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I. INTRODUCTION

The snowmobileis one of the mostpopular recreationalvehicles in the northern

United Statesand Canada. Froma production of 10r000 units in 1963the industry

hasgrown to a/most600t00g units in 1973. There are anestimated2.3 milllon snow-

mobiles in usetoday and oFtheset one million are lessthan3 years old. Pure recrea-

tion accounts for 98 percent of snowmobileuse and the averagesnowmobilerspends

14hours per week1during the winter seasonon a machinehepurchasedfor an average

price oF $1146.

In 1971 there were69 knownsnowmobilemanufacturingfirmsin the world. At

presentt 38 firmsare knownto makesnowmobilesand the eight largest firmscontrol

over70 percent of the entire market. Lastyear the industry'sestimatedsalesvolume

was$500 million.

Due partly to its rapid growth in popularity andpartlyto the fact that earlier

modelswere very no_sy(levels in excessof 100 dBAat 50 feetwere notuncommon

duringthe 1960's)r manycomplaintsof annoyancehavebeenregisteredagainstsnow-

mobiles. In addition to the annoyancefactort there are indicationsthat snowmobile

noisemight causepermanenthearing damageto operatorsandpassengers. Finallyt

oonservationlstsare concernedthat snowmobilenoise mighthe detrimental to wildlife

at a time whenthey are particularly weak and vulnerable. Many studieshavebeen

conductedon theseaspectsof snowmobilenoise with the reiult that legislationhas been

introduced in manystatesto restrict noise levels. Manufacturershave respondedto

this legislation somewhatby producing quleter snowmobilesfor use todaynandby

instigating researchand developmentprogramsto achleve furtherreductionsin noise

levelsof futuremodels. Th_sreport documentsthe coststhatare expected to be

Incurredby manufacturersto _roduaesnowmobilesquleter thanpresentlyavailable

models.
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2. STUDYAPPROACH

A feasibility study on the noise reduction of one or two snowmobilemodels

would result in information of I_mited general applTcationbecauseof the wide variety

of snowmobileson the market today. Suchstudieshove been carried out in the past

by independent research organizations and the;r resultshave been well documented

although not always welt received by the industry. Proddedby recent legislation,

mostmanufacturershove begun researchon their own. As this studyprogressed,a

great deal of data were madeeva;labia by manufacturers, governmen!agencies, trade

magazinesand independent researchgroups. Thescopeand quality of the data was

consideredsufficient to justify abondonlng any in-house tests of no_sereduction for

this program.

A total of 38 manufacturersof snowmobileswere contacted by telephone and

by letter durlngthe initial phaseof' this project. Manufacturers were askedto respond

to the followlng questions:

• Noise level data measuredper the SAEd192 test procedurefor oil models

for the years 1972, 1973, and 1974.

• Costof no_sereduction techniquesandmaterialsusedfor 1973 and 1974

modalyear snowmobiles

• Costof noise reductiontechniquesendmaterialsplanned for useon 1975

and 1976 modelsnowmobiles

• Performancechangesencounteredor anticipated due to noisereduction

• Weight increasesencounteredor anticipateddue to noise reduction

• Oplnlonson reasonablefuture noiselevels andtest procedures

• Available operatornoise levels and proceduresusedto measurethem

• Usecycle or typical operation data

2



• Subsourcecomponentcontributionsto overall norselevel

• Numbersof units producedin each modeldesignation

Market penetrationdata providedby manufacturersand an independentsource,2

together with estimatesof the productionof someof the smaller manufacturing firmst

indicate that the manufacturerswho were askedto supplydata representapproximately

97 percent of the snowmobilemarket. A list of all manufacturersthat were contacted

is included in AppendixA to thisreport.

After the inlttal contactswere mode, several representativefirmswere visited.

