.S. com-
panies that are invelved to some extent in the OEM (original equipment
manufacturer) segment of the market., These are companies which supply major
components such as exhaust systems and engines to the motorcycle manufac-
turers. Representative companies in this category are:

Company Component, Motorcycle
Nelson Industries Mufflers Harley-Davison
Briggs & Stratton Engines Heald
Tecumseh Engines Heald
Wisconsin Engi nes Heald

Most of these companies are not entirely dependent on the mtorcycle
industry, but sell their products to manufacturers in other industries such as
automobiles, Tawn mowers, and snowmobiles.

The remainder of the new motorcycle industry description is oriented
primarily toward the manufacturers of full-sized 2-wheel motorcycles, since
this segment is by far the largest element in the industry in terms of number
of units sold.

2.2.1 Market Shares and Sales

The new motorcycle manufacturing segment of the industry fis character-
jzed by a small number of manufacturers which have significant sales in
the U.S., and a large number of manufacturers with very limited sales in the
U.S. Total industry sales figures since 1968 are shown in Figure 2-1.
Available sales and market share data for each of the 10 leading companies are
Tisted in Table 2-2.

In 1978, the five leading manufacturers {Honda, Yamaha, Kawasaki,
Suzuki and AMF/Harley-Davidson} had 96.4 percent of the market, based on
the number of new motorcycles registered. This is onty an approximation
because an estimated 30 percent of all motorcycles sold are not reyistered;
however, market share inaccuracies are not likely to be great because all five
sell the types of models that are likely to be unregistered. Of the indivi-
dual brands, tne largest share of the warket is held by Honda, which had 35.9
percent of the market, followed by Yamaha - 256.9 percent, Kawasaki - 15.U0
percent, Suzuki - 13.3 percent, and Harley-Davidson - 6.3 percent.

A1l other wmanufacturers combined shared approximately 4 percent of
the market, and none individually had a share over 1! percent. Approxi-
mately 17 companies have less than 0.1 percent., These figures may be slightly
understated since many of the companies with 1imited U.S. sales specialize




MOTORCYCLE MANUFACTURERS AND DISTRIBUTORS

Table 2-1

(CUNTRY OF
BRAND U.5. DISTRIBUTOR MANUFACTURE
AMMEX Apache Limited Mexioo
Arco/E-%Z Rider Dialex u.s.
Bajaj Bajaj America, Inc, India
BMW Butler & Smith - East West Germany

BenelliMoto Benelli

Bultaco

Can—-aM

Carabela

ccM

Duecati

Gemini
Harley-Davidson
Heald

Hercules

Honda

Husgvarna
Indian
Italjet
Jawa/CZ
KTH
Kawasaki

Lambretta
Laverda
Maico
Montesa

Moto Guzzi

Moto Morini

Butler & Smith - West
Cosmopolitan Motors
Benelli East, Inc.

Bultaco Internpaticnal Ltd,
Bombardier Corporation
Cycle - Kraft Racers, Inc,
CCM Imports America
Berliner Motor Corp.
Bulldog Manufacturers
Harley-Davidson Moter, Inc.
Heald, Inc.

Sachs Motors Corp. of U.S.A.
Honda Motor Co. Ltd,
American Honda Motor
Husgvarna Motorcycle Co, Inc.
Seneca Motoreycle Corp.
Italjet U.S.A,

American Jawa Ltd.

KTM America

Kawasaki Heavy Industries
Kawasaki Motors Corp., U.S.A.
Scooter Corp. of America
Slater Brothers

Maico Motorcycles, Inc,
Maico West

Debenham Imports
Cosmopolitan Motors, Inc.
Viva Distributing Co,
Berliner Motor Corps.
Premier Motor Corporation
Herdan Corporation

24

Italy

Spain

Canada
Mexico
England
Italy

Taiwan

u.s.

u.s.

West Germany
Japan

Sweden

Taiwan

ITtaly
Czechoslovakia
Austria

Japan

Spain
Italy
West Germany
Spain
Ttaly

Italy
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Table 2-1 (cont.)

TCOUNTRY OF T

BRAND U.S. DISTRIBUTOR MANUFACTURE
Ossa Ossa Sales Corporation Spain
Puch Steyr Daimler Puch Austria
Rickman Target Products England
Sachs Sachs Motor Corp. of U.S.A. West Germany
Suzuk i Suzuki Motor Co., Ltd. Japan

U.S. Suzuki Motor Corp.
Tri-Rod Bletz Industries, Incl U.s.
Triumph Triumph Motorcycles England
Vespa Yespa of America Corp. Italy
Yamaha Yamaha Motor Co., Ltd. Japan

Yamaha Motor Corp., U.S5.A.
Sources: 1. "1978 Motorcycle Statistical Annual", Motorcycle Industry

Council.
2. Discussions with the Motorcycle Industry Council, June, 1980.
3. Individual conversations with motorcycle distributors and

manufacturers, June, 1980.
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Figure 2-1
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Table 2-2

Motorcycle Manufacturer 5ales and Market Share Data: 1978

i Approx. Annual Percentage

N Location/Mfg. Retail Sales of New Regis- Cumulative
K Brand Manufacturer Location(s) Range [$M)* tration** Percentage
1. Honda Japan 500 35.9 35.9

2. Yamaha Japan 350-400 25.9 61.8

3. Kawasaki Japan 200-250 15.0 76.8

4. Suzuki Japan 150-200 13.3 90.1

5. Harley-Davidson u.S. 100-150 6.3 96 .4

6. Norton-Triumph U.K. 10- 20 .8 97.2

7. BMH Germany <10 .6 97.8

8. Husqvarna Sweden <10 .5 98.3

9. Bultaco Spain <10 .3 ‘98.6

* éJ.S.) motorcycle sales only (estimate derived from R. L. Polk registration
ata).

**  fased opn 1978 data for number of new motorcycles registered {R. L. Polk
registration data).

in off-road models which are generally not registered. MMarket share trends
for the five largest companies in the past few years are shown in Figure 2-2.
In 1978, Kawasaki and Honda market shares declined, while Yamaha, Suzuki, and
Harley-Davidson market shares jncreased.

The distribution of sales ranges has a similar dispersion., Honda's
annual retall sales in the U.S. are estimated to be over $500 million.
Sales for each of the other four leading manufacturers are estimated to be
between $100 million and $400 million. One manufacturer has annual sales
estimated at between $10 to $20 million. A7l other companies are estimated to
have tess than $10 miltlion in annual retail sales in the U.S.

Market shares for product categories defined by engine displacement
size are shown in Table 2-3, The Japanese manufacturers are the top four
manufacturers in all categories except the 750 cc_and above category, where
Honda and Harley-Davidson are the leaders.

2-7
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2.2.2 Product Lines

There are major differences in the products offered by the manufacturers.
Yamaha and Suzuki are manufacturers that offer models in every category (See
Table 2-4}., Yamaha has 30 models and Honda has approximately 23 different
models in all size and function categories. Harley-Davidson has 8 models,
all of which are in the large street model category. Most of the other
manufacturers have model lines that are limited to some extent., Many of the
others specfalize in large motorcycles, small and medium sized dual-purpose or
of f-road motorcycles.

Most models in the large street motorcycle category and almost all
Honda models have 4-stroke engines. Kawasaki, Yamaha, and Suzuki have both
2-stroke and 4-stroke models, The other manufacturers rely principalily
on 2-stroke engines. Two manufacturers have models with rotary engines
{_Su%ukg 5and BMW). A list of engine types by manufacturers is provided in
able 2-5,

2.2.3 Motorcycle Prices

In general, Eurppean motorcycles, particularly in the street motor-
cycle category, have higher retail prices than those of major Japanese
or U,5. brands. Figure 2-3 shows a comparison of prices versus engine dis-
placement size for various street models listed in the N.A.D.A. Motorcycle
Apprajsal Guide. In the street category, European manufacturers generally
offer a limited number of models at premium prices.

Price comparison for off-road motorcycles are mere difficult because
of the multitude of specialized functions of off-road motorcycles. However,
the Japanese brands are typically 10 to 20 percent less in price for equiva~
lent sized off-road models.

The Secretary of Treasury determined fn 1978 that Honda, Yamaha, and
Kawasaki had violated Section 20i{a) of the 1921 Anti-dumping Act. L.S.
sales prices for these manufacturers were found to be lower than their home
market or third country (market) prices. The revised weighted average margins
on overall sales compared were as follows: Honda, 2.6 percent; Yamaha, 0.82
percent; and Kawasaki, 6.9 percent. However, the U.S. International Trade
Commission determined that "... there is no Tikelihood of injury or prevention
of establishment of an industry in the United States by reason of sales of
motorcycles from Japan at less than fafr value.” Therefore, no penalties
were 1mfosed on these manufacturers, nor were they forced to increase their

prices,
2.2.4 Typical New Motorcycle Manufacturers

Manufacturers of full sized motorcycles can be classified in the fol~
lowing manner:

0 Major Japanese Motorcycle Manufacturars

1 Motorcycles ftrom Japan, United States Interpational Trade™ Comiission,
Washington, D.C., USITC Publication 923, November 1978.
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Figure 2-2
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Table 2-3

Market Share By Product Class*

EWAS Minibikes >50 ¢c 50-99 ¢cc 100-169 cc
i
N 2 Manufacturer Pct. Minufacturer Pect., Manufacturer Pct.
K E
1. Yamzha 48.2 Honda 85.5 Honda 3l.6
2, Kawasaki 19.6 Suzuki 9.0 Suzuki 27.9
3. Honda 17.2 Yamaha 5.5 Yamaha 20.9
4, Suzuki 14.9 Kawasak{ 18.5
5. Harley-Davidson .8
Can-Am .2
Bultaco .
RS 170-349 cc J50-T49 cc >750 cc
Al
N 2 Manufacturer Pct. Manufacturer Pct. Manufacturer Pct.
K E
1. Yamaha 32,2 Yamaha 37.6  Honda 31.9
2. Suzuki 23.3 Honda 30.1 Harley-Davidson 21.9
l. Honda 19.8 Kawasak{ 20.6 Yamaha 17.3
4. Kawasaki 19.6 Suzuki 11.3 Kawasak{ 15.5
g, Harley~Davidson 5.7 Bul tace .4 Suzuki 10.5
6. Bultaco .9 BMW o7 BMW 2.0
7. Can=-Am B Moto Guzzi .7

* Market share as determined from R. L. Polk New Motorcycle Registration Data, 1978.
Non-registered motorcycles are not accounted for in this tabulation.
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MOTORCYCLE MAWUFACTURERS PRODUCT LINE BY PRODUCT CATEGORY

Table 2-4

MANUFACTURER

Ammex,

BifW
Benel11/Motto Benelld
Bultaco
Can-Am
Carabela
Ducati

Gemini
Harley-Davidson
Heald
Hercules/Sachs
Honda
Husqvarna
Kawasaki
Laverda
Montasa

Ossa

Rickman

Suzuki

Tri-Rod
Triumph

Yahama

STREET-LEGAL

OFF-ROAD

Under 100- 170-

1000 cc 169 cc 349 cc 749 ¢c

Sources:

-+ N.A, DA, MotarcycTe/Noped Guide,

First Quarter, 1978.

-. Conversations with #ndividual
distributors and manufacturers,
June, 1980,

L i L A et A 2
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Table 2-5

ENGINE TYPES BY MANUFACTURER

Brand/Manufacturer

Amme x

BMW
BenetliMoto Benelli
Can-AM

Carabela

Ducati
Harley-Davidson
Hercules/Sachs
Honda

Husqvarna
Kawasak i
Laverda

Montesa

Dssa

Rickman

Suzuki

Triumph

Yamaha

Sources:

- N.A.D.A. Motorcycle/Moped Guide,

First Quarter, 1978,

- Conversations with individual

distributors and manufacturers,

June 1980.
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Engine Type(s)

2-Stroke
4-Stroke
2-Stroke/4-Stroke
2-Stroke
2-Stroke
4-Stroke
2-Stroke/4-Stroke
2-Stroke
2-Stroke/4-Stroke
Z2-Stroke
2-Stroke/4-Stroke
4-Stroke
2-Stroke
2-Stroke
2-Strcke
2-Stroke/4-Stroke
4-Stroke
2-Stroke/4-Stroke
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SUGGESTED RETAIL PRICE OF 1978 MODELS ($)
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o Wajor U.S. motorcycle manufacturer - AMF/Harley-Davidson
0 U.S. metorcycle manufacturers with limited U.S, sales
] Foreign manufacturers with limited U.S5. sales

A major motarcycle manufacturer is defined as one having U.5. retail
level sales of motorcycles and parts of $100 million or over annually,
Manufacturers with “limited" sales have less than $100 million in U.S. retail
sales annually, Actually, mast manufacturers in this category have less than
$10 million in annual retail sales. The categories are defined in this manner
hecause economic impacts on typical firms in each category are likely to be
significantly different. FEach category is described in more detail in the
following paragraphs.

Major Japanese Motoreycle Manufacturers

Majer motorcycle manufacturers defined here are those Japanese com-
panies with over $100 million in annual U.S. retail sales. There are four
such companies (Honda, Kawasaki, Yamaha, Suzuki} which are all very large
industrial concerns, and motorcycles are a major or significant component
of total company operations. Annual motorcycle production and export for
these companies are listed in Table 2-6. Data indicating the financial size
and strength of these companies are provided in Table 2-7.

There is some variation in the proportionate level of motorcycle-related
sales in each company. Honda is the world's largest motorcycle manufacturer,
and 40 to 50 percent of total corporate revenues come from motorcycle sales.
Kawasaki and AMF are essentially large conglomerates; motorcycle-related sales
for these two companies are an estimated 10 to 20 percent of total corporate
revenues, Suzuki and Yahama are smaller companies, and have a nuch larger
proportion {50 percent or more} of their total sales coming from motorcycles.

Table 2-6

JAPANESE MOTORCYCLE MANUFACTURERS
PRODUCTION AND EXPORTS, 1976

Production Export
Manufacturer {Units) {Units) Percentage
Honda 1,928,576 1,230,797 644
Yamaha 1,169,175 795,341 68%
Suzuki 832,941 632,233 76%
Kawasak i 284,478 263,760 93%
Total 4,214,170 2,922,131 69%

Source; Japan Economic Yearbook, T977/1978.
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Table 2-7
MAJOR MOTORCYCLE MANUFACTURERS FINAHCIAL DATA

STOCK-
NET HOLDERS WORLD*
SALES ASSETS IKCOME EQUITY RANK ING
COMPANY COUNTRY INDUSTRY {$000) {$000}) ($000) $000 EMPLOYEES 1976 1975  SOURCE
Kawasaki Heavy Japan Shipbuilding 1,964,628 2,958,589 33,634 368,950 g, 410 111 104 1
Industries Industrial Mach,
Motorcycles '
Honda Motor Japan Motorcycles 2,435,632 1,905,803 60,902 402,270 28,218 90 107 1
Automobites
Far Machine
BMY Germany Automobilas 1,784,436 949,492 50,792 282,346 30,192 129 161 1
{Bayarische Motern Motorcycles
Werke)
Suzuki Japan  Automobiles 613,456 491,391 B,098 102,271 9,000 351 346 1
Motors Motorcycles
Yamaha Motor Japan Motorcycles 5b4,234 ) 329,905 7,360 05,806 7,965 386 353 1
, Rec. Vehicles
AMF /llarley Davidson u.s. Motorcycles 1,229,226 827,411 42,720 341,458 25,152 NA KA 2

Leisure Products
Industrial Products

* Ranked by Sales; excludes U.S, Companies

SOURCE :

1. Fortune Magazime, August 1977 (Fiscal Ysar 1976 Data)
* . Fortune Magazine, May 1978 (Fiscal Year 1977 Data)




Approximately 20 to 40 percent of total Japanese motorcycle production
is exported to the U.5. Kawasaki's U.S. sales are higher than this average,

while Suzuki's are somewhat lower.

Characteristics of a major Japanese motorcycle manufacturer are shown in
Table 2-8. On the avérage, each Japanese firm produces one miliion motorcy-
cles annually, of which approximately 27 percent are exported to the U.S5. At
the retall Tlevel, these motorcycles are worth approximately $250 miiljon to
$300 million Production capacities of the companies range from 40,000 units

per month and greater.

Several features of Japanese financial practices and economic condi-
tfons should be noted. In general, Japanese companies are highly leveraged
firms. The debt to equity ratios in the capital structure of a typical
Japanese company are much higher than in U.S. firms. This makes Japanese
companies more vulnerable 1in the event of downturns in business activity--
large interest expenses can create cash flow problems. However, Japan has
a central bank (Bank of Japan) that has very strong fiscal authority. The
Bank of Japan can direct bank loans to companies with financial prablems,
which largely alleviates the hazards associated with high leverage., However,
if the condition 1s chronic, companies in Japan declare bankruptcy just as
they do in the U.S5. In general, profit margins of Japanese companies are
lower than those of U.S. companies, but direct comparison is somewhat mean-
ingless due to the difference in capitalization, as noted above. Because of
the high degree of leverage, lower profit margins can pevertheless net the
same raturn on owners' {nvestment as with 1.5, companies,

A factor that may significantly impact the trade balance between the
U.S, and Japan 1s the fluctuating value of the dollar versus the Japanese
yen, For example, the value'of.the dollar has declined by more than 30
percent from 1976 to 1979 (see Figure 2-4). Thus the impact of the doliar/yen
relationship on motorcycle exports 1s yet to be determined.

A brief profile of the major motorcycle manufacturers 1s provided in
the following paragraphs. ’

Honda

The Honda Motor Company is located in Tokyo, Japan, and sells auto-
mobiles, motorcycles, and miscellanecus nen=vehicular products. The company
earned $60.9 millfon in 1976 on sales of $2,435 m{llion. Motorcycle sales
accounted for 46 pertent of the total sales, automobiles accounted for 35
percent of the total, and non-vehicular products sales made up the remainder,
Honda 1s the world's largest motorcycle manufacturer and has the largest share
of the U,3. motorcycle market. In 1976, the company menufactured nearly 2
million motorcycles, an estimated 20 to 30 percent of whith were exported to

the U.S.

The company has put a strong emphasis on R&D and has a separate wholly-
owned subsidiary, Honda R&D Company, Ltd., which conducts research and
development for both the automobile and motorcycle product 1ines. 1In recent
years the company has put considerable emphasis on noise control research,
and the company 1s well positioned in this area. Because of 1ts size, finan-
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Table 2-8
CHARACTERISTICS OF TYPICAL MAJOR JAPANESE MOTORCYCLE MANUFACTURERS*

U.5. RETAIL. SALES RANGE $100 Million +

NO. OF FIRMS IN CATEGORY: 4k

ADMINISTRATIVE LOCATION: Japan

MANUFACTURING LOCATION: Japan***

PRODUCT LINE: Motorcycles, Automobiles,

Recreational VYehicles,
Industrial Machinery

#OTORCYCLE PRODUCT LINE: Full line of models for
all product classes
TOTAL CORPORATION SALES: $1,400 Million
ASSETS: $1,400 Million
NET INCOME: $28 Million
- NET PROFIT MARGIN: 2%
STOCKHOLDERS EQUITY: $242 Million
TOTAL MOTORCYCLE RELATED SALES**#*
DOLLARS N.A.
URITS 1 Hillion
MOTORCYCLE RELATED SALES, U.5.:
DOLLARS $280 Million
UNITS 0.26 Miltion
MARKET SHARE: 22%
NO. OF EMPLOYEES: 8,000
MAXIMUM PRODUCTION CAPACITY 40,000+ UnitsMonth

Source: Information from {individual companies

N.A. - Not Available

* Based on 1976 data

**  Honda, Kawasakf, Suzuki, Yamaha

*ox  A1] manufacturing s done in Japan, Kawasaki has a facility in
Lincoln, Nebraska that assembles certain models

**#% Ratail Jevel sales
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cial strength, planning and research commitment and technical facilities,
Honda is 1ikely to experience the least adverse {mpact of any of the other
companies in the industry. The only major disadvantage that Honda has is the
number of models it carries in its product 1ine., Each mode?, or possibly a
smaller number of subset mode]l categories, will require i{ndividual effort and
time for ncise control research and development.

Kawasaki

Kawasaki motorcycles are manufactured by Kawasaki's Enpine and Motor-
cycle Group, which provides 20 percent of the corporation's total sales.
This particular group is Jlocated in Akashi, Japan, and manufactures motor-
cycles, gas turbine engfnes, chemical machinery and industrial robots. The
parent corporation, Kawasaki Heavy Industries, Ltd., is one of Japan's biggest
industrial concerns, with total sales approaching two billion dollars. OF
the four major Japanese manufacturers, Kawasaki produces the lowest total
number of motorcycles, but exports the highest percentage of its total produc-
tion to the U.S,

Kawasaki has a motorcycie assembly facility im Lincoln, Nebraska,
but all engine assembly and most motorcycle assembly is done in Japan,
Approximately 200 employees are involved in the U.S. motorcycle manufac-

turing operations.

The company has a technical research laboratory equipped with sophis-
ticated monitoring and diagnostic instruments. A noise research effort
has been 1in progress for several years, and Kawasaki's capability in this
area (plant, equipment, personnel) appears to be well established,

Suzuki

Suzukti Motors s a leading manufacturer of motorcycles and lightweight
automobiles with 2-stroke engines. Company sales increased from $467 million
to $613 miilion between 1970 and 1976, an increase of 30 percent. Profits
during this period declined slightly from $10.9 million to $8.1 millfon,

Yamaha

Yamaha Motor Company manufactures and sells motorcycles, mopeds, bicyles,
snowmobiles, recreational boats, engines and swimming pools. [In addition
the company develops and operates recreational facilities.

A large proportion of the company's revenue comes from motorcycle
sales. In 1976, the company manufactured slightly over one million motor-
cycles. Sixty-eight percent were exported, and approximately 20 to 30 percent
were exported to the U.S.

Yamzha has modern R&D facilities and equipment, and has a demonstrated
capability for noise control research and design.

Major U.S. Motercycle Manufacturer - AMF/Hartey-Davidson

AMF/Harley-Davidson is the only remainipg major U.S. motorcycle manu-
facturer. The company was started in 1503, and has specialized in manufac-
turing large touring motorcycles, In 1968, the company was acquired by

2-19

e seiae e £ G e LT gt et i S




AWF, Inc., as part of AWF's extensive diversification effort., In 1977 AlfF
earned $42.7 million from sales of slightly over $1.2 dillion. AMF products
are primarily oriented toward the Telsure and industriai products market;
approximately GO percent of sales and 50 percent of earnings come from leisure

products.

A breakdown of revenues by class of products in AWF's 1977 annual sales
indicated tnat motorcycles and other travel vehicles provided $203.6 million
in revenues, or appproximately 17 percent of AMF's sales, Motorcycles and
motorcycle parts sales account for most of this revenue, estimated to be
between $100 mijlion and $200 million annually.

At the present time, the Harley-Davidson product lipe consists of
eight large touring models, all of which are 1000 cc or more. A sidecar
option is available for the larger inodels,

A total of 51,000 Harley Davidsons were registered in 197?’.2 The
larger models averaged a retail price of $3,200 or more; retail sales for
these models alone were approximately $100 millien. Harley-Davidson's sales
on a unit basis represented a 6.1 percent share of the market in 1977, based
on registration data. Harley-Davidson's market share on a dollar basis is
somewhat higher, since its product line is oriented toward tne Targer, more
expensive motorcyciles. In 1378, narley-Davidson had 31.9 percent of the
market for motorcycles 750 cc and over. Sales and finmancial characteristics
of AMF/ Harley-Davidson are shown in Table 2-9. Harley-Davidson recently
discontinued production of its lightweight motorcycles at their wholly-owned
subsidiary in Italy.

Most people in the wmotorcycle industry believe that Harley-Davidson has a
unique niche in the market place. Buyers of the large Harley-Davidson models
demonstrate considerable loyalty to the brand, and are relatijvely insensitive
to design advancements and marketing campaigns of competing models, It
is the only U.S. motorcycle manufacturer which has survived from the early
1900's to the present, resulting in the evolution of a very strong consumer
tradition. As evidence, Harley-Davidson has increased its market share in
spite of {ncreased competition from major Japanese manufacturers in the large
street motorcycie cateqgory.

The strong brand loyalty that was indicated by industry sources to
be characteristic of Harley-Davidson buyers would seem to accord Harley-
Davidson certain advantages. It appears that Harley-Davidson sales are
considerably less sensitive to both price increases and declines in real

jncome than are other brands,

Large Harley-Davidsons feature a longitudinal 45 degree V-Twin engine
with common crank pin; a unigue design in today's motorcycle market. This
engine configuration provides Harley-Davidson motorcycles with low center
of gravity, narrow profile, and powerful low-end torque., It alse features a

2rflm:m'c_vc:m Industry Council, ‘“Manufacturers Shipment Reporting System".
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Table 2-9
CHARACTERISTICS OF MAJOR U.S. MOTORCYCLE MANUFACTURING FIRM
(AMF/HARLEY-DAVIDSON) (1)

CATEGORY : U.S8. Motorcycle related sales over
$100 Million annually,
LOCATION: Milwaukee, Wisconsin
CORPORATE PRODUCT LINE: Leisure products (including motorcycles)

Industrial preducts and machinery.

MOTORCYCLE PRODUCT LINE: Milwaukee, Wisconsin and York,
Pennsylvania plants: large touring
motoreycles (1,000 ce and 1,200 co )

TOTAL QORPORATION SALES: $1229,2 Million
NET INCOME: $42.7 Million
NET PROFIT MARGIN: 3.5%
ASSETS: $827.4 Million
STOCKHOLDER'S BEQUITY $341.5 Million
MOTORCYCLE AND TRAVEL o q2)
VEHICLES SALES $203.6 Million
MOTORCYCLE RELATED SALES, U.S.
DOLLARS: $100+ Million
UNITS REGISTERED (TOTAL)) 51,000
MARKET SHARE: 6.1%

NO., OF EMPLOYEES, MOTORCYCLE (3}
RELATED: 3,700 {as of 1979)

Source: Except where otherwise indicated, AMF Annual Report, 1977.

{1) Harley-Davidson, AMF's largest manufacturing subsidiary.

(2) Motorcycles sales make up a very large percentage of motorcycle and
travel vehicle sales, but exact percentage not available,

(3) Cycle News, May 23, 1979.
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low frequency asymmetrical exhaust note that is unique and which has customer
appeal. In addition, the V-Twin engine provides specialized styling for
these motorcycies. The manufacturer believes that this unique "spund" apd
appearance must be ratained to preserve demand for Harley-Lavidsen motor-

cycles.

Engines and parts for the large motorcycles are manufactured in Harley-
Davidson's Milwaukee, Wisconsin facilfties, and are assembled in a York,
Pennsylvania plant. Approximately 3,700 people are directly employed in the
production of motorcycles, parts, and accessories., Approximately 9,300 people
are indirectly affected to some extent ot supplier plants, distribution and
sales locations, and Harley-Davidson dealerships, Harley-Davidson is more
vertically integrated than most other manufacturers, in that it makes many
of the parts and components which other manufacturers normally buy from

suppliers.

From a cost standpoint, Harley-Davidson suffers a disadvantage in
view of the Fact tihat darley-Davidson's production hase is 50,000 units
per year, as compared tec the typical 270,000 units per year of its major
competitors., Period costs such as R&D and depreciation are thereby allocated
over lesser number of units. This disadvantage is tempered by the fact
that Hariey-Davidson has a lesser number of models to manage, and that its
product Tine is composed of strictly large street motorcycles which can
sustain larger cost increases than smaller models on a relative basis.

However, due in part to vehicle improvement, dealer orders in 1980
have increased to 80,000 units. To meet increasing demand for these motor-
cycles, and to improve efficiency, AMF, since it acquired Harley-Uavidson,
has been gradually retooling and automating plant equipment, rearranging
plant layout, and strengthening its enginearing operations. For example, the
new five-speed transmission case for the Harley-Davidson FLT Tour Guide can
be built by one wan with automated equipment, while 14 men were required to
build the older four-speed transinission case. With additional manufacturing
improvements, vehicle production could be increased as high as 200,000 units
per year within the next few years.*

U.5. Motorcycle Manufacturers with Limited U.S. Sales

A typical U.S. company is relatively young and small (less than $2-3
million in assets), manufactures 11,000 units and has annual sales in the
$4 - 35 million range, U.S. employment for the companies ranges from 2 to 34
employees, The small U,S5. company's product Tine is generally limited to
minicycles, or small motorcycles {typically less than 135 cc) that are
intended for off-road or dual purpose use., Characteristics of a typical U.S,
company with 1imited sales is shown in Table 2-10. A briaf description of
some of these companies is contained in the following paragraphs.

Dialex {formerly Alexander Reynolds)

Dialex is located in Hackensack, New Jersey, and manufactures minibikes
and go-karts. The minibikes use Tecumseh engines.

*Source: Jotorcycia; ay, 1980
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Table 2-10
CHARACTERISTICS OF TYPICAL SMALL V.S.
MOTORCYCLE MANUFACTURERS*

RETAIL SALES RANGE: Less than $10 Million

NO. OF FORMS IN CATEGORY: 10 - 20 (Est.)

ADMINISTRATION LOCATION: U.S. {Typically Great Lakes area)
MANUFACTURING LOCATION: Either U.S. or Foreign

PRODUCT LINE: Limited number of specialty models

TOTAL MOTORCYCLE RELATED SALES**

DOLLARS: $5.0 Nillion
UHITS: 11,000
: MARKET SHARE: Less than 1.0%
' ASSETS: $2 tillion
" NET PROFIT MARGIN: N/A
NET WORTH: N/A
NO. OF U.5. EMPLOYEES, 20

MOTORCYCLE RELATED:

* 1977
** Almost all companies in this category have all or very
of revenues coming from motorcycle business.

}
|
!
1 source: Information from representative companies.
.‘
i N/A - Not Available

)

i
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Bletz Industries

Bletz Industries 1is iocated in Hansfield, Ohio, and manufactures Tri-Rod,
a three-wheel vehicle intended for off-road use. The Tri~Road uses Briggs-
Stratton 3, 5, and 8 horsepower engines.

Heald

Located in Benton Harbor, Michigan, Heald manufactures two-~ and three-
wheel cycles in kit form. The cycles use Briggs and Stratton and Tecumseh
engines. The models are intended for trail and utility purposes (e.g., garden
tractors and dump trucks).

Foreign Motorcycle Manufacturers with Limited U.5. Sales

There are over 30 foreign manufacturers with Timited U.S. motorcycle
sales. A typical company manufactures 20,000 units, of which 4,000 are
exported to the U.S., This quantity represents less than one-half of one
percent of the U.S. market, and is worth approximately $4 million in sales
revenues. The product line s typically 1imited and concentrated in certain
product categories. For example, many of the Italian companies such as
Ducat{i, Laverda, Moto Benelli, Moto Guzzi, and Moto Morini, market large
street motorcycles. Characteristics of a typical forelgn motorcycle manufac-
turer with 1imited U.S. sales is shown 1n Table 2-11.

Descriptions of some of the companies are in the following paragraphs.

Benelld

Moto Benelli is an established Italian firm that {s & subsidiary of
DeTomaso Industries. Benelli markets 2580 cc, 500 cc, 650 cc and 750 cc

street motorcycles.

B

BMH 1s an extremely large manufacturer located in West Germany. Total
corporation sales in 1974 approached $1 billfon. Automobiles and large
touring motorcycles are major product lines, According to registration data,
8MW had a one percent share of the U.S., market in 1975, and ranked seventh
among all manufacturers. BMW sells large touring motorcycles with horizon=-
tally opposed twin cyclinder engines and shaft drive. Like Honda, BMW can
make use of expertise and facilities developed for the automobile market.

Can-Am

Can-Am motorcycles are manufactured by Bombardier, Ltd., a large Canadian
firm that also manufactures snowmobiles, dndustrial vehicles, all-terrain
tractors, and winter sport accessories and apparel. Can-Am specializes in
high performance enduro and compet{tion motorcross motorcycles. Bombardier

makes 10,000 motorcycles per year.

Hercules

Hercules are manufactured by DXW/Hercules, part of the Wankel-Fichtel-
Sachs Manufacturing Group, which 1s one of German's largest manufacturers
of motorcycles. The Group 15 atso a major supplier of engines to other
motorcycle manufacturers. OKW primarily makes enduro and off-rocad motor-
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Table 2-11
CHARACTERISTICS OF TYPICAL FOREIGN MOTORCYCLE MANUFACTURER
WITH LIMITED U.S. SALES*

RETAIL SALES RANGE: Less than $10 Million

NUMBER OF FIRMS IN CATEGORY: 25+

LOCATION: Europe, Taiwan, Mexico, Canada
PRODUCT LINE: Motorcycles, Bicycles, Mopeds
MOTORCYCLE PRODUCT LINE: Limited number of speciality madels
TOTAL CORPORATION SALES: N/A

ASSETS: N/A

NET PROFIT MARGIN: N/A

NET WORTH: N/A

TOTAL MOTORCYCLE RELATED SALES
DOLLARS: N/A
UNITS: 20,000
MOTORCYCLE~RELATED SALES, U.S.

DOLLARS: $4 Million (Est.)

UNITS: 4,000
MARKET SHARE: Less than 1%
NO. OF EMPLOYEES

(U.S. DISTRIBUTORS): 40
Source: Intormation from individual U.5. distributors of foreign

manufacturers,
N/A - Not Avallable.
* 1975
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cycles. DKW also markets a rotary engine model, although production of this
wodel is relatively limited.

Husqvarna

Husgvarna is a large Swedish manufacturing company which produces
engines, chain saws, appliances, sewing machines, as well as motorcycles,
The company specializes in very high quality off-road, ¢ross country and
competition models. Approximately 75 percent of Husqvarna's total production
is exported to the U.S.

Laverda

Laverda is an ltalian motorcycie manufacturer that makes Targe street
motercycles whose product line is primarily in the 750-1000 cc size range.

Moped-type Street Motorcycles

Moped-type vehicles are street motorcycles intended for use on streets
and reads. These vehicles were first introduced into the U.S. in 1975 after
the National Highway Traffic Safety Administration relaxed its safety stand-
ards so that moped-type street motorcycles similar to the ones sold overseas
could be imported.

Although nine American companies (See Table 2-11A) have entered the
market, most of the moped-type street motorcycles sold in the U.5. are import-
ed. Imports have risen from the 1975 level of 33,136 by 138 percent and 144
percentfor 1976 and 1377 respectively. For the first seven months of 1978 the
number of moped-type street motorcycle imports is 284,494, a 176 percent
increase over the same period in 1977. During 1980 the population of moped-
type street motorcycles {1s expected to increase to over 1,000,000 vehicles.

Recent Moped sales are estimated by the Moped Association of America
(MAA) as follows:

18975 25,000 Units
1976 75,000 Units
1977 150,000+ Units
1978 250,000 Units

This rapid growth is shown in Figure 2-5. Other Moped characteristics
are surmarized in Table 2-12,

2,3 Aftermarket Industry

The structure of the aftermarket segient of the industry is entirely
different from the new motorcycle market segment. The afterwmarket industry
is primarily domestic, as compared with the primary product market itself
which has become internationalized. There are an estimated 1500 companies 1n
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Figure 2-5

U.S. MOPED SALES
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Tahle 2-11A

MOPED MANUFACTURERS AND DISTRIBUTORS

BRAND

AMF Roadmaster
Baretta
Batavus
Benel1i

Bermuda
Carabela
Casal
Classic
Columbia

Commuter
Concord

Cosmo

Cuyler

Derbi

E-Z Rider
Fantic

Flying Dutchman
Foxi

Garelli

Gadabout
Hawk
Hercules
Honda
Indian
Jawa

Kreidler
Mobylette
Morini
Motobee
Motron
Moto Guzzi
Murray
Negrini

COUNTRY OF

U.5. DISTRIBUTOR MANUFACTURE
AMF, Inc. u.s.
Baretta of America Italy
Batavus of America Netherlands
Cosmopolitan Motors Italy
Essex Subaru
Bermuda Bikes, Inc. B8elgium
Cycle - Kraft Racers, Inc. Mexico
Baltimore Cycles, Inc. Portugal
Motron Corporation of America Italy
Midstates Appliance Italy
Tiger Cycle Manufacturing
Columbia Manufacturing Co. u.s.
Wheelsport Distributing Co. Italy
Columbus Cycle
Cosmopolitan Motors
Cuyler Corporation Italy
Derbi Motor Corp. of America Spain
Diatex u.s.
Fantic Moped, Inc. Italy
Flying Dutchman Mopeds u.s.
United Moped, Inc. u.s.
Agrati-Garelli Corp. of America Italy
American Garelli - West
Yankee Cycle Corporation Italy
American Moped Corporation Italy
Sachs Motor Corp. of U.S.A. Hest Germany
American Honda Motor Company Japan
American Moped Associates Taiwan
Essex Subaru Moped Czechoslovakia
American Jawa Ltd.
Kreidler Import Corporation West Germany
Motobecane America Ltd. France
Herdan Corporation Italy
Motobee Ltd. Italy
Midway Distributing Co, Itatly
Premier Motor Corporation Italy
Murray Ohio Manufacturing Co. u.s.
Marina Mobili, Inc. Italy
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Table 2-11A {cont.)

COUNTRY OF

BRAND U.5. BISTRIBUTOR MANUFACTURE
Pacer Essex Subara Moped Italy
Allied Cycle Distributors
AEON International Corporation
Panther Panther Motorspart Industries U.S,
Peddler's Choice Halsey Distributors Italy
Peugeot Cycies Peugeot (U.S.A), Inc. France
Pryer 3-Wheel Pryer Industries u.s.
Austria

Puch
Sachs
Safari
Scout
Snark
Soni
Sparta
Tomos

Tri-Ped
Yamaha

Mopeds Midwest

Steyr Daimler Puch of America Corp.

United Moped

West Germany

Sachs Motor Corporation of U.S.A.

Moped Distributors Italy
Motor Bikes Import

Intra Motor U.S.A. Italy
Snark Mopeds, Inc. Italy
Bajaj Scooter Corporation India

Paul Soni of America, Inc.

Dursor U.S.A., Inc. Netherlands
Sparta/Moby

U.S. Trade Representatives Yugoeslavia
American Tri-Ped Corporation u.s.
Yamaha Motor Corporaticn U.S.A, Japan

Source: Individual conversations with moped distributors, June, 1980,

2-29

R T R TR R T




S,

Table 2-12
MOPED-TYPE STREET MOTORCYCLE CHARACTERISTICS

Introduced into the U.S.in 1975

1975
1976
1977
1978

Features:
{A)
{B)
{c)
{D)
{E)
(F)
()

Noise Tevels:

sales; 25,000
sales: 75,0002fMAA estimate}
sales: 150,000
sales: 250,000

1-2 hp

B0 cc 2-stroke single cylinder engine

Top speed Jess than 30 m.p.h.

Pedal assisted for acceleration from complete stop
Automatic transmission {centrifgal clutch or direct drive)
Bicycle~type frame, brakes

§0-100 pounds, 120-200 m.p.q., $300-8500

60-69 d8 at 50 feet (full throttle/top speed)
73 dB IS0 procedure

Manufacturers:

4

Approximately 24 currently importing to U.S.
Approximately 9 Y.S. manufacturers

Markets:5
Bicycle Shops 45%
Moped Speciality Shops 30%
Motorcycle Shops and 25%

other outlets

Annual Mileage:
Europe: 2500-3000 miles annuaily

U.s.:

Insufficient experience

State Regulations: ,
More than 30 states separately define mopeds as a separate
vehicte; remainder classify as motorcycle

- T e b kg b e o ey e St

Sources:

1, Motorized Bicycle Association.

2. Consumer Reports.

3, Mopeds currently sold in the U.S. and tested by EPA.

4. Conversations with individual distributors and
manufacturers, June, 1980.

5. Dealer News.
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the U.S5. that are involved to some extent with manufacturing and distri-
buting motorcycle aftermarket products. The majority of these firms are
relatively small, young companies. Most have motorcycle-related sales of less
than $1 million per year and have been in business less than eight years.

General Aftermarket Company

Firms in the motorcycle aftermarket industry can be classified as
manufacturers only, manufacturers and distributors, and distributors only.
These companies are not all strictly motorcycle oriented; a significant
nurber are diversified and involved in other industries. For example, some of
the motorcycle aftermarket manufacturers are large automotive aftermarket
companies which have expanded their operation into the motorcycle market.
Some firms also serve the snowmobile, boating, bicycle and other miscellaneous
industries. In gereral, the smaller companies in the industry have a large or
complete dependence on motorcycle products sales, and the large companies have
a relatively small dependence on motorcycle sales. General characteristics
of the aftermarket industry are summarized in Table 2-13,

Exhaust Systems/Components Manufacturers and Distributors

The segment of the afterimarket that will be most directly affected
by noise regulation are companies which manufacture exhaust system pro-
ducts -~ mufflers, exhaust pipes, expansion chambers, and exhaust headers.
There are over 150 companies in this group who are selling in & narket that is
estimated to be slightly over $30 million per year. Most are located in
California. Average sales for manufacturing companies are estimated to be
approximately $320,000. The leader in the Tndustry is believed to sell
between 52 and 33 million worth of exhaust system products per year. Exact
distribution of sales in this subsegment of the industry is unavailabie
but the general nature is evident., The companies are relatively small and
compete in a crowded market.

Based on a survey of 1l representative firms, conpanies in the exhaust
system segwent of the aftermarket manufactures 2,500 - 40,000 exhaust systems
and components per year, have annual sales of $100,000 - §l1.1 million, and
net 5 to 10 percent profit each year. Market shares range from 1 to 3 percent
of the total. Total assets are approximately $300,000, but 60 to 75 percent
of these assets are in inventory. Characteristics of exhaust system manu-
facturers shown in Table 2-14 are derived from manufacturer proprietary
information.

Typically the president/owner of the company 1is also the designer
of the exhaust system and components, although one or two people may assist
him in this function. Design emphasis is on &tyling, performance, and sound;
the priorities are dependent upon individual company philosephies. HNoise

3 Motorcycie Dealer Hews.
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Table 2-13
AFTERMARKET INDUSTRY CHARACTERISTICS

Total motorcycle aftermarket sales*
$1.8 Biljon

Number of U.S. aftermarket manufacturers
550 approximately

Exhaust system aftermarket sales
$30,663,000 retai)
616,000 purchasers
862,000 exhaust systen products
$49.73 average per purchase

Intake system aftermarket sales
$5,880,000 retail
840,000 purchasers
1,344,000 units

$7.00 average per purchase

*/{ff-Davis Publishing Co,, "Motorcycle Aftermarket Study” - 1974,
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Table 2-14
CHARACTERISTICS OF MOTORCYCLE AFTERMARKET
EXHAUST SYSTEM MANUFACTURERS*

CATEGORY: Aftermarket Exhaust System
Manufacturer **
NO. OF COMPANIES IN CATEGORY: 90+
LOCATION: U.S., Predominantly California
PRODUCT LINE: Mufflers, Expansion Chamber, Headers
TOTAL COMPANY SALES: $300,000 - $11 Mi1tdon
ASSETS: $300,000 *#*
NET PROFIT MARGIN: 5 - 10%
NET WORTH: N/A
TOTAL MOTORCYCLE EXHAUST RELATED SALES
DOLLARS: $100,000 - $1.1 Millien
UNITS: 2,500 ~ 40,000
MARKET SHARE: 1-3%
NUMBER OF EMPLOYEES, MOTORCYCLE
RELATED: 10 - 40

Eour%:g;s Information from sample of representative companies.

* Mo1st companies derive most or all of thelr business from exhaust system
sales,

*** Generally 60 to 75 percent of assets is in inventories.

N/A = Not Available
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control technical capabilities vary from company to company, although most use
fairly standard noise control techniques, and the "cut and try" method for
design advancements. Research facilities are generally non-existent or very
1imited.

Estimated market shares replacement parts are presented in Table Non
Sequester 2-15 and 2-16,

2.4 Motorcycle Dealers

The major retail outlets in the motorcycle industry are dealers, motor-
cycle accessory shops, department store chains, discount stores, mail order
firms and others {e.g., service stations). Some dealers sel) new and used
motorcycles, and aftermarket products and services, while other dealers sell
aftermarket products only. However, most aftermarket parts and accessory
retail sales result primarily from franchised dealers, who are responsible
for 75 to 80 percent of total sales {see table below).

SALES OF MOTORCYCLES, PARTS AND ACCESSORIES
BY TYPE OF OQUTLET

PERCENTAGE OF TOTAL

QUTLET RETAIL SALES
Franchised Dealerships 75 - 80
Mail Grder 10 - 12
Accessory Shops 6 -8
Department/Discount Stores 6-8
Other 1-2

Source: Frost and sullivan, "Motorcycle Uriginal Equipment and Aftermarket
Study Announcement," April 1975,
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Table 2-15
MANUFACTURERS OF MOTURCYCLE ACCESSORY*ITEMS
CURRENT/FUTURE MARKET ANALYSIS

EXHAUST SYSTEMS

CURRENT SHARE OF FUTURE SHARE OF
MAJOR BRANDS MARKET PERCENT MARKET PERCENT
Honda 21.0 11.0
Hooker 13.0 30.0
Yamaha 5.0 -
Suzuki 4.0 -
Torque 4.0 9.0
Bassani 3.0 7.5
Dunstall 2.0 1.5
Kawasak i 1.5
Rupp .5 -
All others 46.0 41.0

Table 2-16
*

EXPANSION CHAMBERS

CURRENT SHARE OF FUTURE SHARE OF
MAJOR BRANDS MARKET PERCENT MARKET PERCENT
Hooker 22 32
Bassani 20 26
Yamaha 8 3.5
Suzuki 4 -
J &R 3 3.5
Kawasak i 4 2.0
Honda 2 -
A1l others 39 KX ]

#1975 MotorcycTe Market Study, Power - Robertson & Company
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There are an estimated 7,900 independent franchised dealers in the
U.S. selling motorcycles and aftermarket products and services. Most carry
one brand of motorcycle exclusively, although a significant number carry
more than one brand. Multiple brand representation is generally only for
motorcycle manufacturers that offer a small specialized product line; the
typical muitiple brand dealer represents more than one of these manufacturers
to expand the variety of models he can sells. Estimated 1977 U.S. retail
sales by franchised motorcycle dealers is $3.4 billion dollars. A further
breakdown is shown in Table 2-17.

Table 2-17
ESTIMATED 1977 U.S. RETAIL SALES BY FRANCHISED MOTORCYCLE DEALERS

New Motorcycle Sales $1.43 billion
Used Hotorcycle Sales .37 billion
Accessory Sales .44 hillion
Service Sales 43 billion
Parts Sales 47 billion
Other .20 billion

TOTAL $3.40 billion

Source: Motorcycle Dealer News, 19/8.

Nearly 44 percent of dealer sales are generated from new motorcycle
sales, while accessories, parts and services sales make up almost 40 percent.

The breakdown is as follows:

New Motorcycle Sales 43.8%
Used Motorcycle Sales 10.9%
Accessories 12.9%
Parts 13.9%
Service 12.5%
Other 6.0%

Source: Motarcycle Dealer News, 1978.
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Average annual sales for motorcycle dealers is approximately $360,000.
Approximately 50 percent of the dealers are in the $100,000 - $499,000 sales
range.

The typical dealer has a relatively small profit margin {3 percent before
taxes), and relies heavily on short term financing for his inventory. In-
terest expense becomes critical when sales decrease for dealers with large
inventories. Such dealers are forced to discount their prices, thereby
reducing their profit margin even more. This process is especially crucial to
the smaller dealers who are generally undercapitalized and have a low sales
volume to support their operations.

2.5 Total U.S. Motorcycle Industry Employment

Total U.S. motorcycle industry employment is shown as follows:

Table 2-18
ESTIMATED U.S. MOTORCYCLE INDUSTRY EMPLOYMENT*

INDUSTRY SEGMENT NUMBER OF EMPLOYEES SOURCE
New Motorcycle Manufacturers 5,600 1
and Distributors

Aftermarket Manufacturers 12,000** 2
Franchised Dealerships 35,000 2,3
Other Retail Qutlets 5,000 4
Miscellaneous 2,000

TOTAL 59,600

Data derived from following sources:

{1) Information from varfous companies.

{2) Motorcycle Dealer Mews.

{3) Motorcycle Industry Council.

(4) Energy and Environmental Analysis, Inc., "Economic Assessment of
mMotorcycle Exhaust Emission Regulations”.

* 1975

** 1200 in aftermarket exhaust system manufacturing.
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2.6 Motorcycle Warranties

Street motorcycles are often warranted against defects in materials
and assembly for six months and a corresponding distance of travel. Shorter
warranties {three months) and longer ones {one year) are also known.
0ff-road motorcycles are often warranted for three or six months, although
semi~competition models and strictly competition motorcycles often have no
warranty. To EPA's knowledge formal warranties are extended on very few
replacement exhaust systems, although many manufacturers will repair or
replace products that are obviously defective.
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SECTION 3

NOISE LEVEL TEST PROCEDURES
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SECTION 3
NOISE LEVEL TEST PROCEQURES

3.1 Application and Criteria

Existing noise test methodologies which have been either adopted,
approved, or proposed in the United States or in other countries were examined
for possible use in the EPA regulation, Several criteria were established to
review these procedures and to provide a basis for possible refinement,

Ideally, a nolse measurement procedure for new motorcycles should:

fa} Characterize the noise as perceived at the wayside 1n terms that relate
to the adverse impact on humans.

{b) Characterize the noise during the most annoying mode(s) of operation
commonly encountered 1n areas of impact.

{c) Measure noise levels on a comparable basis for all motorcycles in
specified categories, as measured in the operating mode(s) identified above.

{d) To the extent possible, satisfy several practical requirements.
Specifically, a testing procedure should be:

(1) Clear and easily understandable.
(2) Repeatabte with a minfmum of variation.

{3) Capable of being conducted with a minimum of meteorological and
site-to-site variability.

{4) Insensitive to configuration options {such as gearing, sprocket
ratfos) which can result in variations of measured noise dispro-
portionate to actual variations 1n vehicle noise.

{5} Free from ambiguous procedural situations requiring determinations
which can affect the measured noise level.

{6) Minimally influenced by factors affecting vehicie performance,
such as atmospheric conditions, rider weight, accessories, etc.

None of the existing in-use or proposed procedures, in thefr present
form, satisfied the above criteria to the extent desirable in the fntended
applications. Accordingly, varfations of these procedures designed to
elimfnate certain shortcomings of the existing procedures were explored,
A description and critique of each procedure appears on the following pages.
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3.2 Moving Vehicle Test Procedures

SAE J33la (Moving vehicle acceleration test}

This test method, or variations of it, is the most commonly used noise
measurement procedure for motorcycles sold in the U.5., and is the method for
which the largest data base currently exists. It was therefore the baseline
method to which other candidate procedures were compared. The procedure
consists of approaching a marker at 30 mph or 60 percent of maximum rated
APM™ (whichever is slower), accelerating at full throttle commencing at a
point 25' before the microphone, and closing the throttle at a point 100' past
the microphone, or when maximum rated RPM is reached {whichever occurs earli~
er). Second gear is used unless the vehicle travels less than 60' before
reaching maximum rated RPM, in which case third gear is used. Six measure-
ments on each side are taken, the highest and lowest discarded, and the
reported level is the average of four readings within 2 'd8 (A-weighted) of
each other on the loudest side.

The full text of the procedure is in Appendix A.

A. Apﬁroach at 30 mph or 60% RPM
{the slower).

251 261 75" B A .
PR A= . Accelerate in 2nd gear unless 100%
A B c RPM reached before zone C, in
50" which case use 3rd gear,
JWCNWM C. Close throttle at 100% RPM or at
end of zone £ (the earlier).

Critique:

{a) The highest noise level achieved during a given test occurs at dif-
ferent distances from the microphone for different motorcycles. This means
that for some motorcycles the highest noise level is measured, whiie for
others the measured level could be substantially less than the maximuw.
This variable is influenced by horsepower, gear ratio and sprocket ratios.
Data on distance variability are presented in Appendix C, Table C-11, To
a certain extent, this variability accounts for the differences in normal
operation of high and low powered motorcycles., However, it also results
in significant difference in measured levels among motorcycles having almost

jdentical characteristics.

(b} Some motorcycles, particularly the larger vehicles, do not reach maximum
rated APM. In such cases, not only is maximum noise not developed, but also,
the highest noise level generated is at a point where the vehicle is furthest
from the microphone. Data on percent RPM attained are also in Appendix C,

Table C-11.

1 "As used in this document, "maximum rated RPM" means the engine speed
at which "peak brake power" (as defined in SAE J245) is achieved. Percent
rpom is in reference to maximum rated RPM as 100%.
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(c) Due to vehicle and test variables, motorcycles of the same make and
model are not necessarily tested in the same gear. This could result fin
a situation where a motorcycle was tested by the manufacturer using one
gear, and verified by a government agency using a different gear, The
measured levels could be substantially different in the two cases.

{d) Different size sprockets are available as options on most motorcycles,
and are readily interchanged by the user. The 50 foot minimum distance
criterion makes the SAE J331a test sensitive to sprocket ratio. Thus, the
manufacturer could select a sprocket ratio which gives most favorable results
under this preocedure, and supply to the user other sprockets for various use
applications. The practice of changing sprockets is widespread, particularly
in off-road or combipation street/off-recad motercycles. The important point
here is that changing sprockets does not necessarily affect substantially the
actual generated noise, but can have major effect on the measured level in the
SAE J33I1a test.

fe) The procedure does not provide for the testing of motorcycles with
automatic transmissions.

{f) The procedure does not provide for the situation when, even in 3rd
gear, the vehicle does not travel the stipulated distance.

{g)  Atmspheric conditions which affect power output will affect closing
RPM and/or vehicle position in relation to the microphone (in addition to
affecting sound power generated).

(h} Vvehicle closing conditions {(RPM and/or position) are affected by rider
weight, accessories weight, wind, and wind resistance.

{1) This test procedure has the advantage of being independent of tachometer
dynamic characteristics for larger motorcycles ({approximately 400-500 cc}.

CHP Variation of the SAE J33la {Moving vehicle acceleration test)

The California Highway Patrol (CHP} adopted the SAE J33la method for
type approval, with two variations:

(a) If maximum rated RPM is reached before 30 mph, or if a 50 foot accelera-
tion distance 1s not attained, the next higher gear is to be used. (Other
stipulations of SAE J33la apply.)

{b) Four instead of six measurements are required on each side of the
vehicle and the average of the two highest readings {within 2 dB of each
other) on the Toudest side are reported.

States which have adopted the CHP method are California, Colorado,
Floria and Oregon. States and cities which have adopted the SAE J331a method
are Maryland, Washington, Grand Rapids, Chicago and Detroit (Detroit requires
only two measurements on each side of the vehicle).

The full text of this procedure is in Appendix A.
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Critique:

{a) variation "a", above, will primarily affect the smaller motorcycles,
obviates certain test operation difficulties that way result in over-reving,
and may be more representative of operational conditions for these vehicles.
Variation "b", hased on test experience with measurement consistency, should
have no significant effect, and results in a simpler test procedure.