During thesevisits, in-depth discussionswere held concerningsnowmobilenoisetech-

nology, feasibility of noisereductiontechniques, and cost of suchreduction. In addi-

tion to the questionslisted above, discussionswere held an snowmobilelife expectancy,

the ability of smaller firms to stay in business,and specific englneerlng techniques

used for noise reduction. In all, personal dTscussionswere held with engineering

representativesof sevenmajor snowmobilefirms_ accounting for over 55 percent of all

units manufactured. Thesediscussionswere held at the manufacturers' facilities, at

Wyle Research,endat the International SnowmobileIndustryAssociation1973Trade

Showin Toronto.

In general_ snowmobilemanufacturerswere very cooperative in supplylnginfor-

mation for this project. Fourteenof the 38 manufacturersrespondedto our requestfor

data. These14 manufacturersrepresenta combinedmarketpenetrationof over 80 per-

cent of the snowmobilemarket. Many of the manufacturerswho make up the remaining

20 percent of the marketindicated an interest in supplyinginformationbut apparently

foundit dffRcult to doso within the time limits imposedby the study contract.

Someof the dataprovTdedby manufacturerswasconsideredto be of a proprietary

nature. In thesecases,it was not included in this report in specific detail. In many

cases,proprietary datawas generalized to facilitate its usewithoutviolating its con-

fidential nature.

3
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3. THESNQWMOBrLE iNDUSTRY

Snowmobilesare a relatively recent, consumeroriented, leisure time product.

Only ITmttedfinancial andengineering resourcesare required to enter the businessat

this stagesince the designsare still simple and consumerpreferencesnot yet that well

established. For this reason, the industry supplying the product is stlll in transition,

with new firms entering the industry and older firms exiting after encountering produc-

tion, marketing or financial problems.

A profile of the industry presents, therefore, an unusual range of participation.

At one extreme are very large manufacturingfirms with diversebusiness_nterests

attempting to capitalize on their production and marketing skills and vlewTngsnow-

mobiles aso diversification move Fromtheir other endeavors. At the other extreme

are small argan]zatlans with limited overall capabilities, yet successfulTnassembling

a competitive vehicle.

it is premature to anticipate the characteristicsof"a firm which will successfully

competein this industry in the long run. Evenpresentmarket penetration cannot be

viewed asan indicator of future marketdominance. It appearsclear, however, that

an engineering capabillty competentof meeting regulatory standardsis a prerequisite

for a long term survival.

IndustryGroup|ng

In order to testthe sensittvltyof survey resultsto the type of firm in the industry,

supplyingfirmswere evaluated in termsof their corporateoffitiatlon, product linesand

corporatesize. Twodistinctcategoriesemergedfromthis analysis, each possessingo

setof"internally consistentcharacteristics.

The first category (Group1) encompassesvery large firmswith annualsalesin

excessof $1billion andmediumsizefirmswith annualsalesranging from $100to $500

million. Forthe targe firms, snowmobilesare mostprobablyviewed asa potential

diversification moveinto the boomlnglelsure-tlme market. The mediumsize firms

4



generally have a heavy consumer orientation geared particularly to leisure-tlme

products. Typically these firms also manufacture and market lawn mowers, tennis

and golf equipment, camping supplies and associated products. An overr_dlng char-

acteristic of" all the firms in th_s group is that they possesssizable englneefing and

nnanclal resources.

The second category (Group 2) consists of smaller firms, for which snowmobires

are the primary business actlvlty. Their skills range from assembly operations to

Iimlted engineering and design. They face considerable marketing problems and their

financial resources are ]imlted. Since they do not face the involved decision and

approval processes prevalent in the other category, their strength is in their ability

to respond to consumer and regulatory demands if changes can be accomplished with

the resources they have in hand. Their annual salesare typically in the $10 to $30

mTIllon range. The t_vo groups of manufacturers are listed in Table 1 according to

this grouping based on the information ava[labre at the time th_s study was made

Table 1

Grouping of Snowmobile Firms

GroupI Group2
(LargeManufacturers) (SmallManufacturers)

AMF (Harley-Davidson) Alouette LeisureVehicles

ArctTc Alsport Lor_Engineering

Bornbardier Auto Ski h'_elvlnManufacturing

Coleman Autotechnl¢ Mota-Komeffc

dohnDeere Boa-SkT Norlhway

Massey-Fergus_._. _rutanza gEM

Mercury Chaparral Ontario Drlve and Gear

OMC Columbia- MTD Raybon

Polaris FunSeasons Rail-O-Flex

Suzuki GIIson Rupp

Yamaha GriswordSwinger Speedway

Sno-Jet Hurter's U.S. Sports

Scorpion Ja¢ Trac

5



4. SNOWMOB[LE CONSTRUCTION AND NOISE CHARACTERISTICS

Introduction

Snowmobilesare basTcallyrecreational vehicles designed ForversafilTty, maneu-

verability and ability to go anywhere over snow. A typical snowmobile, .asshownin

Figure 1, is usually powered by a two-cycle gasoline engine with either a single or

double p_stonconfiguration, although the rotary Wankel engine has been introduced

in somemodelsby several manufacturers. The power from the engine is transferred

through o variable speed drive system (centrifugal clutch) to the driving track. The

track is Qcontinuous loop of rubber or potyurethane that maybe relnforced with steel

cleats for improvedtraction. It is normally supportedon a seriesof spring-mounted

wheelscalled bogies, although in the past few years_bogie suspensionsystemshave

been replaced with sliding tall systemsor a combinationof sliding rails and bogies.

Steering is accomplishedby meansof skisthat extend throughthe bottomof the front

of the chassissupportingthe weight of the front end. Theskis are maneuveredby a

handlebararrangementsimilar to that found onmotorcycles. The engineis usually

mountedonthe front of the chassisand coveredwith a cowling to formthe engine

compartment. Thedriver sits ona paddedseat covering the rear of the chassis.

Engine

Cornpadment

Ik[I track suspension system
(Bogle Wheels or $11der=)

cooJing air
IocJ¥_r$

: _ Figure ]. Typical SnowmobileConfiguration



Becausesnowmobilesare designedto go anywhere, they mustbe light enough

to float over powderedsnow. Heavy machinesmay be hazardousto ride in an area

where snowconditionschange fromhard-packedsnowto loosepowder. For this reason,

extensive use is madeof alumtnurnandfiberglassby the manufacturer. Mostpopular*

sized snowmobileswelgh between 300and450 poundswith an average dry weight (no

fuel) of 398 pounds. Typical fue_capacity is 4 to 6 gallons. A weight designgoal used

by one manufacturer to prevent sinking [n loosesnowis 0.5 poundsper squareinch

of track surface.3 For large snowmobiles,this correspondsto about425 poundsmaxi-

mumweight.

Typical tap operating speedof large stock snowmobilesis about 50 milesper

hour although rnc,ny racing machinesare capable of muchhigher speeds. Normal trail

speedsare 20 to 30 milesper hour.4

Measurement Procedures

Snowmobilenoise levelsare mostcommonlymeasuredin accordancewith the!
Society of Automotive Engineers(SAE)RecommendedPractice J192 (SeeAppendix C).

Under this procedure, the snowmobileis accelerated underwide open throttte until

maximumengine speedisattaTned. The recording rnlcrophoneis placed 50 FeetFrom

the eenterllne of the vehicle path oppositea point 25 feet beyond the initial point of

maximumspeed. Details of this measurementprocedureore included in Appendix C.

All data in this report have beentakenusingthe SAEd192 procedureunle;sotherwise

specified. Provls_onis madein the procedurefor a 2 dB tolerance to allow for varia-

tions in testsite and atmosphericconditionsand differencesin nominally identical

vehlcles.

A standardprocedurefor measuringnoiseproducedby a vehlc_e shouldprovide

a methodof obtalning accurate and repeatable noiselevel values. In addition; the

measurednoise levels shouldcorrelate well with the noiseproducedby thevehicle

undernormal operating conditions.