{b}  The other shortcomings identified in the SAE J331a procedure critique

remain in the CHP variation of SAE J33la.
SAE J986a (Moving vehicle acceleration test)

The SAE J986a procedure, although designed for passenger cars and light
trucks, is prescribed in Canada for the testing of motorcycles.

Major differences, referred to SAE J33la, are:
{a) Approach is at 30 mph in ail cases,

{b) Sole criterion for gear selection is that the lowest gear which will
achieve the 50 foot acceleration distance shall be used.

{¢} The end-zone is 100 ft. long, instead of 75 ft.

Fuil text of the procedure is presented in Appendix A.

Critique:

{a} The speed and gear selection stipulations are not suited to some motor-
cycles.

(b) The gear selection stipulation will result in full acceleration in
1st gear for the larger motorcycles, with possible hazard to the operator.

SAE J47 (Moving vehicle acceleration test)

The SAE J47 procedure was designed to measure the maximum noise potential
of the vehicle, [t differs from the $SAE J33la procedure in the following
wajor respects:

(a) Instead of a variable end-point, a variable acceleration start-point
is employed, such that all vehicles reach maximum rated RPM at a point 25
feet past the microphone,

(b) The gear employed is the Tlowest gear that does not result in an accelera-
ting distance of less tham 50 feet {for many motorcycles, this will be first
gear); however, when the above selected gear "results in a dangerous or
unusual operating condition such as wheel spin, front wheel 1ifting, or
other unsafe conditions, the next higher gear shall be selected...."
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{c) Approach to the acceleration point is made at 60 percent of maximum
rated RPM in all cases.

The reporting method is the same as SAE J33la. The full text is in
Appendix A.

A. Approach at 60% RPH.

B. Accelerate in lowest gear such that
BC is not less than 50'. If this
variaple |25 results in unsafe condition, use
— —— : next higher gear, By trial, point
A 8 ¢ B is selected such that maximum
50! rated RPM is reached at point C.

¥ #icrophone €. Close throttle at end point C, 25'
past microphone point,

Critique:

{a) The SAE J47 test provides a more consistent measure of maximum noise
level, since all vehicles reach maximum rated RPM at the same point in
relation to the microphone,

(b) Since the above condition does not prevail in the SAE J33la test, corre-
latjon between the two procedures cannot be expected, although maximum
differences by motorcycle category may be developed.

{c) As with SAE J33la, motorcycles of the same make and mode]l are not neces-
sarily tested in the same gear (due to vehicle and test variables}. Gear
selection 1is further based on a Judgment as to whether operation in that
gear is safe or not. However, in the SAE J47 test the particular gear used
is of secondary fmportance, since in this test all motorcycles reach maxi-
mum rated RPM at full throttle, and reach this condition at the same point
in relation to the microphone. The effect of gear selection on measured
levels was finvestigated during this study, with test results presented in
Table 3-1 (F-76 procedure description).

(d) Since in the SAE J47 test gear selection is of only secondary signifi-
cance ip relation to measured levels, the matter of sprocket options
{discussed in critique of SAE J33la) is also not critical.

{e) The safety aspects of the SAE J47 testing procedure are such as to
require a skilled rider familiar with the behavior of the particular moter-
cycle, and exercise of care in its operation.

(f} The procedurs is less sensitive to factors affecting vehicle performance
than is the SAE J33la.

{g) The method has potential for precise correlation with a stationary

vehicle dynamometer test, since power output together with position in
relation to the microphone are defined,
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The noise control regulations of Italy incorporate a noise test procedure
which in essence 1s the SAE J47. Approach conditions are not prescribed,
the only stipulations being that lst gear shall be used and that the vehicle
shall develop rated power and RPM when the vehicle is at the microphone
target point. Substitute methods of engine locading a2re permitted, such
as grade or dynamometer.

150/R-362 (Moving vehicle acceleration test)

The International Standards Organization, (IS0) Recommendation R-362,
"Measurement of Noise EmitEed by Vehicles", was approved in May 1962 by the
following IS0 Member Bodies®,

Australia france Poland

Austria Germany Portugal
Belgium Greece Spain

Brazil Hungary Sweden

Canada India Switzerland
Chile Ireland United Kingdom
Czecholovakia Israel U.S5.A.

Denmark Netherlands U.5.5.R.
Finland New Zealand Yugoslavia

The 180/R-362 moving vehicle test procedure has since been incorporated
into the regulations of the following countries:

France Portugal
Luxemburg Austria
Netherlands United Kingdom
Norway West Germany

Japan and Belgium have adopted a variation of the I50/R-362 method.
The Economic Commission for Europe (FECE) has adopted the IS50/R-362 method
and has prescribed noise standards for various categories of motorcycles,
Sweden and Australia have proposed revisions to the ISO/R-362.

In the test, approach fs made at 75 percent rpm for peak power or 50
km/n, {whichever is slower). 2nd Gear is used if the vehicle is fitted with
a two-, three-, or four-speed gear box, If the vehicle has more than four
speeds, 3rd gear 1s used. The throttle is fully opened at a point 10 m
before the microphone point, and closed 10 m past the microphone point.

Provisions are included for the testing of vehicles with no gear box, and
for vehicles with automatic transmission.

Two readings within 2 dB of each other are required on each side of the
vehicles, and the highest value reported.

Full text of the procedure s in Appendix A,

2. "Approved" does not nécessarily mean adoption into the regufations of
that country.
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A.  Approach at 75% rpm or 50 km/h,
whichever is slower.

vom |1om B.  Accelerate in 2nd gear for vehicles
> t f having up to four speeds, 3rd gear
A B ;;5 & . for vehicles having five or more
erophone speeds,
C. Close throttie.
Critique:

{a) The test is simple, and subjective determination of proper gear selec-
tion has been eliminated.

{b) A technical advantage is that acceleration termination is based on
vehicle position, not RPM, thus eliminating erreors in closing RPM reading
or tachometer lag.

fc) The test was designed to be related to “normal town driving condi-
tions",

(d) Peak power will be developed on some vehicles, but not on others;
therefore, maximum noise level will be measured on some motorcycles, not
on others.

{e) The problem associated with sprocket options, as discussed in critique of
the SAE J331a procedure, is viewed as critical, and is not addressed.

(f} Some off-road motorcycles are geared sufficiently low that they will not
travel the required 20 meters in the stipulated gear without exceeding maximum
rated NIPH.

(9) To meet their special requirements, or to eliminate certain problems
encountered with the 1S0/R-362 procedure, various countries have adopted or
proposed modifications to the basic procedure. These are discussed below,

IS0/R-362 Variations {Moving vehicle acceleration tests)

“Modified Method", Appendix A2 to ISO/R-362-1964;

In this variation, the gear 1s selected which most closely results
in a vehicle speed of 50 km/h at 75 percent RPM, and approach is made at 75
percent 3PM. It is further stipulated that 1f the vehicle has more than three
speeds, first year shall not be used.

"IS0/R-362 Proposed Amendment”, 1974:

In this variation, approach is at 75 percent RPM or 50 kim/h {whichever
is slower), except that if the speed corresponding to 50 percent RPH is Tess
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than 50 km/h, then entry shall pe at the speed corresponding to 50 percent
RPM. 2nd gear 1s to be used, unless 100 percent RPM is reached before the end

of the acceleration zone, in which case 3rd gear is to be used.

JASD Modification of ]SO/R-362:

This variation of the IS0/R-362 procedure has been incorporated into the
requlations of Japan and Belgium. Modifications to the basic 180/R-362 are in

gear selection and approach speed:

JASD* 150/R-362
Gear 2nd gear: 2nd gear:
Selection 2, 3-speed gear box 2, 3, 4-speed gear box
3rd gear: 3rd gear:
4-speed gear box over 4-speed gear box
4th gear:

over 4-speed gear box

Approach
Speed 25 km/h: under 50 cc 50 km/h
40 km/h: 50-249 cc (or 75% RPM)
50 km/h: 250 cc & over
{or 75% RPM)

“Second Draft Proposal”, Revision of 150/R-362, May, 1975:
Major revisions, referred to the 150/R-362 procedure are:

(a) Venicles having gear boxes of five or more speeds are to be tested
in both 2nd and 3rd gears, and the reported value is to be arithmetic average

of the two measurements.

(b) The procedure for testing vehicles with automatic¢ transmissions 1s
revised and expanded.

¥ Japanese Acoustical Standards Organization
3-8




Critique:

(a) The numerous variations of I1S0/R-362, dealing mainly with approach
speed and gear selection, reflect the difficulty with this type of test
{where approach conditfons, but not termination conditions, are controlled)
in arriving at a procedure that adequately characterizes the noise of a
broad range of motorcycles.

(b} A very comprehensive study 3 of motorcycle noise and test procedures
conducted 1n Japan compared noise emissions of a group of motorcycles as
measured by three variatfons of the [S0/R-362 procedure {JASO, IS0, IS0
Proposed Amendment). These variations, differing only in approach speed
and gear selection, yifelded measured nofse level variations up to 12 dB,
showing the criticality of these parameters on measured levels. This also
indicates that a change in sprocket ratio will result in a change in mea-
sured noise level. ?The Japanese investigators determined that the JASD
modification of the IS0/R-362 procedure yielded the best correspondence
with average nofse due to average acceleration, as related to Japanese
urban traffic situations.)

F-76 (Moving vehicle acceleration test)

While 211 of the above test procedures are consfdered to be candidates
for use in the final EPA regulations, all of these procedures were found to
have shortcomings as a methodoleogy for the Federal regulations. These short-
comings fall in one or more of the following arsas:

{a) Safety; hazard {n testing (SAE J47)

(b) Ambiguity; measured level dependent on gear selection involving a sub-
Jective determination (SAE J33la)

{c) Sprocket varfables; measured level dependent on sprocket ratio which is
readily changeable; change 1n measured level disproportionate to change in
vehicle noise {SAE J331a, 1S0/R-362)

(d) Position varfables: similar vehicles, differing only in gearing,
having noise measured at different distances from the microphone, or at
di fferent RPM and power conditions (SAE J33la, I50/R-362)

(e} Performance varfables: atmospheric conditfons, rider weight, or acces-
sories affecting vehicle closing RPM and/or position (SAE J331a, 150/R-362).

Representatives of the U,S. Suzuki Motor Corporation and the California
Highway Patrol, submitted preliminary drafts of test procedures designed to
eliminate the above objections. These procedures, together with other
procedures, were evaluated and refined. The resulting procedure has been
designated F-76, and consists of the following:

3, See page 3-40,
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Approach is made at 50 percent of maximum rated RPM. The throttle is
smoothly and fully opened, commencing at a point such that 75 percent of
maximum rated RPM at full throttle ic reached at a point 25 feet past the
microphone target point, at which time the throttle is closed. Second gear is
used, unless the accelerating distance is less than 25 feet, in which case
progressively higher gears are used until the minimum 25 feet distance is
attained. 1t is further specified that if use of second gear results in a
road speed in excess of 100 km/h (62 mph}, then first gear shall be used,

Full text of the procedure 1s in Appendix A.
A. Approach at 50% RPH.
B, Accelerate in 2nd gear from point

B, selected such that 75% RPN is
reached at point C, If BC is less

— vartable j2837, than 25', use next higher gear.
A B C 1f speed at C 1s more than 62 mph,
5p° use 1lst gear.

f #icrophene £ Clpse throttle.

Critique:

{a) Safety. The procedure does not require rapid opening of the throttle;
mandatory requirement is that wide open throttle at 75 percent RPM be attained
25 feet past the microphone., No instances have been encountered in EPA's
test program where use of first gear was required; in any case, use of first
gear would not be hazardous under the prescribed operation of the throttle.

The procedure results in many off-road motorcycles being tested in third,
and even fourth gear. Even in these higher gears, many off-road motorcycles
will exhibit front wheel 1{ft-off under rapid throttle opening. Although the
procedure does not require such. Lift-off, however, is not hazardous with
these vehicles when operated by an experjenced rider; it is, 1n fact, a normal
operational mode, used widely in the traverse of obstacles in rough terrain.

{b) Ambiguity. Tests that were conducted show that procedures which call for
attainment of a specified condition of power and RPM at a specified Tocation
in relation to the microphone (such as SAE J47, F-76), are relatively insensi-
tive to gear selection (Table 3-1).

{c) Sprocket variables. The relative insensitivity to gear selection
in the F-76 test shows that a change in sprocket ratio will have 1ittle

effect on measured noise levels.
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EFFECT OF GEAR SELECTION ON MEASURED MOISE LEVELS

Table 3-1

SAE SAE
Bike No, Category Displ. J3dla F76 Ja7
10 s 356 -0.2
-1.3
103 S% 123
109 X 248 -5.5
119 S 398 -1.7
126 S 184 -0.3
123 SX 249
127 L 738
130 5% 98 -3.2
131 S 371
132 s 543
134 S 246
135 SX 173 -1.6
146 % 246
*151 S 949 -1.7
153 X 248
155 5% 98 -0.9
*160 5 736 -3.7
161 SX 247 -1
*166 5% 72 -2.6
173 8% 397 -1.7
181 S 183 «3.3
191 sX «1.3
197 s 242 ~4.0

o M ] e
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{d) Position variables. In the F-76 test, the noise level, at the speci-
fied power and RPM conditions, is always measured at the same distance from

the vehicle.

{e) Performance variahles. As with the other test procedures, the measured
level in the F-76 procedure will be affected by factors which affect scund
power (such as relative air density); correction factors could be applied for
this. In contrast with the SAE J331la procedure, however, the F-76 measured
level is not affected by RPM/distance relationships associated with variations
in power output.

{f] Methodology substitution. Since the F-76 test is conducted under
controlled conditions of power, RPM, and measurement distance, it can be
deduced that the means used to load the engine are relatively unimportant.
For example, the same result should be obtained on a grade, or on a suitable
dynarometer, as long as the prescribed end-conditions are attained. ({The
[talian procedure, which Js similar to the SAL J47, permits these substitu-
tions in lieu of the prescribed acceleration test). In contrast, procedures
such as the SAE J331a or the 150/R-362 offer no possibility of such substitu-
tions as equivalents.

{g) Tachometers. Tachometer lag time can have an important effect on the
noise levels measured by F-76, Slow-responding tachometers will indicate
engine speeds higher than those specified in the procedire 25 feet past the
microphone point. These higher engine speeds will result in erronecously high

nojse level measurements.

While it is possible to derive a statistical transfer function between
F-76 and SAE J331a {as has been done in section 4) it is not possible to
predict, for a particular mtorcycle, the F-76 level based on the SAE J33la
level using this transfer function. The reasons for this are fundamental.
For the smaller motorcycles, the SAE J33la Tevel is dependent of where in the
end-zone the vehicle reaches 100 percent RPM. If it reaches 100 percent RPiM
near the start of the end-zone, the F-76 level (75 percent RPM) will he
lover; 1if 1t reaches it near the end of the end-zone, the two Tevels will be
about equal (differences in power being cancelled by differences in distance).
This in turn depends on gearing, and on which gear is used. 1n the case of
the larger machines, the degree of equivalence s dependent on the value of
the SAE J331a ¢losing RPM, If the closing RPH is at a near 100 percent, the
two levels will be near equal; if the ¢losing RPM is well below 100 percent,
the F-76 level will be higher. By making use of these factors, together with
vehicle performance data, it would be possible to estimate F-76 levels for
a particular motorcycle, based on the SAE J331a level.

For the above reasons, no close correlation should be expected hetween
the F-76 levels and SAE J33la levels. It was considered of interest, neverthe~
less, to exawine the degree of correlation, which is shown in Figures 3-1 and
3-2, The relatively good correlation in the case of the of F-road mutorcycles
is no doubt attributable to the fact that most of these are small displace-
ment, low-gearzd machines, and therefore reach the acceleration end point near
the microphone in both test procedures.
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Note: In the initial drafts of this procedure, a 50 ft. minimum acceler-
ation distance was stipuiated and employed. Difficulties occurred in two
areas--several of the smaller bikes could not attain the 50 ft. distance
before reaching 75 percent RPM even in the highest gear; others (350 cc class
off-road bikes) would net pull properiy from %0 percent RPM in the gear
required to attain the 50 ft. distance. For these reasons the 50 ft. minimum
acceleration distance was changed {starting with bike No. 135 refer to Table
3-1) to 26 feet. The 25 ft. minimum distance stipulation presented no proh-
lems in the testing of any of the motorcycles.

F-76a (Moving vehicle acceleration test)

In examining the noise enﬁfsion data base {Section 4}, in terms of
SAE J331a levels {Figure 4-1)7, and in terms of F-76 levels (Figure
4-3)7, the SAE J331a method yields a regression line nearly flat (noise
level 1independent of displacement), whereas the F-76 method shows a definite
upward slope of the regression line with engine displacement.

The reason for this is, of course, that in the SAE J33la test the larger
motorcycles pass through the measurzment zone without reaching maximum
rated pawer RPHM, whereas in the F-76 test all vehicles are measured at
75 percent RPM. The IS0/R-362 test is siwilar to the SAC J33la test and
recognizes the fact that both in constant speed and in accelerating modes the
smaller machines will usually be operated closer to their maximum potential
than will the larger machines. This is not only because of available horse-
power, but also, in the small machines the torgque curve {5 characteristically
steep, favoring operation at high RPH. In the 1lorge street machines the
torgue curve i1s relatively flat, resulting in acceptable performance at lower
rpm's.

To take this factor into account, a variation of the F-76 nethod,
designated F-76a, was investigated, The F-76a procedure differs from the F-76,
in that instead of testing all vehicles at 75 percent AP/, the test RWP is a
function of displacement. The RPM/displacement relationship follows:

¥y = 80% at {0-100 cc) where y is & RPHM
y = 95% .05x at {100-700 cc} x is displacement, c¢
y = 60% at (700+ c¢c)

This relationship, shown graphically in Figure 3-3, yields a test
RPM of 90 percent at 100 cc¢, reducing to 6U percent at 700 cc. Abowe 700 cc
the closing RPM remains constant at 60 percent. Entering RPM is 50 percent or
20 percentage points below closing RPM, whichever is lower.

The basis of the F-76a RPM/displacement relationship is the data col-
lected in the course of EPA's test program where a number of motorcycles
were tested at more than one closing RPM. These data appear in Appendix C
and in Tables C-11 and C-12, and are sumiarized in Table 3-2 and Figure 3-4
in this Section.

4 Figures pertaining to the nofse emission data base are présented 10
Section 4.
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TABLE 3-2. CUMPARISON OF F-76a AND SAEJ33la NOISE LEVELS

Displacement Mean Noise Level, dB Standard Deviation Number of
Range SAE SAE Vehicles
ce F76a J33la F76a Jilla in Sample
100 - 125 80.8 80.9 2.57 2.62 10
175 - 250 80.8 80.9 1.73 2.34 8
350 - 400 82.5 8l.1 1.77 3.55 6
550 - 759 82.3 81.9 1.38 0.71 6
900 - 1200 82 .6* 80.6 1.91 3.58 4

The vehicles in this sample are unmodified, 1975 - 1976 year of manufac-
turer, street and combination street/off-road motorcycles. The F-76a levels
have been derived by interpolation or extrapolation of noise levels measured
at RPM other than the F-76a RPM. The SAE J331a levels are directly measured

data.

*This smali sample of 4 included two vehicles whose F-/6 level was con-
siderably higher than the average of other vehicles in this category.

i AL A o S b Lale



F-76 Noise Level Minus J331a Hoise Level dB
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FIGURE 3-4 COMPARISON OF F76 AND F-76a NOISE LEVELS
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Figure 4-55 shows the difference between F-76 and SAE J331la levels
plotted against displacement, with the upward sloping regression 1line showing
that statistically the F-76 level is higher than the SAE J33la level for
large motorcycles, lower for small motorcycles, Table 3-2, shows that while
a larger statistical sample of F-76a test data is desirable, the data indicate
that if F-76a datz were substituted for F-76 data, the regression line would
not only be independent of displacement, but would also be approximately equal
to the SAE J331a levels on a statistical basis.

A curve of noise level versus percent RPM for one motorcycle is shown
in Figure 3-5,

A secondary advantage of the F-76a procedure over F-76 1is that lower
testing speeds resutt for the large motorcycles. In the F-76 test, speeds up
to 55 mph were encountered. This would reduce be about 45 mph in the F-76a
test. Manufacturer test data show tire noise of 66 dB at 45 mph on a 750 cc
motorcycie, which indicates that tire noise would not be a significant contri-
butor to total vehicle noise in the F-76a test.

Text of the F-7ba procedure is in Appendix A.

R-60 {Moving vehicle acceleration test)

With the same rationale bhasic to the F-76a test, a staff member of
AMF Harley-Davidson submitted (prior to development of the F-76a test) a
moving vehicle acceleration test procedure designated R-60. The R-60 test is
similar to the F-76a except that the closing RPM is the RPM corresponding to
60 mph 1in the highest gear (instead of 75 percent RPM for all vehicles).
Entering RPM is 75 percent of the closing RPM.

A full text of the procedure is presented in Appendix A,

Critique:

{a) The procedure does not provide for the testing of vehicles which do not

.reach 60 mph; this difficulty could be eliminated by adding the stipulation

P

that vehicles which reach 100 percent RPM before 60 mph shall be tested at
100 percent RPM.

(b) Similar vehicles, differing only in gearing, could be tested at substan-
tially different RPM's yielding substantially different measured levels,

{c) Changing sprockets would result in testing at different RPM's, with
di fferent measured levels.

(d) Some street motorcycles are capable of very high speeds. A motorcycle
with a top speed of 135 mph would be tested at 44 percent RPM, a rather low
test RPM.

5. Figures pertaining to the noise emission data base are presented 1A
Section 4.
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NOISE LEVEL (dB)
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FIGURE 3-5 EXAMPLE OF NOISE LEVEL AS A FUNCTION
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{e} The F-76a procedure provides an alternative means of dealing with
the different operational situations of the small and large machines, and
avoids the difficulties appearing in the R-60 method,

F-77 {full speed, full throttle, soving vehicle test)

In Tieu of the I1SO/R-362 acceleration test, Norway prescribes a full
speed, full throttle pass-by test for mopeds. In the course of the study,
this procedure was examined for mwotorcycles up to 100 cc; above that some
vehicles reach excessive speeds,

This is a considerably simpler test to run than any of the other moving
vehicle procedures, requires no tachometer or speedometer, and is representa-
tive of common operational conditions for vehicles under-100 cc. It yilelds
levels usually close to the SAE J33la levels, and can be expected to yield
levels close to the F-76a test.

Full text of the procedure is 1n Appendix A.

Problem Areas: Moving Vehicle Test Procedures

{1} Automatic Transmissions
Automatic transmissions are coming into use for both street and off-road
notorcycles, large and small, The following motorcycles with automatic
transmissions were tested:
Street
Moto Guzzi Y1000 Converter
Henda CB750A
Honda NC~50
0ff-Road

Rokon 340 RT
Husgqvarna 360 Autematic

Combination Street/0ff-Road

Yamaha Chappy (minibike)

- Mopeds

NTV Model ERB
Kreidler MP3

Yespa Ciao
Motobecane Mobylette
Velosolex 4600
Peugeot 103LVvS.U3

3-21

R SR WP CT PR S P S S

R Ry LE - FOE S LI TN




ATl .

Difficulty was encountered in testing the motorcycles with autematic
transmissions. The ifoto Guzzi V1000 and the Honda CB7/50a incorporate a high
and law-range selection; low range produces significantly higher Jlevels for
the SAE J33la test. High-range use for the F-76 test results in excessive
speed. For the F-77 test, however, high-range can cause the engine to
over-rev unless it is specified.

The Rokon 340RT and the Husqvarna 360 Automatic also presented testing
problems, The Roken J40RT inmcorporates a variable ratio belt deive: the
driving member is acted upon by centrifugal forces, the driven member is
affected by reacting torque. The drive ratio is deterwined by both engine
rpm and torque demands. There are no selectable options for the rider, other
than throttle position., The 5AL J331a test procedure, does not provide for the
testing of vehicles with automatic transmissions. However, if the gear
stipulation is ignored, a meaningful SAE J33la test can be run. To run an
F-76 test, however, an entirely different technique is required: the throttle
must be opened very gradually in order not to jmmediately exceed 75 percent
RPM; with some practice, vehicle speed can bhe smoothly increased such that 75
percent RPM at full throttle is attained at the required end point, with good
consistency. As discussed in Section 3.2, vehicles which reach 100 percent
RPM near the end of the end-zone in the SAE J33la test exhibit near equal
SAE J33la and F-76 levels. The Rokon 340RT fits this pattern, reinforcing the
appropriateness of the above testing techniques,

The Husqvarna 360 Automatic incorporates four centrifugal clutches,
with Sprague roller clutches which permit the lower geared centrifugal
clutches to freewheel when the higher geared clutches engage. The SAE J33la
test cannot be run, because 100 percent RPM is reached well before the start
of the end-zone, and no rational criteria exists for regulating the throttle
other than wide open. No technique has been developed which would achieve
full throttle at 75 percent RPM at the prescribed point in relation to the
microphone. Further analysis and testing wil) be required to develop a
meaningful and repeatable test technique for this type of vehicle.

Based on the F-77 testing of two wotorcycles with displacements less
than 100 cc and six mopeds, no problems occurred with vehicles with automatic

transmissions.

{Z) Tachometers

A major problem encountered throughout EPA's test program was in ob-
taining engine RPM readings on motorcycles not equipped with tachometers.
Portable tachometers used in the program included the Sanwa Model MT-03, the
Rite Autotronics model 4036, and the Dynall Mode TAC 20. iInm most cases, one
of these three tachometers could be made to function properly on the test
vehicle, but none of these tachometers would work on all motorcycles. In some
cases the testing of a motorcycle was abandoned because of inability to obtain
proper functioning of the tachometer.
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A vehicle manufacturer should have no difficuity in arriving at a
suitable tachometer or other means of determiniag RPM for his particular
1ine of vehicles; the problem exists primarily for the EPA and for after-
market manufacturers, where universal application over many mdkes and models
would be necessary. Fortunately, however, the steady-state accuracy of the
tachometer (either the wvehicle tachometer or a portable tachometer) can Le
readily verified simply by wmatching the engine firing frequency (as picked
up by a wire placed in proximity to a spark plug lead} with a signal from
a calibrated oscillater and matching the two signals on an oscilloscope.

A second factor to be considered in the use of tachoweters for moving
vehicle acceleration tests is tachometer lag, and the ability of the rider
to close the throttle at the correct RPM. This effect was evaluated ip a
previous study , where results obtained using the vehicle tachometer were
compared with results obtained using an electronic tachometer incorporating a

“ "max. hold" mode (Emission Control Instruments, Precision Tachometer). In

that study, when the rider performed SAE J47 tests on ten motorcyclas using
the vehicle tach for reference, the true RPM recorded by the electronic tach
ranged from 1132 RPM high, to 356 RPM low, as compared to the intended RPM,
When the SAE J47 tests were repeated with the closing RPH4 at the proper value
?stainshed by the electronic tach, measured levels ranged from zero to 2 dB
ower.

Test methodelogies such as the SAE J33ia and the F-76 (as opposed to
the 150/R-362 type) are subject to both the problems of tachometer functional
compatioility and Tag, unless other methods are established to measure
engine speed., The dynamometer method is free of these problems, since
the tachoweter can be incarporated into the dynamometer, and measuring
conditfons are steady-state,

3.3 Stationary Vehicle Test Procedures

F-50 (Stationary vehicle test)

The F-50 procedure is patterned after the I50 proposed draft, "Method
of Control of Noise Emitted by Stationary Motor Vehicles," July 1374. The
test consists of running the engine up to 50 percent RPM, unloaded, and
measuring noise at a distance of 0.5 m from the exhaust outlet, on a line
displaced 45° from the exhaust axis. The complete text of this procedure
and the 150 draft are in Appendix A.

Critique:

The F-50 levels, presented in Section 4, are relatively independent
of displacement (Figure 4-7 and 4-8) and have been correlated with SAE J331a
and F-76 levels in Figure 3-6 thru 3-5. The correlation is not sufficien~
tly good as to permit the moving vehicle acceleration noise for a particular
vehicle to be predicted from the stationary level. Major reasons for this

€. sée page 3-40.
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dare that the engine s noet under load, and thus exhaust noise is not represen-
tative of the acceleration conditinns, and because tne throttle is only
partially open, intake noise is not fully developed.

The test is nevertheless of potential value. Figures 3-10 and 3-11
show that in general an exhaust system change which produces higher noving
vehicie noise levels also results in higher levels in the stationary test.
The corraespondence in this respect is sufficiently good that the method
could be used for on-the-road enforcement against exhaust system tampering.
The figures show that the wathold would be quite effective against flagrant
violators, providing the OEM (original equinment manufacturer) noise level was
known and labeled an the machine.

A further alternative to the F-50 test, for use by the exhaust system
wanufacturer, could be the dyno-simulation of the moving wehicle test, as
discussed later in this section.

Motorcycle Industry Council (MIC) Proposed Field Test Procedure
for Noise Levels of Competition Motorcycles, Rev. 1-30-76

This procedurg, the full text of which appears in Appendix A, is similar
to the F-50 procedure, differing mainly in features which aake it more con-
veniant for application in conpetitive events. Test AP 15 50 percent red-
Tine, alternatively 60 percent pmaxinum rated RPH, or alternatively calculated
from a formnula as a function of stroke dimension,

Critique;

(a) The features of this procedure (which enhance its usefulness in the
intended application) introduce a lack of precision not desirable in EPA
applications.,

{b) The procedure provides for the testing of motorcycles not having a
"neutral" transmission position; this is accomplished by raising the rear
wheel or removing the chain.

F-76 Lyno-Simulation (simulated moving venicle acceleration test)

A cursory investigation of the feasibility of simulating moving vehi-
cle acceleration tests on a dynawometer was conducted, wsing one .notorcycle
{Honda £B 750} and a Pabatco Uyno (made by Weda Instruments}. This dynamone-
ter is one of the lowest priced portable units comnercially available, not
specifically designed for noise testing, and not incorporating any quiating
provisions {Figure 3-12). The motorcycle was successively fitted with seven-
teen different axhaust systems, which resulted in F-76 levels ranging fron
92 to 98 d3. For the dyno-simulated F-76 test, the dynmanometer was set up
at the test site at the F-76 test track end point, with the microphone
positioned as it would be for the actual F-76 test moving venhicle test.
Noise lavel as measured at 75 percent RPif abt full throttle was established, a
procedure taking about 15 seconds. Figure 3-13 presents the correlation of
results frog this test and the actual F-76 moving venicle test, H#eadings
were taken only on the laft side of the wotorcycle, evan though some of the
exhaust systans were on the right side only; this hecause the dynawoneter
confisuration pracluded taking readings on the right side.

3-28




A B AR Wl P TEITY D8 PRI

|

CHANGE IN F-50 NOISE LEVEL, dB

30-r 5
| m
|
254 '+ 2 s o
| [ 4 STROKE 9 a
|
| 0
204 .r (ulw O
! o o o
! ]
| o o
| O
15+ i
! o o o
. o
; jm| jw]
i o8 o O )
104 I o o O
; opEo o
ni 80 0 o
oo 8o o
== a +
54 G 960 O
gl 0O oo
oo o o
OEYEs
P s - ol SN ~ S
o0 o
8 [m]
1
5 n E 1 1 e 1 L . |
) 0 5 10 15 20 25 30

CHANGE N J33)a NOISE LEVEL, dB
FIGURE 3-10 CORRELATION BETWEEN CHANGE IN F-50 KOISE LEVEL

COMPARED TO CHANGE IN J33T1a NOISE LEVEL, AFTERMARKET AND MODIFIED
CONFIGURATIONS REFERRED TO ORIGINAL MANUFACTURE

3-29




CHANGE IN F-5D NOISE LEVEL, ¢B

30 ;
.{- [ + 2 STROKE O

|
i 4 STROKE ]
25+ i O
[ ]
! o o
{ O
20+ , o o
| (] w] O
| o
| Qa ]
| 0
15+ I
0 ] In)
f O
{ ] m}
I ] 0o o o
10+ I oo o |
I o ®\|gn Oog ]
(g +00 ]
i B2 [m]w]
= ]a m] +
54 th  0go
| p+00d oo
Qm O o O
omaa
0 ?a-au+ -3
o, g )
d
5 D _.l= D e L 1 —d L 1
-5 0 5 10 15 20 25 30

CHANGE [N F-76 NOISE LEVEL, aB

FIGURE 3-11 CORRELATION BETWEEN CHANGE I[N F-50 NOISE LEVEL

COMPARED TO CHANGE IN F~76 NOISE LEVEL, AFTERMARKET AND
MODIFIED CONFIGURATIONS REFERRED TO DRIG'NAL MANUFACTURE

T e gy

AT iy o

JUNpR L L



BLACK COPY

(et

FIGURE 3.12 PABATCO DYNAMOMETER



[ A b bty — S s

OYNO-SIMULATED F-76 NOISE LEVEL, dB

+
100 ] +
VA
-~ +/ ++
+
95 4
+/+
++
T +
90.} y = 1.072x - 5.474
r=20,94
-
Syx = 2,21
85 .1
80 - + s + s ef - +-
80 85 80 95 106

F-76 NOISE LEVEL,dB

FIGURE 3~13 CORRELATION BETWEEN DYNO-SYMULATED F-76,
AND ACTUAL F-76 MOVING VEHICLE TEST

3-32



A TN S P I D L L e = bt s A n st o

L b g T TR S e E e S

Potential advantages of the dynamometer test method include:

lower testing cost

- renoval of schedule constraints due to weather

- greatly reduced area requiremants

- no transportation of vehicles to and from test site

- greater accuracy by testing at a steady state condition rather
than at & changing condition

- no problems with tachomater functioning, accuracy, or lag

- removal of testing variables such as throttle closure, distance
determination

- rajoval of wind, weather, micro-meteorcvlogical variables

- minimization of site variables

As discussed in Section 3.2, dyno-simulation of the SAE J33la or ISU/i-362
test procedures is not feasible,

3.4 Measurement Distance Substitution

A1l of the noise emission data presented in this report were measured ot
a 50-foot distance {except the F-50 data, which were measurad at 2.5 m}, as
delineated in the respective procedures. An investigation was made, however,
to determine feasibility of taking measurements at 25 feet, and correcting the
measured values to a 50-foot equivalent, Results of this investigation are
shown in Table 3-3 and Fiqures 3-14 and 3-15; it is evident that no such
conversion is possible in the case of an acceleration test (as opposed to a

constant speed test).

The reason for the lack of correspondence between the 5U-foot and 25-foot
measuraments was not investigated; it may be that the vehicle noise exhibits a
changing polar pattern as the vehicle accelerates, such that a lobe changes in
magnitude as it passes from one microphone tu the other, or it may relate to a
changing 1interference relationship (discussed in section 4.2) resulting from
spectral changes as the vehicle moves past the microphones with changiny

RPH,
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TABLE 3-3 RELATIONSHIP BETWEEN 25 FT. AND 50 FT. NOISE LEVEL MEASUREMENTS

DIFFFRFNCE BETWEEN 25 FT AIID 50 FT
BIKE BISPL. {ENGINE NOISE LEV[L READINGS, dB
ol
HO. CC|TyrE Jidla F76 77 | ¢, 55 MPII
101 %6 | 45s 5.6 6,2
163 77 75 30 4.3
o3 23 25 5.0
G4 996 [ 4 S 5.8 5.4
05 736 |4 S 7.6
09 248 |45 .0
16 124 |4 S 1.6 1.9
i ¥l 7% )
2 % 45 2]
3 245 4.5 2.8
14 35 25 35 1]
15 9% 125 46 | 4.8
N7 99 2 < 3.0 3.8
116 174 775 5.0
119 400 |2 " 6.0
20 746 14 % 3.5
40 828 |4 ¢ . 5.
Iy 49 7 ¢ 5.0
2 784 145 53 72
143 245 7S 6.5 5.0
35 381 i3 5. 5.3
26 745 2 5 3.0 5
3t 246 7S 5.3
5 945 (4.5 73 7.3 3
5 943 145 £.7
152 336 7 5 ;5 1.7
55 38 2s 4.6 1 4.1
55 CEN 1.3
156 72175 35 | 4.6 |53
57 45 ]2 S 6.5
55 T S 58 1 8.1 .G
59 750 145 £4 | 6. 7.0
T&0 736 14 ¢ 2.4
60 736 145 W,
60 736 45 )
A 347 25 N W,
A 247 275 5.9
¥ 124 3¢ 6.5 8 ED
AL 303 1S 7.1 .5 6% 5.2

* 25 denotes ? stroke
45 denotes 4 stroke
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NOISE LEVEL DATA BASE
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SECTION 4

NOISE LEYEL DATA HASE

4.1 Content and Format of the Data Base

The basic motorcycle noise level data base used for this regulation
is presented in Appendix C. Noise data for the following are included:

{a} 159 pew 1976 model year wotorcycles (manufactured in 18756 and 1976);
{b} 60 motorcycles {manufactured in 1374) in stock configuration;

{c) 257 in-service motorcycles in stock configuration, manufactured 1969-
1973 (includes the data developed in the MIC motorcycle testing program);

(d) 43 in-service modified motorcycles, manufactured 1969-1976;
(e) 107 motorcycles with new aftermarket exhaust systems,

Motorcycles in group "a" above provide the best noise level baseline
for assessing cost and economic impact of adoption of standards more stringent
than 83 dB (for street motorcycles) which is the standard currently in effect
in some states (e.qg., Californial). Street motorcycles manufactured prior
to 1975 have been subject to less stringent standards and are therefore not
representative of current technology applications and cost,

Off-road motorcycles in groups "a", "b", and “¢" can be included in the
baseline data for the off-road category, since regulation of noise emissions
from those vehicles has been very limited in most states.

Motorcycles in group "a" throuch "d" provide a baseline for assessing
environmental improvement that can result from regulatien of the new vehicle,
the aftervarket product, and user modifications.

Hotorcycle afiermarket data, group “e", show the degree to which curren-
tly offered-for-sale aftermarket exhaust systems affect new vehicle noise
emissions.

The total sample of vehicles, groups "a" through "e" above, were employed

in the development and/or evaluation of test methedologies {Section 3) in the
course of acquiring the data base.
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The following makes and models are represented:

Benelli 750 SEI

BMK R90/6

BMW ROOS

BMY R60/6

Bultaco 250 Alpina
Bultaco Frontera
Bultaco 350 Sperpa T
Bulotaco Matador MK9
Bulotace 250 Pursang
Can Am 125 TNT

Can Am 250 TNT

Can AM 250 MX1

Carabela 125 Marquesa MX

Carabela 250 Centauro
Ducati DM750S
Garelli Moped
Harley FXE-1200
Harley FLH-1200
Harley S§5125
Harley SS175
Harley $S250
Harley SX 125
Harley SX 175
Harley SX 250
Harley XLH1000
Hodaka Road Toad
Hodaka 250
Honda CB 400F
Honda CB 500T
Honda CB 750A
Honda CB125S
Honda CB 1255
Honda CB200T
Honda CB350F
Honda CB 360T
Honda CB 450
Honda CB 550
Honda CB 550F
Honda CB 5907
Honda CB 750
Honda CB 750F
Honda CJ360T
Honda CL360
Honda CLAS0
Honda CR125M
Honda CT70
Honda GL1000
Honda MRS50
Honda MR175
Honda MR125
Honda TL250
Honda XL70
Honda XL70K2
Honda XL100

Honda XL125

Honda XL175

Honda XL250

Honda XL3560

Honda XR-75

Honda Z50A

Honda A1l terrain
Honda CT90

Honda NC50

Husqvarna 360 Automatic

Husqvarna 360 WRX
Indian MT175
Kawasaki 90021
Kawasaki KDBO
Kawasaki KEL25
Kawasaki KEL7%
Kawasaki KH 100
Kawasaki KH 250
Kawasaki KH 400
Kawasaki KM 100A
Kawasaki KT 250
Kawasaki KY 75
Kawasaki KV 100
Kawasaki KZ 400
Kawasak{ KZ 400D
Kawasaki KZ 4008
Kawasaki KZ 750
Kawasaki KZ 900
Kawasak? KZ 900LTD
Kreidler MP3
Laverda 750SF
Larerda 1000Three
idontesa 250 Enduro
Montesa Cota 123
Montesa Cota 247
Montesa Cota 348

Motobecane Mobylette Moped
Moto Guzzi 1000 Convert

Moto Morini 3 1/2
Motao Guzzi 850-T
Norton 860 Commando
NVT ERB Moped

0ssa Desert Phantom 250

Ossa 250 Pioneer
{ssa 250 Plonker
Peugeot 103 LVS V3
Rokoen RT -340 11
Suzuki GT185
Suzuki GT380
Suzuki GT500
Suzuki GT550
Suzuki GT750
Suzuki RE-5 Rotary
Suzuki RM125

4-2

Suzuki RVS0
Suzuki TM7S
Suzuki TS100
Suzuki TS185
Suzuki TS400A
Suzuki TS400S
Velosolex 4600 Moped
Vespa Ciao Moped
Yamaha Chappy
Yamaha DT100C
Yamaha DTL75
Yamaha DT175C
Yamaha DT250
Yamaha DT250C
Yamaha DT400C
Yamaha DT650C
Yamaha MX125
Yamaha RD125B
Yamaha RD200B
Yamaha RD200C
Yamaha RD2Z50
Yamaha RD3560
Yamaha RD4A0OC
Yamaha RS100B
Yainaha TX750
Yamaha TY80
Yamaha XS5360C
Yamaha XS650B
Yamaha XS565CC
Yamaha XT500C
Yamaha XT500
Yamaha YZ125C
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The vehicle population tested encompassed street, off-road, and combina-
tion use motorcycles; 50 to 1200 cc displacement; 2-stroke, 4-stroke and
rotary engines; 1, 2, 3, 4, and 6 c¢ylinders; manual gear shift, automatic
clutch, hydraulic torque converter, and centrifugal torque converter trans-
missions; a few mopeds were also included.

Test methodologies employed in acquiring the data base include the
SAE J33la, F-76, and R-60 acceleration tests; the F-77 full-speed/full-throt-
tle test for under-100 cc bDikes; the F-50 stationary vehicle test; and a
dyno simulation of the F-76 test. These test procedures are described in
Section 3 and detailed in Appendix A. Noise levels at 35 mph and 55 mph,
constant speed pass-by, have also been obtained on a representative group of
vehicles.

The noise level data base of new motorcycles manufactured 1975-1976 is
presented primarily in terms of SAE J331la, F-76, and F-50 noise measurements.
The data base is presented graphically in Figures 4-1 thru 4-10, and in
tabular detail in Appendix C. Format of the graphical presentations is as
follows:

{a) SAE 233la levels vs displacement -- Figures 4-1 and 4-2
(b) F-76 levels vs displacement -- Figures 4-3 and 4-4

{c} Transfer function F-76:SAE J33la, by displacement category and overall --
Figures 4-5 and 4-6

{d) F-50 levels vs displacement -- Figures 4-7 and 4-8
(e} 35 mph steady speed levels vs displacement -- Figure 4-9
{f) 55 mph steady speed levels vs displacement -- Figure 4-10

Tabular detail of noise emissions presented in Appendix C includes
not only that for new 1975-1976 year of manufacture motorcycles, but also
similar data for 1969- 1974 in-service motorcycles, motorcycles with modified
exhaust systems, and data on aftermarket products. The tabular presenta-
tions include:

{a) Noise levels (SAE J331a, F-76, R-60, F~77, F-50, 35 mph, 55 mph) by
displacement. and use categories; new motorcycles, year of manufacture 1975 and
1976: Table C-4,

{b) Same data as Table C-4; by manufacturer: Table C-5.

(c) Noise levels (SAE J33la, F-76, F-77, F-50, 35 mph, 55 mph) by displace-
ment and use categories; in-service motorcycles, year of manufacture 1969-
1974, in stock configuration: Table C-6.
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(d} Moise levels (SAY J331a, F-76, F-77, F-50), by displacement and use
categories; in-service motorcycles, manufactured 1969-1976, modified expaust
system: Table C-7.

(e} Change in noise levels (SAE J33la, F-76, F-50), referred to original
equipment manufacture (OEM}, associated with 1installation of aftermarket
exhaust systems and user modifications: Table C-10.

Detailed information on test procedures, test sites, vehicle iden-
tification, and aftermarket product identification, is provided in Appendices

A, B and C.
4.2 Test Site, Rider, and Vehicle Variables

Test Sites

Noise data were obtained at eleven different test sites:

LETTER
CODE R LOCATION
A TTTTTTTTArgosy Ave., Huntington Beach, California
B Orange County Fair Grounds, California
c flaytona Beach, Florida
] Los Alamitos Naval Air Station, California
E Pomona, California
F Houston, Texas
G St. Petersburg, Florida
H Albany, Georgia
1 Chapel Hiil, North Carolina
J Suffolk, Yirginia
K Ft. Belvoir, Virginia

Test sites 8, D, £, H, and J comply fully with the SAE J33la. Recomnended
Practice in all respects; the other sites depart in varying degrees (hut were
the best sites avaflable in the respective local areas), particularly in
reference to the requirement for concrete or asphalt ground surfacing between
the vehicle path and the microphone. Descriptions and photographs of the test
sites are in Appendix B.

In moving vehicle tests, noise reaches the micraphone by two paths;
the direct path, and a reflected path, as iliustrated bhelow:

MiIc,

Uirect and reflected

URC A
SOURCE notse paths.

..
—
i
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This suggests that noise measurements taken over hard pavement could be
efther higher or lower than measurements taken over turf or weeds, depending
on the spectral content of the noise source. The tabular and graphical data
presented in this report include noise measurements taken at all of the test
sites. To assess the impact of the non-conforming test sites on the statis-
tical summaries {as shown on the graphical presentations), the statistics of
Figure 4-1, SAE J33la vs. displacement were re-computed with data from the
noen-conforming sites exluded. Results of this comparison are as follows:

Data from test Data from test
Displacement sites A thru K sites B, D, E, H, J
50-99 cc %= 78.0% x= 738.4
T= 4.44 a= 3.53
n=15 n= 1
100-169 cc X = 8l.5 X = 80.9
o= 2.95 o= 2.27
n=10 n= 17
170-349 cc X = 83.1 %= 83.6
o= 4.49 o= 4.78
n=23 n= 19
350-749 cc X = B0.6 X = Bl.6
o= 2.39 o= 2.22
n =45 n= 25
750 ¢c and over X = 81.4 X = 82.3
g= 3.96 O=  4.17
n=28 n= 15

* % 1s the mean noise level, dB
is the standard deviation, dB
n is the number of vehicies in the sample

Source 1 see page 4-29
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The foregoing indicates that while site discrepancies could be very
important in determining compliance of a particular vehicle with a noise
standard, the effect of site discrepancies as encountered in test sites
A, C,F, G, I, and K do not materially affect the statistical summaries
of the motorcycle noise data base, Additional data on site variables are
presented in Appendix C, Table C-15.

Rider Variables

At test site C (Daytona Beach) -each motorcyclie was operated by the
owner of the vehicle; rider weight specifications of the SAE J33la procedure
were not observed, The Daytona tests {(run concurreatly with the Naytona
Beach 200 Nationals) were conducted primarily to obtain a sample showing
the range of vehicle types, and the types of user modifications, repre-
sentative of vehicles currently on the road,

At all of the other sites, the rider was within the 165-175 1b. specifi-
cation. A different rider, properly trained and instructed, was used at each

" site, but all bikes at a given site were tested by the same rider, except for

site B, where three riders were employed.

Vehicle Variables

Production variability data provided by the vehicle manufacturers
show that a three-sigma variation of 1.5 dB is common. Samples taken over a
six-month period by one manufacturer have shown a4 total variation range of up
to 4 dB. The reason for the latter, which may be a seasonal variation, has
not been expiained. This suggests that a 2 dB allowance between design and
not-to-exceed levels is an absolute minimum, without considering the need for
a further allowance in the enforcement situation.

Combined Yariables Effect

Factors known or suspected to affect ieasured noise levels include:
{a} MWeather variables affecting noise propagation:

~ SuRny Vs overcast sky

- wind velocity/gradient/direction

- temperature and temperature gradients
- barpmetric pressure

= humidity

{b) Weather variablas affecting engine sound power generation;

-~ barometric pressure

- temperature

- water vapor pressure
dry barometric pressure
dry air density

——— [
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{c) Hanufacturing/assembly/adjustment tolerances affecting engine noise power
generation:

- dimensicnal variations

- spark timing

~ fuel/air mixture

- compression varfations

{d) Operation variables:

engine temperature

entering RPM or speed (SAE J331a) ,
rapidity of throttle opening (SAE J331a)
entering start point (SAE J331a)

choice of gear selection (SAE J331a)
closing RPM {SAE J331a and F-76)
closing point (F-76)

LI S R I I |

{e] Site variables (site assumed to be in compliance with SAE J33%1a Recom-
mended Practice):

surface texture {affecting tire noise}
- porosity (affecting absorption coefficient)

(f) Instrumentation variables:
- acoustical calibrator accuracy
sound tevel meter ANSI Type (1 or 2)
sound level meter crest factor
speedometer accuracy {SAE J33la)
tachometer steady-state accuracy (SAF J33la)
tachometer dynamic lag {SAE J331a and F-76)

Much work hi; already been done in assessing the effect of many of

1,2
these variables ; however, many undefined areas still exist. Although
the evaluation of the effects of these variables was outside the scope of
the EPA study, quantitative data on the effect of tachometer accuracy, RPM
control, and gear selection were obtained in the course of test procedure

development.

In additjon, in the process of acquiring the noise data base, sub-
stantial information was collected on the effects of combined variables.
Wolse level data comparisons between/among vehicles were made in four group-

ings:
{a} Different vehicles of the same model tested at different sites;

{b} Different venicles of the same model tested at the same site;

Notes | and 2 see page 4-29
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(c) The same vehicle tested at different sites; and
{d) The same vehicle tested at the same site.

The noise level variations ({summarized in paragraph 4.3 detailed in
appendix €, Table C-14) are smaller than might be expected, considering
the extensive range of varjability factors. Vehicles of the same model
but known to be configured differently (e.g., to meet different standards
in different States) have not been included in the comparisons.

4.3 Data Base Statistical Summaries

Noise levels, motorcycles manufactured 1975-1976:

SAE J33la F-76
Displacement Street* Off-Road Street*  Off-Road
50-99 cc *x = 78.0 718.8 77.0 76.4
o= 4.64 3.35 4.22 1.82
n =15 5 11 5 '
100-169 cc X = 81.5 91.8 79.5 88.7
o= 2.95 10.11 2.64 10.4
n =10 4 10 3 ‘
170-349 cc % = 83.1 8g.8 81.95 86.8
= 4.49 4.96 4.54 5.34
n=23 16 40 16
350-749 cc x = 80.6 92.3 81.9
o= 2.99 3.79 2.63
n =45 3 40
750 ¢c and Over X = 8l.4 85.5
g= 3.96 3.47
n =28 18

Transfer function, F-76 to SAE J33la noise levels (least squares linear
regression Tine);

y = -2.48 + 0,0066x for street* motorcycles
y = =~2.21 * 0.0012x for off-road motorcycles

F-76 level - SAE J331a level
displacement, cc

y
x

noa

The F-76 method yields statistical levels 4.1 dB higher than the
J33la method at & displacement of 1000 ¢c, reducing to 1.9 dBb Jower at
100 cc for the street machines, with a similar trend in the off-road vehicles.

*TncTudes combination street/off-road motorcycles

4-18
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Constant speed 55 mph noise levels as a function of displacement (least
squares linear regression line), motorcycles manufactured 1975-1976:

y = 78,65 - 0,0044x

noise level, dB at 50 ft.

y
% = displacemeat, cc

1t is of interest to note that this is a downward sloping line with
displacement, with motorcycles in the 900-1200 cc range being statistically
3.9 dB quieter than motorcycles in the 100-250 cc range, in the 55 mph oper-
ating mode.

Yariability in noise level data {(from Table C-14); combined effect
of site, rider and vehicle variables:

SAE J33la F-76 F-5Q
% = 0.91 x = 1.17 X = 1.21
o= 1.29 o= 1.58 c= 1.83
n = 87 n =69 n = BY

Comparison of motorcycles with modified exhaust systems vs. stock
configurations; data from test site C {Daytona Beach) only:

SAE J33la Sound Levels, dB

tlotorcycles in Motorcycles with obviously
stock configuration modified exhaust systems
X = 84.4 X =938
g = 1.2 g = 5.2
n =49 n =27

The tests at Daytona Beach were timed to coincide with the Daytona
Beach 200 National motorcycle events, to permit sampling from a wide range of
motorcycle types on a randem basis. Vehicles were obtained by open invitation
to riders visiting the race and show events; all vehicles offered were tested,
and are reflected in the above statistics.

4.4 Aftermarket Exhaust Systems

The EPA study included making contacts with leading motorcycle organi-
zations such as the Motorcycle Industry Council, the Motorcycle Trades
Association, the National Motorcycle Dealers Association and many local
organizations, to invite a large segment of the aftermarket manufacturers
and distributors of replacement exhaust systems to participate in the EPA
study. Major meetings and product display shows at Las Vegas and Daytona
Beach were attended to explain the objectives of the study, answer questions,
obtain basic information about the aftermarket industry, and to solicit active
participation by aftermarket manufacturers in a comprehensive test and eval-
uation program of aftermarket exhaust systems. These meetings were attended
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by manufacturer representatives from all parts of the United States, thereby
giving broad exposure tc the program.

Subsequently, formal contacts were made with selected aftermarket
manufacturers in the California area, at which time the individual factories
were toured, detailed discussions were held with officials in each company,
and each company was asked to cooperate in providing replacement exhaust
systems to be tested on a family of selected motorcycles.

Companias }isted below were contacted either by phone, at & display
booth in the aftermarket shows, or visited at their manufacturing facilities:

Action-4*

Alphabets West*
gassani*

Bates Industries
Butte Industries
Custom Chrome

Cyclone

Dean Maro's Pipelyne
Discojet

doug. Thorley Headers
Hooker Headers*
Jardine Hdeaders*

J&R Expansion Chambers*
Kook's Custom Headers
MCM Manufacturing*
R.C. Engineering*

845 Manufacturing*
Santee Industries*
Skyway*

Torque Engineering*
Triple-A Accessories*
Winning Perforinance Products

Aftermarket Exhaust System Testing Program

An important part of the CPA motorcycle noise study involved noise
testing of aftermarket exhaust systems. With the full cooperation and partici-
pation of aftermarket exhaust system manufacturers, a comprehensive noise test
program was conducted on approximately 107 aftermarket exhaust systems and/or
variations. These units were tested on 16 different motorcycles representing
the five major motorcycle manufacturers. The testing involved conducting the
SAE J-331a and F-76 acceleration tests, and the F-50 stationary test on each
of the motorcycles equipped with stock (OEM} exhaust systems, followed by
testing with the applicable aftermarket exhaust systems. In addition to
testing with the applicable aftermarket and stock exhaust systems, variations
were tested such as removing inserts, baffles, fiberglass, and in some cases
removing the mufflers altogether, all of which represent forms of wodified
motorcycles found in ¢irculation.