; 7



One aspect of J 192 that should be noted is that all noise levels measured using

this procedure are at maximum engine speed. The relation between noise level and

vehicle speed which _srelated to engine speed under cruise conditions is shown in

Figure 2 for four 1973 productlan model snowmobiles ranging in size from 340 cc to 530 ca. 4

All four snowmobiles represented in Figure 2 display approximately the same dependence

of noise level on vehicle speed. At typical trail speeds of 20 to 30 mpht noise levels at

50 feet range from 71 dBA to 79 dBA whereas at the maximum speed of 50 mph the levels

range from 78 dBA to 84 dBA. Thisvariation of nolse level with velocity indicates that

the revels measured according to the standard SAE test procedure are not a true indication

ofsnowrnobile noise levels since maximum veloa_tyt and thus maximum engine speed_ is

not a typical operating condition.

J I I I [ I
90

VehicleA - 340cc

•_' _ Veh[cleB - 340cc

::1. <>_'O V_hi¢leC - 440ce

_u _ V_hlcJe D - 530 cc _ t ,°

^ _

o 75

_ 70

Z

_ _0

55 I t I I I r
0 10 20 30 40 50

Veh[cloCruls_ngSp_ac[(mph}

• $ource_GeorgeGow_ng(SeeP_f0rance4).

i

F_gure 2. Snowmobile Pass-By Noise Versus Speed
1973 Model Vehlcles
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Another debatable feature oFJ192 is the specified test site surface. Since snow

conditions can vary considerably and at best are difficult to control, it has been

specified that the test be conducted on o grasssurface. Howevert most manufacturing

focilTfles are located in the northern United States and Canada, so ironically all snow-

mobile testing mustbe done during warm monthsbefore _t beo_nsto snow. To alleviate

this problem of limited testing days, a new revision to J192 now permffs the use of

either a grassor snow covered test site. This is, no doubt, a preferable approach from

the manufacturers' point of vlew. All noise level data presented _n this report was

recorded in 1972 when grasswas the only allowable test surface.

The variation in noise levels measured over grassand snow is shown in Figure 3.

According to one menufaclurer who furnished this information, noise measured over

: grassexceeds that measured over snow by approximately 7 dB.5 A second manufacturer

carried out a similar comparison and reported that noise measured over grassexceeds

that measured over snow by approximately 4 dB.4

z

e
I

o

•_ 9c

z

-}

85 I T t
75 80 85

A-Wo_ghledNo,soLawl onPackedSnow- dBre 20IsN/m2

Source:YamahaInt©rnallonal(SeeRel'erenca5).

F_gure 3. Relation Between Nolse Levels Measured on
Packed Snow and 3 Inches of Grass
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The repeatability of measurementsmadeon snow is still questionabledue to

the wide variety of snowconditionsthat may exist. One manufacturer has found that

noise measuredoversoftly packedsnowmay be asmuch as 5 dBAless than noise

measuredover hardpackedsnow.5 As a possiblesolutionto thlsproblem_several

manufacturershavesuggestedthe use of an artiflc_al surface that could be usedduring

the wlnter.6 Sucha techniquewould providemeasurementrepeatability andstudies

could then be madeto develop a correlation factor betweenmeasurednolseand nolse

producedunder typical operating conditions. Obvlouslyt the testsite problem will

have to be resolvedif the d192test procedureis to becomea reliable regulatory tool.

A-Welghted Noise LevelsandSpectra

Noise levelsproducedby snowmobileshavebeen declining steadily during

the last few years reflecting efforts an the part of the manufacturerto quiet his

product irl responseto legislation broughtabout by public demandsfor less noise.