*Toured Tacility
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The participating aftermarket exhaust system manufacturers included
Santee, Alphabets, Jardine, Hooker, Bassani, S&S, MCH, Yoshimura, Torgue
Engineering, Winning Performance Products, J&R, Dick's Cycle West, RJS,
Kerker, Trabaca and R.C. Engineering. Figure 4-1! shows some of the exhaust
systems laid out at the test site prior to installation and testing. Figure
4-12 shows actual installations in progress.

Information on test procedures employed, the test site, and vehicle
and aftermarket product identification is provided in the Appendices.

Aftermarket Product Study Results

Detailed noise level data on aftermarket and modified exhaust systems
are in Appendix C, and organized as follows:

(a) Listing of motorcycles used in the aftermarket product study; Table
c-8.

{b) Listing of aftermarket exhaust systems/components tested, correlated
with test vehicle employed; Table C-9.

{c) Noise level data for each configuration designed for the motorcycle
on which tested {aftermarket manufacturer disguised); Table C-10.

A summary of the test results follows.

Aftermarket Exhaust Systems as Configured by the Manufacturer

Noise Level Number of Configurations
Same as OEM 6
Quieter than OEM 9
1 dB8 higher than OEM 7
2 d3 higher than OEM 6
3 dB higher than JEN 4
4-16 dB higher than OEM 50
Total configurations tested B2

Summary: 32 within 3 dB of the OEM
50 4-16 dB higher than the QEM

The above tabulation excludes configurations designated by the manu-
facturers as “competition" or "racer." Noise levels of configurations so
designated were as follows:

dB re OfM

+14
+15
+ 9
+10
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Data on mufflers with competition or racer cores are included to illus-
trate the increase in noise level that could be expected if a muffler that has
been specifically designed for competition usage is put on a street bike or a
combination street/off-road bike. Owners of street and combination street/off-
road motorcycles are known to modify their machines with a competition-type
exhaust system to obtain Increased performance.

User Modifications

{a) Effect of removing the interchangeabla baffles or inserts from
aftermarket mufflers:

dB re OEM
+15
+21
+22
+29
+21
+15
+21

{b) Effect of removing the glass blanket from the removable insert
{insert replaced):

dB re OEM
+ 4
{c) Effect of removing the OEM muffier:
dB re Stock Config.

+22
+19
+16
+20
+19
+21

The noise levels resulting from remcval of the muffler are indicative
of what could be expected if stock (OEM) or good quality aftermarket cxhaust
systems are drastically modified. Removing inserts from aftermarket mufflers
(which is a very simple operation on some makes) has an effect similar to
removal of the entire muffler, without changing the outward appearance of the
motorcycle.

Performance vs., Noise

To illustrate the effect on performance and the effect on noise levels
of aftermarket exhaust systems available for some of the more popular motor-
cycles, a comparison is shown in Table 4-1 of exhaust systems for the Honda
CB750. Both performance and noise level data were acquired on a variety of
systems, including the original equipment. The maximum horsepower and peak
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torque performance data on this particular motorcycle were obtained on a
dynamometer, whereas the noise measurements were obtained using the SAE J33la
vehicle acceleration type test procedure. It is apparent From the data that
the aftermarket exhaust systems designed to increase performance over the
original equipment also significantly increase the noise level, Conversely,
the quieter aftermarket exhaust systems that approach the noise levels pro-
duced by the OEM system, have a somewhat adverse effect on vehicle horsepower
although the peak torque is scimewhat enhanced. It has been pointed out by
some manufacturers that the effect of peak torgue occurring at a lower RPM
than the OEM unit gives the feel of greater "pulling" power, therefore leading
to the conclusion that a particular exhaust system has improved the motorcycle
performance.

Another important point i{llustrated in Table 4-1 1s the availability
of different inserts or cores with the same baseline muffier, Several manufac-
turers offer exhaust systems with a variety of removable cores or adjustable
vanes that can be added or decreased in number to obtain the desired end-
result in performance and noise level. This type of product is offered for
motorcyclists who have combination street/off-road bikes which are used for
competitive events or off-road activities in which increased performance is
important. The adjustable-vane type mufflers have been designed to accommodate
a range of motorcycles Manufacturers state that they purposely provide
mufflers with two inserts: one far use in an off-road situation, which will
increase performance significantly, but as a by-product will also increase the
noise level, and a second insert which fs to be used by the motorcyclist when
he is to ride that motorcycle on the street With a simple change, the motor-
cyclist can remove the noisier high performance insert and replace it with the
street-ltegal type insert which will comply with existing noise limits.

4.5 Noise Levels at the Operator and Passenger's Far Position

In order to assess potential benefits in hearing risk to motorcycle
operators from reducing motorcycle neise emissions, EPA conducted a study of
motorcycle nofse Tevels at the operator and passenger ear positions. The
details of the study program are described in Appendix E. Measurements were
made on three large motorcycle models (Honda 750, BMW, Harley-Davidson) in
various operating modes. Measurements were made with the motercycle station-
ary, on a dynometer and under moving conditions. In addition, measurements
were made with bare head, head covered with a cap to reduce wind effects, and
inside a helmet. An attempt was made to distinguish wind turbulence and
motorcycle {only) contributions.

The information presented in the Appendix shows that wind-induced
nofse (turbulence caused by wind flowing by the ear) 1s an extremely complex
pheno menon, 1t depends not only on wind speed but vehicle and operator
geometry and head attitude. In addition, it appears that operator-induced
turbulence increases Eassen*er exposure. The influence of helmets on operator
exposure is another extremely complex phenomenon, again depending on geometery
and attitude. Both enhancement and attenuation of noise levels compared to
bare head levels were noted in different frequency bands and for different
head attitudes., It appears that helmet-induced turbulence may increase
aperator nofse exposure for some helmet geometries.

4-25
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Table 4-1

COMPARISON OF AFTERMARKT EXHAUST SYSTEMS FOR HONDA CB750

NOISE LEVEL AND PERFORMANCE

EXHAUST SYSTEM

1
!

] .
NOISE LEVEL (dB) |  MAX. H.P.

Peak Torque

FLY P

4-26

(SAEJT3Ta) |
kﬂONDA 750 (QEH) 81 dB 57.67 @ 8500 RPM{36.25 @ 8000 RPJ
BASSANI (RACING) 4:1 9N
BASSANI SMALL 4:1 8 55.28 @ 8N00 36,12 & 7000
RIS QUIET CORE 82
RIS STOCK CORE 87
DICK'S CYCLE WEST 82 56,89 @ 8500 37.060 @ 6500
TRABACA 2:1 B89 47,52 0 7500 35,25 @ 6500
J&R WITH STREET CORE 84 56,0 0 8000 37.06 @ 6500
J&R WITH COMPETITION CORE 91 60.3 © 8500 39,25 @ 6500
HOOKER 4:1 89 57.92 @ 8500 33.62 ® 6500
TORQUE ENGINEERING a3 56.75 & 8000 37,93 @ 6500
JARDIKRE 82 £3.6 { 8000 37.00 @ 6500
R.C. ENGINEERING 87 55.6 @ 8500 35.75 @ 7500
ALPHABETS 83.5 56.6 @ 8500 18,43 & 6500
WINNING 88 59,38 @ 8500 37.68 @ 7500
SOURCE: Street Bike - July 1976
“Honda 750 Header Shoot-Qut," Jeff Peck
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At this time, motorcycle {(alone) nofse level ({absent wind and helmet
effects) appears to be the best wmeasure for assessing motnrcycle operator
noise timpact., Both dynamometer and moving runs indicated that the operator
noise levels under F-76a acceleration conditions were about 100 dB for the
motorcycles tested (SAE J33la valves (50 feet)--Honda: 81 d8, BMW: 81 dB,
Harley-Davidson: 84 dB. Wind noise was below 90 dB for all speeds up to 45
mph except for the trailing ear when a motorcyclist without a helmet inclined
his head 45 degrees away from the line of travel It can be concluded that
under rapid acceleration conditions, for the motorcycles tested, motorcycle
(alone) contributions would outweigh wind noise for a helmeted operator.

The extent to which operator ear noise levels would decline as fifty-foo
noise levels declined in response to wayside regulations cannot be confidently
predicted. However, since attention must be given to intake and mechanical
naise {both nearer the operator's ear than the exhaust noise source}, some
reduction is to be expected.
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EVALUATION OF EFFECTS OF MOTORCYCLE NOISE
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SECTION 5
EVALUATION OF EFFECTS OF MOTORCYCLE
NOISE ON PUBLIC HEALTH AND WELFARE

5.1 Introduction

The purpose of this section is to assess, in quantitative terms, the
health and welfare impact of the noise emitted by motorcycles, and the bene-
fits or reductions in this impact to be expected from a regqulation limiting
the noise emissions from newly manufactured motorcycles, Presented in this
analysis are predictions of the potential health and welfare benefits of
selected noise control coptions that cover a wide range of possible regulatory
programs for motorcycles.

Because of inherent differences in individual responses to noise, the
wide range of situations and environments which relate to motorcycle noise
generation, and the complexity of the associated noise fields, it is not
possible to precisely examine all situations of community exposure to motor-
cycle noise. In this predictive analysis, certain stated assumptions have
been made in order to approximate typical, or average, situations. The order
of magnitude of the population that may be affected for each regulatory option
is determined through statistical analysis. Some uncertainties with respect
to individual cases or situations may remain.

5.1.1 Effects of Noise on People

The phrase "health and welfare," as used in this analysis and in the
context of the Noise Control Act, is a broad term. It includes personal
comfort and well-being and the absence of mental anquish, disturbances and
annoyance, as well as the nonoccurrence of clinical symptoms such as hearing
loss or demonstrable physiological injury (Reference 1). In other words,
the ter_rln applies to the entire range of adverse effects that neise can have
on people,

Improvements in public health and welfare are regarded as benefits of
noise control, Public health and weifare benefits may be estimated both
in terms of reductions in noise exposure and, more meaningfully, in terms
of reductions in adverse effects., This analysis first estimates motorcycle
noise exposure {numbers of people exposed to different noise levels}, and then
translates this exposure into potential impacts on the community.

People are exposed to noise from motorcycles in a variety of situations.
Some examples are:

1, Inside a home, office or workplace

2. Qutdoors at home, or in commercial and industrial areas

5~1
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3. As a pedastrian or in transit in other wvehicies
4. As a participant in recreational activities

5. As a motorcycle operator or passenger

Noise affects people in many ways, although not all noise effects will
occur at all levels. Noise associated with motorcycles may or may not produce
the effects mentioned below, the extent to which depends on duration of
exposures and specific noise exposure situations.

The best-known noise effect, noise-induced hearing loss, is generally not
a problem for a person with occasional exposure to traffic noise. A charac-
teristic of noise-induced hearing loss is that it first occurs in the high-
frequency area of the auditory range which has some importance for the under-
standing of speech. As a noise-induced hearing loss further develops, the
sounds which lend meaning to speech become less and less discriminable.
Eventually, while utterances are still heard, they become merely a serfes of
low rumbies, and the intelligibility is lost. Noise-induced hearing TJoss
is a permanent Joss for which hearing aids and medical procedures cannot
compensate.

Exposure to noise can cause stress. The body has a basic, primitive
response mechanism which automatically reacts to noise as if to a warning or
danger signal. A complex series of bodily reactions (sometimes called the
"flight-or-fight" response) takes place; these reactions are beyond conscious
control. When noise intrudes, these reactions can include elevation of blood
pressure, changes in heart rate, secretions of certain hormones into the
blocdstream, changes in digestive processes, and increased perspiration on the

skin,

This stress response occurs with individual noise events, but it is not
known yet whether the reactions seen in the short term become, or contribute
to, Jong-term stress disease such as chronic high blood pressure.

Some of this stress response is believed to be reflected in what people
express as "annoyance", "ijrritation", or "aggravation" and which the Agency
has termed "general adverse response". Accordingly, this analysis estimates
the generalized adverse responses of people to environmental noise. To the
extent that physiological stress and verbalized annoyance are related, the
"general adverse response” quantity is considered to be one metric for indi-
cating the magnitude of human stress response,

The general adverse response relationship to noise levels is also seen as
representing, in part, another area of noise effects: activity interference.
There is considerable scientific data that demonstrate that noise interferes
with many important daily activities such as sleep and verbal communicatign
{Reference 2). In expressing the causes of annayance to noise, people often
report that nofse interferes with sleeping, relaxing, concentration, TV and
radfo 1listening, and face-to-face and telephone communications., Thus, the
general adverse response quantity is considered an appropriate metric to indi-
cate the severity to which noise interferes with everyday human activities.
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5.1.2 Measures of Benefits to Public Health and Welfare

People are exposed to noise generated from motorcycles both at and away
from their residences. In general, it is anticipated that a reduction of
??159 emitted from motorcycles will result in the following types of bene-

ts:

1.  Reduction 1in average traffic noise levels and associated cumula-
tive long-term impact upon the exposed population.

2. Fewer human activities disrupted by individual, intense or intruding
nojse events.

3, General improvement in the quality of life, with quiet as a national
resource.

The general appreach taken in this health and welfare regulatory analysis
is to estimate the adverse effects of motorcycle noise on the U.S. population,
and then quantitatively evaluate the potential benefits resulting from the
reduction of noise from motorcycles in terms of percentage reductions in
adverse impact.

Estimates of traffic noise levels are presented in terms of the noise
levels associated with typical motorcycle passbys. These estimates are
derived by considering traffic mixes within different populated land areas.
Possible reductions in average traffic noise levels from current conditions
(i.e., without noise emission regulations for motorcycles} are presented for
several regulatory options for new motorcycles, taking into account probable
noise emission reductions of other traffic noise sources (References 3 and
4). Projections of the population adversely impacted, as well as the rela-
tive reductions in impact {benefits} from current conditions, are determined
from the estimated reductions in average traffic noise levels.

However, estimating nationwide impact in terms of average urban traffic
noise levels is not, in and of itself, totally indicative of the severity or
extensiveness of the motorcycle noise problem. The analysis does not fully
describe individual disturbances or the extreme annoyance caused by single
motorcycle  passbys in varfous environmental situations. This {s because
annoyance or other responses to noise frequently depend on the activities and
locatfons of the people when exposed to such noise. Thus, average traffic
noise levels do not account for the more disruptive and annoying peak noise
intrusions produced by individual motorcycle passbys {frequently referred to
as "single events"), Therefore, additional potential bhenefits should result
from the reduced noise levels associated with these single events. These
benefits are discussed in terms of the potential {nterference with peopla's
activities. Sleep interference and speech interference are considered in this
analysis as Tndicators of potentfal activity interference and the associated
adverse impact of motorcycle noise,

The following analysis presents numeric values which represent both the
numbers of people exposed to motorcycle noise and the degree to which they are
potentially {mpacted. Also presented are relative percentage reductions in
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impact from 1980 conditions. This analysis relies primarily on relative
percent reductions in noise impact as a measure of bepefit. The relative
reductions 1in impacts are considered accurate indicators of what might he
expected from the imposition of noise emission standards. For example, while
it may not be possible to characterize completely the extensiveness and
severity of the noise impact of current motorcycle operations, relative
reductions can be accurately calculated and are used for comparing various
regulatory alternatives.

5.1.3 Regulatory Schedules

The health and welfare analysis carried out for motorcycles examined
the potential benefits of reducing motorcycle noise based upon a broad range
of regulatory options. The regulatory optiens shown in Table 5-1 represent
those options that were considered in arriving at the final regulatory levels
and effective dates. Option § (an ideatized case) represents the guieting of
motorcycles to a level 10 dB below the most stringent regulatory option. This
option is included for comparison purposes only to indicate an upper 1imit of
potential benefits.

5.2 Description of Traffic Noise Impact

This analysis presents projections of average traffic passby noise levels
for scenarios that include both urban street traffic and highway traffic.
Note that the adverse impact from traffic noise is primarily due to traffic
on urban streets as opposed to highways and freeways.

As presented in Figure 5-1, the number of people exposed to outdoor noise
levels that are greater than L, * of 55 dB dominated by urban street traffic
noise is significantly higher Eﬂan the number exposed to highway and freeway
traffic noise -- 78 million as opposed to 17 million. Thus, reducing urban
street traffic noise will benefit significantly more people than will similar
reductions in highway traffic noise.

5.2,1 Street Hotorcycles

In this section of the health and welfare analysis, current street
motorcycle sound levels, as well as sound levels under various possible nofse
emission regulations on motorcycles that are ridden on streets and highways,
are examined. This fncludes both street and dual-purpose bikes. (Motorcycles
;hf;) are ridden off-road are examined separately in Sections 5.9 through

¥T4n is the day-night sound level expressed in decibels. This {s discussed
in more detail {in Section 5.3.2.
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TABLE 5-1
REGULATORY OPTIONS ANALYZED FOR STREET MOTORCYCLES

Effective Date

Option

Number 1982 1984 1985 1987 19490 1991 1996
1 - - BASELINE (NO REGULATION) - -
2 83 - -- - - - -
3 83 80 -- - - - -
4 83 - 80 - - -- -
5 83 80 -- 78 - -- -
6 83 80 = - 78 - -
7 83 -- 80 78 - - -
8 83 - 80 -- 78 - -
9 83 80 -- 78 - 75 an
10 83 - 80 -- 8 - 75
Q> 65 -- - - - - -

Not-to-exceed sound 1evels in decibels {A-weighted) as measured by the
Federal test procedure. Production levels are assumed to be 2.5 dB lower
than these regulatory levels, as discussed in Section 5.2.1.2.

*Option Q {s set 10 dB below the most stringent regulatory option. It is an
idealistic option fntended for camparison purposes only.
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5.2.1.1 Current Street Motorcycle Sound Levels

A statistical) representation of stock motorcycle sound levels, based
on the data in Appendix C, is presented in Figure 5-Z2. These data are the
maximum sound levels as measured by the SAE J-331a test procedure. This
procedure is representative of very rapid acceleration from 30 mph (fuil-
throttle, high engine speed}. The maximum sound levels as measured by SAE
J-331a procedure can be adjusted to account for more commonly encountered
acceleration modes (partial-throttle and moderately high engine speed). As
discussed in Section 3, sound levels as measured by the regulatory test
procedure are assumed to be statistically equivalent to SAE J-33la levels.
Cruise sound levels are bhased on steady-state operation at various constant

speeds.

The data in Figure 5-2 were doveloped from noise measurements of 200
unmodified motorcycles that were selected to be representative, by year of
manufacture and type, of the national population of motorcycles in-service
licensed for street use in 1975, Additional noise measurements (discussed in
Appendix C) of 160 newly manufactured (1975-19768) street and dual-purpase
motorcycles yielded sound levels thal did not differ significantly from the
distribution shown in Figure 5-2. Hence, Figure 5-2 is considered to be
applicable to motorcycles currently on the road as well as to present-day
newly manufactured motorcycles.

According ta a national survey (Reference 5), at least 12 percent of
street motorcycles and dual-purpose motorcycles (treated in this apalysis as
street motorcycles), and 26 percent of off-road motorcycles have modified
exhaust systems. {In Los Angeles and San Francisco, these percentages were
higher, approximately 15, 13, and 47 percent for street, dual-purpose, and
off-road, respectively.) In general, modification of a motorcycle exhaust
system significantly increases the motorcycle's sound level. Although other
types of modifications, such as intake modification, may also affect the sound
level of a motorcycle, exhaust syston modifications are typically the most
not iceable form of motorcycle noise tampering.

In this analysis, statistics are developed by using several different
assumptions on the incidence of modified motorcycles. The current incidence,
unchanged by Federal regulation (12%), and two lower incidences (7% and
3%) are modeled for strest motorcycles to reflect the expected reduction
of exhaust modifications. Eliminating motorcycle modifications entirely,
however, is not considered to be feasible with even the most vigorous com-
mitment to noise enforcement by Federal, state , and lacal governments.
Reduction of modified motorcycles to about half the current incidence (7% of
the population) is the expected reduction through Federal regulation alene.
Reduction to about one quarter of the current incidence {3%) is considered to
be the reduction achievable from a combination of Federal regulation and
vigorous state and local enforcement programs,

The sound levels of 19 known exhaust-modified (noncompetition) motor-
cycles are plotted in Figure 5-3, The best fit of a naormal distribution te

the data is indicated by the straight line, In comparison with the SAE J-331a
test results for unmodified motorcycles shown in Figure 5.2, it can be seen
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SOUND LEVEL UNDER ACCELERATION AT 50 FEET IN dB (A-WEIGHTED) (3-331a)
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that the mean sound level for exhaust-modified motorgycles is 13.6 dB greater
than that for unmodified motorcycles. The distribution of sound levels also
shows a greater dispersion, with a standard deviation of 5.3 dB for modified
motorcycles as compared to 3.7 dB for the unmodified motorcycles. These
results are confirmed by previous measurements of both unmodified and exhaust-
modi fied motorcycles, It is apparent that modified motorcycies are typically
much louder than unmodified motorcycles. Since increasing a sound level by 12
dB increases the distance at which the sound can be heard by a factor of 4 and
the area by a factor of as much as 16 (assuming spherical spreading propaga-
tion losses}, it is apparent that motorcycies with modified exhaust systems
contribute to the overall noise impact from motorcycles in much larger propor-
tion than their actual numbers would indicate,

For a population of instantaneous sound levels chserved at equally spaced
time intervals that has a normal (Gaussian) distribution, the energy-average
of the sound levels over time* is given by:

Leq =lgg ¥ 0.11L5cx2 (1)

where L50 is the median noise level, and is the standard deviation (Refer-

ence 6). In this analysis of traffic noise impact, 1t is assumed that
the distribution of maximum roadside sound levels for each type of vehicle is
apqrox1mated by a normal (Gaussian) distribution. This assumption permits
calculation of the energy-average of the maximum sound levels from median
value of the maximum sound levels in a manner similar to the computation of
Leq in Equation 1. That 1s:

L, =lgp +0.150% (2)

where L, is the energy-average of the maximum sound levels, Lgp 15 the
median vilue of the maximum sound levels, and & is the standard deé?ation of
the maximum sound levels. As Equation 2 demonstrates, the energy-averaged
maximum sound level depends on both the median level and standard deviation of
the levels. The energy-average maximum sound levels that are used in the
following analysis are shown in Table B-2, In the computation of energy-
averaged maxfmum nofse levels, it s assumed that normal (partial throttle)
acceleration levels are 3 dB less than the measured SAE J-33la test Jevels
{see Appendix G},

The representative energy-average maximum noise level can be used to
derive the various noise levels emitted by motorcycles in different modes of
operation. The methodology for these derivations is contained in Reference
7. The current or baseline noise levels for street motorcycles that have not
been regulated are shown in Table 5-3.

- ——— e s

in more detail in section 5.3.1.
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TABLE 5-2

A-WEIGHTED MAXIMUM SOUND LEVELS IN DECIBELS FOR MOTORCYCLES IN USE
(CURRENTLY AND IN THE NEAR FUTURE, IF UNREGULATEP)

Full-Thrott le Representative Energy-Averaged
35 mph Acceleration Acceleration Standard Representative
Cruise {J1-331a) (J-331a - 3 dB) Deviation Acceleration
{median level) {median level) {from Eq 2)
Unmodified 71.5 80.4 77.4 3.7 79.0
Motorcycles
Designed for
Street Use
Exhaust~ 84.0 94.0 91.0 5.3 94.2
Modif ied
Motorcycles

SOURCE: Appendices £ & G. The 35 MPH cruise noise level for modified motorcycles is
assumed to be 10 dB lower than the J331a noise level based on the studies

discussed in Appendix G.




TABLE 5-3

BASELINE A-WEIGHTED NOISE LEVELS (IN DECIBELS) FOR
VARIOUS MODES OF OPERATION OF STREET MOTORCYCLES

Mode of Unmodi fied Modified
Operation Motorcycles Motorcycles
Acceleration
0-20 mph 72.3 87.5
0-30 " 73.9 89.1
0-40 " 74 .4 89.6
0-50 " 4.7 89.9
0-60 " 74.9 90.1
Deceleration
20-0 mph 61.5 75.7
30-0 " 65.9 80.1
ap-0 " 69.0 83.2
50-0 * 71.4 85.6
60-0 * 13.4 87.6
Crufse
<25 mph 66.9 81.1
24.34 © 1.3 85.5
35-44 " 74.4 88.6
45.5¢ " 76.9 91.1
> 5§ " 78.9 93.1
Idle 58.9 72.0
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5,2.1.2 Noise Emission Levels of Regulated Street Motorcycles

In order to predict the effect that a motorcycle noise emission regula-
tion will have on actual motorcycle nojse emissions, some assumptions must be
made as to the changes that would occur in the sound levels presented in Fig-
ures 5-2 and 5-3 (for unregulated metorcycles) due to & particular regulatory
standard., 1t is expected that to comply with a Federal noise regulation,
manufacturers will produce wotorcycles with average sound levels about 2.5 di
lower than the regulatory limits to account for production and testing vari-
abilities (see Chapter 6). For modeling purpases, the production lavel is
assumed to be the nedian value for a distribution of maximum sound levels for
new metorcycles having a standard deviation of 2.5 dit,

Using the above stated assumptions, future production motorcycle sound
levels are estimated for the different regulatory options as shown in Figure
5-4. The statistical distributions of sound levels for the regulatory options
illustrated in Figure 5-4 are developed on the assumption that manufacturers
will not further quiet motorcycles which already meet noise standards.
Anticipated noise emission lTevels for each mode of operation of motorcycles
requlated to levels of 83 dB, B0 d8, 78 dB, and 75 dB are shown in Table 5-4,
These representative noise emission levels under each gperational mode were
derived according to the procedures of Reference 7.

After implementation of a noise ewission regulation for motorcycles, it
is expected that as more and mere older unregulated motorcycles are replaced
by new requlated motorcycles, the population averaged acceleration sound
levels will alsc be reduced over time, For exawple, suppose a requlation was
promitgated which provided that no new motorcycle for street use could exceed
B0 dB, according to the SAE J-33la test procedure. The motorcycles above this
sound Yevel, which comprise the "loudest” 56 percent of the unmodified street-
use motorcycles shown in Figure 5-4, would eventually disappear as quieter
motorcycies replace older models, Eventually a new distribution would be
formed in which no unmodified street-use motorcycle would exceed the 80 dB
standard as measured by the SAE J-331a test, and the mean level would decrease
accordingly.

5.2.1.3 Motor Vehicle Noise

To better identify those circumstances in which street motorcycles
cause significant noise impact, it is necessary to relate motorcycle sound
Tevel distributions for other traffic vehicles.

Table 5-5 presents the current (1979) Jlevels of all vehicles in the
traffic stream for several modes of operation. Seven categories of lignt
vehicles and automobiles are regulated with respect to noise. The noise
emission levels presented for the two categories of trucks represent the
Tevels associated with the 83 dB noise regulation, which became effective
in 1878, By 1982, medium and heavy trucks will be required to meet a regu-
latory Tlimit of 80 dB, as measured by the SAL J-336b test procedure. The
levels presented for buses are unregulated levels, although they, too, will be
regulated to lower levels in the near future,

5-13
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SOUND LEVEL UNDER ACCELERATION AT 50 FEET IN dB (A-WEIGHTED) (3-331a)
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TABLE 5-4
IN-USE A~WEIGHTED NOISE EMISSION LEVELS (IN DECIBELS) FOR REGULATED AND UNREGULATED MOTORCYLES
Unmodified Motorcycles Modi fied Motercycles

Acceleration Mode AcceTeration Mode

Mode of No Mode of No
Operation Regulation 83 dp 80 dB 78 dB 75 dB Operation Requlation
0-20 mph 72.3 71.5 68.5 86.5 63.5 0-20 mPh 87.5
0-30 " 73.9 73.1 70.1 68.1 65,1 p-30 * 89.1
0-40 * 74.4 73.6 70.6 68.6 65.6 0-40 " 9.6
0-50 * 74.7 73.9 70.% 68.9 65.9 0-50 " 89.9
o-60 * 74.9 4.1 71.1 6%.1 66,1 0-60 " 90.1
Deceleration Mode Deceleration Mode
Mode of No Mode of No
Operation Regulation 83 da 80 dp 78 da 75 dB Oparation Regulation
20-0 "‘P" 61.5 60.7 87.7 85.7 62.7 200 mph 5.7
30-0 "% 65.9 65.1 62.1 60.1 57.1 30-0 ° 0.1
40-0 " 69.0 68.2 65.2 63.2 60.2 40-0 " 83,2
§0-0 " 71.4 70.6 67.6 65.6 62.6 50-0 " 85.6
60-0 " 73.4 72.6 69.6 67.6 64.6 60-0 " B7.6
Cruise Mode Cruise Mode
Mode of No Mode of Ho
Operation Regulation 83 dB 60 dB 78 dB 75 dB Operatfon Regqulation
<25 mph 66.9 66.1 63.1 6l.1 58.1 <25 mph 81.1
24-34 71.3 70.5 67.5 65.5 62.5 25-34 " 85.5
35-44 74.4 73.6 70.6 68.6 65.6 J5-44 " 88.6
45-54 76.9 76,1 7.1 71.1 68.1 45-54 ¥ al.1
»55 78.9 78.1 75,1 73.1 70.1 »56 " g3.1
Idle Mode Idie Mode
Mode of No Mode of Ne
Operation Regulation 83 dn 80 d8 78 db 75 dB Operation  Regulation
58.9 58.3 55.3 §3.3 50.3 72.0
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TABLE 5-5
BASELINE VEHICLE A-WEIGHTED NOISE EMISSION LEVELS (IN dB)

Intercity Transit School Light Medium Heavy Unmodified Modified
Buses Buses Buses Vehicles Trucks Trucks Motorcycles Motorcycles

Acceleration

0-20 mph 81.6 81.0 77.6 63.3 75.1 B2.7 72.3 87.5
0-30 " 82.0 81.0 78.1 65.1 15.6 82.8 73.9 89.1
0-40 82.3 81.1 78.4 66.5 16.2 83.0 74.4 B9 .6
p-50 " 82.6 81.2 78.9 68.2 76.8 83.4 74.7 89.9
0-60 " 82.8 81.5 7%.4 69.9 7.7 84,0 74.9 90.1
Deceleration
20-0 mp 68.1 63.7 63.7 53.4 65.8 73.9 61.5 75.7
30-0 " 71.4 67.8 67.8 59.0 70.0 77.3 65.9 80.1
40-0 " 73.8 70.6 70.6 63.0 73.0 79.6 69.0 83.2
50-0 * 15.6 72.9 72.9 66.1 75.1 81.4 71.4 85.6
g0-0 " 77.1 74.7 74,7 68.7 76.8 B2.7 73.4 87.6
Cruise

<25 mph 76.0 73.0 73.0 62.7 17.2 83.6 66.9 81.1
24-34 " 76.0 73.0 73.0 65.3 77.2 83.4 71.3 85.5
35-44 78.4 75.8 75.8 69.3 18.1 84.2 74.4 88.6

45.54 80.2 78.1 18.1 72.4 80.2 85.7 76.9 41.1
>55 " 81.7 79.9 79.9 74.9 81.7 86.8 78.9 93.1
ldle 62.0 58.0 58.0 46.0 54.0 63.0 58.9 72.0

*Passenger cars and light trucks with four cylinder gasoline engine and manual transmission.
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It can be seen from Table 5-5 that modified motorcycles are the noisiest
vehicles under all conditions. As noise emission regulations for other
vehicles take effect, the differences between modified meotorcycles and other
vehicles will increase further.

5.3 Noise Metrics

In this analysis, two methods are used to evaluate the health and welfare
benefits of reduced motorcycle noise emissions. These methods estimate the
general adverse response due to noise associated with the operation of motor-
cycles and the potential of everyday activity interference (sleep disturbances
and speech interferences) attributable to individual motorcycle passbys.

Three noise metrics are principally used in these methods. The primary
measures of noise exposure for general adverse response and annoyance are the
Equivalent A-weighted Sound Level (Lag) and the Day-Night Sound Level Lgn).
Potential sleep disturbances are compu%ed using the Sound Exposure Level ?LS)
of the individual event as the primary measure of noise impact., Speech inter-
ference is calculated using the Lgg over the duration of the individual noise
event. A brief description of thesg three noise metrics follows.

5.3.1 Equivalent Sound Level, Leq

This analysis uses a noise measure that condenses the physical acoustic
properties that are characteristic of a given naise environment into a-simple
indicator of the quality and quantity of noise. This general measure for
environmental noise is the equivalent A-weighted sound level (Lgq) expressed
in decibels {Reference 8), It correlates quite well with the overall long-
term effects of environmental noise on public health and welfare.

The basic definition of lgg is:

t
n 1 2 .
Leq 10 10910 t—z—_-Tl j‘ 10
% Py (3)

where {tp - t1) is the interval of time over which the levels are evailuated,
p (t) is the time-varying magnitude of the sound pressure, and p, is a refer-
ence pressure standardized at 20 micropascals. When expressed in terms of A-
weighted sound Tevel, La, the equivalent A-weighted sound level, Lgq, is
def ined as:

t
= 1 2
Leq 7 10 Togyy 2, j‘ 1oLLalt)/10] 4 (4)
t)
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When associated with a specific short-time interval, (tz-t;}, or T, the
Leg (TJ represents the energy-averaged sound level over that intervaj of Lime,
Commonly used time intervals are 24-hour, 8-hour, 1-hour, day and night, sym-
bolized as Lgg{24)» Leq(8)s Leq(l)s Ld and Lp, respectively.

5.3.2 Day-Night Sound Level, Lgy,

In describing the impact of noise on people, a measure called the day-
night sound Tevel {Lgn) is used. This is a 24-hour measure with a weighting
applied to nighttime noise levels to account for the increased sensitivity of
peopie to noise intruding at night. The L4y is defined as the equivalent
noise level during a 24-hour period, with a 10 dB weighting applied to the
equivalent noise level during the nighttime hours of 10 p.m, to 7 a.m. The
basic definition of L4y in terms of the A-weighted sound level is:

1 2200 % [La(t)+10]/10
. L +
Lgn = 10 10910 7 (‘ja 1OLA(t)/IO " +~5. N A .dt)

6700 2200

When values for average or equivalent sound Tevels during the daytime or
nighttime hours (L4 and Lp, respectively) are given, Lg, may be expressed
as:

(Lp + 10)/10
)

1 Lg/10
Ldn = 10 1ogyq ;;——(15 X 10 +9 "

where Ly 1s the "daytime" equivalent level obtained between 7 a.m. and 10
p.m., and L, is the “nighttime" eguivalent level-obtained between 10 p.m. and

7 a.m.

5.3.3 Sound Exposure Level, Lg

Most of the criteria which relate neoise exposure to adverse human impact
deals with people's exposure to noise over time rather than to discrete noise
events., Specification of the noise environment in terms of day-night sound
level is adequate for pervasive, long-term type noises, such as general
traffic noise or aircraft noise. However, such measures may not be fully
descriptive of the impact of the noise from single, isolated occurrences, such
as a motorcycle passing by. In this case, a single neise event may contribute
an insignificant amount to the total envirommental noise, yet be of signifi-
cant adverse impact. Some effects of noise on people have been quantified
in terms of sound level (such as Lgq) over a particular duration. Others have
heen quantified by a simple metric which measures total sound energy over the
duration of the event, the Sound Exposure Level (l.;). The sound exposure
level is the integral of the mean square weighted sound pressure received at a
specified distance during a single occurrence of a noise-producing event. The
sound exposure level is defined as:
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=10 lo T po(t) 7

L ng; L) Lat (7)
po

where p(t) is the A-weighted sound pressure at time t, p, is the reference
pressure (20 micropascals), and T 1s the duration of the“noise event. For
8 typical motorcycle passhy, the approximation to the sound exposure level
is:

L =

s = Lyay + 10 Tog (1/2.4) (8)

where T is the time in seconds over which the sound is present (within 10 dB
of the maximum level experienced during the passby), and Lmax is the maximum

A-weighted sound Jevel of the event (a more detailed description of the time
history approximation may be found in reference 31).

5.4 Fractional Impact Method: See Appendix M

5.5 Health and Welfare Criteria - General Adverse Response

To project the potential benefits of reducing the noise from motorcycles,
it is necessary to describe statistically the noise-exposed population {on a
national basis) both before and after implementation of the regulation. This
statistical description characterizes the noise exposure distribution of the
population by estimating the number of people exposed to different magnitudes
of noise as defined by metrics such as day-night sound level. This 1s concep-
tually fliustrated in Figure M-1 of Appendix M, which compares the estimated
distribution of the noise exposed population before and after implementation
of a hypothetical regulation. This type of approach provides a hasis for
evaluating the change in noise impact due to a given regulatory action,

It 1s also necessary to distinguish, in a quantitative manner, between
the differing magnitudes of impact upon different individuals exposed to
different values of L, . That is, the magnitude of human response to noise
generally fincreases pr“ggressivew from an identifted "no response" threshold
to some extreme maximum projected impact -- the greater the exposure, the
more extreme the response. Hence, once the fdentified level is exceeded,
the degree of human response associated with the noise will increase with
increased nofse exposure,

To assess the {mpact of traffic noise using the fractional iimpact proce-
dure, one needs a relation between the changes in traffic noise and the
resgonses of the people exposed to the noise. There exists some varfability
in human response measures due to a number of social and demographic factors.
In the aggregate, however, for residential locations, the average response
of groups of people is related quite well to curulative nolse exposure as
expressed in & measure such as L . For example, the different forms of
response to nofse such as hearing a'émage, speech or other activity interfer-
ence, and annoyance were related to Le or Ldn fn the EPA Levels Document
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{Reference B). For the purposes of this part of the study, criteria based on
Ldn presented in the EPA Levels Document are ysed, Furthermore, it is assumed
for this analysis that if the outdogr level of Lgn is less than or equal Lo 55
dB, which is identified in the EPA Levels Document as requisite to protect the
public health and welfare, no adverse impact in terms of general annoyance and
community response exisis,

The community reaction data presented in Appendix 0 of the EPA [evels
Document (Reference B8) show that the expected reaction to an identifiable
source of intruding noise changes from "none" to "vigorous" when the day-night
sound level increases from b dB below the level existing without the presence
of the intruding noise to about 20 dB above the level before intrusion, For
this reason, a level of 20 dB abave Ly, = 55 dB is considered to result in a
vigorous reaction by the people exposed. At this level {Lgn = 75 dB), the
percentage of the population which is "highly annoyed" by noise would be
approximately 40 percent of the total exposed population. The data in the
EPA Levels Document suggest that for environmental noise levels which are
intermediate betwsen 0 and 20 dB above Lyy = 55 dB, the impact varies lin-
early. That is, a 5 dB increase {Lg, = 60 dB) constitutes a 25 percent
impact, and 10 dB increase (Lgp = 65 dB) constitutes a 50 percent impact, with
& 20 dB increase representing max imum impact.

For canvenience of calculation, a function for weighting the magnitude of
noise impact with respect to general adverse reaction [annoyance} has been
used (Figure 5-5). This function, normalized to unity at Lgy = 75 dB (a point
of maximum expected impact for most communities), may be expressed as repre-
senting percentages of impact in accordance with the following equation:

0.08 (Ldn - C} for Lgp 2 C _
W{lgn) = {9}
0 fOr‘ Ldn < C

where W{lL4n) is the weighting function for general adverse response, Lgn 1S
the measured or calculated community noise level, and L is the identified
threshold below which the public is not considered at risk (Lgn = 55 dB).
Note that the weighting function for general adverse response can exceed unity
at levels greater than Lgn = 75 dB.

A recent compilation (References 9 and 10) of 18 social surveys from 9
countries shows, in fact, that the response curve relating "percent highly
annoyed" to the noise measured around respondents' homes is best represented
by a curvilinear function. However, it has alse been shown that the single
Tinear function can be used with good accuracy in cases where day-night sound
levels range hetween Ldn values of 55 dB to 80 dB {Figure 5-5),

By using the derived relationship between community noise exposure and
general adverse response (Equation 9), the Level Weighted Population (LWP)#*

* The procedures for deriving LWP were developed by the Cammittee on Hearing,
Bioacoustics and Biomechanics of the National Academy of Sciences. Other
terms such as Equivalent Population (Peq) and Equivalent Nofse Impact {ENI)
have been used interchangeably with LWP.
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associated with a given level of traffic noise (LVg,) may be obtained (Refer-
ence 9). The procedure involves multiplying the number of people exposed to
that level of traffic noise by the relative weighting associated with this
Tevel as follows:

LWPi = W(Lign) x P; (10)

where LWP{ is the magnitude of the impact on the population exposed to traffic
noise Llgn and is numerically equal to the number of people who would all have
a fractional impact equal to unity (100 percent impacted). W(L1dq) is the
weighting associated with an equivalent traffic noise level of Lly, (from
equation 9}, and Py is the population exposed to that level of traffic noise.
To illustrate this concept, if there are 1000 people living in an area where
the noise Jevel exceeds the criterion level by 5 dB {and thus are considered
to be 25 percent impacted, W(lL4,) = 0.25), the environmental noise impact for
this group is the same as the impact on 250 people who are 100 percent
impacted (1000 x 25% = 250 x 100%). A conceptual example is portrayed in
Figure 5-6.

When the total impact associated with traffic noise is assessed, the
observed Tevels of noise generally decrease as the distance between the source
and receiver increases. The magnitude of the total impact may be computed by
determining the partial impact at each level and summing over each of the
levels, The total impact is given in terms of Level Weighted Population by
the following formula:

LWP = SO LWPj = Z[W(L;n) x Pi] (11)
1 1

where W(L1dn) is the fractiona] weighting associated with Ligp, and Pj is
the population exposed at each Llgq.

The change in impact associated with regulations on the noise emissions
from traffic vehicles may be assessed by comparing the magnitude of the
impacts with and without regulations in terms of the Relative Change in Impact
(RCI}, which is calculated from the following expression:

[LWP (before} - LWP (after)]
RCI = 100 x LWP (before) (12)

This basic fractional impact procedure is also used to compute noise
impact employing a variety of additional criteria ({(e.g., activity inter-
ference, hearing damage risk, etc.) other than general adverse response
{Reference 11).

As discussed previously, the concept of fractional impact, expressed in
units of LWP, is most useful for describing relative changes in impact from a
specified baseline far the purpose of comparing benefits of alternative
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FIGURE 5-6, EXAMPLE OF FRACTIONAL IMPACT METHODOLOGY

The computation of LWP allows cne to combine the number of people jeopardized
by noise above an Lgp of 65 dB with the degree of impact at different noise
levels, The circle is a source which emits noise to a populated area., The
various partial amounts of shading represent varijous degrees of partial impact
by the noise. The partial impacts are summed to give the LWP, In this
example, six people who are adversely affected by the noise (partially shaded)
results in a level weighted population (LWP) of two {totally shaded).
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regulatory schedules. In order to assess the absolute impact or benefits
corresponding to any regulatory schedule, one must have information on the
distribution of populatien as a function of noise environment. The deriva-
tion of this type of information is discussed in Section 5.7.

5.6 Health and Welfare Criteria - Single Event Response

When the benefits of 1lessening the noise from motorcycies are being
examined, it is important to look beyond the contribution that motorcycles
make to overall average day-night traffic noise (L. ). The impact contribu-
tions which are calculated in terms of average commd“kty response are somewhat
generalized and do not necessarily represent specific impact situations. On
some occasions, noise associated with motorcycles will combine with other
noises, as described by the General Adverse Response analysis. At other times
or in other situations, one can expect that other noise sources will not be
sfgnificant, and thus each motoicycle passby will cause a distinct impact.
The actual impact from motorcycles is certainly due to a combination of vari-
ous ievels of motorcycle noise and other environmental noise. Thus, the
methodology for assessing general adverse response {as discussed in Section
5.5) will not take into account the fact that almost the entire amount of
dafily acoustical energy contributed by motorcycles in an area may be generated
by only a few minutes of noise during many accelerations near an intersection
in the course of a day. Yet these intrusive, short, intense events may be
some of the most annoying noise-related situations faced over the entire day
by a large number of pedestrians or residents.

It is difficult to derive a direct measure of the annoyance attributable
to the intrusiveness of motorcycle noise. Numerous surveys indicate that
motorcycle noise is a major source of annoyance but only a few scientific
studies have directly related motorcycle sound levels to degrees of annoyance.

When queried in attitudinal surveys, respondents generally rate motor-
cycle noise a5 a major, 1f not the major, source of annoyance from traffic-
related noise. For example, the response to noise survey questionnaires
majled to & random sample of individuals showed that the respondents rated
motorcycles as the major noise "problem”, while automobiles and frucks were
ranked second and third as noise problems with rankings of 67 percent and 62
percent respectively, relative to motorcycle noise at 100 percent {Reference

12).

Tn another survey, respondents were asked to rate 25 noise sources on a
scale from "not bothering at all" to “extremely bothering." Motorcycles were
rated as “not bothering at all" by the smallest percentage of people and
were rated as “extremaely bothering” by the highest percentage of people.
A total of 44.8 percent rated motorcycle noise as either "moderately,"
"highly,”" or "extremely” bothering {n their neighborhoods (Reference 13). In
the same study, people rated traffic noise situations in terms of both inten-
sTty and frequency of annoyance. People annoyed by motorcycie noise rated the
intensity midway between "definitely anneying" and "strongly annoying.” The
only vehicle type receiving a higher annoyance intensity rating was buses., 1In
terms of frequency, motorcycles were reported as the source of annoyance 23
percent of the time, second only to automobiles with a 36 percent frequency of
annoyance. People are annoyed, 1t seems, by motorcycle nofse greatly out of
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proportion to actual numbers of motorcycles, as compared to other types of
traffic vehicles.

In one very applicable investigation, a sample of 57 persons rated
vehicular noise at an open-ajr test track as the vehicles were driven by at a
distance of 7.5 meters at the closest point (Reference 14). Listeners were
exposed to both censtant speed cruises and accelerations. Figure 5-7 shows
the results of the subjective noise ratings of motorcycies as a function of
A-weighted nojse level as heard by the listener. Ratings ranged from "quiet"
at 68.5 dB to "excessively noisy" at 96.5 dB. These results seem to compare
fairly waell with those of another study in which ratings of single noise
events varied from "quiet" at 73 dB to "nofsy (strongly)" at 92 dB (Reference

18},

A loud, short-duration vehicle passhy may also interrupt people's activi-
ties, such as conversation, sleeping, TV viewing, reading etc. In a study of
the annoyance caused by different tevels of simulated afrcraft noise for
people seated indoors watching television, annoyance was found to be depen-
dent, at least in part, on speech interference (Reference 16). Not only
is the TV program, or other person speaking, more difficult to hear during the
time in which a noisy event is taking place, but it has been observed that the
distraction which may occur from the conversation in which the person 1is
engaged may contribute in itself to annoyance (References 16 and 17}, The
speaker may attempt to cope with the nofse intrusfon behaviorally, either by
increasing his or her vocal effort, or in more severe cases, by discontinuing
conversation altogether. Such behavioral reactions may be indicative of
general annoyance and disturbance with the intrusive noise event.

In general, interruptions of people's activities lead to annoyance
(References 18 and 19), and represent a degradation of health and welfare.
For example, the reacticon to a noise intrusion during sleep is, 1n many cases,
a change 1n sleep stage {from a "deeper" to a "lighter" stage) or, If the
Intrusive noise is {intense or of prolonged duration, an actual awakening may
result. In either case, repeated disturbance of people's sleep can be expect-
ed to adversely affect health and well-being.

Several investigations have shown that expressed annoyance with noise
correlates well with interference of activities due to noise (References 8,
20, 21, 22, 23, 24, and 25)}. One survey found that reports of Interferences
with sleep and speech communication correlate more highly with feelings of
generalized annoyance than with any other factor, including actual sound
levels measured outdoors [Reference 18).

For these reasons, the apalysis of vehicle passby fmpacts were examfned
in some detail to assess the significance of potential individual event
exposures upon human activities {References 26 and 27), in particular, the
activities of speech communication and sleep. The analysis was undertaken to
determine both the direct effect motorcycle noise may have on these activi-
ties, and to estimate the tota)l potential annoyance attributable to motorcycle
noise. These single event pass-by noise intrusions become particularly
important. in 1ight of other regulations and efforts to reduce the nofse from
other motor vehicles and urban noise sources. Namely, without a reduction 1n
noise emissfons for motorcycles, the motorcycle will stand ocut as one of the
most, if not the most, Intrusive noise sources.
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5.6.1 Steep Disturbance

The sleep periods of humans are typically classified into five stages.
In Stages I and 11, sleep is 1ight and the sleeper is easily awakened. 3tages
IIT and IV are states of deep sleep where a person is not as easily awakened
by a given noise, but the sleep may shift to a lighter stage., An additional
stage, termed rapid eye movement (REM), corresponds to the dream state,
When exposed to an intrusive noise, a sleeper may (1) show response by a brief
change in brainwave pattern, without shifting sleep stages; {2) shift to a
Yighter sleep stage; or (3) awaken, The greatest known impact occurs due to
awakening, but there are also indications that disruption of the sleep cycle
can cause impact {irritability, etc.) even though the sleeper may not awaken
{Reference 2).

A recent study (References 28 and 29} has summarized and analyzed sleep
disturbance data as gathered under experimental laboratory conditions. This
study demonstrated a relationship between frequency of response {disturbance
or awakening) and noise level, and further demanstrated that the duration of
the noise stimulus was a critical parameter in predicting response. The study
also showed that the frequency of sleep disruption is predicted by naise
exposure better than is arousal or behavicral awakening, Ap important fact is
that sleep disturbance is defined as any physiological change which occurs as
a result of a stimulus. The person undergoing such disturbance may be com-
pletely unaware of being affiicted; however, the disturbance may adversely
affect total sleep quality. This effect on overall sleep quality may iead to,
in certain situations, undesirahle behavioral or physiological consequences
{Reference 2}.

Data relating to the anticipated disruption of sleep caused by noise is
shown in Figure 5-8 (top). These data illustrate the frequency of sleep
disturbance (as measured by changes in sleep state, including behavioral
awakening) as a function of the sound exposure level {Lg) of the intruding
noise. The frequency of behavioral awakening as a function of sound exposure
lavel is aiso shown in Figure 5-8 (bottom}. These relationships, adapted from
Figures 1 and 2 of Reference 28, consist of data derived from a review of most
of the recent experimental data on sleep and noise relationships. These
relationships show the approximate degree of expected impact (percent disrup-
tion or awakening} at given Jevels of noise. For example, in Figure 5-8, an
indoor sound exposure level of 60 dB would he expected to rasult in a 31
percent probability of a sleep disruption (change in depth of sleep). The
prohahility of being awakened is less than that of being disturhed. Far this
example of a sound exposure level of 60 dB, the probabiiity of being awakened
is 17 percent (see Figure 5-8).

Note alse that the noise data contained in the references cited were
measured in terms of "effective perceived noise level™ with a reference
duration of 0.5 seconds, LgpN (0.5 sec,). This level was converted to Lg by
the following approximate relattonship¥:

Ls = LEpN (0.5 sec.) - 16 dB {13)

*  This equation accounts for the average difference of 13 dB between Per-
celved Noise Level and A-weighted sound level, and the 3 dB that results
fram the change in reference time from 0.5 seconds, used in Reference 28,
to 1 second, used in sound exposure level.
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The impact weighting function scale for both disturbance and awakening
is defined such that a probability of 100 percent disturbance or awakening
has a Fractional Impact or weighting of 1.0, and a probability of zero percent
has a weighling of zera. The Level Weighted Populalion for sleep disturbéance
and awakening was derived for each of the regulatory schedules and study years
under investigatton by using Equations 10 and 11, substituting W({Lg} for
W{Ldn). The impact weighting function for these two situations is calculated
by using the following regression equations (from Figure 5-8):

W(Lg} = 0.0135 (Lg - 37) for sleep disturbance, and (14)

W{Lg) = 0.0110 (L¢ - 45) for sleep awakening. {15)

5.6.2 Speech Interference

As is the case with sleep disruption, speech interference occurs as a
result of individual noise events., The potential for speech interference
(i.e., the interruption of canversation} due to motorcycle noise occurs when
externally-propagating noise exceeds certain levels. However, unlike sleep
disruption, the impact of noifse on speech interference is not cumulative,
That is, the duration of the noise event causing speech interference does not
affect the kind of interference, although it does, of course, affect the
duration of the interference. This is in contrast to sleep disturbance,
where the cumulative effect of noise can change the impact from one of sleep
disturbance to an actual sleep awakening. Therefore, the appropriate noise
metric for measuring speech interference potential is an Lagg averaged over the
duration of the event, rather than a sound exposure Tevel which specifically
considers the effect of the duration on the event.

Also, unlike sleep disruption, interference of speech may occur when
people are either indoors or outdoors. The degree of speech interference from
noise is dependent on the particular circumstances involved. Noise level and
duration, separation distance of the conversers, and vocal effort are all
factors that influence speech intelligibility (Reference 8). The criteria
showing degrees of outdoor and indoor speech interference from noise are shown
in Figures 5-9 and 5-10, respectively (Reference B).

It should be recognized that the analysis does not assume that everyone
is talking all the time. The procedure instead assesses a potential for
speech interference and associated annoyance. Although the exact function of
the population that is engaged in conversation or Tistening activities at any
ane instant is unknown, the actual relative benefits for speech interference
should be the same as the potential relative benefits calculated in these
analyses., Ailso, the relationships displayed in Figures 5-9 and 5-10 pertain
to sentences known to listeners. All listeners are further assumed to have
normal hearing. Under everyday enviranmental conditions, it would be expected
that communication intelligibility would be somewhat less than that portrayed
in Figures 5-9 and 5-10. For those people suffering some hearing loss,
background noise levels need to be up to 10 dB lower to attain the same degree
of intelligibility (Reference 30).
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People can have their conversations disrupted by externally propagated
motorcycle neise in at least three major settings during the day: as pedes-
trians on the street, as residents inside their homes, or as residents
who are invoived in activities just outside their homes. Three different
approaches are required to assess the impact of these three different situa-
tions, FEach approach will be examined separately. In the discussions that
follow, "inside the home" and "outside the home" should be taken to mean,
respectively, "inside any building" and "outside any building, but not along
the street."”

5.6.2.1 Indoor Speech Interference

Indoor speech interference is assumed to occur when motorcycle noise
prapagates through walls of residences or buildings and peaks above a typical
indeor background level of 45 dB. The criteria of impact for indoor speech
interference is given in Figure 5-9. The curve is based on the reduction of
sentence intelligibility (sentences known to listeners}) relative to the
intelligibility which would occur at 45 dB. For people conversing indaors
during the time of a vehicle passby, Figure 5-9 shows the probability of a
disruptfon in communication., The appropriate metric in Figure 5-9 is the
equivalent sound level over the duration of the event. The Level Weighted
Population for indoor speech interference is obtained by using equations 10
and 11, substituting W(Laq(T)) for W(Lgy), and letting Pj represent the number
of people exposed at each indoor sound level for each passhy.

5.6.2.2 Outdoor Speech Interference

The population exposed to potential outdoor speech communication inter-
ference are those people who are outside of their homes but not along a
street. This anailysis does not take into account pedestrians or people
engaged in other forms of transportation during the day. Rather, it is
intended to include those time-periods in which people are relaxing or
engaged in other activities outdoors,

Outdoor speech interference due to the operation of motorcycles occurs
when the maximum noise level of the pass-by exceeds an outdoor background
level of 50 dB. For this analysis, 55 dB is used as the average outdoor
background level. Although the outdoar background noise level in a number of
urban areas may today be greater than 5% dB, coordinated Federal, state, and
local efforts to reduce urban noise make the 55 dB level an appropriate value
to use on a national basis for future years (the primary focus of this pre-
dictive analysis).

The criterion for outdoor speech interference is shown in Figure 5-10 as
a function of the level of an interfering noise. Note that the appropriate
noise metric against which percent speech interference (unintelligibility of
sentences known to listeners) is plotted is an egquivalent sound level over
the duration of the pass-by. The Level Weighted Population for outdoor speech
interference may be computed by using Figure 5-10 and equations 10 and 11.

5.6.2.3 Pedestrian Speech Interference

Speech communication may be especially difficult for pedestrians who
are nearby roadway traffic. This is because pedestrians are typically located
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very close to the vehicles as they travel by. Pedestrian speech interference
15 calculated by considering a percentage of the population to be pedestrians
located at the edge of cliear zones associated with each roadway. Figure 5-10
and equations 10 and 11 are then used to evaluate the speech interference

impact upon pedestrians.

Again, it should he noted that the single event noise analysis examines
the effects of motorcycle noise alone, and hence does not take into account
the presence of other noise sources in the environmant, 1t is obvious that
other environmental noise sources creata background noise at such levels in
certain situations that motorcycle noise may be masked. This analysis only
represents the benefits accrued during those times when motorcycle noise
clearly intrudes over the ambient or hackground noise Tevel. The ovzrall
absolute impact upon activities is, of course, dependent on the background
Tevel assumed, However, the calculated benefits are representative of the
relative reduction in community impact of motorcycle neise aver any given
ambient noise level.

5,7 Noise Prediction Model

The prediction model used in this health and welfare analysis is titled,
“The National Roadway Traffic Neise Exposure Model." This predictive model is
a more sophisticated version of the original health and welfare model present-
ed in the "Proposed Motorcycle Noise Emission Regulation: Background Docu-
ment". The National Roadway Traffic Noise Exposure Model was recently devel-
oped under EPA sponsorship, for the purpose of more accurately estimating
nationwide traffic noise impact. Its dogumentation is contained in a single
volume report (Reference 31) available from the Office of Noise Abatement and
Control, U.S, Environmental Protection Agency. Reference 31 explaing the
methodology used by the computer model. The specific data contained in
Reference 31 does not necessarily represent the updated data gathered for the
motorcycle study (see Appendix N). The computer program itself is also
avajlable from EPA,

In this subsection we present an overview of the National Roadway Traffic
Noise Exposure Model. Details of the model are presented in Appendix N,
though not to the same detail as in the documentation report (Reference
31}. Appendix N contains information on the data, the calculations, and the
assumptions that underlie the model. Particular attention is given to those
details critical to the analysis of motorcycle noise emission regulatory
alternatives, The discussion in Appendix N covers defined inputs and basic
assumptions that underlie the cemputer predictions.

5.7.1 General Overview of the Model

The model consists of two parts: the General Adverse Response part and
the Single Event Response part. These two parts of the model appear side-by-
side in Figure 5-11, to emphasize thejr similarity.

Both parts of the model start with user-defined input, keyed as in
the figure. For example, such input includes the potential emission limits
for newly manufacturad motorcycles as they are typically operated. Both parts
of the model then mathematically combine this user-defined input with large
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quantities of additional data that reside within the computer program. These
additional data Tnclude noise emissions of other vehicTes, as well as traffic
data, roadway configuration data, noise propagation data, and residential
population data.*

Both parts of the model then combine these data to predict the particuiar
neise levels of interest. The General Adverse Response part predicts the day-
night noise level, Ld , averaged over a full year. In a parallel manner, the
Single Event Respons@ part predicts both Sound Exposure Level, L_ and the
single-event Equivalent Sound Level, Le Ty for each vehicle paébby on a
typical day during the year. 4

As discussed previously, the yearly-average noise level correlates well
with noise-induced annoyance in and around the home -~ that is, with a per-
son's general adverse rasponse. On the other hand, the noise from {ndividual
vehigles, not averaged fnto the ambient noise background due to other saurces,
often predicts additional impact due to particularly nolsy or {solated single
events, These three noise descriptors -- Ldn' Ls, and Le (m - were discussed
in detail Section 5.3. 9

As shown in the last module in Figure 5-11, the model converts the
computed noise levels 1nto measures of estimated impact. The General Adverse
Response part of the mode] estimates the extent to which people in the United
States will be highly annoyed by traffic noise experienced at or near their
homes. The Single Event part estimates the potential of a single noise source
{in this case motorcycles) to awaken people from sleep, to otherwise disrupt
the;r sleap, and to interfere with people's speech at home, both indoors and
outdoors.

In summary, the flow 1n Figure 5-11 progresses from user-defined 1input,
through the dataz and mathematics within the computar program, to the predicted
nojse levels -- and then estimates potential noise {mpacts. The two parts
of the model estimate two different aspects of noise impact: yearly-average
and single-event. Both aspects are estimated nationwide.

5.7.2 Overview of the Noise Exposure Predictions: General Adverse Response

Figure 5-12 1)lustrates the manner in which noise predictions are made
for the Natfonal Roadway Traffic Noise Exposure Mecdel, for General Adverse
Response. The figure is Keyed through to coordinate with the detailed

discussions that follow.

This predicative procedure 1s best explained by starting with key
@ which addresses the predicted poise exposure for Person #1. As shown in
Figure 5-12, noise exposures are also predicted for Person #2, Person #3, etc.
In essepce, the model statistically predicts the noise for every person in the
United States -~ a 1974 total population of 216.7 million persons, and rising.

* " The remalnder of the discussion will not generally distinguish between
user defined {nput and fnput data that resides within the program. See
Reference 31 for further details.
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FIGURE 5-12.  NOISE EXPOSURE PREDICTIONS:  GENERAL AOVERSE RESPONSE

* EL is the noise emission level., Each of the 5§ speed ranges has a s ecific
EL associated within, Idle mode has only one EL.p s pect
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Rather than predicting the noise exposure of each individual, the com-
puter groups peoplie into homogeneous areas by city size and population den-
sity. Similar groupings occur throughout all blocks in Figure 6-12, though
they are not indicated. The concepts involved in the prediction model are
clearer without the details and approximations of grouping. These details
and approximations are postponed for now.

In essence, then, the model statistically predicts the traffic noise
environment experienced by everyone in the United States. The model also
takes into account population growth for future years.

The noise level at Person #1 emanates from all the roadways within his
hearing. (Key @ in Figure 5-12). Each roadway also has specified as input
its average daily traffic and its average mix of vehicle types. Each roadway
also has associated with it a large range of typical vehicle speeds. Although
vehicle ‘speeds vary on each roadway from moment to moment, the program con-
siders their average speed for any given mile of roadway. The fractions of
the total roadway mileage at each of five speed ranges are specific input used
within the computer program, for each roadway.

In addition, each roadway has a specific lane width, a specific number of
lanes, and a specific clear-zone width. The latter is generally the right-of-
way width. It encloses the region within which no one lives.

Roadway noise, close by the roadway, is dependent upon vehicle speed,
average dajly traffic, traffic mix, Tlane width, number of lanes, and clear
zone width. As this noise propagates outwards from the roadway to the -person
of interest, it is influenced by a number of propagation parameters. Two
principal parameters are the distance between the person and the roadway,
and the shielding that intervenes between the person and the rpadway, These
two parameters are specified for each person/roadway pair -- in groupings, as
mentioned above,

From Key (P to Key @ the noise level at each person's residence
depends upon the source strength of each roadway, and upon the propagation of
the noise from the roadway.

In addition to the above parameters, roadway Source strength also
depends, in part, on a number of other factors. As noted in Key (D each
roadway contains a series of vehicle types. Each vehicle type operates in
four modes, numbevred in Figure 5-12. These modes are: acceleration, deceler-
ation, cruise and jdle. Each vehicle spends a definite fraction of its time
in each of the four modes. These fractions are specified for each operating
mode and separately for each vehicle type. Then each mode fraction is split
into the five speed fractions specific to that roadway (Key @ again).

The final entries at Key (D are the noise emission levels. These
differ for each of the four operating modes, and for each of the five speeds.
These emission levels are a user-defined input, and are keyed therefore as

in the Figure. Specifically, the user defines the noise emission levels
for new vehicle sales in any given year. Then the conputer adds those vehi-
cles to the ones already on the road, and depletes the general population of
vehicles by those vehicles that retire from service.
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The noise emission values put into the model constitute the mechanism
by which we can investigate consequences {impacts) of a potential vehicle
noise emission regulation. The model is applied for successive years, as
more and more of the quieter vehicles are introduced into service. The
year-to-year effect on predicted noise impact is a direct measure of the
effectiveness of a regulation. (Figure 5-12 does not indicate this year-to-
year application.}

In practice, then, Figure 5-12 flows from top to bottom, For the regu-
lated vehicle type, emission levels corresponding to the regulatory levels
are entered, separately for the four operating modes and separately for the
five speed ranges within each operating mode {except idle). As shown in
Figure 5-12, sixteen values of emission level are entered for each vehicle

type.

These emissions are combined with the fractions of time spent by that
vehicle type in each mode/speed, to obtain that wvehicle's contribution to
the traffic noise., The computer carries out these calculations for each
vehicle type on that roadway. Then all vehicles are combined for Roadway #1,
according fo the average daily traffic and vehicle mix.

This process is repeated for each roadway type.

Fach roadway's noise is then propagated to each person's residence.
At each residence the noise levels from all roadways are combined into one
total noise level.

This entire process is repeated for all persons in the United States
(approximated by residential population density information), as shown to the
right at key @ in Figure 5-12.

5.7.3 Overview of the Noise Exposure Predictions: Single Event Response

Figure 5-13 1llustrates the noise prediction flow chart for the Single
Event Response portion of the modei. Differences between Figure 5-12 and
Figure 5-13 are few, but important. Figure 5-13 examines only one vehicle
type ar class at a time, since only its passby noise is assessed.

Key (D data requirements are identical te the General Adverse Response
portion of the model.

At Key @ , only the average daily traffic for that vehicle type is
required, rather than the full traffic and vehicle mix. Also at Key @ .,
building nofse isolation values are needed to propagate the noise from out-
doors to indoors. These building nofse isolation values are specified inputs.

The major differences hetween the Single Event and General Adverse
Response portions of the model occur at Key ) . For each person, the
single-event equivalent sound level, Leq(T , 1§ camputed for indoors, both day
and night, and for outdoors, day only. '}hese predictions then apply to the
fraction of time the average person is at home day/night and indoors/cutdoors.
In addition, the sound exposure level, Lg, is computed for indoors, both day
and night -- and then appiied to the fraction of time that person is asleep,
either day or night,

Key @ summarizes the types of noise calculations made.
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5,7.4 Overview of Noise Impact Estimates: General Adverse Response

The flow chart for noise impact estimates of the General Adverse Response
portion of National Roadway Traffic Noise Exposure Model is presented in
Figure 5-14, The Figure is keyed (D through @ , to cvordinate with the
more detailed discussions that are presented in Appendix N.

The top set of modules, Key @ , duplicates the bottom set in Figure
5-12. It consists of all the person/noise pairs for the entire United States,

as predicted by the model.

At Key @, this very large set of person/noise pairs is sorted by noise
level. For example, all the persons in the U.5. exposed to an outdoor Lgqn of
55 dB are grouped together in this sorting process. The next set of boxes
(top of Key (® ) results.

The top of each medule in Key (B contains all the persons exposed to
that particular nofse level. Noise impact is calculated by multiplying the
number of people exposed at each noise level by the fractions next shown in
the Figure (middle of Key (& ). These are the fractional weighting values
used to represent the number of people expected to he highly annoyed by that
particular noise level. (See section 5.9 for an explanation of the fractional
weighting values.) These fractions are essentially zero at 55 dB, and
increase to nearly unity around 75 dB.

To complete the mathematics at Key (& , the number of peeple exposed
times the appropriate fraction or weighting equals the Level Weighted Popula-
tion (LWP) for General Adverse Response {equation 10} for each noise exposure
band. For example, if 28,000 pecopie are exposed to an Lgn of 60 dB, then this
number of people, times the fraction 0.25, yields an LWP of 7,000. This
number shows that not everyone is impacted to the same degree primarily
beczuse some may be less susceptible to noise intrusion. These fractions
summarize, therefore, the variability among all persons in their reactions to
the same noise level.

As the final step in the impact estimate (Key ® ), the expected impacts
at each exposure level are added to obtain the total expected impact in the
United States {equation 11). The raesulting number is the total Leve) Weighted
Population (LWP). It combines population and noise level information into a

single impact value.

Also at Key & in Figure 5-14 are the impact estimates for the remain-
der of the 4Q-year time stream. As an increasing number of gquieter vehicles
are introduced into service, the estimated impact should drop. The change in
this impact from year-to-year is a direct measure of the regulation's benefit.

To rerun the program for subsequent years, additjonal noise emission
values must be entered. The computer will then add these quieter vehicles to
the ones already on the road, and will deplete the general population of
vehicles by those vehicles that retire from service. These saies and deple-
tion rates reside in the computer. In addition, the model also accounts for
changes in United States population each year. :
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5.7.5 Overview of Noise Impact Estimates: S$ingle Event Response

Figure 5-15 illustrates the logic flow that provides impact estimates for
the Single Event Response portion of the model. Oifferences between Figure
5-14 and Figure 5-15 are minor. Here, each person is exposed not just to one
noise level, but te a series of single-event noise lavels that occur over a
typical 24 hour period. 1In other words, each person is paired with many
noise levels, each predicted as described earlier. After sorting, then, the
tabulation of Key {s not of persons, but is of noise events. A single
person will be exposed to many noise events, all sorted by noise tevel,

The fractions in Key (:) are the fractions (or probability) of these
single events that are expected to actually impact the person who is exposed,
The measures used represent the potential to awaken people from sleep, or
otherwise to disrupt sleep, or to interfere with ane's speech commnications.
(See Section 5.6 for an explanation of the fractions.)

Lach of these distinct types of single-avent jmpacts is estimated
separately.

5.7.6 Data Groups

As nmentioned earlier, the computer program groups much of its data.
Such grouping cccurs throughout all modules in Figures 5-12 and 5-13, though
grouping is not indicated in either figure.

The grouping of data within the model appear in Table 5-6, for:

14 vehicle types
. 4 operating modes
5 speed ranges
6 roadway types
9 population groups
4 population/density groups
33 population/density "cells"”
40 years of the time stream

" . o w w .

Vehicle types were grouped based on those groups used for all EPA studies
of roadway noise. The groupings are strongly suggasted by similarity in
noise emission within a type, due to similarity in engineering or operational
characteristics.

Operating modes are based upon extensive vehicle noise tests and appro-
priate data reduction methods (References 32, 33, and 34). Speed ranges are
based upon these same tests.

Roadway types are the functional categories defined by the Federal
Highway Administration (Reference 35).

Population groups are based on the data base assembled by the Federal
Highway Administration (References 35, 36, and 37), and were refined using
1970 census data (Reference 38). Population density groups were also based
upon these same Federal Highway Administration and census publications.
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TABLE 5-6. DATA GROUPS WITHIN THE MODEL

PARAMETER GROUP NAME TYPE DESCRIPTION
Vehicle Car/8/automatic Passenger car, 8 cylinder, gas,
Types automatic
Car/6/automatic Passenger car, 6 cylinder, gas
automatic
Car/manual Passenger car, 6 or 8 ¢ylinder,
gas, manual
Car~-LT/auto Passenger car and light truck,
4 cylinder, gas, automatic
Car-LT/manual Passenger car and light truck,
4 cylinder, gas, manual
LT Light truck, 6 and 8 cylinder, gas
Car-LT/diesel Passenger car and light truck,
diesel
MT Medium truck, two axle
(GVWR 10,000 1b)
Hr Heavy truck, three or more axles
(GVWR 26,000 1b)
Intercity bus Intercity bus
Transit bus Transit bus
School bus School bus
Unmod MC Unmodified motorcycle
Mod MC Modified motorcycle
Operating Acceleration Acceleration from zero to speed S
Modes Deceleration Deceleration from speed S to zero
Cruise Cruise at speed S
Idle " ldle
Speed 20 mph Less than 25 mph
Ranges 30 mph Between 25 and 35 mph
40 wph Between 35 and 45 mph
50 wmph Between 45 and 55 mph
60 mph More than 55 mph
Roadway Interstate Per FHWA definition
Typas Highways
Freeways and Per FHWA definition
Expressways
Major Arterials Per FHWA definition
Minor Arterials Per FHWA definition
Collectors Per FHWA definition
Local Roads and Per FHWA definition
Streets
Population Population cver 2M
Groups 1M to 2M
500K to 1M
200K to 500K
100K to 200K
50K to 100K
25K to 50K
5 to 25K
Rural areas
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Table 5-6. (continued)

PARAMETER GROUP NAME TYPE DESCRIPTION _
Population 1. High More than 4,499 people per
Density square mile
Groups 2, Medium-to-High 3,000 to 4,499 people per
square mile
3. Low-to-Medium 1,500 to 2,999 people per
square mile
4. Low Less than 1,500 people per
square mile
Pop/density 1 Fopulation over 2M, high density
cells" 2 Same, medium-to-high density
3 Samz, low-to-medium density
4 Same, low density
5 M to 2M, high density
6 Same, medium-to-high density
7 Same, low-to-medium density
8 Same, low density
9 500K to IM, high density
10 Same, medium-to-high density
11 Same, low-to-medium density
12 Same, low density
29 5K to 25K, high density
30 Same, medium-to-high density
3l Same, low-to-medium density
32 Same, low density
13 Rural, low density only
Years 1974 For prediction of future impact
1975
1976
1877
2013

P AL R i S e e ek i et L
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These two latter groups are then combined into pop/density “cells" shown
next in Table 5-6. Thirty-three of these pop/density "celis" result, since
the rural popuiation group is paired with only the low-density group. These
pop/density “cells" contain among them the entire U.S. population and also the
entire U,S, roadway mileage. They therefore provide the structure for match-
ing each person in the United States with the roadways that produce the noise

at his residence.

Lastly, Table 5-6 shows that calculations are performed for all years
withip a 40-year time stream. A baselipe year is selected.* For that year,
all data (such as traffic counts, roadway mileage, population densities)
are explicitly put into the computer program. Then for future years, these
data are factored upward, if appropriate, to account for growth,

The data groups within Table 5-6 interrelate within the model in complex
ways as discussed in the more detailed descriptions contained in Appendix N.

5.8 Results of Analysis - Street Motarcycles

As discussed in sections 5,5 and 5.6, results of the impact analysis for
motorcycles center around two measures: (1) the Level Weighted Population,
LWP, and (2) the Relative Change in Impact, RCI. LWP is an index which repre-
sents the total number of persons in the United States who are impacted by
roadway noise during any given year of interest and the degree or severity of
that impact upen each person, The RCI values represent the percentage change
in LWP due to regulation relative to a baseline condition. A decrease in LWP
results in a positive RCI -- that is, a benefit in terms of a percentage
reduction in extent and severity of impact,

For this analysis RCl is calculated for each regulatory option using two
different approaches. The first approach calculates the percentage change in
LWP for a specific future year relative to the baseline condition in the year
1980. The results are tabulated as "RCI" (without an asterisk)., Thus, RCI
describes projected henefits relative to current day (1980) conditions. For
example, an RCI of 25 percent in 1995 means that, in 1995, the adverse impact
will be 25 percent Tess than it was in 1980 with no regulation in effect.
Similarly, an RCI of negative 15 percent in 1995 means that the adverse impact
has increased by 15 percent relative to 1980. These values of RCl include the
effects of all changas between 1980 and the specified year in the future.
That is, these RCI values reflect the impact of the motorcycie noise emission
reqgulation and the influence of such factors as increased traffic volume,
noise regulation of other vehicles, increases in the number of motorcycles and
increases in the growth of the U.S. population.

The second approach calculates the percentage change in LWP for a speci-
fied future year relative to the same future year without a motorcycle regula-
tion. These values of RCI are labeled as "“RCI*" (with an asterisk), For a
given year of interest, the RCI* values reflect the benefits attributable to

* For this analysis, much of the data was entered for 1974. These data
were applied to later years after suitably adjusting for growth.
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the motorcycle noise regulation alone -- that is, benefits that will occur
relative to that spacific year if there were no motorcycle regulation. For
example, an RCI* of 40 percent in 1995 is interpreted as a reductien in impact
of 40 percent in 1995 from that which would occur in 1995 with no regulation.

In brief,

© RCI compares the impact in the year-of-interest {with regulation)
to the impact in the year 1980, during which there is no regula-
tion, less traffic, fewer motorcycle operations and a lower popu-
lation.

O per+ compares the impact in the year-of-interest (with regulation)
to the same year, without regulation.

The RCI and RCI* values are considered to be more accurate predictors
of actual benefits to be realized than the LWP values reported. This is
because the RCI and the RCI* involve changes from a baseline condition, In
the computation of RCI and RCI*, inaccuracies in baseline LWP tend to be
cancelled out by the same inaccuracies in the year-of-interest LWP,

With these indices of noise impact -- LWP, RClI and RCI* -- two distinct
types of impact are assessed: (1) General Adverse Response, based upon Lgp,
and (2) Single Event Activity Interference, based upon Lg for sleep inter-
ference and upon Leq(T) for speech interference. In the discussions that
follow, these two types of impact are addressed separately. For each, the
results are tabulated for a series of future years (through the year 2010),

_and for a series of possible regulatory options (Table 5-1). Option Q repre-

sents the maximum benefits achievable and can be used as an upper limit guide,

5.8.1 General Adverse Response

The General Adverse Response portion of the model assesses the impact
from the motorcycle noise emission regulation on a national aggregate basis.
It does not assess the reduction in terms of specific localized street condi-
tions which under some circumstances may show substantially greater relative
benefits than indicated within this analysis.

The general adverse response impact estimates are presented in Tables
5-7 to 5-9, For each table, a different proportion of modified motorcycles
(12, 7 and 3 percent} js considered (see Section 5.2.1.1). In each table the
Level Weighted Population (LWP) and the Relative Change in Impact (RCI and
RCI*) are shown for four years (1980, 1990, 2000, and 2010) in the regulatory
time stream for motorcycles. In these tables, the baseline (no regulatiaon)
option is listed as Option 1. Alsp, the RCI and RCI* values in these tables
are calculated relative to the condition of 12 percent modified motorcycles
since this represents the current (1980) estimate of the proportion of
modified motorcycles. Thus the impact and benefit estimates found in Tables
5-8 and 5-9 (with 7 and 3 percent modified motorcycles, respectively) repre-
sent changes in impact attributable to both lessened noise emissions and
reduced number of modified vehicles. For example, in Table 5-8 {7 percent
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TABLE 5-7

General Adverse Response Impact with 12 percent
Modified Motorcycles

1981 1940 7000 7010

“833333"” wpZ  perd rer*3 Lwe?  Rerd Rer*3 Lwp2 RCIS ReI*3 w2 RCIS RCIX3
Option 1 29.4 000 0,00 31.6 -7.56  0.00 38,6 -31.47 0.00 47.5 -61.82 0.00
Optian 2 - - = 3.4 -7.05 0,47 38.4_ -30.79_0.52 47.3 ~61.07 0.46
Option 3 - - - 311 -5.82 1,61 37,9 -28.99 1.8 46.7 -59.09 1.68
Option 4 - - 31,1 -5.89 1,55 37,9 -28.99 1.88 46.7 -59.09 1,68
Option 5 - - - 30.9 -5.21 218 37,5 -27.79 2.80 46.3 -57.77 2.50
Option 6 - - - _ 31.0 -5.65 1.77 37.5 -27.79 2.80 46.3 -57.77 2.50
Option 7 - - - 30.9 -5.28 212 37,5 -27.79 2.80 46.3 -57.77 2.50
Option 8 - - - 3.0 -5.72 1,71 37.5 -27.79 2.80 46.3. -57.77  2.50
Option 9 . - - 30,9 -5.21 2,18 37.1 -26.43 3.83 45.9 -56.30 3.4
Option 10 . - = 31,0 -5.72 1.71 _ 37.2 -26.74 3.60 45.9 -56.30 3.4l
Option Q - - - 304 -3.58 3.70 _ 37.0 -26.02 4,15 45.8 -55.86 3.68
NOTES:

L In order to estimate the general adverse response impact of motorcycles in the traffic strean, the following
assumptions were made regarding other vehicles:
(a} Light vehicles are unregulated
(b} Trucks are regulated as promulgated: 83 dB in 1978, 80 dB8 in 1982,
{c) Buses are regulated as follows: 83 dB in 1981, 80 d8 in 1985, 77 dB in 1987.

2 LWP = Level Weighted Population {miilions)

3
The relative changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate of
modifjed motorcycles.
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TABLE 5-8

General Adverse Response Impact with 7 percent
Modified Motorcycles

the following assumptions were made regarding other vehicles:
83 dB in 1978, 80 dB in 1982,

;;l

2
LWP = Level Weighted Population (millions)

Light vehicles are unregulated
Trucks are regulated as promulgated;
¢) Buses are requlated as follows: 83 dB in 1981, 80 dB in 1985, 77 dB in 1987,

3
The relative changes in impact (RCI and RCI*) are with respect to Option 1, no matorcycle

1981 1990 2000 %010
RSS‘!%%E"” w2 Re13 Rer*3  we? et Roi*3 Lwp?  Rerd Rered Lwp? R Rele3
Option 1 28,44 3.30 3.30 29,9% -1.70 5.45 36.3 -23.60 5.98 44.8 -52.40 5,77
Optian 2 - - - 25,7 -1.19 5.92 36.1 -22.92 6.50 44.6 -51.74 .23
Option 3 - - - 29.4 0.03 7.06 35.6 -21.08 7.90 44.0 -49,76  7.45
Option 4 - - - 29.4 -0.03 7,00 356 -21.08 7.90 44.0 -49.76  7.45
Option & - o= - 29.2 0.51 7.0 35.3 -20,10 8,66 43.6 -48.64 8,15
Option 6 - - - 29.3 0,17 7,19 35.3 -20.10 B8.65 43.6 -48.64 8.15
Option 7 - - - 29.2 0.44 7.44 35,3 -20.10 8.65 43.6  -48.64  8.15
Option 8 -~ -. - 29.3 0.10 7.12 35.3 -20.10 B.65 43.6 -489.64 8.15
Option & - - - 29.2 0.51 7.50 35.0 -15.04 9:46 43.3 -47.51 §.84
* Option 10 - - - 29.3 0.0 7.12 35.0 -19.28 9,27 43.3 -47.51 8.84
Option Q = - - 28.8 1.87 8.77 334.8 -18.60 9.79 43.2 -47.04 9.13

NOTES:
1 In order to estimate the general adverse response impact of motorcycles in the traffic stream,

regulation, with 12 percent of the motorcycle population modified since this represents the
current estimate of modified motorcycles.

4
These numbers are given to show the change in LWP due to a reduction in the number of

modified motorcycles without concurrent reductions in the sound levels of new motorcycles.

i b i i
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TABLE 5-9

General Adverse Response Impacf with 3 percent
Madified Motorcycles

. To8] I L1 2000 7010
“83‘332“"” twrd  ReId ReI*3 Lupd RCI3  RCI*3  Lwp2 RCI3 RCI*3 w2 RC1I3  RCI*3
Option 1 27.9* 4.97 4.97  28.9" 1.67  8.58 34.9% -18.97 9.51 43.3%  -47.48  8.86
Option 2 - - - 8.7 218 9.06 34,7 -18.26 10.05 __ 43.1 _ -46.70 9.35
Option 3 - - - 284 341 10.20 34,2 -16.42 11.45  42.5  -44,72 10.57
Option 4 - - - 28,4 3,34 10.13  34.2  -16.42 11.45 42,5 -44.72 10.57
Option 5 - - -__28.2 3.8 1058 33,9 -15.60 12.07 42,2  -43.80 11.13
Option 6 - - - 283 351 10.29 33,9 -15.60 12.07 42,2  -43.80 11.13
Option 7 - - .- 283 375 1051 33,9 -15.60 12.07  42.2 _ -43.80 11.13
Option 8 - - - 284 3.4 10.23 33,9 -15.60 12.07  42.2  -43.80 11,13
Option § - - - 28.2 3.8l 10.58 33,7 -14.82 12.67 _ 42.0 _ -42.92 11.68
Option 10 - - - 284 344 10,23 338 -14.99 12,54  42.0  -42.92 11.68
Option @ - - - 2.8 494 11.62 33,6 -14.34 13,03 41.8__ -42.44 11.98

NOTES:

! In order to estimate the general adverse response impact of motorcycles in the traffic

stream, the following assumptions were made regarding other vehicles:

Trucks are regulated as promulgated; 83 dB in 1978, 80 dB in 1982.

Buses are regulated as follows: 83 dB in 1981, 80 4B in 1985, 77 dB in 1987.

Za} Light vehicles are unregulated
b

c

2

LWP = Level Weighted Population {millions)

3
The relative changes jn impact (RCI and RCI*) are with respect to Option 1, no motorcycle
regulation, with 12 percent of the motorcycle population medified since this represents the

current estimate of modified motorcycles.

4
These numbers are given to show the change in LWP due to a reduction in the number of

modified motorcycles without concurrent reductions in the sound levels of new motorcycles.




modified motorcycles), Option § in the year 2000 shows an RCI of -20.10
percent relative to 1980 with no regulation and 12 percent modified vehicles.
Similariy, Option 5 in the year 2000 with 7 percent wodified shows an RCI* of
8.65 percent relative to the year 2000 with ne regulation and 12 percent

modified vehicles,

It may first be noted from Tables 5~7 to 5-9 that the LWP increases and
the RCI values become negative in future years even as more stringent regula-
tions are imposed. This increase lmpact means that the projected benefits
from reducing motorcycle noise emissions are expected to be overpowered by the
anticipated increase in vehicular traffic as well as population growth in the
United States between 1980 and the year 2010.

Alsg, Tables 5-7 to 5-9 shows that in terms of overall traffic noise
impact, the requlation of motorcycles results in a moderate overall reduction
in traffic noise impact due to the small motorcycle population and the domin-
ance of trucks and automobiles in the overall traffic stream, It must be
reemphasized that these estimates are for impact on nationwide aqyraegate
basis. Such aggregate reductions on a national basis do not effectively point
up the potentially significant benefits that would occur in the urban environ-
ment For situations where there is a high volume of motorcycles.

From Table §5-7 (with 12 percent modified motorcycles} it may be seen that
benefits in terms of RCI* are predicted to ranga Tron ane to four percent
depending upon the regulatory option. The benefits shown in this table are
those that would he experienced without a concurrent reduction in the number
of modified motorcyclies. MWith the exception of Option Q, Options 9 and 10
show the greatest benefits, and Options 1 and 2 the least. Options §, 7 and 9
would demonstrate benefits earlier than the others. Tables 5-8 (7 percent
modified) and 5-9 (3 percent modified) demenstrate similar trends with RCI*
benefits reaching to over 9 and 12 percent, respectively. These benefits
shown in Tables 5-8 and 5-9 are higher than those shown in Tahle 5-7 due to
the reductions in the number of wodified vehicles.

Benefits of reducing the number of modified motorcycles without con-
current noise reduction of newly manufactured motorcycles can be seen by
comparing Option 1 (no regulation} across the tables. For example, reducing
the proportion of modified motorcycles from 12 to 3 percent is found to yield
an 8.86 percent benefit in the year 2010 in terms of reduction of overall

traffic noise impact.

In Tables 5-7 to 5-9, the total United States impact is coTlapsed into a
single-value LWP - for a given year and a4 given regulatory option. In this
condensatfon, the numbers of persons exposed to different noise levels fs
lost. This population exposure informatijon is presented in Tables 5-10
through 5-20. These tables show the number of parsons in. the United States
who 1ive in specific noise exposure areas, due to traffic noise, in 3-decibel
ranges. Each table presents popufation exposure data for a separate reguia-
tory option for 12, 7, and 3 percent modified motorcycles (see Section
§,2.1.1), with Option 1 again representing the case of no noise emission
regulation. As an example to assist in interpretation of this table, under
Option 1 (Table 5-10), in the year 2000 with 12 percent modified motorcycles,
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it is predicted that 128,670,000 people will be exposed to traffic noise at
levels exceeding an Ly, of 55 dB, and 7,400,000 people will he exposed to
levels greater than an Ly, of 70 dB, Likewise, under Option 7 (Table 6-16),
in the year 2000 with an assumed 7 percent modified motorcycles, it is
expected that 116,300,000 people would be exposed to traffic noise at an Lgp
of 55 dB or above, and 6,900,000 peopie above an Lgn of 70 dB.

[t may be noted that the trends of Tables 5-10 through 5-20 follow
ciosely those of Tables 5-7 to 5-9, With the exception of idealized Option Q,
Options 9 and 10 show the most benefits, with those of Option 9 occurring
somewhat earlier. Options 1 and 2 show the Teast benefit. The tables also
show that population exposure will increase over time despite the reguiation
of motorcycie noise emissions. This is due primarily to growth in the number
of motorcycles and growth in the U. §. population. Again, substantial bene-
fits are shown as the number of modified motorcycles is decreased from 12 to 3

percent.,

5.8.2 Single Event Activity Interference

The purpose of the single event activity interference analysis is to
exaning the benefits of reducing motorcycle noise in greater detail. Here,
potential activity interference is examined separately for (1) sleep disrup-
tion, (2) sleep awakening, and {3} speech interference, both indoors and
outdoors, and pedestrian,

The single event impact estimates for motorcycles are presented for
each requlatory option outlined in Table 5-1. Summary tables (organized
identically to Tables 5-7 through 5-9 displayed previously) are presented for
each of the single event impact measurements.

6 Sleep Disruption (Tables 5-21 to 5-23)

a Sleep Awakening (Tables 5-24 to 5-26)

o Indoor Speech Interference (Tables 5-27 to 5-29)

o Outdoor Speech Interference (Tables 5-30 to 5-32)

0 Pedestrian Speech Interference (Tables 5-33 to 5-35)

The tabulated results are presented in terms of LWP, RCI, and RCI*
for four years (1980, 1990, 2000, and 2010) in the regulatory time stream.
The results are also presented for the different assumptions of 12, 7 and
3 percent of the vehicles modified. In these tables, the baseline (no regu-
lation) option is 1isted as Option 1. Also, the RCI and RCI* values are
calculated relative to the condition of 12 percent modified motorcycies since
this represents the current (1980) estimate of the proportion of modified
motorcycles,

For sleep disruption, the Level Weighted Population (LWP) and both types
of Relative Change in Impact (RCI and RCI*) appear in Tables 5-21 through
5-23. These tables show very large henefits in terms of a reduced potential
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TABLE 5-10: POPULATION EXPOSED ABOVE Ldn = 55 dB - OPTION 1

dB ol._ 88._ 85_ 82, 79._ 76._ 13._ 7T0._ 6&7._ 64._ 6l._  58._
RANGE 88, 8.~ 82, 79.7 76.° 73.” 70,7 67.° 647 61.7  58. 55.7  TOTAL
% Modified YEAR MILLIONS OF PEOPLE
124 1981 0.00 0.00 0.00 0.20 0.58 1.54 3.43 6.53 11,19 16.28  23.68 31.50  94.94
1990 0.00 0,00 0,01 0.20 0.60 1,52 3.39 6.65 11.55 18.02 27.65 37.23 106,83
2000 0.00 0.00 0.03 0.30 0.81 2.02 4.24 8.0 13,85 21,67 33.84 43,81 128.67
2010 0.00 0,00 0,07 0.45 1.3 2.2 5.5 10,08 16,77 26.07 40.71 50.04 153.58
% 1981 0.00 0.00 0.00 0.19 0.57 1.51 3.36 6.43 10,98 15.80 22,20 29.36  90.39
1990 0.00 0.00 0.0 0.9 0.58 1,46 3,27 6,41 11.12 17.01  25.33 34.24  99.61
2000 0,00 0.00 0.3 0.29 0.78 1,93 4,07 7.76 13.26 20.16 30.73 40.84 119,85
2010 0.00 0.00 0.08 0.43 1,09 2,62 5,30 9.71 16,08 24,00 37.05 47.27 143.73
] 1981 0.00 0,00 000 0.9 0.5 1.48 3,31 6,33 10.82 15,59  21.69 28.64  88.61
1990 0.00 0.00 0.0 0.18 0.5 1.41 3.7 6,21 10,80 16,52 24,26 32,93  96.04
2000 0.00 0.00 0,03 0.27 0.76 1.86 3.93 7.49 12.84 19.42 29,31 29.27 115.17
2101 0.00 0.00 0.7 0.42 1.06 2.54 513 9.42 15,66 23,24 3548 46.00 139.02

okl



TABLE 5-11: POPULATION EXPOSED ABOVE Ldn = 55 dB - OPTION 2

¥a

dB 9ol 8. 8. 8. 79._ 76._ 73._ 70._ &7._ 64._ Gl 5.
RANGE ~ 88.7 85 82.7 79. 76,7 73 70.° 67.° 64 6l 58 56.7  TOTAL
% Modified  YEAR MILLIONS OF PEOPLE
12% 1981 - - - - - - - . - - - - -
1990 0.00 0.00 0.01 0.20 0.60 1.51 3.37 6.63 11.50 17.94  27.49 37.08 105.33
2000 0.00 0.00 0.03 0.30 0.80 2.01 4.22 8.05 13.79 21.55 33.64 43.65 128.06

2010 0.00 0.00 0.09 0.45 1,22 2.71 5.49 10.04 16.71 25.94 40.50 49.92  152.95

7% 1981 - - - - - - - - - - -
1990 0.00 0.00 0.00 0,19 0.58 1.45 3.25 6.38 11.07 16.93 25.18 34,05 99.08

2000 0.00 0.00 0.03 0.29 0.78 1.92 4.05 7.72 13.20 20.05 30.52 40.61 119.16
2010 0.00 o0.00 0,08 0.43 1.08 2.61 5.28 9.67 16.01 23.97 36.82 47.08 143.03

- - -

3% 1981 - - - - - - - - - -
1990 0.00 0.00 0,00 0.18 0.56 1.40 3.15 6.18 10.75 16.45 24.10 32.73  95.50

2000 0.00 0.00 0.02 0.27 0.75 1.85 3.91 7.4 12.77 19.31 29.08 39.02 114.43
2101 0.0 D.00 ©0.07 0.42 1,05 2,53 5,10 9.37 15,59 23.11 35.23  45.79 138.28




TABLE 5-12: POPULATION EXPOSED ABOVE Ldn = 55 dB - OPTION 3

dg 91, 8.,  85._ 82._ 79._ 76._ 73._ 70, 67, 64._ 6l._ 58,
RANGE 887 85.” 8. 79 76~ 737 707 677 647 6l 8. 55.7  TOTAL
% Modified  YEAR MILLIONS OF PEQPLE
12% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.01 0.20 0.59 1.49 3,34 6.55 11.38 17.74 27.11 36.67 105.07
2000 0.00 0.00 0.03 0.30 0.80 1.98 4.16 7.95 13.63 21.23 33.11 43.22 126.40
2010 0.00 0.00 0.09 0.44 1,01 2.68 5.42 9.92 16.53 25.58 39,91 49.56 151.24
7% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.19 0.57 1.43 3.21 6.31 10.96 16.75 24.79 33.58 97.79
2000 0.00 0.00 0,03 0.28 0.77 1.89 3.99 7.61 13.03 19.76 29.98 40.01 117.34
2010 0.00 0.00 0.08 0.43 1.07 2.58 5.21 9.55 15.85 23.63 36.20 46.59 141.19
% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.17 0.5 1.38 3.12 6.10 10.63 16.28 23.71 32.24 94.19
2000 0.0 ©.00 0.02 0.27 0.74 1.82 3.86 7.34 12.60 19.03 28.50 38.36 112.53
2101 0.00 0.00 0.7 0.41 1.04 2.50 5.04 9.25 15,42 22.78 34.61 45,27 136.40




TABLE 5-13: POPULATION EXPOSED ABOVE Ldp = 55 dB - OPTION 4

dB 91, 88._  85. 82, 79._ 76._ 73._ 70._ 67._ 64._ 6. 58,
RANGE  88.~ 85.~ 82.7 79.7 76.7 73T 707 67.7 647 6l.T  s8. 5§5.7  TOTAL
% Modified YEAR MILLIONS OF PEOPLE
12% 1981 - - - - - . - - - - - - -
1990 0.00 0.00 0.01 0.20 0.59 1.49 3.34 6.5 11.39 17.75 27.13 36.69 105.15
2000 0.00 0.00 0.03 0.30 0.8 1.98 4.16 7.95 13.63 21.23 33,11 43.22 126.40
. 2010 0.00 0.00 0.09 0.44 1,11 2.8 5.42 9.92 16.53 25.58 39.91 49,56 151.24
:
n
7% 1981 - - . - - - - - - - - - .
1990 0.00 0.00 0.00 0.19 0,57 1.43 3.21 6.31 10.97 16.76  24.81 33.61  97.87
2000 0.00 0.00 0.03 0.28 0.77 1.89 3.9 7.61 13.03 19.76 29.98 40.01 117.34
2010 0.00 0.00 0.08 0.43 1.07 2.688 5.21 9.55 15.85 23.63  36.20 46.59 141.19
3 1981 - - - - - . - - - - - - -
1990 0.00 0.00 0.00 0.17 0.56 1.38 3.12 6.11 10.64 16.29 23.73 32.27  94.27
2000 0.00 0.00 0.02 0.27 0.74 1.82 3.86 7.34 12.60 19.03 28.50 38.36 112.53
2101 0.00 0.00 0.07 0.41 1,08 2.50 5.08 9.25 15.42 22.78 34.61 45.27 136.40




TABLE 5-14: POPULATION EXPOSED ABOVE Ly, = 55 dB - OPTION §

dB 91, 8.  85._ 82._ 79._ 76, 73._ 70._ 67. 64 6L, BB,
RANGE 887 85 8. 79.7 76 73.7 70.7 67.7 4. .6l B8, 55.7  TOTAL
% Modified YEAR MILLIONS OF PEOPLE
12% 1981 - - - - - - - - - - - - -
1990 0.00 0,00 0.00 0.1 0.59 1.48 3.32 6.52 11.33 17.64 26.93 36.46 104.47
2000 0.00 0.00 0.03 0.29 0.79 1.96 4.12 7.87 13.51 21.02 32.75 42.92 125.28
2010 0.00 0.00 0.08 0.44 1,10 2.65 5.37 9.84 16.41 25.35 39,52 49,31 150.07
7% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.18 0.57 1.42 3.20 6.28 10.91 16.68 24.63 33.39  97.27
2000 0.00 0.00 0.03 0.28 0.76 1.87 3.96 7.55 12.94 19.59 29.66 39.66 116.30
2010 0.00 0.00 0.08 0.42 1,06 2.56 5.17 9.49 15.76 23.45 35.86 46.31 140.15
3% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.17 0.5 1.37 3.11 6,08 10.59 16.22 23.58 32.08 93.76
2000 0.00 0.00 0.02 0.26 0.74 1.80 3.83 7,20 12.52 18.90 28.23 38.04 111.64
2101 0.00 0.00 0.7 0.41 1.03 2.48 5.0l 9.20 15.35 22.63 34.32 45.01 135.5




TABLE 5-15: POPULATION EXPOSED ABOVE Lgn = 55 dB ~ OPTION &

dB 91, 88._ B85. 8.  79._ 76._ 73._ 70._ 67._ 64._ 6l._ 58,
RANGE 88" 85.7 82.° 79.7 76. 73~ 707 67.° 64 6l.T  sB. 55.7  TOTAL
% Modified  YEAR MILLIONS OF PEOPLE
12% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.01 0.20 0.5% 1.49 3.33 6.5 11.37 17.71  27.06 36.61 104.91
2000 0.00 0.00 0.03 0.29 0.79 1.96 4.12 7.87 13.51 =21.02 32.75 42.92 125.28
2010 0.00 0.00 0.08 0.44 1.10 2.65 5.37 9.84 16.41 25.35 39.52 49,31 150.07
% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.18 0.57 1.43 3.21 6.30 10.95 16.73 24.75 33.53  97.65
2000 0.00 0.00 0.03 0.28 0.76' 1.87 3.96 7.5 12.94 19.60 29.66 39.66 116.30
2010 0.00 0.00 0.08 0.42 1.06 2.56 5.17 9.49 1576 23.45 35.86 46.31 140.15
3% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.17 0.5 1.38 3.11 6.10 10.62 16.26 23.67 32.20  94.07
2000 0.00 0.00 0.02 0.26 0.74 1.80 3.83 7.2 12.52 18.90 28.23 38.04 111,65
2101 0.00 0.00 0.07 0.41 1.03 2.48 5.01 9.20 15.35 22.63 34.32 45.001 135,51




TABLE 5-16: POPULATION EXPOSED ABOVE Lgn = 55 dB - OPTION 7

dB 9l. 88, 85, 8. 79._ 76._ 73._ 70._ 67_ 64._ 6l 58._
RANGE 88, 85. 82~ 79.7 76. 73.~ 70 7.7 64 61.T 58, 55,7 TOTAL
% Modified YEAR MILLIONS OF PEOPLE
12% 1981 - - - - - - - . - - - - -
1990 0.00 0.00 0.00 0.19 0.59 1.48 3,32 6.52 11,33 17.65 26.95 36.49 104.54
2000 0.00 0.00 0.03 0.29 0.79 1.96 4.12 7.87 13.51 21.02 32.75 42.92 125.28
2010 0.00 0.00 0.08 0.44 1.10 2.65 5.37 9.84 16.41 25.35 39,52 49.31 150.07
7% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.18 0.57 1.42 3.20 6.28 10.92 16.69 24.66 33.42  97.35
2000 0.00 0.00 0.03 0.28 0.76 1.87 3.96 7.55 12.94 19.50  29.66 39.66 116.30
2010 0.00 0.00 0.08 0.42 1.06 2.5 5.17 9.49 15.76 23.45 35.86 46.31 140.15
£ 1981 - - . - - - - - - - - . -
1990 0.00 0.00 0.00 0.17 0.55 1.37 3.11 6.08 10.60 16.23 23.60 32.11  93.83
2000 0.00 0.00 0.02 0.26 0.74 1.80 3.83 7.29 12.52 18.90 28.23 38.04 111.64
2101 0.00 0.00 0.07 0.41 1.03 2.48 5.01 9.20 15.35 22.63 34.32 45,01 135,51




TABLE 5-17: POPULATION EXPOSED ABOVE Lin * 65 dB - OPTION 8

d8 91, 88._ 85._ 8.  79._ 76._ 713._ 10._ 67._ 64._ 6l._  58._
RANGE 88, 85,7 82,7 79.7 76.” 73. 70.7 67.7 64 61.7 58. 55,  TOTAL
% Modified YEAR MILLIONS OF PEOPLC
12% 1981 - - - - - - - - . - - - -
1990 0.00 0.00 0,01 0.20 0.9 1.49 3.33 6,56 11.38 17.72 27.08 36,64 104,98
2000 0.00 0.00 0,03 0.29 0.79 1.96 4.12 7.87 13.51 21.02 32,75 42.92 125,28
2010 0.00 0.00 0.08 0.44 1,00 =2.65 5.37 9.84 16.41 25.35 39.52 49.31 150.07
™ 1981 - - - - - - - . - - - - -
1990 0.00 0.00 0,00 0.18 0.57 1.43 3.21 630 10.95 16.74 24,77 33.55 97,72
2000 0.00 0.00 0.03 0.28 0.76 1.87 3.96 7.55 12.94 19.60 29,66 230,66 116.31
2010 0.00 0.00 0,08 0.42 1.06 2.5 5.17 9.49 15.76 23.45 35.86 46,31  140.15
3% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.7 0.5 1.38 3,12 6.0 10.63 16.27 27.30 32.23 94,15
2000 0,00 0.00 0.02 0.26 0.74 1.80 3.83 7.29 12.52 18.90 28.23 38,04 111.65
2101 0.00 0.00 0,07 0.4 1.03 2.48 5.01 9,20 15.35 22.63 34,32 45,01 135.51




TABLE 5-18: POPULATION EXPOSED ABOVE Lgn = 55 dB - OPTION 9§

d8 9l. 88, 85._ 82, 79, 76._ 73._ 70._ 67._ 64._  6l._ 58,
RANGE 88 85~ 82 79.° 76 73.7 7.7 67 64 6l.7 58, 55.7  TQTAL
% Modified  YEAR MILLIONS OF PEQPLE
12% 1981 - - - - - . - - . - - . -
1990 0.00 0.00 0.00 0.19 0.59 1.48 3.32 6.52 11.33 17.64 26.93 36.46 104.47
2000 0.00 0.00 0.03 0.29 0.78 1.94 4,08 7.80 13.39 20.79 32.33 42.58 124.01
2010 0.00 0.00 0.08 0.44 1.09 2.63 5.32 9.75 16.27 25.08 39.07 49.02 148.76
7% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.18 0.57 1.42 3.20 6.28 10.91 16.68 24.63 33.39 97,27
2000 0.00 0.00 0.03 0.27 0.76 1.86 3.93 7.49 12.84 19.43 29.33 39.29 115.23
2010 0.00 0.00 0.07 0.42 1.06 2.54 5.13 9.42 15.66 23.25 35.50 46.01 139.06
3% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.17 0.55 1.37 3,11 6.08 10.59 16.22 23.58 32.08 93.76
2000 0.00 0.00 0.02 0.26 0.73 179 3.81 7.24 12.45 18.78 27.98 37.75 110.82
2101 0.00 0.00 0.07 0.41 1.03 2.47 4.98 9.15 15.27 22.49 34.06 44.75 134.67




TABLE 5-19: POPULATION EXPOSED ABOVE Lgp = 55 dB - OPTION 10

dB 91. 88._ 85._ 82._ 79._ 76._ 73._ 70._ 67._ 64._  6l._ 5B,
RANGE ~ 88.7 85~ 82.~ 797 76, 73.7 70.7 677 64" 6l  58. 55.7  TOTAL
% Modified  YEAR MILLIONS OF PEOPLE
12% 1981 - - - - - - - - - - - - -
1990 0,00 0.00 0.0l 0.20 0.59 1.49 3.33 6.55 11,38 17.72  27.08 36.46 104.47
2000 0.00 0.00 0.3 0.29 0.79 1.94 4.09 7.81 13.41 20.85 32.43 42.66 124.30
2010 0.00 0.00 0.08 0.44 1.09 2.63 5.32 9.75 16.27 25.08 39.07 49.02 148,76
7% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 0.00 0.8 0.57 1.43 3.21 6.30 10.95 16.74 24.77 33.55 97.72
2000 0.00 0.00 0.03 0.28 0.76 1.86 3.94 7.51 12.86 19.47 29.41 39.37 115.47
2010 0.00 ©0.00 0.07 0.42 1.06 2.54 5.13 9.82 15.66 23.25 35.50 46.01 139.06
3% 1981 - - - - - - - - - - - - -
1990 0.00 0.00 000 0.7 0.55 1.38 3.12 6.0 10.63 16.27 23.70 32.23 94,15
2000 0.00 0.00 0.2 0.26 0.73 1.80 3.81 7.25 12.47 18.81 28.04 37.82 111.01
2101 0.00 0.00 '0.07 0.41 2.47 4.98 9,15 15.27 22.49 34.06 44.75 134.67

1.03
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TABLE 5-20: POPULATION EXPOSED ABOVE Ldp = 95 dB - OPTION Q

dB 9l._ 88._ 8. 82, 79._ 76._ 73._ 70._ 67._ 64, 6L 58,
RANGE 88~ 8.~ 82.° 79.7 76. 73 707 67.7 64" 61T  s8. §5."  TOTA
% MODIFIED  YEAR MILLIONS OF PEQPLE
12% 1981 - - - - - . - - - - - - -
1990 0.00 0.00 0.00 0.19 0.58 1.46 3.27 6.42 11.17 17.37  26.44 35.90 102.8
2000 0.00 0.00 0.03 0.29 0.78 1.93 4.07 7.77 13.35 20.72  32.20 42.47 123.6:
2010 0.00 0.00 0.08 0.43 1.09 2.62 5.31 9.73 16.23 25.00  38.94 48.93 148.3¢
7% 1981 - - - - - . - - - - - - -
1990 0.00 0.00 0.00 0.18 0.5 1.40 3.16 6.20 10.78 16.49 24.02 32.85  95.82
2000 0.00 0.00 0.02 0.27 0.75 1.85 3,92 7.46 12.80 19.36 29.19 39.13 114.77
2010 0.00 0.00 0.07 0.42 1.05 2.63 5.12 9,39 15.62 23.17 35.35 45.89 138,62
3% 1981 - - - - -~ - - - - - - - -
1990 0.00 0.00 0.00 0.17 0.55 1.36 3.07 6.01 10.48 16.05 23.21 31.61 92.51
2000 0.00 0.00 0.02 0.26 0.73 1,79 3.79 7.22 12.41 18.71  27.84 37.58 110.34
2101 0.00 0.00 0.07 0.41 1.02 2.46 4.96 9,12 1523 22.42 33.91 44,59 134.19




for sleep disruption due to the regulaticn of motorcycle noise, These bene-
fits represent reductions in that proportion of impact that is attributable to

motorcycies alone,

The values of LWP contained in Tables 5-21 thru 5-23 are composite
numbers representing the total number of people exposed to motorcycle pass-
bys, multiplied by the number of motorcycle passby events to which they are
exposed, weighted by the degree of anticipated interference, For example, if
32 million people are exposed nightly to motorcycle passby noise, and each is
exposed to two separate passbys, and each passby has an independent proba-
bility of disrupting sleep of 40 percent, the total LWP displayed for that
situation would he 25.6 million (32,000,000 X 2 X 0.40). Each cell in these
tables represents such a composite number.

Again, the LWP values are indicators which are used to compare across
requlatory options, and are not absolute measures of benefits. To better
quantify the benefits of different regulatory options, the RCI and RCI* values
are used.

From Tables 5-21 through 5-23, the results of the analysis for sleep
disruption is summarized as follows:

o Assuming no reductions in the number of modified motorcycles (propor-
tion of modified vehicles remains at the 12 percent level), the RCI
becomes increasingly negative due primarily to increases in motorcycle
operations and U.S. population growth, This trend is offset somewhat as
increasingly stringent source emission regulations are imposed.

® With no motorcycle regulation. (Qption 1), the RCI becomes increasingly
negative even with a concurrent reduction in the number of modified

vehicles.

O The RCI values become increasingly positive as both the proportion of
modified motorcycles s reduced and as increasingly more stringent
source emission requlations are imposed.

0 Options 9 and 10 demonstrate the greatest benefits in terms of RCI*,
These henefits reach almost 50 percent in the year 2010 with no reduc-
tion in modified vehicles, and over 85 percent with an assumed three
percent modified motorcycles. The idealized Option ( adds little
additional benefit. Options 1 and 2 show the least benefit.