In a recent study_ the noiselevels of a group of 20 snowmobTlesranging from

1967 models to 1972modelswere measured.7 The nolse levels at 50 feet varied

from 7"TdBAto 99dBA wlth a mean level of 87dBA. Legislation passedin several

states (see AppendixD) set a maximumlevel of 82 dBA for snowmobilessold dur-

ing 1972 and the average level of 1973 modelssold that year droppedbelow

82 dBA.B

Figure 4 showsthe d_stHbutlonof snowmobilenoise levels (measuredin accord-

ance with SAEd192test procedureon grass)for more than200 1973modelsproduced

by 36 different manufacturers.The levels are given as a function of engine size

ranging from 230 cc to 650 cc with a meanenglnesize of 369 ca. The fourmost

popular sizes are 295_340_ 400t and 440 ¢c. Most of the snowmobilessoldduring

1972were certified between82dBA and78 dBA with a meanvalue of 81.3 dBA. The

levelsof 82 dBAand78dBA are the presentNew York State Parksand Recreation

Departmentnolsestandardsfor the modelyears 1973and 1976 (thlssameNew York

Standardwill limit snowmobilenoise to 73 dBA for the 1979modelyear). All noise

10
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levels in Figure4 are absolutelevels; that is_ the 2 dB tolerance allowedby the SAE

d192 testprocedurehasnot been included.

Figures5 and6 showthe samedata presentedin Figure 4 brokendownby manu-

facturing group. Group 1 hasa slightly loweraveragenoise level than Group2 but

the difference is insignificant. All data pointsshownon thesefiguresare assumedto

be representativeof the machinesproducedby each manufacturer. There is no infer-

marion readily available ind;cating the variance associatedwith each manufacturer's

productionmodels.

Figure7 showsthe distributionof noiselevels asa function of power-to-weight

ratio (in pounds/hp). Thereappearsto be very little correlation. The meanpower-to

weight ratio is 12.7 pounds/hp. Similar analyseswere conducted for maximumr_m,

weight and horsepower,but in all cases,noise levelsbear little correlatlon to these

engineparameters. The average horsepowerof all modelsis 31.3 hp andthe average

maximumenginespeedis 6350 rpm.

Figure8 showsthe relation betweennoiselevel and retail price. Snowmobile

prices range fromabout $600 to $1800, but mostof themare priced between$800and

$1400, with a meanretail price of $1146. There isno correlation betweensnowmobile

price andnolse level.

Sincethere is no obviousrelatlon between snowmobilenoise levelsand other

engine parameters_it is not reasonableto categorizecurrent modelsby anyof these

quantities. Furthermore,there is nodefinite separationby utilization forsnowmobiles,

as they are usedalmostexclusively for recreation. Hence, they maynot be grouped

by their intendeduse. ThroughoutIhis report, therefore, snowmobileswill be treated

asbelongingto onesingle class.

A typical one-thlrd octavebandspectrumof snowmobilenoiseis shownin Figure9.5

An interestingfeatureof the frequencydependenceof noise is the ability to identify

12
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F_guro 9. Typical Snowmobile No_se Spectrum (per 5AE J192)

component noise sources. As seen in Figure 9, the peak near 200 Hz may be o_soclatod

with intake andexhaustnoise; track noiseis locatedin the 500 Hz bandandengine

gear noiseandcooling fan noiseare in the 1000to 2000 Hz region.

Operator .NolseExposure

Duo to their proximity to the engine, snowmobileoperatorsandpassengersare

exposedto noise levels that mayresult in permanenthearing damage, A recentstudy

foundevidenceof temporarythresholdshift (an indication of permanenthearingdamage

] risk;noiseexposuresthat producetemporary thresholdshift in normaloars may ultl-

I matolyproducepermanentheor|nglossunder condltlonsof repeatedexposure) in

', 17
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87 percentof the operatorstestedafter as little as 30 minutesof exposure7 This

indicates thatmanysnowmobileriders are exposedto noiselevels that couldpoten-

tially resultin permanenthearing lossover a longperiod of time. Furthermore,

hlgh noiseJevelsat the operator'sposition preventhlm fromhearing warning signals

such as tralnwhistles and thereforepresenta definite safety hazard.