° In 1990, RCI* benefits range from zero te 50 percent with 12 percent
modifications, and 40 to 85 percent with an assumed 3 percent modifi-
cations, The differences between options show the effects of regulatory
lead Lime (effective dates) on near-term benefits.

© Benefits in terms of RCI* would reach in the year 2010 approximately 22
and 40 percent from reducing the proportion of modified vehicles to 7
and 3 percent, respectively, without a concurrent regulation on source

emissions.

° In terms of RCI*, benefits would reach in the year 2010 between 40 and
50 percent for the most stringent regulatory alternatives even if the
proportion of modified motorcycles were not at all reduced and remained

at the 12 percent ‘level.
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STeep Disruption Impacts with 12 percent

TABLE §-21

Modified Motorcycles

1980 1990 2000 2010

R§3€¥Sﬁ°ry wel rer? orer#? et ret? rer?® wwel ra? rer#? el Ra? rar#?
Option 1 220.9 0,00 000  428.6 -94.02 _ 0.00 599.0 -171.16 _ 0.00 687.4 -211.18 _ 0.00
Option 2 - . - 388.9  -76.05 _ 9.26  542.7 -145.68  9.40 _622.8  -181.94 _ 9.4D
Option 3 - . - 296.4  -34.18  30.84  402.9  -82.39  32.74__462.4  -109.33  32.73
Option 4 - - - 301.6_ -36.53 29,63 402.9  -82.39  32.74 462.4  -109.33  32.73
Option 5 - - - 272,2  -23.22 36,68 351.9  -59.30 _41.25  408.0 _ -82.89 41,23

; Option_6 - . - 289.8  -31.19  32.38  352.1  -59.39  41.22 404.0  -82.89 41,23
Qption 7 . - . 277.4  -25.58 35,28 351.9 59,30 41.25 404.0  -82.89 41,23
Option 8 - - . 295.1 _ ~33,59  31.15  352.1  -59.39  41.22 404.0  -B2.89 _ 41.23
Option 9 - - - 2l2.2  -23.22  36.49  316.3  -43.19 47,20 362.6 _ -64,15 _ 47.25
Option_10 - - - 295.1 _ -33,59  31.15  324.5  -46.90  45.83  362.6  -64.15  47.25
Option g - - - 230.0  -4,12 46,34 315.5  -42.82  47.33  362.0  -63.88__ 47.34

NOTES:

1 LWP = Level Weighted Population (millions)

2 The relative changes in fmpact (RCI and RCI*} are with respect to Option 1, no motorcycle regulation,

with 12 percent of motorcycle population modified since this represents the current estimate of
modifiec motorcycles.,




TABLE 5-22

Modified Motorcycles

Sleep Disruption Impacts with 7 percent

1980 1990 2000 2010

Requlatory
Option Ltwel  Re1Z2 Rerx2 Lyl RCIZ  Re1¥2 Lwpl RCI2 RCIx2  Lwpl RCIZ RCI*2
Option 1 172.33 22,0 22.0 334.23 -51.29 22.03 _ 467.03 -111.41 22,04 535.93 -142.60  22.04
Option 2 - - - 292.6  -32.46 31.73  352.2 -59.44  41.20  468.1  ~111.91 31.90
Option 3 - - - 196.3 11.14  54.20  262.7 -18.92 66,14  301.5 -36.49  56.14
Option 4 - - - 201.8 8.65 52.92  262.7 -18.92  56.14  301.5 -36.49  56.14
Option 5 - - - 174.2 21.14  59.36 215.8 2.31  63.97  247.7 -12.13_ 63.97
Option 6 - - - 190.3 13.85  55.60 _ 216.0 2.22 63,94 247.7 -12.13  63.97
Option 7 - - - 179.5 18.74 58.12  215.8 2.31  63.97 247.7  -12.13  63.97
Option 8 - - - 195.8 11.36  54.32  216.0 2.22  63.94 247.7 -12.13  63.97
Option 9 - - - 174.2 21.14  59.36 188.3 14.76  68.56  215.7 2.35  68.62
Option 10 - - - 195.8 11.36 54.32  194.7 11.86  67.50  215.7 2.35  68.62
Option Q - - . 138.1 37.48 _ 67.78_ 187.5 15.12 68,70  215.1 2.63 _ 68.71

NOTES:

1
LWP = Level Weighted Population {milldions)

2
The relative changes in impact {RCI and RCI*) are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles,

3 .
These numbers are given to show the effect of a reduction in the number of modified

motorcycles without concurrent reductions in the sound levels of new motorcycles.




TABLE 5-23

Sleep Disruption Impacts with 3 percent
Modified Motorcycles

1980 1990 2000 2010
“33§}3§°”y wel  rei?  rer? el rer® rar#® et rer® rer*® el Rer? oo
Option 1 132.13  40.20  40.20  256.5°  -16.12 40.15  358.4°  -62.25 40.17 411.13  -86.10 40,19
Option 2 - - - 213,2 3.49  50.26  297.2  -34.54  50.38  340.8 _ -54.28  50.42
Option 3 . - - 114.5  48.17 73.29 147.6 __ 33.18 75.36_ 169.3  23.36  75.37
Option 4 - - - 1200 45.68  72.00 147.6  33.18 75.36  169.3  23.36  75.37
Option 5 - - - 93.7 _ 67.57  78.13  104.2 _ 52.83 B82.60 119.5 _ 45.90  82.62
Option 6 - - - 108.9  50.70  74.50 104.3 5278 82,50 119,5  45.90  82.62
Option 7 - - - 99.4  §5.02  76.82_ 104.2 _ 52.83 82.60 119.5 _ 45.90  B2.62
Option 8 - - - 114.5 _ 48.17 73.29  104.3 __ 52.83 82.59 119.5 __ 45.90  82.62
gption 9 - - - 93.7  57.57 78.13  83.3 _ 62.30 86.10  95.0 _ 56.98 86.18
Option 10 - - - 4.5 48.17  73.29  88.1 _ 60.12 85,29 _ 95.0 _ 56.98 _ 86.18
Option Q - - - 63.1 _ 71.46  85.29  82.5 _ 62.64 89.54  94.4  57.26  86.2]

NOTES:

1 (WP = Level Weighted Population (millions)

2 The relative changes in impact (RCl and RCI*) are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles.

3 These numbers are given to show the effect of a reduction in the number of modified
motorcycles without concurrent reductions in the sound lTevels of new motorcycles.
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The second type of activity interference examined is sleep awakening.
The probability of sleep awakening s less than that for sleep disruption,
since it takes more noise, generally of longer duration, to awaken a sleeper
than it does to change the depth of sleep state.

For sleep awakening, the LWP and both RCI and RCI* results appear in
Tables 5-24 through 5-26. These tables are organized identically Lo Tabies
5-21 through 5-23. Again, the LWP values represent a composite of the number
of people exposed, the number of passby events, and the probability of an
interference occurring.

These tables show a very large reduction in potential sleep awakenings
due to the regulation of motorcycle noise. The trends in RCI and RCI* for
sleep awakening are nearly identical to the trends evidenced in Tables 5-21 to
5-23 for sleep disruption., For example, Options 9 and 10 shew the most
benefits in terms of RCI*, reaching by the year 2010 almost 45 percent assum-
ing 12 percent modified motorcycles, and over an 85 benefit assuming 3 percent
modified. The idealized option § demonstrates little additional benefit.

Another type of activity interference examined is speech interference.
Discussed separately is speech interference indoors at home, outdoors at home,
and for pedestrians along streets.

For speech interference indoors, LWP, RCI and RCI* appear in Tables
5-27 through 5-29. Again, these tables are organized identically to the
previous tables. These tables show very large benefits in terms of reduced
speech interference due to the regulation of motorcycle noise. Some of the
mare important trends are noted below:

Assuming no reductions in the number of modified motorcycles (12 percent

o TJevel), the RCl becomes increasingly negative due to increases in motor-
cycle operations and U.S. population growth. This trend is offset some-
what with increasingly stringent source emission regulations.

With no motorcycle regulation (Option 1), the RCI becomes increasingly
¢ negative even with a concurrent reduction in the number of modified
motorcycles.

The RCI values become increasingly positive as both the proportion of
o medified motorcycles is reduced and as increasingly more stringent
source regulations are imposed.

Options 9 and 10 demonstrate the greatest benefits in terms of RCI*.

o These benefits reach almost 30 percent in the year 2010 with no reduc-
tion in the proportion of modified motorcycles, and over 80 percent with
an assumed three percent modified. The idealized Option § shows 1ittle
addit;ona] benefit. Options 1 and 2 show the least benefits to be
gained.

Benefits in terms of RCI* would reach, in the year 2010, approximately 32
o and 58 percent by reducing the proportion of modified motorcycles to 7
and 3 percent, respectively, without concurrent source regulations.

In terms of RCI*, benefits would reach in the year 2010 between 2C and
30 percent for the most stringent regulatory options even if the 12
percent proportion of modified motorcycles were not reduced,
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TABLE §-24

Sleep Awakening Impacts with 12 percent
Modif ied Motorcycles
1380 1990 2000 2010
RSSE}SE"” twel  pe12 per*2  Lwpl  Re12 Rerr2 el ReI2 Rer*2 Lwpl ReI2 RCI*2
Option 1 119.0 0.00 0.00_ 230.4 -93.61 0.00 321.9 -170.50 0,00 369.4 ~210.42 0.00
Option 2 - - - 210.1 -76.55 8.81 293.0 -146.22 8.98 336.3 -182.61 8.96
Option 3 - - - 163.4 -37.31 29.08 222.4 -86.89 30.91 255.2 -114.45 30.91
Option 4 - - - 166.1 -39.58 27.91 222.4 -86.89 30,91 255.2 -114.45 30.91
Option 5 - - - 151,.0 -26.89 34.46 196.5 -65.13 38.96 2¢5.5 ~89.50 38.96
Option 6 - - - 160.1 -34.54 30.51 196.6 -65.21 38.93 225.5 -89.50 38.96
Option 7 - - - 153,7 -29.16  33.29 196.5 -65,13 38.96 225.5 -89,.50 38.96
Option 8 - - - 162.8 -36.81 29.34 196.6 -65.21 38.93 225.5 -89.50 38.96
Option 9 - - - 151.0 -26.89 34.46 177.6 -49.24 44.83 203.5 ~71.01  44.91
Option 10 - - - 162.8 -36.81 29.34 181.9 -52,86 43.49 203.5 -71.01  44.91
Optian § - - - 128.9 -8.32 44.05 171.1 -48.82 44.98 203.2 -70.76  44.99
NOTES:

1
LWP = Level Weighted Population (millions)

2

The relative changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycle regulation,

with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles.




TABLE 5-25

Sleep Awakening Impacts with 7 percent
Modified Motorcycles

1980 1990 2000 2010
RSSE122°ry el rar? rer# et ret? ror¥t wel ro? Rere® wwet rel? Rer#?
Option 1 91.5%  23.13 23.13  176.9° -48.66  23.22  247.3° -107.82  23.17  283.65  -138.32 _ 23.23
Option 2 - - ] 155.6  -30.76  32.47  216.9  -82.27 32,62  249.0  -109.24 32,59
Option 3 - - ] 107.2 9.92  53.47 1436 _ -20.67  55.39 164.8 _ -38.49  55.39
Option 4 - - - 110.0 _ 7.56  52.26  143.6 _ -20.67  55.39 _164.8 _ -38.49  55.39
Option S - - ] 96,0 19,31 58.32  119.9  -0.76  62.75_ 137.7 _ -15,71 62,72
Option 6 ; - - 1042 12.84 54.77  120.0 _ -0.84 62.72  137.7 __ -15.71 62,72
Option 7 - ] - 98.6  17.01 57.14 1199 -0.76  62.75_ 137.7 _ -15.71 62,72
Option 8 - - - 107.0  10.08  53.5  120.0 _ -0.84_ 62.72 137.7 =151 _62.72
Option 9 - - - 96.0 19.31 58.32  105.6 1126  67.19 121.0 _ -1.68  67.24
Option 10 . - - 107.0  10.08_ 53.56  108.9 8.49  66.17 121.0 __ -1.68  67.24
Option Q - : . 77.7  34.69  66.27  105.2 11,60 67.32 120.7 _ ~1,43 67,33

NOTES:

1

LWP = Level Weighted Population {millions)

2 The relative changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles.

3 These numbers are given to show the effect of & reduction in the number of modified
motorcycles without concurrent reductions in the sound levels of new motorcycles.




TABLE

5-26

Sleep Awzkening Impacts with 3 percent

Modified Motorcycles

1980 1990 2000 2010
§§%¥l%t°”y il pet? opere® wpt Rei?  per*® Lwel ret? pers? el mer? perx?
Option 1 68.7  42.30 42.30 132.8  -11.60 42.36 185.6  -55.97 42.34 213.1  -79,08 42.3l
Option 2 - - - 10.8  -6.89 51.91 154.2  -29.58 52,10 177.0  -48,7  52.08
Optien 3 - - . 60.9  48.82 73.56  78.9  33.67 75.48  90.7 _ 23.82  75.46
Option 4 - - - 63.7  46.47 72.35  78.9 33,67 75,48 90.7  23.82  75.46
Option 5 - - - 50.8  57.34  77.96  57.4  51.75 82.16  65.9  44.63 82.1§
Option 6 - - . 6.2 51.13 74.76  57.5  51.68 82.14 5.9  44.63 82.16
Option 7 - - - 53,5 65.03  76.78  57.4  51.75 82.16 5.9  44.63  82.16
Option 8 - - - 61.0  48.76 73.54  57.5  51.68 82.14  65.9  44.63 82.16
Option 9 - . - 50.8  57.34  77.96  46.7 __ 60.75 85.49  53.5  55.08_ 85.53
Option 10 - - : 61.0  48.76  73.54  49.2 58,66  84.72  53.5 _ 55.08  85.53
Option 0 - - - 3.3 70.48 84.75  46.3  61.07 85.61  53.2  55.33  B6.61

NOTES:

1w = Level Weighted Population (mil1lions)

z The relative changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycle regulation,

with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles.

3 These numbers are given to show the effect of a reduction in the number of modified

motorcycles without concurrent reductions in the sound levels of new motorcycles.
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TABLE 5-27

Indoor Speech Interference Impacts with 12 percent
Modified Motorcycles

1980 1990 2000 2010
Regulatory 1 2 2 ol 2 2 1 2 2 ol 2 2
Option el rer? ReI#E Lwp RC1 el Ll Ra rei*? Lt Rel RCL*
Option 1 22.5% 0,00 0.00 43.9% .95.15  0.00  61.6° -174.08 _ 0.00  71.0° ~215.70 0.0
Option 2 - - - 42,3 -87.95  3.69  59.4  -163.98 3.6 68.4 _ -204,09 _ 3.68
Option 3 - - - 37.6 -67.27 14.29  52.3  -132.55 15,15  60.2 _ -167.85 15.15
Option 4 - - - 37.9  -68.43 13.69  52.3  -132.56 15.15  60.2  -167.85  15.15
Qption 5 - - - 35.7  -58,87 18,59 48.3  -114.72  21.66 _ 55.6  -147.0  21.63
Option 6 - - - 37.1  -65.00 15.45  48.3  -114.76_ 21,64 _ 55.6  -147.40 21,63
Option 7 - - - 36,0 -60.07 17,98  48.3 _ -114.72_ 21.66 .55.6  -147.40 21,63
Option 8 . - - 37.4 _ -66.20 14,83 48,3 _ -114.76  21.64  55.6 _ -147.40 21,63
Option 9 - - - 35.7 -58.87 18.59  44.3  .96.89 28.16 51.0  -126.68  28.20
Option 10 . . - 37.4__ ~66.21 14.83  45.2 _ -100.93 26,69 51.0  -126.68 28,20
Option Q - - - 31.6  -40.42 28.05  44.0  -95.69 28,60 50.7  -125.48 _ 28.58

NOTES:

1 LWP = Level Weighted Population {millions)

2 The relative 'changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycle requlation,
with 12 percent of the motorcycle population madified since this represents the current estimate of

modified motoreycles.

3 These numbers are given to show the effect of a reduction in the number of modified
motorcycles without concurrent reductions in the sound levels of new motorcycles.
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TABLE 5-28

Indoor Speech Interference Impacts with 7 percent
Modified Motarcycles

1980 1990 2000 2010
RSS§§2§°ry el rcI?  rerx2 Lwpl Rc12  meI*2 Wl Rrer2 ReI*2 el RCIZ  RCI*2
Option 1 15,33 32,01 32.01 29.93 -32.77 31.97 42,03 -86.53 31.94 48.33 -114.94 31.92
Option 2 - - - 28.2  -25.34 35,77 39.6 _ -76.03 35.77 45.6  -102.93 35.72
Option 3 - - - 23.5 -4.49  46.46  32.5  -44.38  47.32 37,4 -66.43 47.28
Option 4 - - - 23.8  -5.69 45.84 32.5  -44,38  47.32 37.4  -66.43 47.28
Option 5 - - - 22.0 2.36 _49.97 29.2  -29.79 52,64 33.7  -49.62 52.61
Option 6 - - - 23.1 -2.67 47,39 29.2  -29.84 52.63 33.7  -49.62 52,61
Option 7 - - - 22,2 1,16 49,39 29.2  -29.79 52.64 33.7 _ -49.62 52.61
Option 8 - - - 23.4 -3.82  46.80  29.2  -29.84 52.63 33.7  -49.62 52.61
Option 9 - - - 22.0 2.36 49.97 26.4  -17.16 567.?5 30.3  -34.90 57.27
Option 10 - - - 23.4 -3.82 46,80 27.0 _ -20.05 56.20 30.3 _ -34.90 57.27
Option 0 - - - 18.8 16.45 57.19 26.1  -16.01 57.67 30,1 -33.66  57.66

NOTES:

1
LWP = Level Weighted Population {millicns)

2
The relative changes in impact (RCI and RCI*} are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles.

3
These numbers are given to show the effect of a reduction in the number of modified
motorcycles without concurrent reductions in the sound levels of new motorcycles.




TABLE 5-29

Indoor Speech Interference Impacts with 3 percent
Modified Motorcycles

1980 1990 2000 2010
RSE??Eﬁ“"y wel  rer? orer*? el rer? et el rer? ek el Ret? mersl
option 1 9.43 58.15 58.15  18.4° 18.41 58.19 25.8° -14.67 68.16  29.71 .32.10 58.15
Option 2 - - - 16.7 26,19  62.18 23.4 - 3.95  62.07 _ 26.95  -19.61 62.04
Option 3 - - - 11,9 46.91 72.80 16.2  27.88 73.69  18.70  16.B5 73.66
Option 4 - - - 12,2 4571 72,18 16.2  27.88 73.69  18.70  16.85 73.66
Option & - - - 10.7  52.47 75.64 13.6  39.75 78.02  15.63  30.50 77.99
Option 6 - - - 11.6  48.42 73.57 13.6 39,71 78.00 _ 15.63 _ 30.50 77.99
Option 7 - - - 11,0 51,31 75,05 13.6  39.75 78.02 _ 15.63  30.50 77.99
Option 8 - - - 11.9  47.22  72.96 13.6 _ 39.71 78.00  15.63  30.50 77.99
Option 9 - - - 10.7 52,47 75.64 11.7  48.02 81.08  13.44  40.24 81.07
Optfon 10 - - - 1.9 47.22  72.96 l12.1  46.11 80.34  13.44  40.24 81.07
Option Q - - - 8.3  62.92 81.00 11.4  49.27 81.49  13.15  41.53 81,48
NOTES :

1 LWP = Level Weighted Population (millians)

2 The relative changes in impact (RCI and RCI*) are with respect to Optfon 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate of

modi fied motorcycles.

3 These numbers are given to show the effect of a reduction in the number of modified
motorcycles without concurrent reductions in the sound levels of new motorcycles.




The results of the analysis for speech interference outdoors and for
pedestrian speech interferance are displayed in Tables 5-30 through 5-32 and
Tables 5-33 through 5-35, respectively. The trends in these tables are
nearly identical to the trends for indoor speech interference. For example:

o For outdoor speech interference, Qptions 9 and 10 demonstrate the
largest benefits, and Options 1 and 2 the least. By the year 2010,
Options 9 and 10 show RCI* values of over 40 and 80 percent for assump-
tions of 12 and 3 percent modified motorcycles, respectively. Option Q
shows some additional benefit.

o For pedestrian speech interference in the year 2010, benefits in terms
of RCI* for Options 9 and 10 reach over 65 and 85 percent for assumed 12
and 3 percent modifications, respectively.

o For outdoor speech interference, RCI* benefits would reach by the year
2010 over 23 and 43 percent for assumed 7 and 3 percent modifications,
respectively, even with no regulation of motorcycles. Likewise, for
pedestrian speech interference benefits of over 8 and 14 percent are
demonstrated.

o For cutdoor speech interference, RCI* benefits would by the year 2010
range over 30 to 40 percent for the most stringent regulatory options
with no reduction in the proportion of modified motorcycles, Likewise,
for pedestrian speech interference, benefits would range from 5% to over

65 percent.

5.9 Analysis of Noise Impact of Motorcycles Used Off~Road

This analysis adddresses the impact of regulations to limit the noise
from motorcycles used off-road. MNoise from off-road use of motorcycles is
considered to be a problem of significant propertions. In a survey of 250
senior Federal and state managers of public lands, forests, lakes, parks,
and wilderness areas of the Unfted States regarding the adverse effects of
off-road recreational vehicles (which include other factors besides noise),
trail motorcycles were rated as the "most urgent problem for them to solve"
(Reference 39), Minibikes (considered as motorcycles in this analysis) and
snownobiles (when in season) were listed as second and third priorities, with
about one half the frequency of response.

In a survey that addressed public attitudes toward different noise
sources, the largest number of respondents said they were "very much" annoyed
by noise from trail metorcycies, even though motorboats, automobiles, and
children were heard "more often" by respondents. A total of nearly 30 of the
113 pecple hearing trail motorcycles said they were "very much" annoyed, and
approximately 10 of the remaining persons said they were annoyed "quite a lot"

(Reference 40),

In a U.5., Forest Service study, seven experienced recreation guards
at the Oregon Dunes National Recreation Area rated the noisiness of dune
buggies as to acceptance by the public (Reference 41). While moving at 10 mph
up a grade, the dune buggies were accelerated full throttle for a distance of
50 feet. The listeners were placed 50 feet from tha midpoint of the accelera-
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TABLE 5-30

Modified Motorcycles

Outdoor Speech Interfarence Impacts with 12 percent

1980 1890 2000 2010
RS§€}2E°”” el rer?  rer?? wel et rer!? et por? rei*2 Lwel  per? RCI*
Option 1 8.4 0,00 0,00 16.3 _ -95,31  0.00 23,1 175,52 _ 0,00 26,7 -218.67 _ 0,00
Option 2 - - - 15.4  -84.20  5.69 21.7 -159.62 _ 5.77 25.1 -200.26 _ 5.78
Option 3 - - - 12,7 -51.69 22.34 17.5 -109.66  23.90 20.3  -142.17 _ 24.01
Option 4 - - - 12.9  -53,60 21,36 17.5 -109.66 23.90 20,3  -142.17 _ 24.01
Option § - - - 11.8 _ -40.57 28.03 15.6 _ -85.99 32,49 18,0 -114.56  32.67
Option 6 - - - 12.4 _ -48,70  23.87 15.6 _ -85.99 32.49 18.0 -114.56  32.67
Option 7 . . - 11.9  -42.80 27.05 15.6  -85.99 32.49  18.0 _ -114.56 _32.67
Option 8 - - - 12.6_ -50.43  22.95 15.6 _ -85.99  32.49 18,0 -114.56 32,67
Option 9 - - - 11.8  -80.57 28.03 13.7  -63.16 40.78 15.7 _ -88.14 40.96
Option 10 - . - 12.6 _ -49.41 22.95 14.1  -68.42  38.87 15.7 _ -88.14 40.96
Option Q - - - 9.3 11,51 42,91 12.9  -54,55 43,90 14,9 _ -78.46 _43.99
NOTES:

Liwp = Leve) Weighted Population {millions)

2 The relative changes in impact {RCI and RCI*) are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles,




TABLE &-31

Outdoor Speech Interference Impacts with 7 percent
Modified Motorcycles

1980 1990 2000 2010
R§3!13§°ry el rer? orer? el ra? rer? el rei? mer? et a2 Ror?
Option 1 6.45_ 23.83 23.83  12.4°  -48.70  23.87 17.6°  -109.90 23.82  20.3° -142.77 23,82
Option 2 - - - 115 -36.98  29.87 16.2 _ -93.16 29.89 18.7  -123.52  29.86
Option 3 . - - 8.7 -3.44 47.04  11.8  41.53  48.63  13.7  -63.52  48.69
Option 4 - - - 8.8 -5.36_ 46.06_ 11,8  -41,53  48.61 13,7 -63.52 48,69
Option 5 - - - 7.8 6.71 _ 52.23  10.0  -20.01 56.44 11.6  ~38.30  56.60
Option 6 - . - 8.4 -0.71 _48.44 10.0  -20.01 56.44 11.6 _ -38.30  56.60
Option 7 - - - 8.0 4.81 _51.26  10.0 __ -20.01 56.44 11.6  -38.30  56.60
Option 8 - - - 8.6 -2,59 47,47 10.0__ -20.01 56.40 11.6 _ -38,30 56,60
Option 9 - - - 7.8 6.71  52.23  B.4  -0.73  63.44 9.7  -16.02  63.59
Option 10 - - - 8.6 2,50 47.47 8.8 5.10 61.85 9.7  -16.02  63.59
Option Q - - - 5.6 33.16  65.78 7.7 8.27  66.71 _ 8.8 -5.77__66.81

NOTES:

11w = Level Weighted Population (millions)

2 The relative changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycie population modified since this represents the current estimate of

modified motorcycles,

3 These numbers are given to show the effect of a reduction in the number of modified
motorcycles without concurrent reductions in the sound levels of new motorcycies,
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TABLE 5-32

Outdoor Speech Interference Impacts with 3 percent
Modified Motarcycles

1980 1990 2000 2010
R§3¥}3§°"y et rar® rerx® el rer? rorf et war? rere? el ra? e
Option 1 4.7 43.50  43.50 9.2° .10.39 43.48  13.0° -55.87 43.43 15.1°  -80.49 43,36
Option 2 - - - 8.2 1.69  49.66  11.6  -38.66  49.67  13.4  -50.53 49,62
Option 3 - - - 5.4 3580 67.14 7.2 14,15 68,84 8.3 0.88 _ 68.90
Option 4 - - - 5.5  33.9 66,19 7.2 14.15 68.84 8.3 0.88__ 68.90
Option 5 - - ~ 4.6 45.19 71,94 5.5  33.85 75.99 6.4 23.74  76.07
Option 6 - - - 5.2 38.21 68.37 5.5  33.79 75.97 6.4 23.74 _ 76.07
Option 7 . - - 4.7 43,23 70,94 6.5  33.85  75.99 6.4 23.74 76.07
Option 8 - - - 5,3 36.36 67.42 5.5  33.79 75.97 6.4 23.74_ 76.07
Option 9 - . . 4.6 45.19 71.94 4.2 50,33 81.97 4.8 42.89 82,08
Option 10 - - - 5.3 36.36 67.42 4.5  46.58  80.61 4.8 42.89  82.08
Option Q - - - 2.5  69.6% 84,46 3.4 59.68 85.37 3.9  53.57  85.43

NOTES:

2 The relative changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycle regulation,

LWP = Level Weighted Population (millions)

with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles.

3 These numbers are given to show the effect of a reduction in the number of modified

motorcycles without concurrent reductions in the sound levels of new motorcycles.
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TABLE 5-33

Pedestrian Speech Interference Impacts with 12 percent
HModified Motorcycles

1980 1990 2000 2010
Sation et rei? rer? uel mc? g uel re? o wel me?rerd
Option 1 16.3 0.00 0.00 32.0 -95.8%  0.00 45.1 -177.40 0.00 52,2 -219.90  0.00
Option 2 - - = 29.2 1875 8,72 41,2 -151.99 8.82  4].7 -191.79 _ B.79
Option 3 . e - 192 -17.51 39.99 25.9  -58.30 42,72 20.9  -83.22 42,73
Option 4 - = - 19.8 -21.00 38.21 25.0 -58.30 4272 29.9 -83.22 42.73
Option 5 - = .~ 163 _ 0.43_49.16 19.6 _-20.15 56,53 22.7 38,82 56,60
Option 6 s - - 184 -12.68 42.46 19.6  -20.27 56,48 22.7 _ -38.82 _56.60
Optian 7 - - - 16.8__-3.06 47.37 19.6 -20.15 56,53 22,7 -38.82 56,60
Option 8 - = - 19.0 -16.1_ 40.68 19.6 _ -20.2] 5648 _22.7  -38.82 5660
Option 9 - - =163 __0.43 49.16 4.9  8.57 6692 17.2 _-5.21 67.11
Option 10 - e - 19.0 -16.1] 40.68 16.0 _ 2.02 6455 17.2 _ -5.21 67.11
Option Q o - - 87 -4.48 72.67_11.6 _ 28.84 74.25 13.4  17.88 74.33

NOTES:

L WP = Level Weighted Population (millions)

2 The relative changes in impact (RCI and RCI*} are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate of

modified motorcycles.
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TABLE 5-34

Pedestrian Speech Interference Impacts with 7 percent
Modified Motorcycles

1980 1990 2000 2010
R83€}2§°ry el Rrc12  pei*2  pypl RC12 RCI*2 Lwpl  RCIZ RCI*2  Lypl RCIZ RCI*2
Option 1 15.13  7.78 7,78 29,53 -80.77  7.69  41.73 -155.24 7.64  48.33  -195.59 7.6
Option 2 - - - 2.6 -62.77 16.89 37.5 -129.52 16.95 43.4  -166.01 _ 16.9
Option 3 - - - 16.1 1.7 49.81 21.4  -30.92 52.63 24,8 -51.68 52.6
Option 4 - - - 16.7 -1,95 47.94 21,4  -30.92 52.63 24,8 -51.68  52.6
Option 5 - - - 13.1 19.96  59.13  15.0 7.90 66,67 17.4 -6.49 _ 66.7
Option 6 - - - 15.3 6.61  52.31 15.1 7.78  66.63  17.4 -6.49 _ 66.7
Option 7 - - - 13.7 16.29  57.25 15.0 7.90  66.67  17.4 -6.49  66.7
Option 8 - - - 15.9 2.94  50.44  15.1 7.78  66.63  17.4 -6.49 _ 66.7
Option 9 - - - 13.1 19.96  59.13 10.4 36,07  76.87  12.0 26.52 77,0
Option_10 - - - 15,9 2.04  50.44 11,5  29.64  74.54  12.0 26,52 71.0
Option § - - - 5.4 66.76 83.03 6.9  57.46 _ 84.61 8.0 50.94  84.7

NOTES:

1
LWP = Level Weighted Population (millions)

2
The relative changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycie regulation,
with 12 percent of the motorcycle population mcdified since this represents the current estimate of

modified motorcycles.

3 A L ‘e
These numbers are given to show the effect of a reduction in the number of modified
motorcycles without concurrent reductions in the sound levels of new motorcycles.




TABLE 5-35

Pedestrian Speech Interference Impacts with 3 percent
Modified Motarcycles

1980 1990 2000 2010
R§§313E°ry wel  ret? rat? wel rat? rer® el rei? mer® el Rarf Rore?
Option 1 14,05 14,39 14.39 27.43  -67,91 14.26 38.7° -137.23 14.16 44,9 -174.89  14.07
Option 2 - . - 24.4  -49.17 23.83 34,4  -110.47 _23.84 39.9  -144.09 23.70
Option 3 - - - 13.417.76_ 58.01 17.7 -8.14 _ 60.87  20.5  -25.35  60.82
Option 4 - - - 141 13.96  56.07 17.7 -8,14 _ 60.87 20.5 _ -25.35 60,82
Option 5 - - - 10,4 36.19  67.42 11.2 31.23_ 75.12 13.0  20.33 75.10
Option 6 - - - 12.6 __22.72  60.54 11.3 31,05 75.05 13,0 20,33 75.10
Option 7 - - - 11.0 _ 32.39  65.48 11,2 31,23 75.12 13.0 _ 20.33 7510
Option_8 . . - 13,2 18.92  58.60 11.3 31,05 75.05  13.0 20,33 75.10
Option_9 - - - 10,4 3619 67.42 6.7 58.85  85.11 7.7 52.76 _ 85.23
Option 10 - - - 13.2  18.92_ 58.60 7.8 52,50 82,81 7.7 52,76  85.23
Option Q - - - 2.7 83.52 91.59 3.1 81.13  93.17 3.6 _ 78.24  93.20

NOTES:

1 LWP = Level Weighted Population (millions)

2 The relative changes in impact (RCI and RCI*) are with respect to Option 1, no motorcycle regulation,
with 12 percent of the motorcycle population modified since this represents the current estimate

of modified motorcycles.

3 These numbers are given to show the effect of a reduction in the number of modified
motoreycles without concurrent reductions in the sound levels of new motorcycles.




tion, perpendicular to the dune buggy path. The results of this experiment
show that A-weighted sound levels ranging from 90 to 95 dB are the threshold
of unacceptability to most users (Figure 5-1§),

It is estimated that approximately one half of all recreational off-road
vehicles {ORV) use in the Unfted States takes place on lands administered by
the Bureau of tand Management (BLM). BLM lands comprise some 20 percent of
total U.S, land area, accounting for about 60 percent of all lands owned by
the Federal government. Over half of DRV use takes place in the following
areas; Alaska, western Arizona, southern California, southern Nevada, and
central Utah.

5.9.1 Distribution of 0ff-Road Motorcycle Sound Levels

Sound levels of new non-competition off-road motorcycles are not largely
dependent upon the size of the vehicle. Because of the limited sample size
of off-road motorcycles, the assumptions used for street motorcycles in
approximating the energy-average level from the median level is invalid.
Therefore, the energy-average level 1is determined directly from the measured
levels in Apppendix C. The data in Appendix C for new off-road motorcycles
manufactured ¥n 1975 and 1976 have an energy-average acceleration A-weighted
sound level {SAE J-33la) of 92.5 dB at 50 feet. Off-road motorcycles with
displacement of 170 cc are slightly lower.

Exhaust-modified off-road motorcycles are assumed to have the same
SAE J-331a sound level distribution as exhaust-modified street motorcycles
{shown in Figure 5-3), with & median acceleration sound level of 94 dB. The
standard deviations for the unmodified and exhaust modified off-road motor-
cycles are assumed to be the same as those for street motorcycles (shown in

Table §5-2).

Representative acceleration sound levels are assumed to be 3 dB lower
than the SAE J-331a acceleration levels, the same assumption as was made for
street motorcycles (see Appendix G).

In 1978, off-road mileage by motorcycles was approximately 12.0 million
miles daily and was made up of contributifons from street, dual-purpose, and
off-road vehicles (Reference 42Z)., Table 5-36 shows the off-road motorcycle
mileage mix as estimated by the Motorcycle Industry Council (MIC). According
to WIC, 50% of all off-road mileage in that year was accumulated by street and
dual-purpose motorcycles. Thus, regulation of motorcycles designed for use on
streets will have a significant effect on reducing the impact from off-road
motorcycle usage. Representative acceleration sound levels from street and
dual-purpose motorcycles were discussed in section 5.2.1.

The use of motorcycles that are designed for competition use in off-road
areas also contributes te nofse impact in such areas. A-weighted sound levels
of competition-type motorcycles generally exceed 90 dB, with many exceeding
100 dB.,  Such levels dramatically increase the detectabiiity distances of
these vehicles (discussed 1n Sectfon 5.9.2), resulting in relatively large
land areas being impacted. Although the numbers of competition motorcycles
that are used off-road are not known, most land management officials contacted
by EPA reported that such vehicles constitute a very significant part of the
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TABLE 5-36 OFF-ROAD MOTORCYCLE MILEAGE MIX - 1978

1
i
]
1
i
]
1
1
!
]
]
1
1
]
1
t
]
1
1

L
! Mileage Estimates
1] T
! Daily ! Fraction
Motorcycle Type ' {Millians) ! of Total
] i
L ]
Street- lUse ! !
{On-Highway) : 2.7 : 22%
Dual-Purpose ! 3.3 : 28%
1
Off-Road ' 6.0 ! 50%
{Off-Highway) ! . !
1 ]
*Total 12.0 ! 100%

{Source: Reference 42)
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of f-road vehicle noise problem. Labels and other means of distinguishing com-
petition motorcycles from off-road motorcycles, combined with well-planned
and enforced jand use restrictions, are considered to be the most effective
means of dealing with the problem of competition motorcycles used in off-road
areas.

5.9.2 Detectability Criteria

0ff-road motorcycle operations often occur in areas with otherwise
Jow ambient levels, near quiet suburban areas or more remote areas where
people are hiking, camping, and pursuing other activities where man-made
sounds are usually undesirable. In such situations, motorcycle noise is
perceived by the listener as deing alien to the environment and therefore an
objectionable intrusion. For these reasons, "detectability" is considered
to be the best descriptor of the impact of off-road motorcycle operations. In
these situations, the criterion level for impact is the sound Tevel at which a
motorcycle can be discerned from the background by the listener, i.e., the
minimum level at which it is detectable.

"Detectabflity distances” can be calculated for various types of vehicles
in recreation areas with low ambient noise levels (References 43 and 44).
Under "typica!" forest conditfons where the background A-weighted sound level
1s assumed to be 40 dB, detectability distances of 1400, 2600, and 3900 feet
are reported for motorcycles with acceleratien sound levels at 50 feet of 74
d3, 83 dB, and 93 dB, respectively (Reference 43). Detectability distance s
defined as the distance at which 50 percent of the listeners with a "40
percent hearing efficiency" would detect a given sound level with a 1 percent
false alarm rate. A "40 percent hearing efficiency" means a person not only
has good hearing but 1s & "good listener," i.e., the person s listening
carefully for the sound.

Because they are not necessarily concentrating on sounds, a more typical
value of "hearing efficiency" for persons in remote or rural areas would be
20 percent. If a 20 percent efficiency 1s assumed, the above described
detectability distances are reduced by a factor of about two (Reference 45}.
Therefore, detectability distances of 700, 1300, and 1950 feet from motor-
cycles with acceleration A-weighted sound levels of 74 dB, 83 dB, and 93 dBf
at 50 feet, respectively, are assumed to apply in gquiet remote areas, with
typical forest background levels of 40 dB. In other areas, such as camp-
grounds, small towns, and quiet suburban communities, the background sound
Tevels are assumed to be on the order of 50 dB. 1In these areas, the detect-
ability distances are reduced to approximately 400, 700, and 1150 feet from
motorcycles for the same acceleration sound levels.

Figure 5-17 {llustrates the assumed relationship between the detecta-
bility distances and the 50-foot acceleration sound Tevels in a 40 dB and a 50
dB ambient noise level environment. For purposes of analysis, it s assumed
that all persons within the detectability distances will perceive the motor-
cycle noise and that none beyend the detectability distance will perceive the

noise.
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5.9.3. O0ff-Road Motorcycle Operations

Off-road motorcycle riding typically consists of numerous low-speed, near
full throttle accelerations interspersed with quieter cruise and deceleration
operations., Figure 5-18 illustrates two cases of interest: the case of a
motorcycle being used on a trail or cross-country, and the case of a motor-
cycle operating within an ORV area where other ORVs are also likely to be
operating at the same time. The circles findicate the distance from each
acceleration at which noise exceeds a given criterion level, i.e., the
criterion distance.

In the case of a motorcycie being operated on a trail, it can be seen
that if the criterion distance is Targe enough s0 that it is a significant
fraction of the straight-line distance between accelerations, the impacted
area 1s approximately the sum of the straight-line distances between ac-
celerations nultiplied by double the criterion distance for the low-speed,
high acceleration case. Detectability as a criterion satisfies this condi-
tion. Detectability distances for off-road motorcycle noise are on the order
of one-half mile, which is typically a significant fraction of the straight-
line travel distance, This model of a typical impacted area is assumed
to apply for trail and cross-country riding. All persons within the impacted
area are impacted at least once with noise above the criterion level,

For the case of motorcycles being operated in an off-road vehicle
area, it is assumed that all persons within the boundaries of the area are ORV
operators who are not greatly annoyed or otherwise impacted by ORV noise.
Therefore, the impacted area would be the area bordering the ORV boundary that
is within the criterion distance of the boundary, i.e., its size is the
criterion distance multiplied by the approximate perimeter of the ORV area.
It can be seen that the relative reduction in areas impacted above a criterion
level when a motorcycle is quieted a given amount is the same for operations
on the trail or a relatively large ORV area.

5.9.4 Estimate of Current Noise Impact

The impact of noise from off-road motorcycle operations requires a

slightly different method to quantify "people impact" of off-road motorcycles

: than was used in the street motorcycle analysis. A model to estimate the
i impact was developed as described below.

For 1]llustrative purposes, it can be assumed that, on the average, there
are three motorcyclists riding together. Accordingly, three motorcycles
operating together have the effect of reducing the total mileage by a factor
of three {i.e., the total effective daily mileage becomes 40 million miles).
Further, the combination of motorcycle types assumed to be operating together
will affect the detectability distance. Since no data are currently available
to determine the likely combination of motorcycle types, an equivalent motor-
: cycle noise level is derjved from available statistical data concerned with
! the usage and the noise levels of motorcycles operating in off-rpad areas.
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An equivalent noise level for all off-road usage is computed by summing,
logarithmically, the “weighted" 1ndividual motorcycle noise levels produced by
each of the types of motorcycles used off-road. The noise level weightings
account for the distribution of off-road usage by motorcycle type and for
the percentage of motorcycles with and without modified exhaust systems.
The individual motorcycle noise ltevels and weightings used te compute the
equivalent noise tevel are shown in Table 5-37. For exampie, the current
levels are generated from street and dual-purpose motorcycles, making up 50
percent of the total, and off-road motorcycles, making up the other 50 percent
Of the street and dual-purpose motorcycles, 88 percent have unmodified
exhaust systems with an energy-average sound level of 79 dB {Section 5.2.1).
The remaining 12 percent of the street and dual-purpose motorcycles have
modi fied exhaust systems with energy-average A-weighted sound levels of
94.2 d8 (Figure 5-3). The corresponding values of off-road motorcycles are 74
percent unmodified at 89.5 dB, and 26 percent modified at 94.2 dB (Figure
5-2) The equivalent noise level for this combination of unmodified and mod-

jfied vehicles 15 89.4 dB.

Again, for apalytical purposes, it s assumed that, on the average there
are three motorcyclists riding together. The three motorcycles operating
together act as a single louder noise source. However, the detectability
distance increases only about 30 percent when three sources with the same
noise level are combined while effective daily mileage is reduced to one-third
the total daily off-road motorcycle mileage. (The effect is a reduction in
impact by a factor of about 23 due to the three motorcycles assumption.)

Three motorcycles operating together with individual nofse levels of
89.4 dB8 {equivalent noise level for the combination of unmodified and modified
motorcycles} act as a single source emitting 94.2 dB (an increase of 4.8 dB).
When this eqivalent nofse level is used for all off-road motorcycles, the
resulting detectability distances for the 40 dB and 50 dB ambient noise level
environments are determined to be 2157 feet and 1237 feet, respectively, from
the curves shown in Figure 5-17.

As described above, the land area that is exposed daily to noise above
the detectability levels is the product of the width of the detectability path
{i.e., twice the detectability distance) and the effective daily off-road
mileage ({.e., the total daily mileage divided by 3).

Because some of the daily off-road miles will overlap, i.e., the same
or other motorcycles will impact the same area more than once, it is assumed
that the land area exposed to motorcycle nofse is reduced by a factor of
50. It 1s further assumed that approximately 95 percent of the total off-road
mj leage by matorcycles occurs in areas where the ambient noise level is
typically 40 dB (such as forest and other rural areas) with the remaining
5 percent occurring 1n 50-dB ambient noise level environments {such as camp-
grounds, small towns, and quiet suburban areas).

Additionally, the population density of the areas with 40-dB and 50-dp
ambient noise levels s assumed to be 20 and 1000 persons per square mile,
respectively. 0On the basis of the above assumptions, it is estimated that
approximately 64,000 square miles of land area and approximately 3.12 million
people are expused daily to noise above detectability levels Ffrom off-road
motorcycle operations as shown in Table 5-38.
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TABLE 5-37

MOTORCYCLE NOISE LEVELS AND WEIGHTINGS USED TO COMPUTE
EQUIVALENT NOISE LEVELS; CURRENT NOISE IMPACT ANALYSIS

Percent of Total

Percent With and

A-Weighted Acceleration Noise
Levels at 50 Ft. dB

Standard

Energy-Average

1 [] ]
1 [] ]
] 1 1

'Motorcycle f ' Without Modified '  Mean

|_Type ' Motorcycle Usage ‘' Exhaust System '  Lep ' Deviation ' Equivalent' L,
(] 1] 1] [) []

'Street and ' ' Unmodified ! ! !

:Dual—Purpose ! ' Exhaust - 88% ' 74 3.7 ! 79.0
[} [ ] ] ) [}

[} L] L] t [} ¥

: : ' Modified ' ‘ :

: : ! Exhaust -~ 12% ° gl 5.3 ' 94.2

L} 1 1 (]

[} ] 1 ] ] [ ]

[ ] [] [] 0 []

3 ] 1 1 1 1

! + ' Unmodified ! ' '

: ' ' Exhaust - 74% ! *k ' *k ! 89.5
’ ] ] ] [}

'Off-Road ' ' : : '

L} [} ] ) ] )

: : ' Modified ' ! :

: : ' Exhaust - 26% ! 91.0 ! 5.3 ' g4.2
1] ] L ] 1

[} ] ] L] 1 []

Total Equivalent = 89.37




TABLE 5-38
ESTIMATED NOISE IMPACT IN 1978 FROM OFF-ROAD MOTORCYCLE USAGE

' ' Low Density ' High Density ' !
: Type of Impact : 20 People/Sq. Mi : 1000 People/Sq. Mi. : Total :
: Area Exposed (sq. miles)’ 62,100 : 1,500 : 64,000 :
[} 1 ] )
] [} 1

1,24 : 1.88 : 3.12 :

1 i )

) ) 1

] 1 )

People Exqosed Above
Detectabflity Level
{mi114ons)
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5.10 Regulatory Schedules

Table 5-3% presents the regulatory options and parameters considered
in this noise impact reduction analysis. For each regulatory year considered,
two sets of data representing the percentage of off-road motorcycles with
modified and unmodified exhaust systems are assumed in the anaylses, reflec-
ting the effects of state and locai enforcement programs on the percentage of
motorcycles used of f-road with modified exhausts,

Five basic regulatory options are presented in Table 5-39. Option 1 is
the baseline, no regulatory condition. Option 2 represents a regulation
effective in 1982 with a not-to-exceed A-weighted level of 83 dB for street
and dual purpose motorcycles and 86 dB for off-road bikes., Similarly, Qptions
3 and 4, both effective in 1385, fupose 80 dB 1imits on street and dual
purpose motorcycles, with Option 3 specifying an 86 dB not-to-exceed level for
of f-road motorcycles, and Option 4 an 82 dB level. Option 5 is effective in
1990 and shows a 78 dB Timit for street and dual purpose and 82 dB for off-
road motorcycles. Mot shown on Table 5-39, but included in the analysis, is
Option Q {an idealized case) which represents the quieting of motorcycles to a
level of 10 dB below the most stringent regulatory option. Option Q is
included for comparison purposes to indicate an upper limit of benefits.

Each primary regulatory option is also broken into four subcategories
labeled A, B, C and D in Table 5-39. Options A and B differ from C and D in
that the latter options assume regulatory limits for off-road motorcycles less
than 170 c¢ at the same production level as for street and dual purpose
machines. In all cases, street and dua) purpose wmotorcycles are assumed to
constitute 50 percent of the total off-road motorcycles usage with the other
50 percent attributable to off-rcad motorcycles. In the cases of Options C
and D, 37 percent of the usage is assumed to be from off-road motorcycles less
than 170 cc, and 13 percent from bikes greater than 170 cc. Note alsc in
Tahle 5-39 that Options A and C assum no enforcement at the state and local
level (7 percent and 16 percent modified for street and dual purpose motor-
cycles and off-road motorcycles, respectively), while Options B and D assume
complimentary state and local programs.

5.11 Results of Analysis ~ Off-Road Motorcycles

The section presents the results of the analysis to assess the relative
reduction in current impact to be expected from the regulation of noise levels
prodyced by motorcycles used off-road. When detectability distance is used as
the noise impact criterion, the relative reduction in impact (RCI} is calcu-
lated in the same manner as was done for the street motorcycle analysis (see

Equation 12).

Estimates of the impact resulting from the noise reguiatory options for
motorcycles used off-road are presented in Table 5-40, This table shows the
of f-road equivalent neise level at 50 feet calculated using the procedure
outlined in Table 5-37, adjusted for the case of three motorcycles riding
together. Also shown are the detectability distances computed for the 40 and
50 dB ambient conditions (from Figure 5-17), the estimated areas impacted
{area of aural detectability of motorcycles), the number of people exposed
daily within this area (includes asswptions of 20 and 1000 people per square
mile for the 40 and 50 dB ambient conditions, respectively}, and the relative
change in impact from baseline. These noise impact estimates presented in
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Regulatory
dptinn
Code Year
1 1981
2A 1982
28 1982
2c 1982
20 1982
34 1985
3 1985
k! 1985
a0 1985
4A 1985
1] 1985
ac 1985
L]:] 1985
BA 1990
58 1890
5¢C 1990
50 1950

*1 = Federa) requlation without state and lacal programs.

TABLE 5-39

PARAMETERS USED TO ASSESS THE NOISE IMPACT OF
MOTORCYCLES USED QFF-ROAD

Enforcement  Motarcycle

Program* Type+
Hone 5,5%
X
1 $,5%
H
2 L3 ¢
X
! 5,5%
AW1T0ce
L120ee
2 5,5
X<i70ce
»170cc
3 5,8%
X
2 5,5X
X
1 5,5
K170ce
>170¢c
2 5,5
$170¢ce
0170ce
! 5,58
X
2 5,51
X
1 5,5%
K170ce
D 170ce
2 5,58
*<170cc
170ece
1 5,5
3
2 $,5%
: H
b 5,5
#<170ce
»170ec
2 5,5%
XK170ec
L1t0ce

A-Weighted
Regulatory
Noise Level™

(d8)

Nene
Nane

83
86

a3
)

a3
83
86

a3
83
86

80
B6

80
86

80
80
B6

80
80
86

B0
az

a0
a2

80
80
82

a0
80
B2

78
82

78
g2

78
78
a2

78
78
82

2 = Federal requlation with state and local praograms.
= street, SX » dual purpose, X = off-road.
**Not-to-eaceed nolse levels as measured by EPA test procedures,

*s
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Percent of
Total OfFf -Road

Motorceycle Usage

0
50

50
50

50
50

50
kY
13

50
37
13

50
50

S0
50

50
7
13

§0
37
13

50
50

50
50

50
k)
13

50
37
13

50
50

50
50

50
¥z
13

50
37
13
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TABLE 5-40

ESTIMATED IMPACT RESULTING FROM VARIOUS NOISE REGULATORY
OPTIONS FOR MOTCRCYCLES USED OFF~RDAD

Detectability, Noise Impact Estimates
Off -Road Distance, Ft
Requlatory Equivalent J
Opt ion Code Noise Level 40 dB 50 dB Area People Exposed Daily Parcent
From Table 5-39 at 50 ft (dB) Ambient Ambient Impacted Above Detectabi]it% Reduction
{From Figure 5-17) (Sg. Miles) Level (Thausands)2/ {RCI)
1 94.14 2,157 1,237 63,969 3,116 -
2A 90.67 1,750 1,032 53,094 2,595 16.73
28 88.53 1,596 923 47,343 2,317 25.64
2C 90.43 1,768 1,020 52,442 2,563 17.756
2D 88.09 1,560 903 46,277 2,266 27.27
3A 90.49 1,774 1,023 52,620 2,571 17.47
38 B8.22 1,571 909 46,603 2,282 26.78
3c 90.12 1,739 1,003 51,582 2,521 15.08
3D 87.51 1,512 B76 44 854 2,198 29.47
aA 90.08 1,736 1,002 51,494 2,518 19.20
48 87.44 1,506 872 44,676 2,188 29.78
4C 90.01 1,728 998 51,257 2,507 19.54
4D 87.28 1,493 865 44,291 2,171 30.34
5A 90.01 1,728 998 51,257 2,507 19.54
58 87.30 1,495 Boé 44,350 2,173 30.27
5C 89.88 1,717 991 50,931 2,491 20.07
5D 87.03 1,473 854 43,699 2,142 31.25
qQ 2/ 86.43 1,427 828 42,335 2,077 33.35

1/ calculated using proecedure outlined in Table 5-37, adjusted by 4.77 dB for three motorcycles
riding together (see Section 5.9.4).

2/ pssumes 20 people per square mile in the 40 dB ambient condition, and 1000 people per square
mile in the 50 dB ambient (see Section 5.9.4).

3/ Option Q represents a level 10 dB below the most stringent regulatory level.