In spiteof the importanceof operatornoise exposurerlittle accurate data is

available onactual operatornoiselevels. A measurementstandard_sneededthat

will providereliable, accuratemeasurements.Twomethodsof measuringoperator

exposurehavebeen proposed;oneinvolves the useof a miniature microphoneto mon-

itor the noiseat the operator'sear and theother measuresnoise at the operator's

normal ear positionw_thauttheoperatorpresent.9 Either of thesemethodsshould

result in reliable measurementswithout the inaccuraciesinherent in soundlevel meter

readingsmadebehind the operator'shead.

It wouldbe convenientto be able to relate operator noiseexposureto noise

levels recordedat 50 faet as thiswould allow simple field monitoringof operator

noise levels witha soundlevel meter. However,each snowmobilehasuniquenoise

radiation ¢haraeterlstlcsand a simple relation betweenthe two )evels has yet to be
established.

Thedata in Table 2 presentsoperatornoise levelsand levels measuredat 50 feet

for 12 different 1973 productionmodel snowmobiles.4 Noise levels at the operator's

oar range from98 to 114dBA andnolsa levelsmeasuredat S0 feet range from7B to

B7 dBA. Thediffere=naebatweenoperatornoise level and nolse level at 50 feet

rangesfrom 17to 32 dB. Obvlously_ the desired relation betweenthe two levelsis

not available, at least far field measurementsmadein accordancewith the SAEJ192

StandardTestProcedure.

I
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Table 2

MaximumNoise Levels at Operator's Ear and at 50 Feet1

Levelat Operator's Ear,2 Level at 50 Feet_ Difference
Vehicle dBA dBA dBA

A 114 83 31

B 98 81 17

C ] 00 78 22

D I00 78 22

E 114 87 27

F 112 80 32

G 111 82 29

H 109 80 29

1 100 80 20

J 106 85 21

K 108 86 22

L 111 85 26

.: ISource: George Gowing(See Reference4).

; 2A-Welghted No|se Levelin dB re 20 p N/m2.i

:i "A-Weighted Noise Level in dB re 20 isN/m 2 MeasuredperSAEd192 TestProcedure.

Noise Sources

_; Individual sourcesof noisemay be categorized into three general groups: exhaust

noise, englne compartmentnoise and track noise. Thisbreakdownis shownin Figure 10

:_' for a 1973 Cheetahsnowmobilemanufacturedby Arctic Enterprises3 although the com-

ponent noise levelsare typical af machines madeby other manufacturers.

ExhaustNoise
!

!

_I Exhaustnoise is generatedby combustionair movingout of the englne in pulses

that radiate energy in the 100 to 200 Hz frequencyrange. Forseveral years, exhaust

,. 19
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Figure 10. Synthesls of Representative Snowmobile Component"
Noise Sourcesinto an Overall A-We|ghted Noise Level
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noisewas the domlnantnoisesourcein snowmobiles.The noisespectrumof Figure 9 for

a 1971modelshowsthat alongwith intake noise, the exhaustis the largestnoisecon-

trTbutor. RecentTmprovementin exhaustmufflersand intake silencers havereducedthe

magnitudeof this contributionasthe data in Figure 10 for a 1973 modelindicates.

Engine Noise

Enginecompartmentnoiseis composedof mechanical noiseradiated fromthe

engine surfacest carburetorintake, cooling fan, muffler shell, and miscellaneous

sources. All thesesourcesare lumpedtogetherunderthe cowl or hoodmaking upone

of the three majornoisesources.

Enginenoiseis producedprTmarilyby vibration of"engine surfacesasa resultof

¢ombustlonwlthln the englne. Any partsattached rlgldly to the englnealsobecome

radiating surfaces. Intake noiseis createdby combustionwTthlnthe enginein the same

manneras exhaustnoise. Someof the acousticenergythus created leavesthe engine

throughthe carburetoralr intake. Muffler shell noiseis due to vibration of the muffler

shell as the exhaustgaspulsesthroughit. Fannoise(associatedwith fansrequiredto

providecoolingair) is producedby turbulencecreatedas the fan bladesmovethrough

the a|r andthe passageof the cooling air over local obstacles. Theothernoisescreated

In the engine compartmentare associatedwith vibrations of surfacesattacheddirectly

and indlrectly to the engine.