A -

Table 5-40 are made for conditiens assuming that the entire fleet consists of
requlated vehicles. This is different from the methods used to estimate the
impact of street motorcycle noise (Section 5.8) where specified sales growth
and depletfon rates were used on a year-by-year basis, Note also that this
analysis predicts the extent of impact only. No allowance has been made for
the varying degrees of severity of exposure within the computed detectahility
areas. An artifact of this 1s that the RCI values presented in Tahle 5-40 may
seen to be comparatively lower than those values computed (Section 5.8.2)
using the single-event activity interference model which duly considers hoth
the extent and severity of the impact. Nevertheless, relative comparisons
betwtieen rief%uhtory options for the analysis of motorcycles used off-road
remain valid,

From Table 5-40, the results of the analysis show estimates of the area
impact off-read ranging from over 42,000 square miles to about 64,000 square
miles depending upon the regqulatory option. Likewise, the number of people
estimated to be exposed above the criterion level range from over 2,000,000 to
over 3,000,000 people. A1l regqulatory optlons provide significant lessening
of impact relative to the base {no regulatfon) condition. Option 5 is typi-
cally the most effective in reducing dimpact, whiie Option 2 1s the least
effective. For example, Option BA shows a 20 percent reduction in impact
compared to a 17 percent reduction for Option 2A. Option ( shows only a
slight additional benefit from that of the most stringent regulatory option
examined (Option 5D},

The results in Table 5-40 also show that regqulating off-road motorcycles
under 170 cc to a less stringent level yields less bepefit. For example,
Option 4C show a 20 percent reduction in impact compared to the 19 percent
benefit of Option 4A, QOn the other hand, the level of enforcement assumed has
a very significant effect of benefits to be expected. For example, Option 4A
with no complimentary state and local program would result in a 19 percent
reduction in impact, while Option 4B with a concurrent program is anticipated
to yield an almost 30 percent benefit. As was shown 1n the analysis of
benefits of reducing noise from street motorcycles {Section 5.8), substantial
benefits are shown as the number of modified motorcycles is decreased concur-
rent with scurce emissfon regulation.
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SECTION &
NOISE REDUCTION TECHNOLOGY

6.1 Diagnostic Evaluation of Noise Sources

Many of the manufacturers which EPA and its motorcycle technology
contractor visited have performed and/or sponsored comprehensive diagnastic
studies on motorcycle noise source contributions, and have defined the
major noise-producing components and the levels of noise produced by these
component sources both individually and in combination. The diagnostic
techniques employed for identification of noise source contributions, and the
specific noise contrel methods being employed or studied by the different
manufacturers, were presented to the EPA on a confidential basis.* Table 6-1
shows the relative contribution of these sources for 21 1976 model motorcycles
(as determined by the manufacturer of the vehicle), in three groupings:
exhaust, intake, and mechanical. In this Tisting, “mechanical” encompasses
noise radiated by the engine, power train, frame structure and equipment
carried on the frame, and also tire and wind noise, the latter two being
generally insignificant at current total vehicle noise levels. The vehicles
are Yisted in descending order of total noise level (as measured by the
J331a test); perusal of the table shows that the distributicn of noise
source contribution varies widely, and is independent of total noise level,
use category, and engine type. There is also no relationship or trend
hetween engine displacement and source contribution,

The noise reduction techniques necessary to meet a particular emission
standard will vary widely from motorcycle to motorcycle, and are very diffi-
cult to place in a generally-applicable matrix of vehicle category/subcategory
vs. noise level, For example (referring to the Table), to reduce noise
emissions of wvehicie "0" currently at 83 df to 80 d8 would require attention
primarily to the exhaust which is contributing 84 percent of the noise; this
might be attained relatively easily. On the other hand, for vehicie "H",
currently at B2 dB, the attainment of an 80 dB level would require quieting
the mechanical sources, which might constitute a major engineering effort,

6.2 Koise Reduction Technology

A review of the techniques which are in use or which can be selectively
used to quiet motorcycles {s presented in this section. HNo consideration is
given to cost, nor to the suitability of these various techniques in relation
to functional or aesthetic criteria.

Exhaust system quieting methods

Near term control of motorcycle noise emissians centers around the
exhaust system, air intake system, and the mechanical/drive components.
In approaching the noise reduction problem, manufacturers generally treat
the exhaust and 1intake noise sources first because modification of these
sources generally impact the basic model configuration least.

* Rost data was supplied by: Honda, Yamaha, Rawasaki, Suzuki and Hariey-
Dav%dsgn. Other manufacturers visited also supplied data used in this
analysis.
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NOISE SOURCE COMTRIBUTION, 1976 iMODEL MUTORCYCLES

Tablz §-1

Total Category * % Contribution of Nojse Source
Vehicle

Hoise Vehicle Use Engine Exhaust Intake Mechanical**
Leve] Reference Type

dB Letter

84 A S 45 60 3 37
43 B 5 45 35 55 10
83 c S 25 24 30 46
83 D SX 25 84 5 11
d2.5 E S 45 47 0 48
82 F S 45 30 35 35
a2 G S 25 24 3B 38
82 H S 25 6 4 90
82 I 5 25 6 f3 31
81 J 5 235 11 50 39
80.5 K SX 25 28 K} 41
80 L S 45 10 64 26
30 " 5% 48 28 18 54
80 N 5% 28 51 16 33
a0 0 5% 25 33 30 ¥
79.5 p S 45 25 18 57
79.5 0 5X 25 1 79 20
79.5 R 5 45 32 35 33
79 S S 45 26 20 54
77.5 T 5 45 66 20 14
77 U 5% 45 42 22 36

* 5 denotes Street otorcycTe
SX denotes Combination Street and 0ff-road Motorcycle
25 denotes 2 stroke
45 denotes 4 stroke

*% "Machanical" includes engine, transaission, chain, frame, ancillary

equipment, tires and wind noise.
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Exhaust nofse 1s generally reduced by using one or more of the follow-
ing technigues: increasing muffier volume, adding reactive chambers/tubes,
adding absorptive materials, restricting exhaust flow by baffles or perforated
tubes, and dampening, stiffening, or isolating outer walls, Muffler volume can
be {ncreased by: physically enlarging the shell; interconnecting header pipes
on multicylinder motorcyles (e.g., 4 into 1, 4 {nto 2 type systems), adding
cross-pipes between dual exhaust systems where applicable, or combinations of
these techniques. Interconnecting pipes change the impulse frequenclies of the
muffler in a favorable direction for improved effectiveness, but requires that
reactive elements be properly designed for the changed frequency spectrum. In
many cases redesign and modification of the muffler interior will reduce noise
levels, generally at some penalty in increased backpressure. Such techniques
include adding/ modifying reactive chambers, adding or sealing baffles,
modi fying the core pipe, inserting noise absorption lining and retaining
walls, ravising/ constricting exhaust flow, and adding elastic components.
Dampening of the shell walls can be accomplished by use of laminated material,
different material, or application of semi-viscous coatings. Stiffening of
the shell walls can be accomplished by use of ribbing or internal bracing.
Isolation can be accomplished by mounting components on elastomer supports.
The latter modifications do not reduce noise emitted from the exhaust cutlet,
but reduce radiated noise from the muffler shell,

These techniques can be summarized:
o Increase muffler volume
o Interconnect exhaust pipes
o Modify interior
0 Add noise absorptive Tining
o Increase shell thickness/rigidity
o Construct double walls
o Isolate mounting
Application of these techniques 15 not at all straight-forward, and
is in reality a very complex design problem. As an example, motorcycles
with 2-stroke engines require optimally designed expansfon chambers to
assure proper exhaust scavenging and charging of cylinders. Modification
of the exhaust system if {mproperly done could reduce performance drasti-

cally., Other modifications could create excessive back pressure, increase
weight and fuel consumption or reduce motorcycle lean angle, balance, or

ground clearance.

Intake system gquieting methods

Air intake noise can be reduced by shielding or modifying the inlet
duct, restricting or lengthening the intake path, 1increasing sheli volume,
adding baffles or absorptive materials, and dampening and/or {solating the
intake shell. The shell dampening can be accomplished by the use of thicker

6-3
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or different material, reinforcement, or double wall construction, The
techniques used to control alr intake systems can be sumarized as follows:

0 Increase volume

0 Modify inlet

o Modify interior

0 Add noise absorption lining
0 Increase wall thickness

0 Construct double walls

o Shield inlet

0 Reduce inlet area

Mechanical system quieting methods

The objective of mechanical redesign and rework is generally to reduce or
contain engine and drive interaction noise (i.e., piston slap, valve clatter
for 4~stroke models, gearing mesh, chain noise, etc.) and to reduce vibration
{resonance) noise. The effort can be minor or major, depending an model
peculiarities and degree of noise reduction required. Varfous techniques
currently 1in use and mentfoned by manufacturers as possibilities for future
models are summarized as follows; and are described in the following paragraphs:

o Stiffen/dampen fins and case webs o $tiffen crankshaft

o Change fin shapes o Redesign clutch and
transmission

o Thicken/reinforce components
o Improve chain tensioner

o Improve component mounting
o Enclose drive chain

¢ Thicken/reinforce case covers
0 Dampen/isolate chain cover

o Isolate case covers
o Stiffen/frame; isalate
o Increase lubrication engine
o Hodify piston/cylinder 0 Lower engine speed
0 Reduce tolerances/improve finish 0 Reduge specific horsepower
o Modify bearings o Liquid cooling

o Modify timing/drive belts/chains o Convert 2-stroke to
4-stroke engine

6-4
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0 Modify camshaft 0 Reconfigure engine to
reduce dynamic unbatance

¢ Reduce valve clatter forces

0 Increase flywheel mass o0 Use hydraulic torque
converter

0 Convert to shaft drive o Enclose engine

Stiffen/dampen fins and webs--Insertion of elastomer pads or metal
dowels between radiating fins to reduce fin vibration.

Change fin shapes--modification or reinforcement of fins to reduce
vibration.

Thicken/reinforce components--Modificatiaon or reinforcement to reduce
vibration.

Improve component mounting--Use of gaskets and elastomer pads to isolate
components to reduce vibration through metal to metal contact.

Thicken/reinforce case covers--Includes use of thicker material, rein-
forcement ribbings or double covers on such elements as gear covers, crankcase
covers, camshaft covers and so forth,

Isolate case covers--Use of elastomers to reduce vibration and radiated
noise,

Increase lubrication--Providing additional pressure lubrication to
reduce mechanical interaction noise.

Modify pisten/cylinder--Modify piston/cylinder confiquration to reduce
piston slap,

Reduce tolerances/improve finish--Reduce tolerances, or improve finishes
of gears, bearings and so forth to reduce mechanical interactfon nofse.

Modi fy bearings--Replace ball and roller bearings with Journal type
bearings to reduce mechanical interaction noise.

Wodf fy timing/drive belts/chains<-Convert Ffrom chain drives to Hy-Yo,
rubber or other types of quiet belts where applicable (e.g., timing belt
change applicable to overhead cam engines),

Modify camshaft--Modify cam shape and increase shaft rigidity to reduce
mechanical interaction noise.

Reduce valve clatter--Use of hydraulic 1ifters to eliminate tappet
clearance {where applicable); {incorporate elastomers to cushion tappet
neise in averhead cam engines.

Increase flywheel mass--To reduce engine vibration.

6-5
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Stiffen c¢rankshaft--To increase rigidity and reduce mechanical inter-
action noise,

fedesign clutch and transmission--Use of helical gears instead of
spur gears to reduce wechanical interaction noise; use of journal type
bearings.

Improve chain tensioner--To reuuce chain/sprocket interaction noise
and chain tensioner noise,

Enclose drive chain--To attenuate drive chain noise.

Daimpen/isolate chain cover--To eliminate cover vibration and radiated
noi se.

Stiffen/dampen frame; isolate engine--To prevent radiated noise due
to engine vibration transmitted to the frame oand to components mounted on

the frame.
Lower angine speed--To reduce mechanical interaction noise.

Reduce specific horse-power--To requce the excitation forces which
result in engine noise radiation.

The above noise reduction techniques range from detail chanyes to
significant redesign. For some models reductions in machanical/drive noise
levels to meet stringent noise standards would requira techniques involving
complete redesign of the engine and drive train. In addition, sowme of the
techniques would result in raduced engine performance. As discussed in
Section 4.1, it is impossible to predict by product categories which specific
regulatory Yevals will require major model changes. The lowest levels tiat
any of the manufacturers have reported as being Feasiple for the near-term is
80 did for street motorcycles, 84 du for of f-road motorcycles. Other manufac-
turers question that an B0 dB noise standard can be met without major redesign
on somng medels. iMajor model configuration changes could in¢lude the use of
such technigues as conversion to liquid cooliny, enclosing or coveéring
the engine, conversivn from a 2-stroke to 4-stroke engine (where applicanle};
use of a hydraulic torque converter for power transmission, convarsion to
shaft drive, engine re-configuration to reduce unbalance forces, or any other
aajor engine/ drive redesiyn not specified here. These technijues would all
require major changes in manufacturing operations, and extensive lead time.
These techniques, not rnecessarily feasible in all use categories, are dis-
cussed in the following pardagraphs,

Liouid Cooling--Liquid cooling, because it allows reduced clearances
in engine parts, and because it provides added shielding arvund the engine
cylinders, can materially reduce engine radiated noise., Conversion to liquid
cooling would reguire re-enginecring and re~tooling of the enuine, add signif-
jcant weight, and add to unit munufacturing costs. Additional hardware fis
required to inplement liquid cooling, including a pump, radiator, thermostat,
coolant, plumbing, dinstrumentation and racasting of the cylinder head and
walls, Feasibility of 1iguid cooling for off-road wotorcycles s very ques-
tionable because of vulnerability of tne radiator to damage from rocks and

soiils.
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4-Stroke vs, 2-Stroke Engines--Sowe manufacturers feel that 4-stroke
engines are easier to quiet than 2-stroke engines. Becduse of this, conver-
sion of engine types 1s a potential option. This alternative is also weiginted
hy the fact that exhaust chewical emissions are more difficult to control in
two-stroke engines, a factor currently of great concern to many manufacturers,
It {5 unlikely that engine conversions would be made for noise controil aleone,
due to the considerable engineering development and plant and equipnent
expenditures that would be required. In addition, direct manufacturing umit
costs of 4-stroke engines are estimated by manufacturers to be more than those

of equivalent sized 2-stroke enyines.

Reduction of Unbalanced Forces--Unbalanced forces which cause enyging
and frame vibration are more severe in some enjine configurations than in
others. For example, unbalanced forces can be reduced by use of opposing
cylinders, counter-rotating cranksnafts, or balanced "V' configurations.
These methods can involve dynamic vibration absorbers or counter-rotating

balancing elements.

Shaft Orive--Shaft drive i3 an optiun that would reduce drive train
noise on large (over 750 ¢c) and possibly medium sized (450-749 ce) on-road
motercycles. Shaft drive on rwdels intended for some off-road use is less
attractive, because of weight constraints and flexibility requirements in
the drive train that are required for these wodels, Shaft drive affects
many of the other couponents on the wmotorcycle, dand is a relatively expen-
sive option. A more cost-effective wmethod of reducing drive noise ia wost
cases would be to fully enclose tne chain, which was identified previously
a5 a noise reduction measure.

Hydraulic Torque Converter--Another technijue that wsould involve major
model configuration change is converting from a standard transmission to a
hydraulic torque converter and a hydraulic gear engagement ¢lutch, as exenpli-
fied by the transinission on the Honda C8 750A. Torque conversion by hydraulic
means is pasically quieter than by gears.

Engine Enclosure--Manufacturers indicated that if engine enclosure
is considered as a noise control measure, it would yenerally be used in
conjunction with liquid cooling. Enclosure or covering of air-cooled engines
could create significant engine temperature control problems. In addition,
some of the manufacturers feared that enclosure could drastically affect the
marketability of motorcycles, since styling is an jmportant factor affecting
demand for motorcycles. Engine enclosure would entajl added weight, and could
hamer access for servicing,

Although there is no generally-applicanle set of technijgues that will
achieve specified regulatory levels for a specific motorcycle, a matrix of
techniques based on manufacturer-supplied information was developed for
costing purposes. This matrix is presented in Table 6-2. For eash regulatory
level pelow #3 dB, a schedule of techniques other tnan major model cnanges are
shown for each product class. HManufacturer information Jenerally indicates
that all techniques discussed abova woulld ve necessary to achieve a 75 (i
Tevel for wodels abave 170 cc. Fewer of thesa tachnijues, or Jess extensive
use of these techniques, are expected tg ne necessary &t higher levels. For
costing purposes two estinmtes were made at each study level below 83 dB: one
assuming no major inodel change necessary, amd one assuming a major model

o-7
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EQAUST SYSTEM

TNCREASE MUFFLERt VOLUME
CROSS OONWECTIONS

MONTEY TMTFRTOR

NOISE ABSORPTIVE LINING
INCIEASE SHELL THICKNESS
DOUBLE WALLS

AIR INTARL SYSTEM

INCIFASE VOLUME

MODIFY 1NLED

MARFY THTTRINR

NOISE ABSORPTIVE LINING
INCREASE WALL THICKNESS

HMECIANICAL/DRIVE S5YSTEM

STIFFEN/DAHPRT  FING/WEDS
THPROVER CUMPONINT MOUNTING
THICKEN/FIINPOPCE CASC COVERS
THCIEASE [UDRICATION

MODIFY PISIGN/CYLINDER

RIDICE TOLGRY. " “ES/IMPROVE FINISE
MODIFY BEARTNGS

MODIF? TIMING/DRIVE DELTS/CHAINS
REDOCE VALVE CLATTER (4 STROKE)
INCREASE FLYWHEEL MASS

MODIFY CRANKSHAPT/CAMSHAFT

MODIFY GEARS/TRANSHISSICN

TIGHTEN CHAIN

ENCLOSE CHAIN

MODIFY FRAME

Table 6-2

NGISE REDUCTION TREATMENTS ASSUMED FOR EACH STUDY LEVEL
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change. As shown, the major model chdnge assummed for street notorcycles is
the use of liquid cooling., For off-road motorcycles, conversion to 4-stroke
engines is assumed, Different Individual wmodels will of course require major
model changes at different requlatory levels. A few are expected to require
them at an 80 dB level, a substantial number are expected to need thew at
78 dB, and virtually all are expected to need them at a 75 d8 level.

6.3  Impacts of Noise Reduction Technology

6.3.1 Performance lupacts

Each of tne techniques cited above can have impacts on motorcycie perfor-
mance characteristics. Engine horsepower {including width of power band),
torque, weight, lean angle, center of gravity, ground clearance and suspension
characteristics can all be affected.

Power

A1l manufacturers cited engine power Jlosses resulting from achieving
current noise levels. Increasing power loss is expected at the lawer levels
studied, The power loss is generally attributable to restricted air intake
and exhaust system back pressure. Table 6-3 indicates sone of the data
submitted to EPA pertaining to power Tlosses invalved in acnieving current
noise levels. From these data it is apparent that additional noise reduc-
tion measures will result in further power losses. Liguid cooling, with its
potential for decreased engine tolerances, can abate this trend somawhat.
Conversion from 2-stroke to 4-stroke eongines will result in additional

specific horsepower loss.

Weight

Many of the technigues cited may cause additional weight penalties.
Modi fications to the exhaust system could result in doubling current muffler
weight or more, although the increasing use of 2 into 1, 3 into 1 and 4
intc 1 exhaust systems on multicylinder motorcycles could abate this con-
siderably. Similarly, nore complex air intake systems wight be cxpected
to weigh more than current systems by factors of two or more, sechanical
noise quieting can be achieved through the use of thicker covers, improved
mounting and increased mass of .oving parts. The combination of these measures
could increase engine weight by 13 to 15 percent. In addition, major engine
modifications can result in a significant vepicle weight increase. Cne manu=-
facturer estimated an increase of 10 percent in vehicle weight for liquid
cooling ({about 50 1o. for large motorcycles). Canversion of single cyclinder
2-stroke engines to single-cyclinder 4-stroke engines could cause an increase
of up to 30 percent in total angine weight. Shaft drive mechanisms are quite
heavy, but the lighter and l2ss costly alternative of enclosure of the final
drive chain will be assuiwd for the assessment of weight penalty,

6.3.2 Qperation Impacts

The only significant impact of noise level reduction on operation costs
should be a raduction in fuel economy. Increased weight, increased back
pressure, power loss, and power required to drive auxiliary equipment (e.g.,
radiator pump) may all exact a fuel consumption penalty.

6-9

[ R I L URR U SIS PR P



Table 6-3

POWER LOSS ASSUCIATED WITH ACHIEVING CURRENT LEVELS *

Hoise Level

iotorcycle Reduction (dB)

a 4

b 4

C 2

d 2

e 0.6

f 2

g 2

h 2.5

i 1.6

J 3.5

3 1

1 B

m 6 {approx)

Power Loss

12% over 6,000 RPH
2%
30%
30%
3t
1%
3%
28%
1%
10%
&%
up to 284, 10z at peak
12-15% {peak; very little
below 4,000 RPH,
severe roll off
past peak)
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1t should be noted, however, tnat conversion from 2-stroke to 4-stroke
engines could be expected to reverse this trend somewhat due to the slightly
better fuel efficiency of 4-stroke engines.

From the previous section, the following vehicle weight increases
are assumed (as a fraction of total vehicle weight):

Regulatory Level

Over 170 cc 86d8 83aB 80dB 78dD 75dB
Street: Straight forward change 0 24 5% 104
Major model change - 104 154 20%
Off-Road: Straight faorward change ¢ 2% &b 10% -
Hajor model change .- 10% 15% 20% -

100-169 cc : One-half of above figures
Less than 100 cc : 0% at all levels

Manufacturers supplied very little data on fuel aconowy impacts of
achieving current or future noise levels. The little data that was furnished
indicated that the 3 to 4 dB reductions to achieve current levels resulted in
up-to-15 percent loss in fuel economy, although some wmodals showed no change
or an improvement. Experience with trucks and automobiles indicates that a 12
percent decrease in fuel econony for a 19 percent weight incredse is o good
assumption, but one which may tend to overstate the fuel economy penalty.
Using this assumption, however, the above tabla can also serve to inuicate
the assumed fuel economy losses at the various regulatory levels when back-
pressure and other penalties are included.

6.3.3 HMaintenance Iwmpacts

Several of the quieting technijues cited either require additional
maintenance or make currently required maintenance somewhat more costly
or more time consuming. Principal among tie Tirst of these are the minimal
attention needed to keep a liquid cooling system in working order, and
the additional maintenance associated with a switch from Z-stroke to 4-stroke
engines. Complex mounting techniques, additional covers, reduced engine
tolarances, valve train complexities and enclosed final drive will complicate
routine waintenance. Ho definitive data on the maintenance impacts of these
techniques are avajlable. For the purposes of analysis the following addi-
tional annual maintanance time (in hours) is assumed:

Regulatory Level

Over 170 cc_ 85dB £3dB 80dB 78d8 75a8

Street: Straight forward cnanye - 0 1/4 3/8 /2
Major model change - - 3/4 /8 1

Off-Road: Straight forward chanye 0 1/4 3/u 1/2 --

Major :odel change - 3/4 1/8 1 e

100-170 cc : One-half of above figures
Under 100 cc @ Zero at all levels
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Noise reduction will affect cost of maintenance and replacement parts
only through increased cost for replacement exhaust systems.

6.3.4 Aesthetic Factors

To many motorcyclists the aesthetic impacts of noise reduction technoiogy
may be even more {mportant than performance or cost impacts. Many of the
above technigques can be expected to have an adverse impact on the sleek and
sporty styling of current models. Larger muffiers, frame reconfigurations to
accomodate larger air intake systems, bulkier engines and liquid coaling atl
pose styling problems. Although these factors are unquantifiable, they are
felt to have potential sales impacts independent of the cost and performance
factors cited above.

6.4 Production Variations

The notse levels of all nominally identical surface transportation
products exhibit a distribution covering a range of several decibels. Since
EPA's regulatfons are on a not-to-exceed basis, manufacturer design and
production must account for this distribution of noise levels to assure
compliance with the standards. This is in addition, of course, to factors
accounting for testing variables. Manufacturers supplied EPA with data on the
production variation exhibited by certajn of their models. These data are
displayed in Table 6-4. From these data it is concludad that manufacturers
will have to produce vehicles at least 1 1/2 dB below an applicable standard
to account for production variations.

Table 6-4

PRODUCTION VARIATION

Manufacturer Production Yariation (dB)
a 20°= 3-4
b 1.5 - 2.5
¢ 10°= 0.25 - 0.6
d 2-stroke: 1.5 '

4-stroke: 2.0
e 1.5

Source: Manuracturer Lonfidential Data
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6.5 “Best Available Technology"

Each of the quieting techniques discussed in Section 6.2 exist either in
current production models or in prototypes in advanced states of development,
As such, thelr combined use represents "best available technology" for metor-
cycles., Large and complex exhaust and intake systems have been demonstrated
on a wide variety of production vehicles. Welght, positioning, and perform-
ance penalties are the only technological limits to larger and more complex
units. There are numerous examples of current motorcycles either with large
muffler volume in relation to engine displacement or sophisticated muffling of
muiticylinder engines. Double-wrapped mufflers have been used in several
models and prototynes, and at least one prototype known to EPA uses a major
engine frame member for its alr intake reservoir.

Many of the engine quieting techniques discussed previocusly exist
in current production engines. Recent models from the major manufacturers
have demonstrated significantly reduced engine mechanical noise. Balanced
{90-degree) V-twin engines have been well demanstrated.

The past five years of motorcycle development has seen an increasing
number of multi-cylinder engines with high specific horsepower. This specific
horsepower has often been achieved by increased engine speed, which has
resulted in increased engine mechanical noise. The testing program data base
shows the critical importance of engine speed to engine noise. Decreased
engine speed at a loss of specific horsepower {s available to al] manufac-
turers of high RPM engines. ’

Liquid cooling has been well demonstrated on several production models,
both 2-stroke and 4-stroke. Liquid cooling for a complete lipne of smaller
2-stroke motorcycles (down to 50 cc) has been demonstrated by one Eurcpean
manufacturer,

Shaft~drive has been well demonstrated on motorcycles 500 cc and above.

Based on an examination of motorcycle models incorporating the techniques
discussed above, EPA has concluded that the 78 dB regulatory level (SAL J331a),
requiring a 75 dB design leval, s the level representative of "pest available
technotegy" for street motorcycles. The Honda GL-1000, generally acknowledged
to be the quietest large motorcycle ever produced, already incorporates many
of the major techniques listed above {1iquid cooling, shaft drive, very large
intake and exhaust systems). Even this motorcycle would require some small
additional quieting to meet a 78 dB level on a production hasis.

“Best available technology" for off-road motorcycles is a question
both of technology and performance., Although motorcycles with off-road
capabiiity can be built at levels almost as low as for street motorcycles,
such motorcycles demonstrate significant performance penalties, Weight,
power, power band width and ground clearance are all of crucial importance
to off-road motorcycles. Each of these factors on an off-road wmotorcycle
can be more significantly impacted at Tower noise levels than for street
motorcycles of comparable displacement. The inappropriateness of applying
11quid cooling to off-road motorcycles leads to different levels of “best
available technology" for large and small off-road motorcycles. Small of f-road
motorcycles (under 170 cc) are expected to be able to achieve
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the same tevels achievable by their street counterparts. Large off-road
rotorcycles, however, without the option of liquid cecling cannot achieve
the same levels as their street counterparts {exacerbated by the fact that
most street motorcycles over 170 ¢¢ have wulticylinder engines, whereas
of f~-road motorcycles must be single cylinder), Both small and large off-road
motorcycles can currently meet the 86 dB level. To meet levels at B0 dB and
lower, conversion from 2-stroke to 4-stroke engines may be necessary for large
of f-road motorcycles. An 82 dB level can be met by large off-road rwtorcycles
without conversion to 4-stroke engines. EPA nas concluded that this 80 di
reguiatory level constitutes "best available technoloyy" for the large
off-road motorcycles and 78 dB for small off-road motorcycles. It is under-
stood that although these levels are achievable, the performance of large
2-stroke off-road motorcycles will be reduced significantly in many cases.

Although all of the techniques constituting “best available technology"
exist in production or prototype motorcycles, not all manufacturers have the
capability of incorporating them inte their motorcycles. Particular problens
exist with manufacturers that have uniquely identifiable engine types that can
be fundamentally changed only with a serious impact on marketing position
{Harley-Davidson, BMW, Moto Guzzi, Oucati), manufacturers whose products have
been developed from racing motorcycles and depend on high performance
{Laverda) smaller manufacturers of high-performance off-road motarcycles
{Can-Am, Husqvarna, Bultaco, etc.) and swmall manufacturers without large R&D
capability (NVT Motorcycles and the very small U.S. manufacturers),

6.6 Lead Times

In the absence of certification for air emissions, manufacturers yenerally
indicated the following lead times were necessary to make changes on an
individual motorcycle model (total time, drawing to production): Changes to
exhaust or air intake system that do not require frame or engine redesign--one
year; changes requiring frame redesign or minor engine redesign--two to three
years; major engine redesign--four to five yearsinew engine model, new engine
concept, conversion to 4-stroke engine--five to six years (and up). Limited
R&D resources, however, allow redesign of only a few nmodels per year. Major
manufacturers with extensive product 1ines would require additional time to be
able to redesign models on a more or less orderly basis. In addition, air
emission certification can add one half to one year to required lead times for
major manufacturers due to required durability runs. Manufacturers emphasized
the need to coordinate effective dates of these regulations to eliminate
unnecessary recertification for air emissions when redesign for nojse purposes

takes place.

Based on this information the following lead times are felt to be achiev-
able by major manufacturars, consistent with orderly redesiqgn of an extensive
product line (years from promulgatian):

Regulatory Level {SAE J33la)
B6 dB 83 dB 80 dB 78 dB 75 di

Street: Straight forward change -- 1 ? 4 6
Major medel change - - 4 6 10
Off-Road: Straight forward change 1 2 4 6 --
Major model change - 4 6 10 -
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An accelerated schedule of Jead times can be considered which would
require simultanecus redesign of many models. Manufacturers insisted that
resources were unavailable for orderly redesign on this basis. The following
is an "accelerated" schedule of lead times which might be achievable at
considerably increased R&D costs:

Regujatory Level (SAE J33la}l
86 dB 83 dB BO dB 78 dB 75 dB

Street: Straight forward change -- -- | 3 5
tdajor model change -m - 3 5 7

Off-Road: Straight forward change 1 2 3 5 .-
Major mordel change -- 3 5 7 --

Different manufacturers, of course, have different lead time require-
ments. Noise Jevels of current models (particularly the mechanical contri-
butions}, available funds for R&D, size of product line, and familiarity with
4-stroke or liquid cooling technology, aill have a bearing on individual lead
time requirewments. The “"norial" lead time scheduyle cited dbove is most
appropriate for the major Japanese manufacturers other than Honda. The noise
levels of Honda's current product line would probably allow somewhat shorter
times. warley-Davidson, Can-Am and the European manufacturers would ali be
severely tested to meet the same timg schedule as the major Japanese manu-
facturers, for a variety of rcasons relating to unique engine designs,
exclusive use of 2-stroke engines or conpany size (availability of RA&D
capital), If these other manufacturers would be strained at the “sormal”
schedule, it is reasonable to conclude that they would probahly not be able to
comply with the "accelerated” schedule,

6.7 Ueterioration of Motorcycle Woise Levels

Host manufacturers supplied limited data on experience with motorcycle
noise levels during mileage and time accumuijation. Several engineering
reasons were discussed as te why notorcycle noise levels ought to decrease
with usage, at least at first. After the initial breakin period, mechanical
interaction noise can abate as parts fit together better. Muffler noise can
degrease as carbon build-up seals small openings Teft frow the manufacturing

process.

Properly designed all-metal mufflers can Tast a considerable period
of time bhefore noise level deterivration occurs, depending on climate and
operating conditions. Properly designed mufflers with glass inserts can
also last a significant length of time, although poorly designed ones can
deteriorate rapidly. European standards make a distinction between mufflers
that direct exhaust yases through fibrous material and rufflers that reflect
exhaust gases Tnto but not througn the fibrous elewments. Some manufacturers
specify replacement of fibrous elements or replacesent of the exhaust system
when deterioration occurs At Jeast one wmanufacturer supplies free replace-
nent fioerglass for his mufflers,
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In general, manufacturers supplied no engineering reasons why & properly
maintained and operated motorcycle should experience significant noise ewis-
sion deterioration over its lifetime. "Properly maintained" in this context
means replacement of parts {including such major parts as mufflers) as neede:d
according to the operation instruction. Detericration data for a few models
is displayed in Table 6-5.

6.4 Relationship to Air Emission Control

A number of manufacturers expressed serious concerns that at strict
levels of air emission controls there may be a significant tradeoff between
air pollution contrel and noise control. At the levels established in £PA's
final rule on motorcycle air emissions this concern has abated somewhat.

The higher tenmperatures of exhaust gases due to afr emission control
may have a dual effect on exhaust noise emissions. Higher temperature gas
is less dense, requiring a higher rate of flow for equivalent performance.
In addition, the higher temperature gas has more inherent energy which must
be dissipated. Both of these effects would tend to raise exhaust noise.
One manufacturer cited a study on automotive air emission and noise control
which showed noise level increases of up to 4 dB at strict levels of emissions

control.

A second effect of higher engine temperatures is the need for larger
surface areas to dissipate heat from an air cooled engine. These larger
surfaces, in turn, ¢an increase noise radiation. VLiquid coocling, of course,
weuld in large part counteract the higher engine and exhaust temperature
increases due to air emission control,

One manufacturer indicated that the increased length and complexity
of an air intake path could cause fluctuations in air/fuel mixture with
a corresponding adverse impact on air emissions.

6.9 Technology to Achieve Noise Levels
Based on Different Measurement Methodologies

Technology and costing information supplied to EPA by manufacturers
and developed by EPA contractors have been based on study levels specified
in terms of the SAE J33la test procedures. As discussed in Section 3, the
F-762 test procedure is felt to be statistically equivalent to SAE J33la
across a broad range of motorcycles although individual models may vary up or
down by several di. The manufacturer-supplied information was based on
several models of each of the manufacturer's lines. The SAE J33la and F-78a
noise levels of each of the models used for these purposes were compared to
determine whether these vehicles represented anomalous cases in the
SAE J33la/F-76a relationship. Of 15 models used for technology and costing
purposes, ten showed differentials of less than 2 dij, one showed a differen-
tial of 2 dB, and four showed differentials of 3 dii. However, the models
displaying differentials of 2 dB or greater showed no consistent pattern with
as many higher under one procedure as the other. The tost information in the
succeeding chapters was checked carefully and it was found that overall values
do not change significantly as a study level specified in terms of SAE J331a
is translated into a study level specified in terms of F-76a.
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Table 6&-5

DETERIORATION OF MOTORCYCLE NOISE LEVELS

Daterioration (dB)

2-4

+1
¥l 1/2
+1 {peak +2)

right side:

left side; +1
-0,33* to -1,6/6.250 mi

-11/2 {+1; -1/2)

5 models)
-1 172 (+1/2)

Mileage

10,000
6,250
6,250
6,250
6,250
6,250
6,250

up te 19,000

7,160
3,240

* A negative number Tndicates a reduction 1n nofse Tevel.
Manufacturer Confidential Data

Source:
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SECTION 7
COST OF COMPLIANCE

7.1 Unit Cost Increases

In complying with the motorcycle noise regulation, manufacturers will
experience increased costs of manufacturing {(production) as well as the costs
of research and development, tooling, and testing/certification. This in-
crease in costs will lead to increases in the unit cost (price) of new motors
cycles. The price of new replacement exhaust systems will also increase for
similar reasons.

Unit cost increases are expected to vary with the type (function) and
size category of matorcycle, and the stringency of the applicable noise
standard itself, The most significant difference in compliance costs will
appear when vehicles, requiring relatively "straight forward" model changes,
are compared with those requiring "major" model changes.

Model changes considered straight forward- include dincreasing muffler
votume, adding 1ining to the air-intake system, or stiffening fins and webs of
the engine casing. Major model changes include the use of any noise control
techniques that require extensive R&D, substantial model redesign and pro-
duction tooiing modifications, or significant increases in unit manufacturing
costs. A more complete listing of motorcycle noise control techniques is
provided in Table 7-1. These were cited by manufacturers as ones necessary to
meet the lower (more stringent) study levels.

There 1s a high degree of uncertainty as to which motorcycle models (and
for which manufacturers) major changes will be necessary. As & result, two
cases were analyzed; (1) the nominal ({expected) case, and (2) the worst case.
With some assumptions, data from manufacturers (imcluding current motorcycle
nolse source data) were used to estimate the fraction (expressed in percent}
of motorcycle production requiring major mode! changes at various regulatory
levels. The results for the two cases are presented in Table 7-2.

For street motorcycles, the percentages in Table 7-2 apply to all size
categories above 100 cc (no major model changes are expected below 100 c¢)
For off-road motorcycles, however, different percentages apply to different
size categories., This s due to the 1imited use to which Tiquid cooling has
been used for off-road motorcycle engines and the fact that virtually all such
engines are single cylinder. Larger off-road motorcycles are expected to
require major model changes (4-stroke conversions) at higher regulatory tevels
than smaller off-road types. The estimated distribution of percentages of
major model changes for off-road motorcycles are shown in Table 7-3 (worst
case percentages are in parentheses),

By using the estimated percentages for major model changes in Tables 7-2
and 7-3, the nominal and worst case total unit cost increases can be calcul-
ated once the iIndividual cost elements {e.g., for manufacturing, R&D, tooling,
testing and compliance) are known for each vehicle type and displacement
category. Total costs are summarized in Table 7-4. Further aspects of total
unit costs and cost element breakdowns are given in Section 7.1.1.2.
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Table 7-1
NOISE CONTROL TECHNIQUES

EXHAUST SYSTEM INCREASE MUFFLER VOLUME
CROSS CONNECTION
MODIFY INTERIOR
SOUND ABSORPTION LINING
INCREASE SHELL THICKNESS
CONSTRUCT DOUBLE WALLS
ISOLATEQN MOUNTING

AIR INTAKE INCREASE VOLUME

SYSTEM MODIFY INLET
MODIFY INTERIOR
ADD SOUND ABSORPTION LINING
INCREASE WALL THICKNESS
DOUBLE WALLS
SHIELD INLET
REDUCE INLET AREA

MECHANICAL /DRIVE STIFFEN/DAMPEN FINS AND WEDS
SYSTEM CHANGE FIN SHAPES
COMPONENT MOUNTING
THICKEN/REINFORCE CASE COVERS
INCREASE LUBRICATION
MODIFY PISTOM/CYLINDER
REDUCE TOLERANCES/IMPROVE FINISH
MODIFY BEARINGS
MODIFY TIMING/DRIVE BELTS/CHAINS
REDUCE VALYE CLATTER (4-STROKE)
INCREASE FLYWHEEL/CAMSHAFT
MODIFY CLUTCH
IDDIFY GEARS/TRANSMISSION
TIGHTEN DRIVE CHAIN
MODIFY FRAME
ISOLATE CHAIN COVER !
LOWER ENGINE SPEED j
REDUCE SPECIFIC HORSEPOWER !

MAJOR MODEL CONFIGURATION CONVERT 2-STROKE TO 4-STROKE :
CHANGES (REPRESENTATIVE LIQUID COOLING ;
EXAMPLES) ADD HYDRAULIC TORQUE CONVERTER f

CONVERT TO SHAFT DRIVE
ENCLOSE/COYER ENGINE

7-2
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Tahle 7-2

ESTIMATED PERCENTAGE OF STREET mOTORCYCLES

REQUIRING

MAJOR MODEL CHANGES

REGULATORY LEVEL
{SAE J331a not-to-exceed)

FRACTION OF MOTORCYCLE PRODUCTION

REQUIRING MAJOR MODEL CHANGES

NOMINAL (EXPECTED) CASE  WORST CASE
g6 db 0% 0%
B3 dB 0% 0%
80 4B 10% 50%
78 dB 50% 100%
75 dB 90% 100%

Table 7-3

ESTIMATED PERCENTAGES OF UFF-RUAD MOTORCYCLES
REQUIRING
MAJOR MODEL CHANGES

Regulatory Level (A-weighted)

Dispilacement Category (cc}

350 and above

80 dB

100% (100%)

170~-349 50% (100%)
100-169 0% (100%)
99 and below 0% (0%)
Overall {sales weighted) 0% (50%)

T T O R T TR R R
Dlneh ¢S e o e LRI S e e A

SRR LR LIS LR

T8 ds
100% { 100%)
100% (100%)
100% (100%})

02 (100%)
50% (100%)
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Table 7-4

PROJECTED MOTORCYCLE TOTAL UNIT COST INCREASES
FOR VARIOUS REGULATORY LEVELS (1978 dollars)

TOTAL UNIT COST IHCREASE
PRODUCT CLASSIFICATION REGULATORY LEVEL {SAE J33la)
86 dp 83 dB 80 dB 78 dB 75 d8

NOMINAL (EXPECTED) CASE
Street-Legal

9% cc and Below 0 2 2 19 50
100 - 169 cc 0 6 18 74 148
170 - 349 ce 0 15 50 129 237
30 - 749 cc 0 19 56 152 287
750 cc and Above 0 22 71 175 321
Averaqe street-legal 0 16 49 133 221
{ff-Road
93 ¢cc and Below 0 2 2 19 *
100 - 169 cc 0 6 15 95 *
170 - 349 cc 6 20 76 155 *
380 - 749 cc 6 23 127 185 *
Average off-road 0 8 28 74 *
Fleet Average 0 14 43 117 *
WORST CASE
Street-Legal
99 ¢cc and Below 0 2 2 19 R0
100 - 169 cc 0 6 63 147 203
170 - 349 cc 0 15 96 180 246
350 - 749 cc 0 19 112 210 297
750 cc and Above 0 22 130 247 332
Average street-legal 0 16 99 192 223
Off-Road
99 ¢c and Below 0 2 2 19 *
100 - 169 cc 0 6 62 147 *
170 - 349 cc 6 20 123 185 *
350 - 749 cc ] 23 151 214 *
Average off-road 2 18 50 94 *
0 14 86 166 *

Fleet Average

¥ Information not available

7-4
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The methodologies used to compute {ndividual cost elements are similar
with the exception of the testing/certification element. Generally, R&D,
tooling, and testing/certification costs tend to be uniform for a given regu-
Tatory level for all motorcycle sizes, The manufacturing cost increases
however, tend to become higher with increasing motorcycle size and are higher
for off-road wmotorcycies than street types. Manufacturing costs account for
between 60 percent and 70 percent of total unft cost.

7.1.1 Manufacturing Unit Costs

Manufacturing unit cost increases are those costs directly related to
the use of noise control techniques that impact fabrication and assembly.
As seen in Table 7-1, they generally relate to the exhaust, air-intake or
mechanical -drive systems,

7.1.1.1 Manufacturer Estimates

Each major manufacturer supplied EPA with estimates of manufacturing
unit cost increases for specific models to wmeet specified study levels (not-
to-exceed standards). They made the major motorcycle mode! distinctions and
their data were based on the SAE J33la test procedure.

Each manufacturer emphasized that most estimates at the lower levels
were based on engineering Jjudgment alone, and not on operational prototype
models. They indicated that there was no guarantee that individual techniques
cited would achieve the specified study level. Manufacturers addressed
different ultimate tevels of control depending on their assessment of feasi-
bility or ability to judge the effectiveness of individual technigues.
Manufacturer estimates are surmarized in Figure 7-1.

Manufacturers also provided cost estimates for various discrete steps in
reductions in exhaust, air-intake and mechanical/drive sources., Figures 7-2,
7-3 and 7-4 show costs associated with each of the subsources, where avail-
ahle.

Discussion of Data

There are a number of explanations for the scatter shown in Figure 7-1:

{a} In general, costs increase with motorcycle size, because noise generating
capability tends to increase with size, and the costs of affected components
{e.g., exhaust systems, mechanical components) fncrease with size.

{b) Since subsource noise level contributions differ widely from model to
model {see Section &) the techniques required to meet specified levels vary
considerably.

(c) Since there are a wide varjety of techniques which can be utilized in
reducing the noise 1level from a given subsource, manufacturers projected
di ffering techniques to be used, with attendant differences in costs.

(d} Major model changes were deemed necessary at different study levels,
Data points denoted by an asterisk indicate the study level for which major
model changes were assumed,

e
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Costs associated with the reduction of exhaust system noise levels are
shown in Figure 7-2. Again the large scatter in data indicates that for some
exhaust systems, large reductions in noise levels are relatively inexpensive
while others are considerably more expensive for the same deyree of noise
reduction. For example, for one model in the 350 to 749 cc category, a
reduction in exhaust noise Tevel (A-weighted) from 82 dB to 70 dB was pro-
Jjected by the manufacturer to increase manufacturing costs by $60. Almost
al1l of the techniques listed for exhaust systems in Table 7-1 were used to
achieve the reduction in this case.

Air intake noise reductions and associated cost increases are shown
in Figure 7-3. There is less scatter in this data, although two of the models
demonstrate wide varjance. Most of the other data points fell on a curve with
the following values:

Associated Manufacturing

Air Intake Noise Level Init Cost Increase
84 dB -
78 dB $ 3.0
76 dB $ 8.0
74 dB $15.0
7¢ dB $30.0

The estimated cost increases of mechanical/drive components versus
degree of noise reduction are shown in Figure 7-4, The scatter here is
due primarily to the use of major model changes and the study levels at
which they were deemed to be necessary.

7.1.1.2 Generalized and Independent Estimates

The manufacturer-supplied data in the previous section referred to
various specific motorcycle models and noise control techniques. These data
were consolidated to obtain a generally applicable set of techniques at each
study level and to assign a generally applicable cost estimate to each study
level, for each class of motorcycle.

In additien, EPA's motorcycle technology contractor independently esti-
mated the cost of individual techniques for comparison with the manufacturer-
supplied data. This independent analysis was based cn information gained in
interviewing personnel familiar with the machining, costing, welding and other
production processes ipvolved. However, these estimates must be considered
gross engineering judgments because of the difficulty in predicting the noise
reducing effectiveness of the techniques Jinvolved. This same problem is
encountered by motorcycle manufacturers and, in general, the independent
estimates were in agreement with the data supplied by mapufacturers. Conse-
quently, these estimates were used in developing generalized estimates.

For exhaust and air intake modifications, a baseline was established for
the cost elements of representative systems, and reasonable cost ranges were
developed for each technigue and its associated cost elements. Direct cost
estimates were made for appropriate noise control techniques affecting

7-6
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MANUFACTURING UNIT COST INCREASE {1976 DOLLARS)
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MAHUFACTURING UNIT COST INCREASE (1976 DOLLARS)
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MANUFACTURING UNIT CTOST INCREASE (1976 ©:OLLARS)
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mechanical /drive components. Independent cost estimates for exhaust systenm,
air-intake system and mechanical drive system techniques are sumnarized in

Tables 6, 7 and 8 respectively.

In the case of major model changes, the use of 1igquid cooling was assumed
for street motorcycles. Liquid cooling may not necessarily be the major
change that is used in all cases, but it is felt that its cost is repre-
sentative of the magnitude of costs major model changes will incur. A rough
order of magnitude cost estimate for the addition of liquid cooling to a
;treet motorcycle in the 750 c¢c and above category is provided below in Table
-5,

Table 7-5

LIQUID COOLING: Street Motorcycle, 750 ¢c and Above
{rough order cost approximation)

ITEM COST
Sheet Metal Material $10
Radiator 10
Plumbing 2
Pump 7
Miscellaneous Hardware 4
Fabrication Labor* 47

Total $80

The basic cost elements were selected and scaled according to their
estimated relatfonships with motorcycle size, relative effectiveness of the
techniques, and the degree of noise attenuation required. An example of the
technique used is shown in Table 7-9 using 1975 dollars. This procedure was
followed for each motorcycle category, regulatory design lavels, and for
both straight-forward and major model changes as applicable.

The independent estimates of manufacturiag unit cost increases attri-
butable to meeting not-to-exceed regulatery levels for all specific product
categorfes are summarized in Table 7-10.

These estimates were derived by using the methodology described in
the previous section. The amalysis utilized tne assumptions shown in Table
6-2 for the technology required at each study level.

In the case of major model changes, the use of liquid cooling was
assumed for street motorcycles, Conversfon to 4-stroke engines was assumed
for pure of f-road motorcycles meeting nofse emission standards more stringent
than 82 di, at the same cost (up to $80 depending on engine size).

In the {ndependent cost estimate very small differences were predic-
ted in cost impacts between motorcycles with 2-stroke and 4-stroke engines,

* Includes welding machining, and assembly.

7-11
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Table 7-

B

EXHAUST SYSTEM NGISE REDUCTION TECHWIQUES AND ESTIMATED COSTS
{INDEPENDENT ESTIMATES)

AFFECTED MAHUFACTURERS UNET COST
COMPOMERTS INCREASES {1978 DOLLARS)
SPECTAL NG COST UNDER 100- 170- 350- 750 COST VARIABILITY
TECHNIQUE APPLICAAILITY ELEMENTS 100 cc 169 cc 49 cc 749 cc Above FACTORS COMHENTS
INCREASE MUFFLER MUFFLER SHELLS & 1-2 1-3 1-4 1-5 1-6 DEGHEE OF YOLUME  GENERALLY
YOLUME FIH1SH {CHROME, INCREASE PRACTICAL
PAINT PRODUCT CLASS LIMIT ~
1005 JHCREASE
INSTALL CROSS-PIPES DUAL EXHAUST HEADERS H/A K/A N/A 10 12 LABDR
DETWEEN HEADERS SYSTEM OHLY LROSS PIPES INTENSIVE
WODIFY HEADER
THTERCONNECT YOKS MULTI-CYLINDER HEADER PIPES N/A HIA NIA LABOR
INTENSIVE
[COLLECTIVE MUFFLERS)  MOTORCYCLES COLLECTION BOXES
4 {nto 1 14 4
4 into 2 ONLY 14 14
3 into 1 1 Il
2 into 1 7 7
HOULFY [NTERLOR ASSEMBLY 1-4 1-8 1-12 1-14  1-16 DEGREE OF GENERALLY
CORE PIPES MODIFICATION IDLE COMPLEX
BAFFLES PRODUCT ASSEMBLY
REACTIVE. CLASSIFICATIONS
CIAMDERS
ADD SOUND ABSORP- LIHING MAT'L 1-3 1-3 1-4 1-& 1-7 TYPE OF LINING

TI0H LINING

THICKER/REINFORCE
SHELL MATERIAL

LINING HOLDERS,
SCREENS, ETC.

MFFLER SHELL
REINFORCEMENT
HARDWARE

MATERTAL
COMPLEXITY OF
INSTALLATION

DEGREE OF THICK-
NESS TNCREASE
DEGREE OF YOLUME
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Table 7-7

ALt INTAKE SYSTEM HOISE AN REDUCTIUN TECHHIQUES ANL ESTIMATED CUsTS
{ [NDEPENDENT ESTIMATLS)

AFFECTED MANUFACTURERS UNIT CUST
COMPONENTS INCREASES (1975 BULLARS)
Al COST UNLER |00 170- 350- 750 COST VARIABILITY
TECHHIGUE ELEMENTS 10Uce  1f9cc  3MScc  MYcc  Above  FAGTORS
INCREASE YIRILME FHLET DBUCTING 1~z 1-2 1-2 1-3 1-3 LECHLASE OF YOLUME
Al CLEAMER INCREASE
Bohy PRODUCT CLASS
POUIFY [NTAKE INLET BUCTING 1-3 1-3 1-6 I-6 1-7 DLGREE OF
INLET MULITFICATION
PRODUCT CLASS
MIDIFY INTERIOR ASSEMALY
DBAFFLES 1-5 1-5 1-6 1-0 1-10
SILENCERS
A SOUND ABSORPTION - 1 1-2 1-2 1-1
LINING
INCREASE MATERJAL AR CLEANER - 1-3 1-4 1-6 1-7
THICKNESS bany
CONSTRUCT DOUBLE AIR CLEANER - - - - - T USED In CusT
WALLS funy MALYS1S

SHIELD TMLEY
REOUCE THLET
ARREA

INLET DPENTIG
INLET OPENING

KO COST IMPALT
Ht COST IMPALT
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Table 7-8

MECHANTCAL HOISE REDUCTION TECHNIQUES AND APPROXIMATE COSTS

{ INDEPEMDERT ESTIMATES)
APPROX [MATE MANUFACTURING UNIT COST

INCREASE {1975 DOLLARS) COST
UNDER  100- 170- 350- 750~ YARLABLLITY
TECHNIQUE APPLICATION 100 cc 169 cc 349 cc 749 cc Above  FACTORS COMMENTS

STIFFER FINS AND CASE WEWS RUBBER OR METAL DOWELL HETWEEN 1 1 1 1 1

FINS
CHANGE FIN SHAPES MIDIFY DESIGN - - - - - NO COST IMPACT
ISOLATE/RE1NFORCE KD GASKETS, BURNINGS, ETC. - 2 2 2 2
COMPONENTS
THICKER/REIRFORCE CASE MODIFY ENGIME, GEAR, CRANKCASE 1-6 1-10 1-4 1-i5 H0.OF COVERS DEGREE
COVERS COVERS OF HODIFICATION
INCREASE LURRICATION INCREASE PRESSURE LUBRICATION - 2 2 2 2
MODEFY PISTON/CYLINDER MODIFY PISTON/CYLINDER DESIGH 1 1 1 1 1

MiD CLEARMCE .
REMIE TOLERANCES/ IMPROVE REDUCE TOLERAMCES, IMPROVE - 1-2 1-2 1-3 1-3
FLHISH FINISH OF MACHINED PARTS
MOUIFY BEARLNGS MIDIFY BEARING AREA, MATERIAL 2 2 2 2
MODIFY ENGINE TIMING AND CONVERT FROM CHAIN DRIVE TO 4 5 6 [
DRIVE BLCLTS/CHAINS HT-YD Ot OTHER TYPE
REDUCE VALVE CLATTER USE HYDRAULIC LIFTERS ON - - - - - NOT USED IH COST

4-STROKE ENGINES ANALYSES
IHCREASE FLYWHEEL MASS CRANKSHAFT FLYMHEEL 1 1 1 1 1
MODTFY CRANKSHAFT/CANSHAFT MIDIFY CRANKSHAFT DESIGN - - - - - GENERALLY O COST
MUDIFY CLUTCH .- - - - - NOT USED IN COST TECHNICAL EFFECT-

RIALYSLS TIVENESS

MUDIFY GEAR/TRANSMISSION USE OF HELICAL GEARS [N~ - 5 8 9 10

STEAD OF SPUR GEARS
TIGHTER DRIVE CHAIM INSTALL, MODIFY IDLER ARMS - - - - - HOT USED IN COST SHOULD HAVE MINI=-

’ AHALYSIS MAL COST IMPACT
ENCLOSE DRIVE CHAIN INSTALL STEEL CASE - 6 ) 10 11
- - - 2 2

MODEIFY FRAME

REDESIGH, IHSULATE FRAME

BECAUSE OF SPECIAL APPLICABILITY




Table 7-9
MANUFACTURING COST INCREASE ESTIMATES (1975 DOLLARS)

HMODEL CHAMNGE

78 d8
70 dB
3.0

SIZE: 170 - 349 cc CHANGE CATEGORY: STRAIGHT FORWARD
NOISE CONTROL TECHNIQUE COST
) 86-83 dB gy do
EXHAUST 75 di 73 dB
Increase muffler volume 1.0 2.0

Install cross pipes between mufflers
Modify header interconnactions
Modify interior core 1.0 2.0
Add sound absorption 1ining 1.0
Increase shell material thickness
Construct double walls
Add elastic componants
SUBTOTAL $2.0 $6.0
AIR INTAKE (dB} 75 dB 73 d
Increase volume 1.0 1.0
Modify intake inlet 1.0
Modify interior core 1.0 1.0
Add sound absorption lining 1.0
1 Increase material thickness 1.0
! Construct double walis
' Shield inlet
; Add/modify plenum chambers
i SUBTQTAL 2.0 $5.0
. MECHANICAL (dB)
Stiffen fins and case webs 1.0
Change fin shapes
Isotate/reinforce components 2.0
Thicken/reinforce case covers 3.0
Increase lubrication
Modify piston/cylinder
Reduce tolerances/improve finish
Modify bearings
Modi fy timing belt/camshaft
Reduce vaive clatter (4-stroke)
Enlarge flywheel
Modify crankshaft
Modify (damp) clutch
Modify gear/transmission
Tighten drive chain
Enclose drive chain
Modify frame

MAJOR MODEL CHANGES:
Convert 2-stroke to 4-stroke
Use 1iquid cooling
Enclose/cover engine
Add hydraulic torque converter
Convert to shaft drive
Reduce engine RPM

! SUBTOTAL $6.0
TOTAL MANUFACTURING COST INCREASE $4.0 $16.0
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Table 7-10

MANUFACTURING UNLT COST INCREASES YERSUS REGULATORY LEVELS -
BASELINE INDEPENDENT ESTIMATE (1978 DOLLARS)

MANUFACTURING UNIT COST INCREASE
REGULATORY LEVEL (SAE J33la)
PRODUCT CLASSIFICATION 86 d8 83 dB 5O dB 78 di 75 dB

STRAIGHT FORWARD “"CHANGES"

Street-Legal

99 cc and Below 0 0 0 0 0
100-169 cc 0 3 ¢ 30 72
170-349 cc 0 5 19 44 108
350-749 cc 0 9 23 61 144
750 ¢¢ and Above 0 12 35 12 167
0ff-Road
99 cc and Below 0 ] 0 9 *
100-169 cc 0 3 10 30 *
170-349 cc 5 10 23 49 *
350-749 cc 5 13 29 66 x
MAJOR MODEL CHANGES
Street-Legal
100~169 ¢c * * 53 74 105
170-349 cc * * 64 83 140
340-749 cc * * a3 118 191
750 cc and Above * * 119 155 226
Off-Road
100-169 cc * * 57 74 *
170-349 cc * * n a3 *
350-749 cc * * 89 122 *

* Irnformation not avaiiaoic
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with the exception of those cases requiring 2-stroke to 4-stroke conversion,
As a result, except for the conversion costs {off-road models), 2-stroke and
4-stroke cost impacts were considered equivalent in the independent cost
analysis. Note also that no major wodel changes were Fforecasted for motorcy-
cles under 100 cc in size, for the following reasons: (1) none of the manu-
facturers indicated that models in this category would require major redesign
to meet specified regulatory levels; and (2) the existing noise levels of
motorcycles in this category are relatively low.

A breakdown of baseline independent cost estimates in terms of exhaust,
air-intake, and mechanical components is shown in Table 7-11 using 1975

dollars.

These numbers were then modified for nominal and worst cases by the
estimated percentage of major model changes required for each regulatory
level (refer to Table 7-12). The resultant costs were Tncluded in the pro-
Jected total unit cost increase (refer to Table 7-4), although  they were
adjusted to 1978 dollars based on average price increases for motorcycles

between these years.

7.1.2  Research and Development Costs

Total unit cost increases listed in Table 7-4 include R&U costs incurred
in order to comply with noise standards.

Research and development costs include the cost of:  R&D personnel,
laboratory facilities and diagnostic equipment, prototype motorcycles,
materials and components, and production design and drawings., The impact of
research and development costs on unit cost is particularly difficult to
determine because of variances in the sizes and characteristics of the
companies involved; the differences in depth and breadth of each company's
Pr‘oduct 11ne; extent of expenditures in the effort that can be considered
"sunk” costs and have already been amortized; unknown technical complexities
and model peculjarities that will be encountered in the R&D and production
design program; differences in availabla resources and personnel; and dif-
ferences in cost accounting policies.

Impacts will also depend on program variables. For example, the degree
of noise reduction required for each class of wotorcycle will detarmine
whether "straight-forward" or major model changes are required to comply with
regulatory levels, Estimates for unit cost increases attributanle to amor-
tized R&D for these two types of changes were supplied by manufacturers.
These data were assessed for reasonableness, and used to derive unit cost
increases. Again, these estimates were modified by the probabilities asso-
clated with strajght-forward and major inodel changes in the nominal and worst

cases.

The generalized estimates in Table 7-13 for Category I manufacturers
(manufacturers that produce 100,000 units or more annually) were modified
by two factors to derive the composite {(weighted) average R&D unit cost
increases for all manufacturers, shown in Table 7-14. The two factors con-
sidered are: {1} approximately 86% of all motorcycles sold in the U.S, are
manufactured by Category I manufacturers, and (2) R&D unit costs for Cateqgory
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Table 7-11

MANUFACTURING UNIT COST INCREASES VERSUS REGULATORY LEVELS -
BASELINE INDEPENDENT ESTIMATE {1975 DOLLARS)

MODEL DESCRIPTION REGULATORY LEVELS* (u8) MANUFACTURENG COST INCREASE
SIZE FUNCTION TEST OYER-  EX- AR HECHf CHANGE **
CATEG . PROC. AL HAUST  INTAXE  RIVE CLASS.
{cc) 0 \] EX 1y M/D 0] {EX) {IN} {H/D}
750 and Street- SAE J33]a i3 :X] 75 75 15 10 6 4 0 SFMC
Above Legal 80 12 12 n 30 13 10 7
78 70 10 T 63 24 16 21
75 67 67 68 146 52 30 64
350-749 Street- SAE J33la 86 a3 75 75 15 8 4 4 0 MG
Legal 80 72 72 1 22 9 [ 7
i 10 L] n 55 18 12 25
75 67 67 [ 129 44 25 60
170-349 Stregte SAE J33la 86 [:X] 15 75 15 4 2 2 0 SFHC
Legal 80 72 1 n 18 5 5 ]
18 10 10 n 38 13 9 16
15 67 &7 €8 92 2! 20 45
100-)64 Street- SAE J33la B6 83 75 75 75 2 | 1 SFHC
Legal B ®” ’”omn 8 3 4 1
78 10 0 1 25 1 8 [
75 &7 67 68 61 2 14 a7
93 and Street- SAE J33la a6 18 n n 69 7 3 4 [0 SFMC
Below Legal 15 67 67 69 17 9 8 0

* Tegulatory not-to-exceed nofse Tevel applicable to overall [0) level, Subsources are design level.
** SFMC - Stralght Forward Model Change.
M0 - Hajor Model Change
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Table 7-11 {cantfnued)

MANUFACTURING UNIT COST INCREASES VERSUS REGULATORY LEVELS -

BASELINE INDEPENDENT ESTIMATE (1975 DOLLARS)
REGULATORY LEVELS* {dD}

MANUFACTURING €OST INCREASE

SIIE FUNCTION TEST OVER-  EX- AlR MCH/ CHANGE**
CATEG. PROC.. ALL HAUST INTAKE  DRIVE CLASS.
{cc) 0 0 EX_ Iu M/ (o) {EX} (1K) tH/0)
350-748 Of f-Road SAE J331a 89 B& [ird 82 75 4 4 2 0 SFMC
83 75 75 75 12 6 6 0
80 12 72 n 2% 1 8 ?
78 10 i} L) 59 20 14 25
170-34% OFf-Road SAE J331a 89 86 82 82 75 4 2 2 0 SFHC
83 i 5 75 [} 4 4 0
80 72 72 13 20 7 7 2
78 10 n ) LH 1§ 11 16
H0-169 OFf«Road SAE J33la B6 83 L] 75 15 2 1 1 0 SFMC
80 72 12 i3 8 3 4 1
8 0 10 n i} 11 4 6
9% and Of f-Road 80 78 N N 69 1 k| 4 0 SFMC
Below 5 67 67 69 u 9 ] 1}

W
Ll

Reguldtory not-to-excecd noTse level appllcablé te overall {(0) level.

SFMC - Strafght Forward Model Change.

M

- Major Model Change

Subsources are design level.
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MIVEL, DESCRIPTION

MANUFACTURING UNWIT €OST INCREASES VEHSUS REGULATORY LEVELS -

Table 7-11 {Contipued)

OASELINE INDEPENDENT ESTIMATE {1975 dollars)

REGULATORY LEVELS* (D8}

HANUFACTURING €
ER-

OST [HCHEASE

S12E FUNCTION TEST, - AIR MECH/  CHANGEM*
CATEG, pROC, AL IAUST  INTAKE  DRIVE  CLASS.
{cc) 0 0 EX I M {0} (EX) (IN) (M)
750 and Street- SAE J331a BG 83 75 1% 15 0 6 4 0 I
Above Leqgal 80 2 2 n 102 13 10 0 []
A0 e N 135 24 16 95 80
™ 67 67 68 138 52 30 116 da
350-749 Strect- 86 BY 75 718 8 4 4 1] e
Legal B0 12 72 13 85 ] [ b [
momw om oNn 108 18 12 78 o
7% &7 & & 174 44 25 105 a8
170-349 Street- SAE J331a 86 B 15 715 75 4 2 2 0 e
Legal &0 1 n»n o on 55 5 5 45 ]
n|oomo o N 74 13 g 52 8
& 61 o 118 27 20 n do
100-169 Street- SAE J33la 86 a ;s 1 75 H 1 1 0 HiC
Legal 80 72 72 n a7 k] 4 L] 1]
wmoown om 6l 1 8 42 80
B 6 6 68 8r 20 14 53 db

¥ Regulatory not-to-exceed nofse Teve) applicatie to overall (0) level.

*% SFMC - Stralght Forward Model Change.

MO

- Major Model Change

Subsaurces are desfgn level,
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Table 7-11 (Continucd)

MANUFACTURING UNIT COST IHCREASES YERSUS REGULAIORY LEYELS -
BASELINE INDEPENDENT ESTIMATE {1975 dollars)

MIDEL DESCRIPTION

REGULATORY LEVELS* (dB)

MANUFACTURING COST IWCREASE

"flequlatory not-to-exceed nojse level applicable ta overall (0} level.

SIIE FUNCTION TEST. OVER-  EX- AIR MCH/ CHANGE*>
CATEG. PROC. AL 1AuST INTAKE  DRIVE CLASS.
ice) 0 ] £x 1 i {u) (EX) (10} (H/0}
350-749 Off-Road SAE J13la 89 b6 a B2 75 4 2 2 0 H4C
83 75 75 75 12 b [ u
80 12 72 7 49 11 1] T 80
8 67 70 i 112 a0 14 L] di
170-349 DFf-Noad SAE Jilla 89 86 u2 82 75 q 2 2 0 SFHC
83 5 15 75 8 4 4 0
80 72 7 [&] 59 7 7 45 a0
] 67 T n K] 15 11 52 di
100-16% Off-Road SAE J33la 86 1K) 75 75 75 2 1 1 0 SFIC
80 12 7 73 47 3 4 40
18 0 10 7l 61 1 8 42 oo
dB

& SFMC - Straight Forward Model Change.

iy

= Major Mode! Change

Subsources are design level.
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Taple 7-12

MANUFACTURING UNIT COST INCREASES FUR VARIOUS REGULATORY LEVELS
NOMINAL AND WORST CASES {1978 Dollars)

MANUFACTURING UNIT GOST INCREASE

PRODUCT CLASSIFICATION REGULATORY LEVEL (SAE J331a)
86 d8  @3db 80 dB_ 78 dB  75dB

NOMINAL {EXPECTED) CASE
Street-Legal

99 ¢c and Below 0 0 0 9 zi
100 - 169¢c 0 3 13 52 100
170 - 349cc 0 5 23 67 135
350 - 749cc 0 9 29 90 186
750 cc and Ahnve 0 12 44 113 220
Off-Road
99 ¢c and Below 0 0 0 9 *
100 - 169 cc 0 3 10 13 *
170 - 349 cc 5 10 49 93 *
350 - 749 cc 5 13 100 123 *
WORST CASE
Street-legal
99 cc and Below 0 0 0 9 21
100 - 169 cc¢ 0 k| 35 74 105
170 - 349 cc O 5 a4 88 140
350 - 749 cc 0 9 60 118 191
750 ¢¢ and Above 0 12 78 155 226
Off-Road
9% cc and Below 0 0 0 9 *
100 - 169 cc 0 3 57 14 *
170 - 349 cc 5 10 71 93 *
350 - 149 cc 5 13 99 122 *
¥ Information not avajiabie
7-22
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11 manufacturers (manufacturers that produce less than 100,000 units per year)
are estimated to be double those of Category I manufacturers.

The second factor is to be expected because total RED expenses are
allocated over fewer units when estimating costs un a per unit basis., There-
fore the composite weighted average for all motorcycle manufacturers should be
roughly 1.14 times the cost of Category | manufacturers,

Table 7-15 shows nominal and worst case R&D unit costs associated
with different regulatory levels. These values are used in computing total
unit cost increases.

7.1.3 Tooling and Other Manufacturing Equipment Costs

Total unit cost increases in Table 7-4 also include expenditures related
to addition or modification of tooling and other production related equipment.

Generalized cost estimates for Category I manufacturers are summarized in
Table 7-16. Estimates for both straightforward and major model changes are
provided. The generalized estimates represent an evaluation of trends in-
dicated in manufacturer-supplied data. A Tliberal (high) estimate of unit
tooling costs for major model changes was used.

Toeling costs on a unit basis tend to be considerably higher for Catagory
IT manufacturers (producing 100,000 units per year or less), because fixed
expenses are allocated over fewer units. As in the case of RAD expenses, it
would appear that unit tooling costs for Cateqory 11 manufacturers are approx-
imately double that of Category I manufacturers,

A composite weighted average for all manufacturers was computed using the
1.14 factor derived for R&D costs, The weighted average is summarized in
Table 7-17. Composite cost estimates for nominal and worst cases are sum-

marized in Table 7-18,

These costs are included in the total unit cost increases listed in
Table 7-4.

7.1.4 Testing and Certification Costs

For standardized acceleration tests, the basic sound level meter and
accessories required typically cost between $550 and 52,600 in 1975 doliars
{See Table 7-19). A sound level recorder, if necessary, would cost an
additional $2,400.

(a) Moving Tests

The test facilities of wmajor vehicle manufacturers are generally per-
manent installations, and cost at least $225,000 and up. A commun alter-
native to setting up permanent facilities is to lease test sites. A twpical
facility rental cost would be $100 per day. Based on experience gained in

7-23
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Table 7-13

MOTORCYCLE UNIT CUST INCREASES GENERALIZED COST ESTIMATE
DUE TO R&D EXPEWSES: CATEGORY I MOTORCYCLES MANUFACTURERS
(1978 DOLLARS)

MOTORCYCLE UNIT COST INCREASE
REGULATORY LEVEL (SAE J33la)

TYPE OF CHANGE 86 dB 83 di 80 dB 76 dB 75 dB
Straightforward

Model Change 51 £2 39 $16 $24

Major Model Change * * $37 $41 49

@ 80 dB (SAE J33la)

Table 7-14

MOTORCYCLE UNIT COST INCREASE NUE T AMORTIZED R&D EXPENSES:
COMPOSITE WEIGHTED AVERAGE FUR ALL MANUFACTURERS
(1978 DOLLARS)

MITORCYCLE UNIT COST INCREASE
REGULATURY LEVEL (SAE J33la)

TYPE OF CHANGE 86 dB 83 dB 80 8 78 dB 75 dB
Strafghtforward

Model Change $1 $2 $10 $19 $¢8

Major Model Change * * £42 46 $56

@ 80 d8 (SAE J33la)

Derivation Wotes:
1. Available information {ndicates that manufacturers with production

volumes Tless than 100,000 units per year are likely to have unit
R&D costs thak are twice (2} that of manufacturers with production

volumes of 100,000 or wore units per year.

2. Manufacturers with production wvoluites Yuss than 100,000 units per
year sell 14% of all motorcycles sold in the U.S.

*Information not available
7-24
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Table 7-~15
MOTORCYCLE UNIT COST INCREASES DUE TO AMORTIZED RAD EXPENSES;
NOMINAL (EXPECTED) AND WORST CASES
{1978 DOLLARS)

MOTORCYCLE UNIT COST INCREASE
REGULATORY LEVEL (SAE J33la)

86 db 83 dB 80 dB 78 dB 75 dB

Nominal {Expected)

Case $1 $2 $13 $33 $53
Horst Case 51 52 $26 $46 $55
Table 7-16

MOTORCYCLE UNIT COST IHCREASES GENERALIZED COST ESTIMATE
QUE TO TOOLING EXPENSES FOR CATEGORY 1 MOTORCYCLES MANUFACTURERS
(1978 DOLLARS)

MOTORCYCLE UNIT COST INCREASE
TYPE OF CHANGE REGULATORY LEVEL {SAE J331a)

B6 d8 83 db 80 dB 78 48 75 d3

Straightforward
Model Change $0 $5 38

* * $35 $38 $43

$10 515

Major Model Change
@ 80 dB [SAE J33la)

* Information not avaiiable
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Table 7-17
MOTORCYCLE UNIT COST INCREASES DUE TO TOOLING EXPENSES:
COMPOSITE WEIGHTED AVERAGE FOR ALL MANUFACTURERS
{1978 DOLLARS)

MOTORCYCLE UNIT COST INCREASE
TYPE OF CHANGE REGULATORY LEVEL (SAE J331la)

86 dB 83 dB 80 dB 78 dB 75 dB

Straightforward
Model Change $0 $6 $9 $12 $17
Major Model Change * * $40 $44 549

@ 80 dB {SAE J33la)

Table 7-18
MOTORCYCLE UNIT COST INCREASES DUE TO TOOLING EXPENSES:
NOMINAL {(EXPECTED) AND WORST CASES
(1976 DOLLARS)

MITORCYCLE UNIT COST IMCREASE
REGULATORY LEVEL (SAE J331a)

B6 dB 83 dB 80 dB 78 dB 75 dB

Nominal (Expected) 0 $6 $12 $27 $46
Case
Worst Case 30 $6 $24 $44 $49

*  Informat{on not available
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Table 7-19
TYPICAL COST OF SOUND LEVEL METERS AND ACCESSORIES

COMPONENT COST

Type 1 Sound Level Meter (B&K 2209) $1,706
Microphone 343
Pistonphone 475
Accessories (tripod, windscreen, etc.) __ 100
$2,624

Type Il Sound Level Meter (B&K 2213) $ 354
Acoustic Calibrator 177
Accessories 15
5 546

Sound Level Recorder {BEKX 2306) $2,400

Sourcet DBEK Catalog (prices as of July I, 19757,

7-27




EPA's motorcycle test program, the noise levels of approximately 20 motor-
cycles can be measured per eight-hour périod, since the initial set-up time is
mipimal. The tests require two technicians and a rider, and include six noise
level measurements in each direction.

For an aftermarket exhaust system manufacturer, considerably more
time would be required to transport mutorcycies to leased test facilities,
to set-up the test site, and to exchange exhaust systems as required.
Again, based on EPA's test experience, the noise Tavels of approximately
eight exhaust system configurations can be measured in an eight-hour period,
These costs are delineated in Tables 7-20 A, B, C, B, E, F.

{b) Stationary Tests

Stationary tests are the simplest tests to adminjster and require
minimal facilities. In addition, the actual testing time is almost
negligible. The two basic elements for estimating testing costs are the
measurement rates and the number of personnel required. Costs can be computed
by ‘using an appropriate labor rate combined with the number of tests con-

ducted.

Estimated testiny costs for three motorcycle manufacturers are summarized
in Table 7-20. An EPA estimate appears in Table 7-21.

Although EPA estimates of test and administration costs are considerably
lower, manufacturer estimates were used in computing unit cost increases for
testing and compliance requirements. For major manufacturers, unit costs were
figured on the basis of 270,000 unit sales per year, with equipment amorti-
zation over a four-year pericd, A breakdown of the manufacturer estimated
costs using 1978 doliars follow:

Cost on
Cost Element Cost Annual Basis Unit Cost
Equipment $350,000 $ 87,500 0.32
Test and Adninistration $350,000 350,000 1.30
ost Subtotal l.62

Assuming that unit costs for smaller wanufacturers are higher, a reason-
able estimate for the composite weighted average for all motarcycles s $1.75
per unit. In addition, Harlgy Davidson estimataes labeling would add approxi-
mately $0.5 to unit costs.” Compliance testing and certification costs
would therefore add approximately $2.25/unit costs, and this value is
inciuded in total unit cost increases {refer to Table 7-4).

1. 7AMF/HarTey-Davidson's veply to Exhaust Emission Notice of Proposed
Rulemaking, January 30, 1976

7-28
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Table 7-20 A

ASSUMPTIONS USED TO DESCRIBE A LARGE AFTERMARKET
MANUFACTURER AND A SMALL AFTERMARKET MANUFACTURER

Item Large Manufacturer Small Manufacturer

Revenue from exhaust systems 1,000K 200K
No. of exhaust system models 128 25
No. of different muffler cores 13 4
No. of cores requiring R&D at

the 83/686 dB level 5 2
No. of cores requiring R&D at

the 80/82 dB level 10 4
NHo. of new motorcycles added

to product line coverage

each year 5 2
No. of current year motorcycles

for which exhaust systems are

offered 30 12
Cumulative percentage of revenues

from mufflers for regulated

motorcycles
in lst year: 16% 164
in 2nd year: 324 32t
in 3rd year: 13% 48%

7-29
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Table 7-20 B

EXHAUST SYSTEM MANUFACTURER'S, COSTS FOR RED BY THE FEDERAL PASS-BY
TEST AND BY THE F50 STATIONARY TEST

Stationary
1tem Federal Pass-by Test F50 Test
Cost of Redesign of
10 muffler cores:*

Labor $15,500 511,800
Site ' 1,300 -
Motorcycle costs 900 900
Transportation 1,300 -
N Test equipment 300 300
3 $13s000
or about $1900/core or about $1300/core

*Labor for Pass-by Test: one engineer for 3 months @ $20/hr = $10,400; one
day of testing per week for 3 months = 13 days; 2 technicians @ $12/hr
plus one mechanic @ $15/hr plus one driver @ $10/hr for 13 days =

$5,100

Labor for Stationary Test: one engineer for 3 months @ $20/hr = $10,400;
1/2 day of testing per week for 3 months = 6 1/2 days; one technician
@ $12/hr plus one mechanic @ $15/hr for 6 1/2 days = $1,400.

Test Site @ $100/day for 13 days = $1,300

Motorcycle Lease: A $90 wholesale exhaust system is exchanged for use of each
motorcycle in the testing. 10 motorcycles @ $90/motorcycle = $9Q0,

Transportation Costs: $10/motorcycle for 10 motorcycles for 13 days = $1,300

Test Equipment: $2624 with a 4 to 5 year life = $600/year divided equally
between RED testing costs and compliance testing costs.

7-30
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Table 7-20 C

YEARLY COMPLIANCE TESTING COSTS FOR A LARGE EXHAUST SYSTEM MANUFACTURER
USING THE FEDERAL PASS-BY TEST (8 EXHAUST SYSTEMS TESTEL PER DAY)

30 Exhaust Systems 5 Exhaust Systems
Labor 51,568 {4 days) $392 (1 day)
Site 400 100
Motorcycle Costs - --
Transportation 300 50
Administrative Costs (15%) 340 81
Equipment 300 300

$2,908

YEARLY COMPLIANCE TESTING COSTS FOR A SMALL EXHAUST SYSTEM MANUFACTURER !
USING THE FEDERAL PASS-BY TEST (8 EXHAUST SYSTEMS TESTED PER DAY) :

12 Exhaust Systems 2 Exhaust Systems

Labor $ 784 (2 days) $ 392 (1 day)

Site 200 100

Motorcycle Costs - -

Transportation 120 20

Administrative Costs (15%) 165 76

Equipment 300 300 ‘
$1,569 5888 !
7-31 X
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Table 7-20 D

YEARLY COMPLIANCE TESTING COSTS FOR A LARGE MAHUFACTURER USING THE
F60 STATIONARY TEST (16 EXHAUST SYSTEMS TESTED PER DAY)

30 Systems
Labor $§ 432 (2 days)
Site --
Motorcycle Cost -
Transportation &
Administrative Costs 300
Equipment 300

YEARLY COMPLIANCE TESTING COSTS FOR A SMALL MANUFACTURER USING THE
FS0 STATIONARY TEST (16 EXHAUST SYSTEMS TESTED PER DAY)

12 Systems
Labor $ 216 (1 day)
Site -
Matorcycle Costs --
Transportation &
Administrative Costs 120
Equipment 300
§ 636
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Table 7-20 E

AVERAGE YEARLY COSTS OF R&Dl/ AND PY TESTING AFTERMARKET
EXHAUST SYSTEWM MANUFACTURERS FOR THE
FEDERAL PASSBY TEST VS, THE F50 STATIONARY TEST

{Passby Test/F50 Test)

l.evel of Standard Large Manufacturergl Small Manufacturengf

; 83/86 dB for Street/0ff-road
Amortized Over the 3 Year Period

R&D $3200/%2200 $1300/5 900
PV Testing 1600/ 700 1100/ 600
Total 4800/ 2900 2400/ 1500

80/82 dB for Street/0ff-road
Amortized Over the Initial 3
Year Period

R&D $6300/54300 $ 2500/$1700
PY Testing 1600/ 700 1100/ 600

Total 7900/ 5000 3600/ 2300

80/82 dB for Street/0ff-road
After Initial 3 Year Period

R&D - -
PV Testing $ 900/$600 5 660/$ 600
Total 900/ 600 900/ 600

T, "R & D Tncludes ¢cost of redesign and prototype testing
5 2. Large manufacturer revenpues are assumed to be I million
¢ 3. Small Manufacturer revenues are assumed to be 200,000

i 7.33
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Tanle 7-20 F
Average Price Increase of Aftermarket Exhaust System
Due to RE&D and PV Testing by the
Federal Passby Test vs. the F50 Stationary Test

(Passby Test/F50 Test)

Level of Standard Large Manufacturer Small Manufacturer

83/86 dB for Street/Off-road
Amortized Over the 3 Year Period

R&D 1.0%/0,7% 2.0%/1.42
PV Testing 0.5%/0.2% 1.7%/0.9%
Total 1.5%/0.9% 3.7%/2.3%
80/82 dB for Street/0ff-road
Amortized Over the Initial 3
Year Period
R&D 2.0%/1.4% 3.9%/2.7%
PV Testing 0.5%/0.2% 1,7%/0.9%
Total 2.5%/1.6% 5.6%/3.6%
80/82 dB for Street/0ff-road
After Initial 3 Year Period
R&D 0 0
PV Testing 0.09%/0.06% 0.05%/0.03%
Total 0.09%/0.06% 0.05%/0.03%
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Table 7-20
ESTIMATED COST OF COMPLIANCE TESTING -

MANUFACTURER SUPPLIED DATA
{1975 DOLLARS)

Manufacturer A
Additional test equipment and facilities cost:
1. Additional test site for SAE J331a ---- $100,000.
2. Six sets of equipment for performing ISO stationary vehicle
measurements ---- $180,000.
Test operations and administration costs:

1. Sampling inspections by SAE J33la of three units/model/menth
at 3 units/day ---- $16,000 per year.

2. 150 stationary inspection of motercycles for U.S.
100% inspection $200,000 per year
1% inspection § 2,000 per year
Hanufacturer B
Additional Test Equipment and Facilities:
$250,000 - 3400,000 depending on type of testing.
Test Operations and Administration Costs:

$100,000 - $300,000 per year depending on required levels of
production verification.

Manufacturer C
Additional Test Equipment and Facilities Cost: $300,000
Test Operations and Adsinistration Cost: $300,000 per year.
7-35
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‘Table 7-21
ESTIMATE OF ANNUAL TESTING AND

CERTIFICATION COSTS--MAJUR MANUFACTURER
{1975 DOLLARS)

COST COMPONENT COsT
Production Verification 25 models 1 test each
(see enforcement section) 3 persons 1 hr/test 75 hr
Selective Enforcewment Audit 3 models 15 vehiclies/model
(see enforcement section) 3 persons 1 hr/ftest 135 hr
Label Verification 25 models 30 test each 125 hr
(see enforcement section) 2 persons 5 minftest
Reporting & Administration 250 nr
Total 585 hr At $20/hr $11,700
Materiais and Miscellaneous 5,000

Total $16,700
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7.1,5 Total Weighted Unit Cost Increases

Total unit cost increases resulting from compliance with noise stan-
dards arise from four major cost elements:

{1} Manufacturing unit cost increases.
{2) Amortized R&D costs on a unit basis.

(3) Amortized tooling costs on a unit basis,

(4) Compliance testing and certification costs on a unit basis.

The total unit cost increases at various regulatory levels fur the
several motorcycle product categories are surmarized in Table 7-4. A break-
down of total unit costs by najor cost element is provided in Tables 7-22 and
7-23. As has been indicated, in general, the largest contributor to the unit
cost increase 1s the manufacturing cost, which typically ranges from between
60 to 70 percent of the total, followed by amortized R&D costs, unit tooling
costs, and the testing and certification costs.

Probable unit cost increases for compliance with the noise emission
standards were determined for all motorcycles that were tested. These costs
ware then weighted by the percentage of the total market share for each
manufacturer in each engine displacement class and totaled to obtain unit cost
increases for various regulatory levels of each engine displacement class.
These calculations were made for both street-legal and off-road motorcycles
and for nominal (expected) and worst cases. Refer to Table 7-24 for projected
weighted total unit cost increases for the various regulatory levels.

7.2 Purchase Price Impacts

The impact of cost increases on motaorcycle purchase prices ic a complex
situation and one which will be determined in the final analysis by free
market f{nteraction between supply and demand. However, some of the cost
scenarios which are likely to occur as a result of the interaction of these
economic forces are presented in this section.

Table 7-25 provides an approximation of the existing price mark-up struc-
ture between manufacturer and distributor (if any) and dealer. Distributors
for wmajor manufacturers are generally wholly owned subsidiaries.

One manufacturer indicated that typical price mark-ups range between 20
to 40 percent at the retail level. Independent references tend to support
this estimate. Generally, EPA assumes the worst-case price increase due to an
incremental change in cost 1s assumed to be 50 percent. However, the impact
on price could range from a unit price increase being slightly Tess than a
unit cost increase to a price increase equal to 1.5 times the cost increase.
Representative cases in which four different levels of mark-up could occur are

described following Table 7-25.

Cases [ and II would be considered very optimistic, primarily because
they are counter to normal mark-up policies, even for “incremental” cost

7-37
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TOTAL UNIT COST INCREASE ELEMENTS:

STREET LEGAL, 750 cc
Over

Manﬂfacturing Cost

R&D 3

Tooling™ (Mfg.

Equipment)

Compliance Testing

& Certification Cost
Tota)

STREET LEGAL, 350-749 cc

Manufacturing Cost

R&D

Tooling (Mfg.

Equipment)

Compliance Testing

& Certification Cost
Total

STREET LEGAL, 170-349 cc

Manufacturing Cost

R&D

Taoling {Mfg,

Equipment)

Compliance Testing

& Certification Cost
Total

STREET LEGAL, 100-169 cc

Manufacturing Cost

R&D

Tooling (Mfg.

Equipment)

Compliance Testing

§ Certification Cost
Total

Table 7-22

NOMINAL (EXPECTED) CASE
(1978 DOLLARS)

UNIT COST INCREASE {DOLLARS)

REGULATORY NOISE LEVELS1 {SAE J331a)

B6d8  83d38  80d8  78dB _ 75dB
* 12 4 113 220
* 2 13 .33 53
x 6 12 27 46
* 2 2 2 2
* 22 71 175 321
* 9 29 %0 186
* 2 13 33 53
* 6 12 27 46
* 2 2 2 2
* 19 56 152 287
* 5 23 67 136
* 2 13 33 53
" 6 12 21 4
* 2 2 2 2
* 15 50 129 237
* 3 13 52 100
* 1 2 14 33
* 0 1 6 13
* 2 2 2 2
* 6 18 74 148

T, Wot-to-exceed regulatory levels.

2. Amortized R&D costs on a unit bhasis.

3. Amortized tooling costs on a unit basis.
* Information not available
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Table 7-22 (Cont'd)
TOTAL UNIT COST INCREASE ELEMENTS:
NOMIMAL (EXPECTED} CASE
{1978 DOLLARS)
UNIT COST INCREASE (DOLLARS)

REGULATORY MNOISE LEVELS1 {SAE J33la)
86 dB 83 dB 80" dB 78 dB 75 dB

STREET LEGAL, 99 cc

BELOW .
Mangfacturing Cost 0 0 0 9 21
R&D 3 0 0 0 2 14
Topling (Mfg, 0 0 0 6 13
Equipment)
Compliance Testing * 2 2 2 2
& Certification Cost
Total 4] 2 2 19 50
QFF-ROAD, 350-74% cc
Manufacturiny Cost 5 13 100 123 *
R&D 1 2 13 33 *
Tooling (Mfy. 0 6 12 27 *
Equipent)
Conplfance Testing 0 2 2 2 x
& Certification Cost
Total 6 23 127 185 o
OFF-ROAD, 170-349 cc
Manufacturing Cost 5 10 45 93 *
R&D 1 2 13 33 *
Tooling {Mfg. 0 6 12 2! A
Equipment)
Compliance Testing 0 [4 2 2 *
& Certification Cost
Total 6 .20 16 155 *
OFF-ROAD, 100-169 cc
Manufacturing Cost 0 3 10 73 *
a0 0 1 2 14 *
Tooling (Mfg. 0 0 6 6 *
Equipment)
Compliance Testing - 2 2 2 *
& Certification Cost
Total 0 6 20 L9 *

T. Not-to-exceéed reqgulatory tevels.

2, Amortized R&D costs on a unit basis.

3. Amortized tooling costs on a unit basis
* Information not available
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Table 7-22 (Cont'd)
TOTAL UNIT COST IKCREASE ELEMENTS
NOMINAL (EXPECTED) CASE
(1978 DOLLARS)
UNIT COST INCREASE {COOLLARS)

REGULATORY NOISE LEVELS {SAE J33la)

86 dB 83 dB 80 dB 78 dB
OFF-ROAD, 99 cc &
BELOW .
Mangfacturing Cost 0 0 0 9
R&D 3 0 0 0 2
Tooling {Mfg. 0 0 0 6
Equipment)
Compliance Testing 0 2 2 2
& Certification Cost
Total L - 2 19

A ——

{TNot to exceed regulatory levels.
2. Amortized R&D costs on a unit basis.
3. Amortized tooling costs on a unit basis.
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Table 7-23

TOTAL UNIT CUST INCREASE ELEMENTS

STREET LEGAL, 750 cc
OYER

Mmshcmﬂnngt
R&D

Tooling (Mfg.3

Equipnent)

Compliance Testing

& Certification Cost
Total

STREET LEGAL, 350-749 cc

WORST CASE

{1978 DOLLARS)
UNIT COST INCREASE {DOLLARS)
REGULATORY NOISE LEVELS!(SAE J33la)

Manufacturing Cost

R&D

Tooling (Mfy.

Equipment)

Compliance Testing

& Certification Cost
Total

STREET LEGAL, 170-349 cc

Manufacturing Cost

R&D

Tooling (Mfg.

Equipment)

Compliance Testing

& Certification Cost
Total

STREET LEGAL, 100-169 cc

iManufacturing Cost

R&D

Tooling (Mfg.

Equipment)

Complfance Testing

& Certification Cost
Tota)

85d8  83ds B0 dB  78dd 75 dB
0 12 78 165 226
0 2 2 46 55
0 6 24 14 49
0 2 2 2 2
0 22 130 247 332
0 9 60 118 191
0 2 26 46 55
0 6 24 44 49
0 2 2 2 2
0 19 112 210 297
0 5 a4 83 140
0 2 26 4 55
0 6 24 a4 49
0 2 2 2 2
0 15 96 180 246
0 3 35 74 105
0 1 2 27 47
0 0 24 44 49
0 2 2 2 2
0 6 63 147 203

T. "Not to exceed reguTatory Tevels,
2. Amortized R&D costs on a unit basis.

3. Amortized tooling costs on a unit basis.
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Table 7-23 {Cont'd)
TOTAL UNIT COST INCREASE ELEMENT
WIRST CASE
(1978 Dollars)
UNIT COST INCREASE (0OLLARSY

REGULATORY NOISE LE\!’ELS1 {SAE J331a)

86 dd 83 db 80 da 78 dB
OFF-ROAL, 350-749 cc
Mangfacturing cost 5 i3 pit] 122
R&D 3 1 2 26 46
Taoling (Mfg. 0 6 24 44
Equipment)
Compliance Testing o 2 2 2
& Certification Cost
Total 6 23 .15} 214
OFF-ROAD, 170-349 c¢¢
Hanufackturing Cost 5 10 71 83
R&D 1 2 26 16
Taoling (4fg, 0 6 Pl 44
Equipment)
Compliance Testing g 2 Z 2
& Certification Cost
Total 6 ... Y 185 .
OfF-ROAD, 100-169 cc
Hanufacturing Cost 0 3 5 74
RED 0 1 2 27
Tooling (Wfy. 0 0 21 44
Equipment )
Compliance Testing 0 2 2 2
& Certification Cost
Total 0 b 82 147

ey -

I ot -to-exceed réqulatory levéls.
2. Amortized R&D costs on a unit basis.
3. Amortizad tooling costs a unit basis,
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Table 7-24

PROJECTED WEIGHTED TOTAL UNIT COST INCREASES VERSUS REGULATORY LEVELS

NOMINAL AND WORST CASE
{1978 DOLLARS)

WETGHTED UNIT COST INCREASE

TOTAL

REGULATORY NOISE LEVELS (SAE J33la)

PRODUCT CLASSIFICATION 86 dB 83 dB 80 d8 78 dB _75 dB
NOMINAL (EXPECTED) CASE
99 ¢c and Below 0 1l 1 16 64
100-169 cc 0 1 8 64 138
170-349 cc 0 3 ki 102 210
350~749 cc 0 ) 30 99 241
750 cc and Above 0 g 47 144 289
Average Street-Legal 0 5 30 100 221
99 cc and Below 0 2 z 18 *
100-169 cc 0] 1 5 35 *
170-345 c¢ 3 20 76 156 *
350-749 cc 6 23 127 185 *
Average Off-Road 1 7 26 60 *
FLEET AVERAGE 0 6 29 89 *
WORST CASE
39 ¢ and Below 0 1 1 16 64
100-169 cc 0 1 33 117 173
170-349 cc 0 3 63 140 210
350-749 cc 0 5 &7 149 241
750 ¢c and Above 0 9 92 201 289
Average Street-Legal u 5 63 147 220
99 cc and Below 0 2 2 13 *
100-169 cc 0 1 23 54 *
170-349 cc 3 20 122 134 *
350-749 cc 6 23 151 214 *
Average Off-Road 1 7 41 72 *
FLEET AVERAGE 0 .6 ___57 127 *
#Thrformation not available
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rable 7-25

NEW MOTORCYCLE PRICE HARK-UPS

PRICE T PERUENTAGE WARR-UP

LEVEL A . o CONSENSTS

EST, A, . C. Mark-Up Cun Mark-Up
Hlew Motorcycle 6 to 12% - - - - -
Manufacturers
Distributors? 20% 0-26%  12-15% 0-25% 0-25:
Dealers 40% 33% 20-25% 33t 20-33% 20-66%
Note: 1. Significant price discounting can occur at this level,
Sources: A. International Research and Technology Corporation. "The lmpact

B.
C.

of Hoise Abatement Standards on the Wdotercycle Industry.”

Manufacturer suppliad confidential data.

System."

REPRESENTATIVE CASES DEPICTING FUUR DIFFERENT “ARK-UP LEVELS

Price Mark-Up
Factor Conditions

Case

Motorcycle Industry Council, "Manufacturar's Shinment Reporting

II

Il

Iy

0.9

1.0

1.2

1.5

This would occur if the manufacturer absorbed
part of the incremental cost increase, and
distributurs and dealers reduced their mark-
up factors to allow for straight pass-through
of cost increase.

This would occur if manufacturers, distribu-
tors and dealers passed increased cost
straight through to consumers.

This would occur if manufacturer and distrib-
utors passed costs straight tinrough to dealers
and dealers either used their standard mark-
up or discounted their prices.

This would oceur if unit cost increase is
marked-up by standard rates at each level.
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increases. Case IIIl is a more likely possibility because it takes into
account both level of demand and profitability. Case IV would be considered
worst case, because this is the mark-up factor that would impact demand
severely. If these mark-up factors reduced demand significantly, discounting
and manufacturing rebate actions would likely take place, thereby reducing
effective mark-up factors to those shown in Case 1II., The 1.2 factor is
therefore a relatively realistic estimate and is used in the "nominal" case
analysis. The 1.5 factor 1s used in the "worst-case" analysis.

Total weighted unit cost increases determined in the cost analysis are
used as the basis of estimating price increases (refer to Table 7-24), 1In the
nominal case, tota) weighted unit cost increases are factored by the 1.2 price
mark-up Factor derived in the previous section to determine price increases
and in the worst case, total weighted unit costs were factored by a 1.5 price
mark-up factor. The results for the two cases and for each product category
are summarized in Table 7-26, and shown in Figures 7-5 through 7-8. These
nrice {mpacts are for regulatory levels as defined by the SAE J33la test
procedure.

The projected average unit price increases for street-Tegai, off-road,
and all motorcycles for nominal and worst cases are shown in Figures 7-% and
7-10.

Average 1978 prices for each of the product categories are shown in

Table 7-27. These prices were used as the baseline reference to compute the
relative price increases which are also summarized in Table 7-27.

7.3 Replacement Exhaust System Price Impacts

Using manufacturer-supplied data and an independant estimate, the
purchase price increases expected for 4 inte 1 and 2 into 1 exhaust systems
were calculated and are shown in Tables 7-28, 7-29, and 7-30.

Projected relative price increases for two typical exhaust systems
are summarized as follows:

Regulatory 4 into 1 2 into 1
Exhaust Exhaust
Level Systenm System
80 dB +21% +26%
78 dB +40% +50%
7.4 Operational Cost Increases

As discussed in Section 6.3 the principal operational cost increases
assocfated with tower levels of nofse are the impact on fuel econony. Based
on the fuel penalties in Section 6.3.2, the “nominal® and “worst" case esti-

7-85
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Tabie 7-26

PROJECTER MUTORCYCLE PRICE INCREASES
FOR VARIOUS J331la REGULATORY LEVELS
{1979 DOLLARS}1.

PRODUCT CATEGORY

OMINAL CASE

Street-Legal

9% cc and Below

100-169 cc
170 -~ 349 cc
350 - 749 cc

750 cc and Above
Average street-legal

aff-Road

99 cc and Helow
100 - 169 cc¢

170 -~ 349 cc

350 - 749 cc
Average off-road

Fleet Average

WORST CASE

Street-Legal
99 cc and Below

100 - 169 ce
170 - 349 ce
350 - 749 cc

7150 cc and Above
Average streat-legal

0ff-Road

99 cc and Below
100 -~ 169 cc
170 - 349 cc
350 - 748 cc
Average off-road

Fleet Average

UIT PRICE INCREASE

REGULATORY LCVEL (SAE J331a)

86 _di 83 dB 80 di 78 di8 75 dB
0 1 1 19 7
4 1 10 71 166
0 4 N 122 252
a 6 36 119 289
0 1 50 173 347
0 6 36 120 265
0 2 2 22 *
g 1 6 42 *
4 24 91 137 *
7 28 152 222 *
1 ] 3 73 *
0 6 k) 108 *
0 1l 1 24 96
0 1 50 176 260
0 4 94 210 315
0 7 100 224 362
0 13 138 30t 434
0 7 94 221 340
0 2 2 27 *
0 1 34 81 *
4 30 183 216 *
S 34 226 321 *
1 9 60 108 *
0 7 85 151 *

1. 1978 doTTars -~ Based on projected welghted total unit £OSt increases

L]

Information not available
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FIGURE 7-5 PROJECTED RETAIL PRICE INCREASES VS. REGULATORY
NOISE LEVELS FOR STREET LEGAL MOTORCYCLES

—nominal case—

750¢cc and above

UNIT PRICE INCREASE—dollars—

7 7% 715

ol
87 86 B85 84 83 82 8 80 79 8
SAE J331a REGULATORY NOISE LEVEL—dB '
e —
FIGURE 7-6 PROJECTED RETAIL PRICE INCREASES VS. REGULATORY
NOISE LEYELS FOR OFF-ROAD MOTORCYCLES

—nominal case—

350

| 300 =

% 260

|.|I1 350-749¢cc

g 200 - 170.3480¢

&

o

2 1650~

g

£ 100 |-

&

S 50 100-18%¢c
89ce and below
| | |

75

oﬂ‘l 866 e85 8 83 82 & 80 79 7B T W

SAE J331n REGULATORY NOISE LEVEL—dB
I ——e—— . —————————ceamr e

7-47

s s i s A Sy g

B e VR T}



L A L

FIGURE 7-7 PROJECTED RETAIL PRICE INCREASES ¥S. REGULATORY
NOISE LEVELS FOR STREET LEGAL MOTORCYCLES

—worst case—

750ce and above

200 (—

g
|

=
T

99cc and batow

UNIT PRICE INCREASE —dollars —

3

ol
087 6 85 82 83 82 8 80 79 n 7 1w 7

SAE J331a REGULATORY NOISE LEVEL—-dB

FIGURE 7-8 PROJECTED RETAIL PRICE INCREASES VS. REGULATORY
NOISE LEVELS FOR OFF-ROAD MOTORCYCLES

—worst case—

360
3b60-7dbcc
. 300}~
B
g 170-349cc
3 260}~
5
5 200
S
Z 160 |-
w
9
"4
100
E 100-168¢cc
> 8- .
88cc and halow
] 1 | J/‘/l ] i

OBT g6 B85 64 83 B2 B 8 79 MW 77 6 T8
SAE J331a REGULATORY NOISE LEVEL-dB
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—nominal case—

FIGURE 7-8 WT. AVG. PRICE/dB

400

350 —

300

DOLLARS
n
3
I

STREET-LEGAL

TOTAL

OFF-ROADR

- worst case—

0 1 1
86 85 84 83 82 N 80 7 | 77

‘ dsg
e A e e il
.
FIGURE 7-10 WT. AVG. PRICE/dB

400

STREET.LEGAL

OFF-ROAD
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Table 7-27

PROJECTED MOTURCYCLE PRICE INCREASES
ON A RELATIVE BASIS (1578 DOLLARS)

Baseline RELATIYE PRICE INCREASE (%)
PROBUCT CATEGORY 1978 Price REGULATORY LEVEL {SAE J33)a)
{Dollars) 86 db 83 dB 80 dB 78 dB 75 dB

MOMINAL CASE
Street-Legal

99 cc and Below 581 0 0.2 0.2 3.3 13.2
100 - 169 cc 3806 0 0.1 1.2 9.6 20.6
170 - 349 cc 51188 0 0.3 3.5 10.4 21.6
350 - 749 ¢c $1596 0 0.4 2.2 7.4 16.1
750 ¢c and Above $2943 0 0.4 1.9 5.6 11.8
Average Street-Legal 0 0.3 2.0 7.6 17.1
Off-Road
99 cc and yYelow $589 0 0.3 0.3 3.7 *
100 - 169 ¢c $806 0 0.1 0.7 5.2 *
170 - 349 ¢cc $1321 0.2 i.8 6.9 14.2 *
350 - 749 cc $1540 0.4 1.8 9.9 13.4 *
Average Off-Road 0.1 1.8 2.4 6.8 *
A1l Motorcycles 0 0.4 2.1 7.4 *
WORST CASE
Street-Legal
99 cc and Below 3531 0 6.2 0.2 4.1 16.5
100 - 169 c¢ $806 0 0.1 6.2 21.8 32.2
170 - 349 cc¢ $1168 0 0.3 8.0 18.0 27.0
350 - 749 cc $1596 0 0.4 6.3 14.0 22.7
750 cc and Apove $2943 0 0.4 4.7 10.2 14.7
Average Street Legal 0 0.3 5.7 143.2 22 .4
Off-Road
99 cc and Delow $539 o 0.3 0.3 4.6 *
100 - 169 cc 3806 Q 0.1 4.2 10.0 *
170 - 349 cc $1321 0.2 2.3 13.4 20,9 *
350 - 749 ¢cc $1540 0.4 2.2 14.7 20,4 *
Average 0ff-Road 0.1 0.8 4.8 10.1 *
A1l Motorcycles 0 0.4 5.5 13.1 *

*  Inforiation not available
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Table 7-28

EXHAUST SYSTEMS
TYPICAL PRICE MARK-UPS
{1578 DOLLARS)

4 into 1
Exhaust System
Cost/Price Dollars (1978)
Miffler Cost! 524
Header Cost! _ %48
Total Cost 572
Profit Hargin? _ 59
Net to Distrinutor2 81
Net Price to Dealer? 113
Suggested Retail Price2 170

Sources:
1. Independent cost estimate
2. Manufacturer sunplied data
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21into 1
Exhaust System
Uellars {13978)

$21

s
$45
$ 5
50

70
105
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Table 7-29

INCREASE IN MUFFLER COSTS FOR VARIOUS REGULATORY LEVELS
{1978 DOLLARS)

Baseline Regulatory Level (SAE J33la)
Muffler Cost 83 dB 80 dB 78 dB
4 into 1* $22.5 $30 $39 $52
Percentage Increase -- +33% +712% +133%
2 into 1*¥ $21 $46 $32 $43
Percentage Increase - +24% +52% +106%

*  Motorcycle 750 cc and above assumed
** Motorcycle 250-740 cc assumed

Source: Independent Estimate

Table 7-30

INCREASE IN EXHAUST SYSTEM PRICES FOR YARIOUS REGULATORY LEVLLS
(1973 DOLLARS)

Exhaust Baseline Regulatory Level (SAE J331a)
System Cost 83 dB B0 dB 78 db
4 into 1 3170 $185 $206 $238
Percentage Increase .- +9% +21% +40%
2 into 1 $105 $117 $132 $198
Percentage Increase +11% +26% +50%
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mates for fractional reduction in fuel economy are ¥isted in Table 7-31 {all
size categqories combined):

Table 7-31
Regulatory Level [(A-weighted], SAE J33la)

Present

83 dB 80 dBb 78 di 75 dB

Street: Nominal Case 0 2 7.5 14
Worst Case 0 4 12 15
Off-road; WNominal Case 0.5 4 7 -
Worst Case 1 5 a -

Several motorcycle magazines routinely measure fuel economy in the
course of testing motorcycles. Testing sequences are not generally specified
and tend to vary from test to test and magazine to magazine. However, a
review of published data for Cycle and Cycle Guide magazine 1n 1975 jndicate
that estimates of 45 m,p.g. for street motarcycles over 170 ¢¢ and 70 m.p.g.
for street motorcycles 170 ¢c  and under are reasonably consistent with
reported results. These estimates generally agree with manufacturer-supplied
information. The data in Section 5 indicate that wotorcycles under 170 cc
travel about 2/3 the annual distance of motorcycies over 170 cc, Further the
data in Section 2 indicate that motorcycles under 170 ¢¢  make up approxi-
mately six percent of the street motorcycle population. These figures can be
combined for a comosite fuel economy of current street motorcycle of about 47
m.p.g. Two-stroke engines generally display somewhat Tower fuel economy than
4-stroke models, but large consistent differences were not noted. From these
samd reports, 35 m.p.g. for pure off-road motorcycie over 170 ¢¢ and 7.0
m.p.g9. for off-road motorcycles under 170 cc is assumed. Hileage data
indicate no significant difference in annual mileage between large and small
motorcycles, so these can be combined For a composite 60 m.p.g. figure. Table
7-32 shows the annual increases in fuel costs for both street and off-road
motorcycles,

Table 7-32

Regulatory Level [{A-weightad], SAE J33la)
{DoTlar/Year}

86 dB 83 dB 80 dB 78 dB 75 dB

Street: HNominal Case 0 0.48 1.80 3.35
Worst Case 0 0.96 2.87 3.59
O0ff-road: Hominal Case 0 0.03 0.26 Q.46 -
Horst Case 0 0.07 0,33 0.53 -
7-53
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7.6 Maintenance Costs

Estimates were made in Section 6.3 on the additional number of labor
hours per year required to maintain motorcycles as a result of npise reduc-
tion. There has been no indication that at designing to meet lower noise
leve] standards result in exhaust systems or other parts are any less durable
than current systems; therefore, no increase 1n maintenance is expected. The
nomina! and worst case increased labor estimates are listed in Table 7-33
below {all size categories combined; hours/years):

Table 7-33
Requlatory Level [{A-weighted), SAE J33lal
86 dB 83 dB 80 dB 78 dB 75 dB

Street: Nominal Case 0 1/4 1/2 3/4
Worst Case 0 3/8 374 /4
Off-road: Nominal Case 0 1/16 174 3/8 -—
Worst Case 0 1/8 3/8 1/2 -

Although many motorcyclists do their own maintenance, maintepance at a
moderately priced repair facility with a labor rate of $20/hour is assumed
for costing purposes. The resuiting increased annual maintenmance costs are
1isted in Table 7-34 below (1975 dollars/year):

Table 7-34
Regulatory Level [(A-weighted), SAE J33la]
86 dB 83 db 80 dB 78 dB 75 dB

Street: Nominal Case 0 5 10 15
Worst Case (] 7.5 15 15
0ff-road; Nominal Case 0 1 5 5 -
Worst Case 0 2 7.5 10 -

7.6 [Losts of EPA Alr Emission Requirements

The assessed costs and impacts of the noise regulation of motorcycles
will be in addition to those costs and impacts attributable to EPA's motor-
cycle air emission regulations (40 FR 1122, January 5, 1977). EPA studies
using information supplied by various manufacturers indicate that the cost of
compliance with the air emission standards for 1978 would result in an average
increase i1n retal) cost of $47 per motorcycle. Also, the manufacturers
estimated that fuel economy fmprovements associated with the 1978 air emission
standards would range as high as 65 percent with an average increase of 20
percent. Consequently, air emission control costs would be partially offset
by an average discounted lifetime fuel savings of $33 and an undetermined
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savings in maintenance and improved réliability of the product, The average
incremental cost increase far the 1980 air emission standards was estimated to
be %%, which included a small additional improvement in fuel economy, Wo
significant decrease in sales or shift in market shares (between manufac-
turers) was expected to result from the implementation of the air emission
regulation.
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ECONOMIC IMPACT ANALYSIS
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SECTION 8
ECONOMIC IMPACT STATEMENT

B.1. New Motorcycle Sales

New motorcycle sales are analyzed first from a historical perspective,
usina actual sales figures from 1967-1978. and second on the basis of a sales
forecasting model. Although the monthly forecasts of demand begin in January
of 1974, the coefficients of the demand equations used for forecasting were
estimated with January 1973 - December 1975 data.*

8 1.1 Historical New Motorcycle Sales and Trends

The trends in the consumer demand for new motorcycles, as shown in
Table 8-1, have closely followed the behavior of the overall economy from
1967-1978. Note that the new registration figures from R. L. Polk and Company
shown in Table 8-1 and Figure 8-2 are not equivalent to total new motorcycle
sales (Figure 8-1), since off-road and competition models are not required to
be registered in most states. The total motorcycle sales data for the 1972-
1978 period was derived from the "Motorcycle Industry Council's Manufactur-
ing Shipment Reporting System," which is an account of motorcycle shipment
to dealers for the six (five, after 1975} largest manufacturers.

Definitions wused in the Manufacturers Shipment Reporting System are
in. Table 8-2. The reporting system was specially designed to provide sales
data for the product categories shown in Table 8-3.

The Motorcycle Industry Council provided EPA with complete monthly
sales data from January, 1972, throuwh December, 1978, for total motorcycle
unit sales. which included retail, wholesale, and regional sales data,

§.1.2 Sales by Product Category

The breakdown of 1878 sales by product category shown in Table 8-4
and Fiqure 8-3 indicates that street motorcycles accounted for one-half of
sales total, Over two-fifths of the motorcycles (41.7 percent) are street
motorcycles 350 cc and above. The majority of the motorcycles in this cate-
gory have 4-stroke engines.  Almost all of the off-road motorcycles from
125 to 349 cc have 2-stroke engines.

¥ Some of the engine-size categories (i.e., under 100 cc's. 100-169 cc's and
170-349 cc's), for each of which there corresponds a set of demand coeffi-
cients, do not lend themselves to forecasting because these categories
were created specifically for this research only for 1973-1975 by the
Motorcycle Industry Council. Although useful for analysis, these categories
cannot be recreated for 1976, 1977, or 1978. however, the demand for these
motorcycle cateqories combined can be derived as a residua) of the fore-
casted demand for all motorcycles, after subtracting the forecasted demand
for all other size classes,

8-1
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Table 8-1

NEW MOTORCYCLE UNIT SALES DATA (1967-1978) (1)

New Motarcycie

flew Motarcycles

Changes from

Year Registrations {1) Sold (Est.) __Previous Year
1978 764,097 998, 186 - 7%
1977 848,588 1,0?7,280{2) + 3%
1976 783,100 1,049,378(2) +19%
1975 746,778 880,U75(2} -25%
1974 1,024,084 1,181,395(2) ~22%
1973 1,189,789 1,501,572(2) +16%
1972 1,006,143 1,310,134(2] + 8%
1971 928,185 1,238.000(3) +24%
1970 751,291 1,002.000(3) +37%
1969 549,933 733,000(3 +26%
1968 437,498 583,000(3) +52%
1967 287,658 383,000(3} -
Sourcas: (1) R.L. Polk Registration Data,.

(2) Motorcycle Industry Council, "Manufacturer’s

Shipment Reporting System" (data representing most
retail level sales were factured up by the share of
new registrations represented by these sales.}

{3) These sales figures were estimated by assuming
new motorgcycle registrations in these years to be
715% of new motorcycles sold {based on 1972, 1973

relationships).
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THOUSAHDS OF UNITS

THOUSAKDS OF UNITS

1,500

1,250 N
1,000 Q\\\\}?r/” or—% N
750 SOURCES : ~]

1. 1972-1975 DATA:
500 N MOTORCYCLE INDUSTRY COUNCIL,
y”' "MANUFACTURER'S SHIPMENT
q REPORT ING SYSTEM"
250 2, 1967-1971 DATA: —
ESTIMATES DERIVED FROM
REGISTRATION DATA
1967 68 69 70 71 72 73 74 75 76 77 8

YEAR

FIGURE 8-1 NEW MOTORCYCLE SALES, 1967 - 1978
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1,600
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FIGURE 8-2 U.S. NEW MDTORCYCLE REGISTRATIONS, 1967 - 1978
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MOTORCYCLE

A wehicle which is fully or partially
propelled by a power source other than
muscular power and designed to travel
with no more than three wheels in
contact with the ground.

ENCLUOED IN THIS REPORT ARE:

Ywo wheel] motorcycles
Matorcycles with side cars
Three wheel motorcycles
Hini-cycles

Mini-bikes

M1-terrain two and three wheols
Motorized bicycles

Motor scooters

Mopeds

SPECIFICALLY EXCLUDED FROM THIS REPORT ARE:

Golf carts

Tractors

Equipment designed specifically
for In-fagtory Industrial uses

Three wheel vehicles with a full
passenger enclosure

SHIPMENTS

Net wholesale shipment of motorcycles
from manufacturers or distributors to
retajl dealers. Returns and adjustments
from origipal shipments should be de-
ducted in the month they occur, not
applied to the original month shipped.

Table B-2
MOTORCYCLE IKDUSTRY COUNCIL
MANUFACTURER'S SHIPMENT REPORT
DEFINITIONS

PARTICIPATING MANUFACTURER

The motpreycle manufacturers or whole-
sale distributers who submit regular
shipment reports. The initial partici-
pating manufacturers are American Honda,
Kawasaki Motors, Harley-Davidson, and
Horton Treiumph. Additional partici-
pation by other manufacturers will he
approved individually by the M.1.C.
doard of Directors,

ENGINE_TYPES
Two stroke cycle englne:

An engine which requires two strokes
of the piston to complete une combus-
tton sequence composed of intake,
compression, combustion, and exhaust,
The fuel/atr mixture is ignited once
for every crankshaft rotation.

Four stroke cycle engine:

An engine which requires four strekes
of the piston to complete one comhus-
tion seguence composed of intake,
compression, combustion, and exhaust.
The fuel/air mixture is ignited once
for every two crankshaft rotations.

Other:

All engines which do not fall into
gither of the ahove categories.

HIOLESALE FRICE

The lowest price at which the notercycle model
is normally sold to dealers f.o.b, point of
manufacture or point of entry. This whnle-
sale price would not consider such extraordin-
ary items as discounts, special promotional
allowances, rghates or other incentives,

RETAIL PRICE

The ostimaled retaik value of a motarcycle modef
as published on manufacturer “suggested retatl
prices”. [f more than one regiomal price is
published, this shoyld be the Iowest of the
alternative retai) prices and should not inchude
items such as Lransportation charges, sel-up
charges, dealer preparation charges, taxes, elc.

MODEL TYPE
Street motorcycle:

A& motorcycle which is certified hy fts manu-
faclurer as being in compliance with the
Federal Motor ¥Yehicle Safety Standards, and
is desiyned primarily for use of public roads,

0ff-road motoreyce le:

A motoreyele which 1s ot certified by its wanu-
facturer as being in comphance with the Federal
Motor Vehicle Safety Standards.

Dual purpose motorcycle:

A motorcycle which is certified by its mane-
facturer as being In compliance with Federal
Mator Vehicle Safety Standards, designed with
the capahility for use on public roads as
211 as of f-road recreational use,



Table 8-2

MOTORCYCLE INDUSTRY COUNCIL MANUFACTURER'S
SHIPMENT REPORTING SYSTEM CATEGORIES*

-——— —- R, _— _—

Function Size (Engine Displacement) Engine Type
Street Under 50 cc 2-stroke
Dual Purpnse 50 - 99 cc 4-stroke
Of f-Road 100 - 169 cc

170 - 349 cc

350 - 449 cc

450 ~ 749 cc

750 - 899 cc

900 cc and above

*Special categories were devised for purposes of this study, only. The normal
reporting systen has different size categories. The street and dual purpose
categories correspond to the street-legal category used in the cost analysis,
Size categories were selected to provide flexibility in the event different
product categorizations were required for regulatory purposes and because it
was desirable to evaluate economic impacts in each category.

Table 8-4
MOTORCYCLE MARKET SHARE, BY FUNCTICN

1974(%) 1975(%) 1976(%) 1977(%) 1978({%)

Street 40.8 47.4 46.7 52.5 44.4
0ff-Road 20.3 26.6 4.8 6.8 33.4
Dual Purpase 38.8 26.0 28.5 20,7 7.1
8-5
i 4 A LS, 1 b e b i LA Vi et a8 L 17Tt 81 e s A A M A T




Under 125 cc

- {11.34)
OFF-ROAD (33.4%) 125-349 cc
/_/" (4.5%)
§50~449 cc
Under 125 cc -7 (16,4%)
{66.7%)
STREET (49.5%)
450-740 cc
{22,0%)
1264349 cc
(27.0%)
350-449 cc
{4,9%) o
450-749 cc . "/~ 0ver 750 cc
{(1.49) (45.8%)
Under 125 cc
(35.2%)
STREET LFEGAL (66.6%)
125-349 cc
{53.2%) y N
QUAL PURPOSE (17,1%) 350-449 cc \450-749 cc
{8.4%) (3.3%)

FIGURE 8-3 BREAXDOWN OF NEW MOTORCYCLE SALES BY PRODUCT CATEGORY: 1978
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In the actual data bhase, there were no motorcycles in the following
categories: any motorcycle under 50 cc; dual purpose motorcycles, 750 ¢c and
above, and off-road nmotorcycles, 750 cc amd above, In fact, there were very
few off-road or dual purposz motorcycles 450 cc and above.

Total Street, Dual Purpose, and Off-Road Sales

New motorcycle sales data for total street, dual purpose, and off-
road motorcycles in units and retail level dollars derived from the MIC
Manufacturers Shipment Reporting System are summarized in Tahle 8-5.

Total motorcycle unit sales, (Table 8-5) including street, off-road and
dual purpose models of all displacement classes, reached a peak of over 1.5
million units sold in 1973, generating gross revenues of §1.2 billion dollars,
figures which, even discounting the effects of the 1974-1975 recession, have
steadily declined from 1973 to 1978, However, while the unit volume of
annual motorcycle sales in 1978 has declined by one-third since 1973, revenue
in real terms has declined by only 17 percent. This is accounted for by the
25 percent increase in the real average price of motorcycles during this

pariod.

Of the three functional forms of motorcycles (street, off-rpad, and
dual purpose), uynit sales of dual purpose motorcycles declingd the most,
from 550,000 in 1973 to 171,000, in 1978, The real averaga price of dual
purpose motorcycles actually declined by 2 percent over that period. The
demand for off-road motorcycles, while experiencing price increases roughly
equivalent to the average, has remained fairly steady from 1973-1978; that of
street motorcycles has declined approximately 20 percent while their average
nominal price has almost doubled. Apparently, a shift in tastes has occurred,
away from the more clumsy, yet versatile, dual purpose motorcycles, toward the
specialized dirt motorcycles for off-rpad use and also toward street bikes.
Thus the relative market shares of the three functional motorcycles have
changed significantly over this period: street, frum 43 percent to 50 percent
off-road from 20 percent to 33 percent and dual purpose, from 37 percent to

17 percent.

Street Motorcycle Sales by Engine Gisplacement Class

While total street motorcycle unit sales declined from 554,000 units to
494,000 over the period 1972 to 1978 (Table B-5), there were significant
changes in the market shares of the varijous displacement c¢lasses during this
period (See Table 8-6). The shares of motorcycles in the 125 to 349 cc, 350
to 449 cc, and 430 to 749 cc displacement classes all deciired, although the
largest of these, the 450 to 749 cc group, declined the least. The market
share of motorcycles under 125 cc increased dramatically from 1.3 percentin
1974 to 11.3 percent in 1978, and the share of the sales of motorcycles over
750 cc increased fron 28,4 percent in 1974 to 45.8B percent in 1978, Analagous
to the move away from dual purpose motorcycles to either specifically street
or of f-road motorcycles appears to be a movement away from medium displacement
motorcycles, 125 to 749 cc {which comprise only 42,9 percent of the market),
toward motorcycles that are very large or very small and are suited to more

specific purposes,
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Table 8-5
KREW MOTORCYCLE SALES DATA FOR TOTAL, STREET, DUAL PURPUSE, AND OFF-ROAD CATEGORIES (1972-1978)

TOTAL T D 1 B L D LY D Y £ 1976 1977 1978

New Mutorcycle Sales 1,310 1,501 1,141 830 1,049 1,077 993
(Thousands of Units)

Average Retail Price (1) 758 814 1,095 1,273 1,236 1,321 1,492
(Dollars)

Kew Motorcycle Sales 991 1,221 1,293 1,125 1,248 1,423 1,489
(Millions of Dollars)

New Motorcycle Sales 554 647 482 422 4490 565 494
(Thousands of Units)

Average Retail Price 1,048 1,087 1,546 1,805 1,738 1,794 2,086
(Dollars)

New Motorcycle Sales 570 703 745 762 852 1,015 1,030
{Millions of Dollars)

DAL PURPOSE ) o T

New Motorcycle Sales 54] 850 459 226 299 223 171
{Thousands of Units)
Average Retail Price 598 63y Bly 834 8l9g 815 907
{Dollars) .
New Motorcycle Sales 323 KLY 376 183 245 182 155
(Millions of Dollars)

OFF-ROAD o Temm T -

New Motorcycle Sales 225 304 240 232 260 239 333
(Thousands of Units)

Average Retail Price 434 b4b 717 758 771 783 913
{Dollars)

New Motorcycle Sales g 166 172 175 201 226 304

{Millions of Dollars

(1) wiscrepancies in 1973-1975 data due to derivation technigue used on monthly data series,
Source: Motorcycle Industry Council, "Manufacturers Shipment Reporting System" (Data representing retail level sales i
units and dollars factared upward to derive data shown in tahle),




Dual Purpose Motorcycle Sales by Displacement Class

A1l categories of dual purpose motorcycies {Table B-5) showed dramatic
declines in unit sales between 1974 and 1978 with correspending declines in
total dollar sales. The market for dual purpose motercycles is dominated by
those under 350 cc engine displacement {i.e., those under 125 cc and those
between 125 and 349 cc). Throughout the period these two classes together
comprised between 84 percent and 89 percent of all dua) purpose motorcycles
(See Table B-7). As a result, with total dual purpose motorcycle sales falling
in 1978 to one-third of their 1973-1974 level (Table 8-5), these two c¢lasses
each suffered declines in unit sales proportionately greater than the same
engine displacement classes in any other motarcycle category: street, or
of f-road, Hawever, tne market shares within the dual purpose motorcycle
category did not shift substantially.

0ff-Road Motorcycle Sales by Engine Displacement Class

Historically, total unit sales of off-road metorcycles have held fairly
steady over the 1974-1978 period (see Table 8-5). Revenues, however, have
almost doubled due to the increases in the average unit price of off-road
motorcycles, from 3545 in 1973 to $913 in 1978 (see Table 8-5}, Tradi-
tionally, the majority of off-road unit sales have been attributed to the less
than 125 cc and 125 to 349 cc classes (see Table 8-8). Like dual purpose
metoreycles, market shares within the off-road motorcycle category did not
shift substantially over the period,

Demographic Developments

Males of all ages constitute approximately 90 percent of all motorcycle
owners (see Table 3-9), although most owners were malas between 20 and 34
years of age. The relevant demographic group for analysis of buyer behavior
is the number of males with income in this age group.

Over the pericd 1973 to 1977, the growth rate for the number of males
with incame, for the most part, declined, Thus, the effective demographic
market for motorcycle sales was impaired over this period, Table 8-10
provides the percentage changes in the number of males with income in the age
groups 20 to 24 and 25 to 34 years. The large age group, males 25 to 34
years, suffered declining rates of growth in 1974, 1975 and 1977. The age
group 20 to 24 years decreased sharply in 1975 and 1977. The long-term
growth potential for motorcycle sales may be constrained by the growth rates
in these effective population age groups unless there is a structural shift
in the buying patterns of other age/scx groups.

Real Income Trends

While the real dispasable income for the U.S. recovered from its decline
after 1974, the real wean income of the effective market for motorcycles
males of ages 20 to 34, continved to decline, although at a slower rate,
through 1975. This age group, traditionally more seriously affected by

8-9
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Table 8-6
STREET MOTORCYCLE MARKET SHARE BY ENGINE DISPLACEMENT CLASS

lo74(%) 1975(%) 1976(%) 197(%)  1978(%)

Less than 125 cc 1.3 2.2 5.9 9.0 11,3

125 - 349 cc 12.8 10.1 8.1 8.6 4.5

350 - 449 cc 31,9 26.1 3.1 21.3 16.4

450 - 749 cc 25.6 24.0 20.1 21.9 22.0

750 cc. or greater 28.4 37.6 3.8 39.2 45.8
Table 8-7

DUAL PURPOSE MOTQORCYCLE MARKET SHARE BY ENGINE DISPLACEMENT CLASS

1974(%)  1975(x) 1976(%) 197(X)  1978(%)

Less than 125 cc 31.8 36.2 33.5 35.7 35.1

125 - 349 cc 57.8 50.7 54.0 49,1 53.2

350 - 449 cc 10,1 12.6 10.1 11.2 8.4

450 - 749 cc 3 .5 2.4 4.0 3.3
Table B-8

OFF-ROAD MOTORCYCLE MARKET SHARE BY ENGINE DISPLACEMENT CLASS

1974(%) 1975(x) 1976(%) 197(%)  1978(%)

Less than 125 cc 59,2 55.8 56.2 58.8 66.7
125 - 349 cc 33.2 36.0 36.0 34.0 27.0
350 - 449 cc 5.2 6.6 5.6 4.9 4.8

450 ~ 749 cc 2.4 1.6 2.2 2.3 1.4
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Tahle 8-9
MOTURCYCLE BUYER'S DEMOGRAPHIC PROFILE
Marital
Sex, A1l Uwners Status A1l Quners
Male 9l% Marriad 45%
Female 9% Single A8%
Widowea/Uivorced 2%
Undesignated e
Ane Total ~— 100%
Under 16 years 13%
16 - 17 years 1U%
18 - 20 years 13%
21 - 24 years 15%
25 - 29 years 15%
30 -~ 39 years 19%
40 ~ 45 years 10% Education
4%
1% Bth grade or less 10%
T High school incomplete  24%
High school graduate 337
Coliege incomplete 20%
College graduate 11%
Median age 24 yrs, Undesignated 2
Total 100%

Source:
and Maintanance".

AGE GROUP PERCENT

B

Tahle B-10

CHANGE IN THE NUMBER OF MALES WITH INCOME

1973 1974 1475 1976 1977

Males, 20-24 2.46 3.17 .96 3.4l 1,48

Males, 25-34 4,60 3.83 3.16 3.81 2.49
B-11

Gallup Urganization, "Survey of dotorcycle Ownership, Usage,

wraddata s,
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downturns in the economy than older age groups, suffered declines in real
mean income of 4.6 and 3.4 percent in 1974 and 1975, respectively {see Table
B-11}. The real earning power of the age group 2U to 34 years did not fully
recover in 1976 and 1877, when total real disposable income had heen growing
at the rate of 1.7 percent per year. The real income of potential motorcycle
buyers decreased B percent during 1974 and 1975, while having increased by
only 2 percent during 1976 and 1977. Thus, with a declining rate of growth in
the number of potentfal buyers and an absolute decline in the real incomes of
this group, the market environment for motorcycle sales has not been improving,

Price Trends

The average unit price of motorcycles increased from $814 in 1973 to
$1,492 in 1978, or by 83.3 percent {Table B-5). ODuring the same period,
the price of all other goods competing for the consumer's budget, as measured
by the Consumer Price Index, increased by 32.2 percent. Thus the relative
price of motorcycles, compared with all other commodities, increased almost
three times as fast during those five years. Only in 1976 was the situation
somewhat ameliorated, with the real price of motorcycles declining by approxi-
mately 8.5 percent (see Table 8-12 for a comparison of percent changes in the
average unit price of motorcycles and the consumer price index).

With a deteriorating effective purchasing power base for motorcycle
sales and a substantial ingcrease in the real price of motorcycles, the
decline in motorcycle sales over the period 1673 to 1978 is understandabie,

8.1.3 Baseline Forecast of New Motorcycle Sales

The analysis of the market environment for motorcycles and the price of
motoreycles {and prices of other products) over the period 1973 to 1975
provided the approach for statistically modeling the determinants of demand
for unit motorcycle sales. The basis of the demand model used in the EPA
analysis was a sales-adjustment equation, which related sales of each period
to sales in the previous period. Statistical equations were estimated eco-
nometrically by relating unit motorcycle sales (by type and function} to sales
in the previous period and te demegraphic, income, price, and motorcycle
characteristics over the period 1973 tg¢ 1975. With these equations the
forecasts of unit sales and revenues (given prices) for each class of motor-
cycle wére generated. A more detailed des¢ription of this model is in

Appendix F.

The annual forecasts of the demand mwodel, based on the monthly pro-
jections starting in January, 1979, are depicted in Figures 8-4 through B-8,
By 1940, (Figure B-4a) tatal unit motorcycle sales will be only 45.5 percent
greater than in 1973 (Table B-1), Furthermore, despite the impressive gains
for motorcycle sales forecast for 1979 and 1980, the 1973 level (Table 8-1} of
1,5 miilion units will not be reached until 1982. With the assumption that
average unit motorcycle prices will increase by 7 percent per year, tota)
motorcycle revenues will have doubled between 1978 (51.6 billion) and 1981

8-12
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Table 8-11
PERCENT CHANGE IN REAL INCOME OF MOTORCYCLE BUYERS

1974 1475 1976 1977

Disposable Income for the U.S. -1.8 +0.8 +3.7 +3.7

Mean Income, Males, 20 to 34 years -4.6 -3.4 +1.0 +1.0
Table 8-12

PERCENT CHANGES IN THE AVERAGE UNIT PRICE OF MOTORCYCLES AND
THE CONSUMER PRICE INDEX

vy ra m—

1974 1975 1976 1978

Average Unit Price of Motorcycles +36.3 +16.1 -2.9 +8.4

Consumer Price Index +11.1 + 9,2 +5.8 +7.6

8-13
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($3.0 billion). By 1940 (Figure 8-5), the total motorcycle market is expected
to reach $8.3 hillion., For the purpose of the baseline forecast, EPA has
assumed an annual growth rate in unit motorcycle sales of two percent for the
years 1991 to 2000. After the year 2000, motorcycle sales are assumed to

remain constant.

8.2 Impact on New Motorcycle Demand

The primary impact on the demand for new motorcycles as a result of
the implementation of regulatory standards is expected to be a reduction
in demand caused by unit price increases Lhat are attributable to meeting
the specific noise standards.* The motorcycle demand model described pre-
viously was used to relate demand impacts to the unit price increases shown

in Section 7.

Price elasticities of demand, as derived from the historical data base,
are shown in Table 8-13 below. The elasticities were calculated at the mean
of the independent variable. It should be noted that the structural form of
the demand eguation does not yield constant elasticities. (The slope of the
demand curve is the invariant in the demand model; i.e., the ratio of the
change in demand to a change in price.} For the forecast period 1979-1990,
the composite price elasticity of denand for all motorcycles was approximately
=11, with price elasticities for street and off-road motorcycles of approxi-
mately -1.2 and -.75, respectively.

Table 8-13
MOTORCYCLE PRICE ELASTICITY

DispTacement =~~~ Motorcycle Category

Clasg - Street _._Bual Purpose .. Off-Road .
Below 100 cc -.928 -.867 ~.953

100-169 cc -.935 -.997

170-349 cc -. 967 -.74 -1.144

350-749 cc -.836 -.972

750 ce and above  -~.708 -.45

*Potent ial shifts in demand, not calculated as part of the economic impact
analysis, might be caused by changes in styling, safety and performance which
are required to meet a mandated noise level.
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Tahte B-14
MOTORCYCLE NOISE EMISSION STUDY LEVELS AND EFFECTIVE DATES

Regulatory Level

Date . . e ___(SAE d4331a)
January, 1981 83 dB
January, 1983 80 a8
January, 1986 78 db
January, 1990 75 dB

————s k4 8 m -

Four regulatory levels effective on the dates shown in Table 8-14 were
studied, The noise standards used in this analysis are expressed in not-to-
exceed levels. Based on available data for each requlatory level, manufac-
turers must design their products to weet a level 2 to 3 dB less than the
noise standard to allow for production and testing varjabilities. Throughout
the analysis, this level will be called "design level,

Estimates of reductions in demand are summarized in Table 8«15, for both
nominal and worst cases. Relative reductions in unit demand from a baseline
forecast are shown in order to express the reduction in real terms., A
decrease 1in motorcycle demand is5 projected because of the negative price
elasticities for motorcycles that may result from increases in retail prices
which can be attributed to noise control. The projected reductions for each
study level that was analyzed are shown in Fiqure 8-10, Tne data indicate
that signficant reductions in demand are expected for noise emission standards
lower than 80 dB (SAE J331a).

The impact of each standard is discussed in detail below,

83 dB Requlatory Level, 198]

The baseline demand forecast for all new motorcycles in 1981 is 1,467,000
units, broken down as follows: 1,165,000 street motorcycles, and 302,000 off-
road motorcycles. An 83 dB requlatory level in 1981 (SAE J331a)} is expected
to reduce demand by 0.4 percent in both the nominal case and the worst case.

80 dB Requlatory Level, 1983

This standard is expected to reduce demand by 2.1 percent in the nominal
case and by 5.1 percent in the worst case. The product category with the
targest potential impact is street motarcycles under 350-449 c¢. Reduction in
demand is expected to be at least 2.5 percent in the nominal c¢ase and 6.8
percent in the worst case for this product category.

8-21
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Table 8-15
ESTIMATED RELATIVE REDUCTION IN DEMAND FOR NEW MOTORCYCLES

DUE TO NOISE CONTROL REGULATICNS
FIRST YEAR FOR EACH STANDARD

RELATIVE REDUCTION IN DEMAND (%)

CATEGORY YEAR 1881 1983 1986 1990
Reguiatory Level*® 83 dB 80 g8 78 dB 750B*¥
Nominal (Expected] Tase
Street-Legal**# 0.3 2.0 5.4 14.4
350-449 cc 0.4 2.5 6.7 4.7
450-749 cc 0.3 1.5 4.4 9.6
750 ¢c and above 0.2 0.9 2.5 4.6
0ff~Road 0.7 2.7 5.2
A1l Motorcycles 0.4 2.1 5.4
Worst Lase
Street Legal** 0.4 8.1 10.0 18.6
350-449 cc 0.5 6.8 12.8 18.6
450-749 cc 0.3 4.4 8.3 12.1
750 cc and above 0.2 2.3 4.4 5.8
0ff-Road 0.8 7.7
A1l Motorcycles 0.4 5.1 9.5

*Not to exceed regulatory level (SAE J33la).
**Cost Figures for 75 dB available only for street motorcycles.
***Cateqories under 350 cc are excluded here since these categories cannot be
forecasted; i.e., the categories of engine size routinely collected by the
Motorcycle Industry Council do not match the categories for which the
demand equations were estimated.

8-2¢
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78 dB Regulatory Level, 1986

A 78 di standard in 1986 could reduce the baseline forecasted demand by
5.4 percent in the nominal case and by 9.5 percent in the worst case. The
product cateqories projected to be affected the most would again be street
motorcycles under 350-449 cc. Motorcycles in these categories experi-
ence the greatest relative price increase, because they are the most sensitive
to price changes; i.e., they have larger price elasticities. The street
matorcycles, 750 cc and above, are expected to have the least severe impact;
2.5 percent reduction in the nominal case and 4.4 percent in the worst case,
This motorcycle categary is the least sensitive to price increases.

8.3 Impacts on Demand for Products and Services

8.3.1 Historical Aftermarket Sales and Forecasts

The motorcycle aftermarket industry represents sales of motorcycle
replacement parts, accessories, apparal, and services, A broader definition
of the aftermarket would include motorcycle insurance and miscellaneous items
such as consumer publications, and advertising. The motorcycle aftermarket
industry has experienced extremely rapid growth, Aftermarket sales in 1974
were cstimated® at $1.8 billion, an increase of approximately 20 percent
over 1974, For the two years prior to 1974, sales increased an average of 40
percent per year, the market more than doubled between 1972 and 1975, **
Table Z-16 provides estimated aftermarket sales for the period 1972 to 1975,

The aftermarket industry 1is being stimulated by the growing base of
mptorcycie owners, improved advertising and merchandising, new products, move
affluent riders, and the trend toward using motorcycles for basic transpor-
tation. With the growth of the motorcycle population, one of the most useful
ways to consider aftermarket sales is expenditures per motorcycle in use,
Expenditures per motorcycle in use as displayed in Table 8~16, have been
growing at the rate of approximately 20% per year,

A Ziff-Davis motonrcycle aftermarkel survey taken early in 1975 indi-
cated that approximately 85 percent of all wmotorcycie/minicycle owners pur-
chased replacement parts, accessories, and apparel items from the motorcycle
aftermarket industry.***  Twenty-two percent of these consumers spent more
than 3100 for their purchases, 0On the average, each owner spent $86 for such
items as: replacement parts and accessories (3$54), and clothing ($32).%%**

A detailed breakdown of 1974 motorcycle aftermarket sales, as derived
from the Ziff-Davis Study, is shown in Table g-17, Each of the major compo-
nents of aftermarket sales, replacement parts and accessories, apparel,
seryice and repairs, insurance, and miscellaneous, is described in more

detail in the following paragraphs.

the an organized motorcycle aftermarket industry is relatively new and no
oraanized data collection effort by the industry has been made. Most of
the detailed data available are for calendar year 1974,

** Frost and Suilivan, "Motorcycle Original Equipment and Aftermarket

Study Announcement," April, 1974,
%% 7iff-Davis Publications, “"Motorcycle Aftermarket Study," 1975,

**%% Jhid.
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Tahle B-16
AFTERMARKET SALES GROWTH*

Aftermarket ) Total Number of Aftermarket Sales
Sales Percentage Motorcycles in Use per Motorcycle
Year {Millians of 3) Increase {Millions of Units) In Use
1972 3 764 - 5.4 $ 1M
1973 $ 1,070 (1) 40% 6.2 $ 173
1974 $ 1,500 404 7.1 § 21
1975 $ 1,810 (2) 20% {2) 7.2 {3) 25 (1)
Sources: 1. The 1974 data point obtainpd from Ziff-Uavis Publishing Company,
"Motorcycle Aftermarket Study™.
7. fstimates provided by Motorcycle Jealer News.
3, Estimates derived from EPA's forecast model of the

motorcycle stock,

* Data for aftermarket sales and growth trends are approximations because
the an organized motorcycle aftermarket industry is relatively new and no
organized data c¢nllecticn effort by the industry has been made. Most of
the detailed data available are for calendar year 1974,
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Tahle 8-17
MOTORCYCLE INDUSTRY AFTERMARKET SALES, 1974

1974 Annual Sales

Ttem {Millions of Dollars)
Replacement Parts and Accessory Items 400
Air Filters 5.9
Brake/Clutch Levers 9.7
Cables 12.1
Cafe Racing Kits 4.1
Carburetors 8.7
Chain Lubricants 7.9
Cleaners and Waxes 3.8
Custom Seat 12.9
Drive Chain 18,1
Exhaust System Products 30.6
Fairings 29.2
Fenders 6.6
Gas Tank 9.0
Hop-Up Kit 1.2
Lubricants {other than chain) 14.1
Luggage Rack 13.5
Mirraors 5.8
Replacement Tires 55.6
Saddle Bags and Tote Roxes 12.0
Shock Absarbers 6.8
Side Cars 14,7
Sissy Bars 16.4
Spark Plugs 24.6
Specialty Wheels 13.4
Sprockets 6.7
Tools 31.4
Windshields 5.2
Apparel 223
Service Receipts/Repair 450
Insurance * 385
Miscellaneous (Consumer Publications, etc.) _50
Total 1,508

Source: Ziff-Davis PubTications Motorcycle Aftermarket survey
* Energy and Environmental Analysis, Inc,, "Economic Assessment of Motorcycle
Exhaust Emission Requlations"”,
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Apparel

Sales of apparel (including helmets) were estimated to he over $200
million in 1974, The same manufacturers, distributors, and retail outlets
that are affected by changes in the market for replacement parts and access
ories will be affected by changes in the market for apparel.

Service/Repairs

Service and repair receipts totaled an estimated 3450 million in 1974,
Service revenues are increasing principaliy because of the larger population
of motorcycles in use. Service receipts primarily affect dealers, since on
the average these receipts comprise 15 percent of each dealer's revenue,

Insurance

Motorcycle owners paid an estimated 3385 million for insurance premiums
in 1974. Average premiums generally vary with motorcycle size. Changes in
the demand for motorcycle insurance will have very little effect on the
motorized vehicle insurance industry, since motorcycles are a very small
propartion of total underwriting. However, there are a few companies that
specialize in motorcycle insurance and these companies will be significantly
affected by actions affecting motorcycle insurance revenues.

Miscellaneous

Miscellaneous includes revenues from motorcycle publications, baoks,
schools and consultants.

Replacement Parts and Accessories

The market for parts and accessories in 1974 was estimated at $400
million, which represented approximately 27 percent of aftermarket sales.
Aftermarket items are generally purchased for performance, styling, func-
tional or maintenance purposes. Exhaust system products, mechanical products,
mechanical parts and hop-up kits are hig sellers in this category. Sales of
styling/functional items such as fairings, windshields, saddle bags and
tote-boxes that appeal to riders of large street touring motorcycles are
increasing significantly as a result of the increased growth of these types of
motorcycles. Any change in the demand for replacement parts and accesserics
will directly affect aftermarket manufacturers, distributors and retail
outlets such as dealers, accessory shops,discount stores and mail order

firms.

Exhaust System Sales

Sales for exhaust system products, which were §30.6 million in 1974,
will be particularly impacted by the motorcycle noise control standards.
Results of a survey from Ziff-llavis publications for exhaust system purchases
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by motorcycle owners in 1974 are shown in Table B-18. These data indicate
that 616,000 buyers (8.7 percent of all motorcycle oawners) purchased 1.4
exhaust system products (mufflers, expansion chambers, etc.) each, and spent
an average of $50 for each purchase, or §35 per unit, Most of the exhaust
system products (63.5 percent) were purchased from dealers. For forecasting
purposes, the most feasible way to consider exhaust system sales is to relate
those sales to the number of motorcycle in use (the stock of motorcycles).
For 1974, and average .1214 exhaust systems were sald per motorcycle in use.
Using this relationship and forecasts of the population of motorcycles, as
derived using Motorcycle Industry Council scrappage rates* and new motorcycle
sales projections, forecasts of exhaust system sales (in units) were devel-
oped. These forecasts are shown in Table 8-19.

8.4 Total Annualized Costs

Increases in purchase prices and operation and maintenance costs for
each of the regulatory study levels (Table 8-21) will costs attributable to
noise control, Purchase price increases are incurred at the time of sale, and
operation and maintenance costs are incurred annually for the life of the

product,

To compare regulatory options (See Table 8-21} for a given product and
hetwean products, it is necessary to use a statistical metric to characterize
this cost stream. The statistical metric used for all npew product noise
reguiations is "umiforin annualized costs", or more simply, annualized costs.

A cost stream over a given period is represented by a uniform cost
stream (annual costs of equal dollar amount) that has the same present value.
That is, the cost stream to be represented is converted to a present value
using a specified time value of money. This present value is converted to a
cash stream of equal units, which, using the same time value of money, has the
same present value. In essence, a cost stream over a given period is con-
verted to an annuity ovar that same period. This statistical metric accounts
hoth for the size and timing of costs incurred, The individual purchase price
in creases developed in the previous sections were used to calculate total
purchase price increases in each ycar based on specific not-to-exceed study
lavels and effective dates. The number of units sold in each year was ad-
Jjusted by the expected decrease in demand calculated in Section 8.2. In-
treased purchase prices were converted to 1978 dollars. Similarly, the
increased operation and maintepance costs that were developed were applied to
the stock of vehicles in any year {adjusted for decreased demand), and ex-
pressed in 1978 dollars,

8.4.1 Vehicle Annualized Costs

Table B-21 shows the regulatory study levels used in cowputing annualized
costs. Four street and four off-road regulatory options were assessed.

*The Motorcycle Industry Council's estimates of "survival" rates for motor-
cycles over time s reproduced in Table 8-20. The scrappage rate is equal to
ong minus the survival rate,
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Table B-18

EXHAUST SYSTEM SALES

Purchased New Products in Past 12 Months {Percentage of Total No.

of Motorcycle Qwners)
Total Humber of Buyers

Average Number of Exhaust System Products”
Total Exhaust System Products Purchased

Average Amount Spent per Purchase
Total Dollar Yolume

Where Purchased**

Dealer where motorcycle was purchased
Other motorcycle dealer

Motorcycle accessory shop
Chain/department store

Discount auto center

Mail order

Other

Not stated

Exhaust
System
Products

B.7%
616,000

1.4
862,000

349,73
$30,633,000

22.2%
41.3
25.0

Eo e L
DOoO~wND

——— -

Source:

1iff-Davis Publications, “Motorcycle Aftermarket Survey", 1975,

*  "Products" include any portion of a complete exhaust system; .e. headers,

mufflers, sxpansion chamhers, etc.

** May add to more than 100% due to multipnle answers.
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Table B-19

FORECAST OF MOTORCYCLE EXHAUST SYSTEM PRODUCT SALES

Year Motorcycle Stock Exhaust System Unit Sales
1979 6705773 814080
1980 6919239 839995
1981 7339283 890988
1982 7847119 952640
1983 8381039 1017458
1084 3015023 1094423
1985 9720584 1181050
1986 10420851 1266062
1987 11081532 1345298
1948 11692021 1419411
1989 12227645 1484436
1990 12695499 1541233
1991 13106633 1591023
1992 13473094 1635633
1993 13811213 1676681
1994 14128853 1715242
1995 14434729 1752376
1996 14735735 1788918
1697 15036404 1825419
1998 15339588 1862226
1999 15647346 1309587
2000 15960715 1937630
2001 16224706 1969679
2002 16439736 1995743
2003 16605914 2015957
2004 16725635 2030492
2005 16806268 2040280
2006 16858094 2046572
2007 16890492 2050508
2008 16309154 2052771
2009 15918748 2053940
2010 19230184 2054462
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Table 8-20
MOTORCYCLE SURVIVAL RATE:

Survival
3.0 s ’ Age(yrs) Rate
: 05 1,00,
0'9 \ - “5 0.93
08 25 096
. | as VR
, 0.2 ) 45 0.75
robability 06 55 055
of a | 65 0.37
Motorcycle 05 :
7.5 0,26
Being in L] 85 0.17
Operation 04 X ]
03 9.5 0.10
: ] 105 0.05
0.2 1.5 0.02
o1 |- : i , 125 0.0!

0 1 2 3 4 5 6 1 8 9 10 1 12

Source: 1. Yamaha's Comment on Emission Control Plan for New Motorcycles,
Submitted to California Air Resources Board by Yamaha Motor Co.,
Ltd., dapan, April 1475,




Tabie 8-21
REGULATQRY STUDY LEVELS

Effective Date

Requlatory

Option = 198l 1983 1386  19%0
I-5* 83 dB
11-5 83 80

IT1-5 83 80 78
V-5 83 80 78 75

*Street Motorcycle

Regulatory

Option 1981 1984 1987 1991
1-0R** 86 dB
I1-0R 86 B2

I11-0R 86 82 80
IV-0R 86 82 80 78

** 0ff-Road Motorcycles

Table 8-22 displays the nominal and worst case estimates for increases
in annualized costs that correspond to purchase price increases expected at
the various study levels. Also included are annalyized operation and main-
tenance cost incrases. The worst case estimates range up to $343 per motor-
cycle (1978 dollars} for street motorcycles at 78 dB,  The cost stream for
each of these regulatory options was assessed over a 30 year period (through
2010) to fully account for the costs of the ultimate level.

Ten percent was used for the time value of money. For each regulatory
option, naminal and worst case estimates were calculated.

Operation and maintenance costs were appliied to the existing motorcycle
stock for each year. The motorcycles were assumed to have an average life of
6.1 years, after which they were retired.

8.4.2 Aftermarket Exhaust Annualized Costs

Aftermarket exhaust system prices as a result of noise regulation
will increase due to two factors: (1) inexpensive non-complying systems
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Table g-22

TOTAL ANNUALIZED COSTS
(MILLIONS OF DOLLARS)*

Street Motorcycles

Nominal (Expected) Case

Annualized Purchase Costs
Annualized O/M Costs
Totq1 Annualized Costs

Worst Case
Annualized Purchase Costs

Annualized O/M Costs
Total Annualized Costs

Regulatory Level {dB J33la}

8 B 1’ B
10 56 150 237
0 35 63 88
SR S
11 109 241 299
0 & Ll 1o
I iTe 343 409

Off-Road Motorcycles with Engine Displacement Less than 170 cc

Nominal (Expectea) Case

Annualized Purchase Costs
Annualized O/M Losts
Total Annualized Costs

Worst Case
Annualized Purchase Costs

Annualized O/M Costs
Total Annualized Costs

Regulatory Level (dBb J331a)

86 82 80 18
0 b 1.1 6.0
0 _0 1.3 5.6
4 I P e
0 .6 4.3 10.3
0 .0 2.6 8.2
-0 N 6.9 bERCY

Off-Road Motorcycles with Engine Displacement Greater than 170 cc

Nominal (Expected) Case

Annualized Purchase Costs
Annualized 0/M Costs
Total Annualized Costs

Worst Case
Annualized Purchase Costs
Annualized O/M Costs
Total Annualized Costs

FITE GoTTars

LU CC I R

R

Requlatory Level (dB J33la)

8 & w78
0.9 3.1 10.7 4.9

6 5 26 34
0.4 37 133 83
0.9 3.8 17.1 1.4
SO T 0 B W R W
0.9 5.1 20.9 06,0
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will be eliminated, and {2) currently complying systems becoming more expen-
sive since compliance to lower noise emission levels may require greater
complexity. Total annualized costs will be calculated for this second fac-
tor only. [t is reasonable to assume that the fractional increase in prices
of currently complying aftermarket systems will parallel the fractional
increase of DEM systems at the same level. BDased on Table 7-27, the following
increases for currently complying (i.e., those on the range of QEM noise
levels) aftermarket exhaust systems are assumad:

Regulatory Level {SAE J33ia)
83dB 80 dR 78 dB 75 dB

Fractional Increase in Price 10% 254 50% 100%

To establish the current price of complying aftermarket systems, prices
for current complying systems were compared to OEM replacement prices. While
some systems for the popular models are less expensive than OEM replacements,
others are up to $45 more expensive., This comparison is complicated by
different exhaust system configurations and the presence or absence of header
pipes. The OEM replacement price for Targe motorcycles exhaust systems varied
between $100 and $250, with many such exhaust systems costing approximately
$175. With replacement systems for smaller motorcycles factored in, $125 was
used as the average current price of complying aftermarket systems.

Another factor necessary to compute annualized costs was the impact
of regulation on demand for aftermarket exhaust systems.* Using price elas-
ticity alone would be unrealistic because it does not account for performance
and styling impacts. In additfon, such factors would be applicable only
for price increases in a narrow range, which was not expected for aftermarket
systems. Based on discussions with aftermarket manufacturers, the following
reductions 1n demand were estimated;

Regulatory Level (SAE J33la)
B3dB 80 ds 78 dB 75 dB

Reduction in Demand 30% 40% 50% 60%

¥ Recall that the demand Tor aftermarket exhaust systems (for a specific
noise standard) is a function of the stock of motorcycles complying with
that standard., The stock of motorcycles is itself influenced, through price
effacts, by the motorcycle noise standards. The impact of an aftermarket
exhaust system noise standard, however, 1is restricted to the price and
demand impact on aftermarket sales for the (aftermarket baseline) motorcycle
stock consistent with that specific noise standard,
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The increase in purchase price and reduction in demand were combined te
calculate total annualized costs:
Regulatory Level ({SAE J33la)

83 dB 80 dB 78 dB 75 dB

Aftermarket Exhaust
Systems Total Annualized
Costs (EM) 1.7 3.4 5.1 6.9

8.5 Impact on U.S. Employment Vehicle Manufacturers

Harley-Davidson and Kawasaki are the major motorcycle manufacturers with
assembly facilities in the U.S. Assuming that these manufacturers will remain
in the market at any regulatory level, their decrease in employment should
follow the total market's decrease in demand. Based on elasticities developed
from historical price-sales relationships, the following impacts an employment
would be expected at each requlatory level: 83 dB--30 positions: 80 dB--160
positions; 78 dB-- 450 positions; 75 dB--1200 positions, However, if the
noise standards prevent AMF/Harley Dividson from remaining in the market, its
3,300 motorcycle-related jobs in Milwaukee, Wisconsin and York, Pennsylvania

would be affected,

Aftermarket Manufacturers

Total employment in the exhaust systen manufacturing industry is expected
to follow the impact on total demand for such systems. Some firms are ex-
pected to increase production, but a large number are expected to be forced
out of the replacement exhaust system industry at any regulatory level, lsing
the same assumptions as in Section 8.4.2, the decrease in exhaust system
manufacturing employment would he: 83 dB--375 positions; 80 dB--500 posi-
tions; 78 dB--665 positions; 75 dB--750 positions. Qther aftermarket manufac-
turers (of apparel, insurance, etc.) are expected to suffer employment losses
proportional to the change in the population of motorcycles. That populaticn
effect will increase over time until all existing motorcycles comply with the
regulation. On average, the employment effect wil) be: 83 dB--20 positions;
90 d3--100 positions; 78 dB--250 positions; 75 dB--650 positions,

Distributors/Dealers

Employment among dealers and distributors is expected to decline in
proportion to the decreased demand for vehicles and exhaust systems as a
fraction of their total business. With the same assumptions for decreased
demand, the decrease in dealer/distributor am~loyment is expected to be; 83
dB--2(10 positions; 80 dB--1000 positions; 78-- 7 .7 positions; and 75 dB--7000

positions.

Total U.S. Employmnent Impact

Table 8-23 shows the total expected employment impact at each reoulatory
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level, Although the levels assessed are for street motorcycles, comple-
mentary off-road regulations are also expected to contribute to the totals

shown,

Table 8-23
EXPECTED U.5., EMPLOYMENT IMPACTS

Regulatory Level {SAE J-33la)

B3 dB 80 d8 7B dB 75 dB

Vehicte Manufacturers 30 160 450 1200
Aftermarket Exhaust System 375 500 625 750
Manufacturers
Other Aftermarket 20 100 250 650
Manufacturers
Dealers/Distributors 200 1000 2700 7600
Total 625 1760 1025 9600

8.6 Regional Impacts

The largest employment impacts are expected to occur at the dealer/
distributor level. Except for a certain amount of concentration in Cali-
fornia and other regions of high motorcycle interest, this impact is expected
to be distributed evenly nationwide. The largest regional impact is expected
to be in Southern California, where most of the aftermarket exhaust system
manufacturers. Other regional impacts could occur in Milwaukee, Wisconsin,
York, Pennsylvania, or Lincoln, Nebraska if Harley-Davidson withdrew from the
market or if Kawasaki closed its U.5. assembly plant. In each of these re-
gions, however, motarcycle related employment is & very small fraction of

total area employment.

8.7 lImpact on GNP and Inflation

Total annualized costs for the 78 dB regulatory level are less than %£230
million annually, Since this figure constitutes considerably less than
one-tenth of one percent of the U.5. economy, there is expected to be no
sufficient impact on the U.S, Gross National Product nor on general inflation
as a result of this regulation. Since motorcycles are primarily consumer
orjented goods, price increases are not passed along in higher prices for
other commodities, and no inflation multiplier applies.
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8.8 Impact on Foreign Trade

The impact of any Federal motorcycle regulation an trade with Canada or
Europe is expected to be negligible. Motorcycles do, however, account for a
significant portion of total U.S. trade with Japan. In the peak sales
year of 1973, the U.S, imported about 1.3 million motorcycles from Japan.
At an average purchase price of about $1000 per motorcycle (1973 dollars)
this represented about $1.3 bi1Tion in imports, almost 14 percent of the total
$9.6 billion in goods imported from Japan in that year.

Clearly, any ilarge impact on Japanese motarcycle revenues could affect
this balance significantly. However, the price elasticities of demand
associated with the forecasts of sales impacts as a result of the motorcycle
noise regulations are approximately unity; hence the impact on Japanese
motorcycle revenues is expected to be negligible. On this basis, the balance
of trade with Japan is forecasted to be relatively unaffected by any motor-

cycle noise regulations.

8.9 Expected Impacts on Individual Manufacturers

8.9.1 Street Motorcycles

Honda Honda currently produces several motorcycle models that would meet
an 80 dB (F-76a)} regulatory level {GL-1000, CR-750F, CB-500T, CB-3607,
AL-250), Honda is expected to have little difficulty bringing its entire
model line into compliance with this level with no major model changes.
Further reductions to the 78 d8 regulatory level could be expected to be
accomplished on most models with no major model changes. Based on EPA's
motorcycle noise data base, the CB-550 would require the most attention. EPA
expects that qiven sufficient lead time, Honda's expertise in motorcycle
quieting would allow it to make the major model changes (including use
of liquid cooling for some models) necessary to produce a limited number of
motorcycle models at the 75 dB level. Based on current levels of the larger
nodels, the CB-750F and CB-500T (no longer in production) appear to be can-
didates for achieving this regulatory level.

Yamaha Based on the current levels of Yamaha motorcycles, EPA
expects that most models will comply to the 80 dB (F-76a) regulatory level
without major model changes. The X5-750 indicates Yamaha's ability to produce
large 4-stroke models with Tow mechanical noise, At the 78 dB regulatory
level, several models may require major mode! changes including tiquid cool-
ing, depending on the mechanical noise contribution to the total vehicle
noise. Even with extensive use of liquid cooling, Yamaha might have great
difficulty in producing a large number of models at the 75 dB level.

Kawasaki  Based on the current levels of Kawasaki motercycles, most
models would comply to the 80 dB (F-76a) level without major model changes.
The most difficult model to quiet would be the K2-900 motorcycte, its F-76a
level is louder than average for a similar size mptorcycle tested by the
J-331a procedure, At the 78 dB regulatory level major model changes, includ-
ing liquid cooling, may be necessary for the larger street motorcycles.
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Even with extensive use of liguid cooling. Kawasaki might have great difficul-
ty in producing a large number of imodels at the 75 dB level.

Suzuki Based on current Tevels of Suzuki motorcycles, most models would
comply to the 80 dB (F-76a) regulatory level without major model changes.
Suzuki motorcycle generally tested guieter than average for the F-76a test and
the larger motorcycles are already near the B0 dB level (4T-750, GT-550,
RE-5). Suzuki's recently introduced 4-stroke models incorporate many quieting
features, At the 78 dB level, several models may need major model changes.
The GT-750 and RE-5 already feature liquid cocling. Even with extensive use
of 1liquid cooling, Suzuki may have great difficulty in producing a large
number of wodels at the 75 dB level.

AMF /Harley-Davidson

(1} Large Models

Harley-Davidson motorcycles egquipped with "California exhaust systems"
meet the California 83 dB (SAE J33la) standard. It is apparent that current
Harley-Davidson engines types would need major redesign to meet an B0 db
Federal standard. A1l known quisting techniques, perhaps inciuding liquid
cooling, may be necessary at this level., EPA believes that there i~ a reason-
able chance that Harley-Davidson models may be able to achiev an 80 d8
regulatory level without major redesign. Extended lead time may be an
impartant factor in Harley-Davidson's ability to meet the B0 dB regulatory

level.

It is clear, however, that Tevels below &0 d8 are probably not achievable
with the current engine types. Completely new engine designs will probably be
necessary, Again, lead time for such effort would be a significant consid-
eration,

It is clear from other manufacturers of large-bore twins, however,
that the 75 dB level is essentiallly unachievable with thesc designs (see
BMW, Moto Guzzi, Ducati). Considering Harley-Davidson's marketing position,
it maybe impractical for them to switch engine types to the multi-cyclinder
designs comnon to the Japanese manufacturers.

(2) Small Models

Based on current noise levels, the Harley-Davison 2-stroke models should
be able to meet an B0 dB reguirment without major mogel changes, Major model
changes may be necessary at the 78 dB level and the 75 dB level may not be
achievable,

BMW  BMW motorcycles tested much quieter than average for the F-76a
test and 80 dB is expected to be achievable with tittle change to current
models, BMH felt that levels below &0 di SAE J33la; 77-78 dB for F-76a for
these motorcycles were unachievable with their large bore, and herizontally
opposed twin ¢cylinder engine.

Mote Guzzi, Ducati, Benelli, MV Agusta, Moto Morini These ltalian
manufacturers of large street motorcycles feli that 80 dB (SAE J3ila; also
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estimated to be 80 dB an F-76a) was possibly achievable but at levels below
80 dB, the small fraction of their motorcycles produced for the U.S, would
force them to consider withdrawing from Lhe U.5. market,

Can-Am (Bombardier) Can-Am has produced versions of its high performance
off-road and MY molorcycles as enduro models intended for limited street
operation., Such enduro models would be subject both to EPA air emission and
noise requlations applicalble to street motorcycles. The combined effect of
these regulations could cause Can-Am to drop these models from the U.S.
market if required to meet an 80 dB or lower level. Bombardier indicated
that the high cost of labor and raw materials in Canada reguired continued
production of high performance motorcycles in order to compete with the
Japanese.

Bultaco Like Can-Am, Bultaco produces enduro versions of its high
performance off-road and MX motorcycles as enduro models intended fer limited
street operation, Bultacu is currently struggling to meet the California
B3 dB standard. Since demand for Bultaco endurc motorcycles are based on
their off-road versions, major model changes such as 1liquid cooling are not
feasible., The combined effect of air emission regulations and noise regula-
tions could cause Bultaco to drop enduro models from the U.5. market at or
below the B0 dB level.

Other Manufacturers Montesa, KTM, Carabela and other manufacturers also
manufacture enduro models which have been street legal in some states.
Since these manufacturers probably do not intend to meet air emission stan-
dards, they will be sold as strictly off-road motorcycles in the future.

8.9.2 0Off-Road Motorcycles

Honda, Yamaha, Kawasaki, Suzuki All of the major Japanese manufacturers
could use technology developed for their street and dual purpose motorcycles
to meet an 86 dB level. Given sufficient lead time, all manufacturers
are judged capable of 4-stroke conversion and mechanical treatment to achieve
an BO dB regulatory level for large off-road motorcycles and a 78 dB regula-
tory level for small off-road motorcycles. At these levels, however, perfor-
mance jmpacts can be expected.

Other Manufacturers Husgvarna, Can-Am, Bultaco, 0SSA, Montesa, KTHM,
Maico, CZ, Carabela, and several other manufacturers produce off-road and
competition MX motorcycles. Almost all of the manufacturers consulted by
EPA agreed that the B6 dB Calfornia standard was achievable at only a limited
performance penalty. The manufacturers generally felt that 83 dB might be
achievable at some time in the future, but that consumer shifts ta higher
performance competition models and user modifications to restore lost perfor-
mance would make this effort fruitless., Since these manufacturers specialize
in high performance, below the 86 dB level demand for their products would
drop off significantly in comparison to the demand for lower priced Japanese
models. Between 83 and 80 dB, most of these manufacturers would either
drop out of the U.S5. market or would market competition models only.
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8.9.3 Aftermarket Exhaust Systems

Approximately half of the firms currently making replacement motorcycle
exhaust systems will probably either go out of business or be forced to switch
to alternate product lines as a result of Federal noise standards, These
firms are typically small, Jlow volume enterprises devoted exclusively to
manufacturing motorcycle exhaust systems, with 1ittle or no capability for
product design and development.

Other firms currently marketing replacement exhaust systems may likewise
be forced to make major readjustments, Catalog suppliers such as J, C,
Whitney, and other retailers who offer a wide range of automotive type pro-
ducts may be forced to find new suppliers, or to discontinue selling exhaust
systems entirely. Some firms may resort to copying the designs of other
manufacturers, a common practice at present.

The ten to twenty leading firms in the industry are expected to be
able to produce complying systems, but at similar price and performance
characteristics as OEM systems, Although total demand for aftermarket systems
is expected to decline, these firms ought to at lIeast preserve their unit
volume as other manufacturers withdraw from the market. The twenty or thirty
other firms that are expected to remain in the aftermarket muffler market are
expected to experience severe difficulties in remaining competitive, with
profits shrinking to the near break even point.

These expected impacts are based upon the assumption that the regulations
will be effectively enforced at the State and local level to prohibit wide-
spread sale and use of loud systems "designed" for motorcycles manufactured
before the effective date of the Federal regulations or "competition" exnaust
systems that can be easily modified by the operator for use on a regulated

motorcycle,
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