Track No_se

Track noiseis associatedwith the impact of hard surfacesstriking each other.

Forexemplar as the track movesover the bogies, sprocketteeth onthe bogiesmust

alternatelyengageenddisengagew'th the track, creat'ng impactnoise. Theclanking

of other metal parts in the suspensionsystemalso contributesto track nolse.

t
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5. SELECTEDNOISE LEVELS

The data on noise levels for currently available snowmobiles-see Figure 4 -

exhibits a greet deal of scatter. A retlonal approachcan be madeto the discussion

of present andfuture noise levels by focusing attentlell on a few representative levers.

It hasbeen decided, in consultatlonwith EPAr10 that three different noTselevels will

he examinedBasedon the information and data supplied by the manufacturers. The

three levelsmay be summarizedas follows:

1. Typical level of currently avalJableI quiet products

2. Leve_of quietestproductin October 1975that incaq_oretesthe most

advancedtechnology

3. A level somewherebetweenthe first two, if thesetwo ore widely divergent,

that can be practically obtaineduslngavailable technologyby October 1975.

Thefirst leve_is to be that of typl ealt currently avallable_ quiet snowmobiles.

Currentlyoval(able productsore defined asthosethatwere beingsold in Aprll 1973-

the dote thatthis studywas_nltloted. Thiswouldbethe 1973model snowmobile.

Level f/1 indicateswhere the industrystoodin termsof noisecontrol technology ot the

startof thisproject. !

Thevalue of Level #I may be determined froman examlnotionof the noisedata

for existingsnowmobilesshownin Figure4. Themeanlever for all 215 modelsshown

is slightly in excessof 81 dBA. Howevert if thosemodelsexceedingthe New York

State requirementsof 82 dBAare not countedt the meanlevel is approximately80 dBA,

The modelsexhlbitlng noiseleverslessthan about 78dBArepresentonly about5 percent

of thosefar which data is avaiiab[eand hence are not typical. Asa resulh a typical

quiet snowmobile,assoldin Aprii 1973, exhibits a noise level in the range 78 to 82 dBA,

the meanbeing approximately80 dBA. This is Level f/1. i

The secondleverwill be that of the quietestmodelsnowmobilethat is expectedto i

be available in October 1975t the anticipated effective date ForFederalno_seregula-

tlonsandw_ll consistof the 1976modelyear for snowmobiles. Thisassumesoneyear i
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far compliance with the regulations. In selecting the quTetest1976snowmobTle,some

judgement mustbe usedin selecting a mode] that Fulfills the operational requirements

of snowmobile users. That is, the machine mustbe of a popular size, have goodper-

formance oharaateristics andnot be overly heavy. Not every quiet snowmobilecan

be considered as a candidate. Small, quiet machinesthat do not have sufficTent speed

or power, and Iorge_ heavy machinesthat tend to bog down in loosesnow shouldnot be

consideredbecausethelr perl0rmancecharacteristics have beenradically changed, even

though they may be very quiet. One 1974modelsnowmobilehasbeen measuredand

certified at 76 dBA. Thlsmodel is a popular s_zein the range of 400 to 440 cc and

weighs approximately 400 to 450 pounds. Themanufacturer of this snowmobilehas indi-

cated that he anticipates a level of 74dBA fromthls snowmobilefor the 1976model

year (those made in 1975).11

Other manufacturershaveindicated reasonableprogress_nnoise control and it

is likely that the 1976 modelyear will seemanysnowmobileswith noise levels as low

as74 dBA. There is no indication fromany of the manufacturersthat levels lower than

thls can be obtained. It seemsquite reasonablethen, that Level 12 should be 74 dBA.

The third level selectedis to be behveenthe first two if theseare widely sep-

arated. Sucha condTtlonwould indicate creative application of technology known

only to somemanufacturers. Since not all manufacturerscouldcomply with a regulation

set at Level //2, Level #3 isproposedasan intermediate level.

Clearly, not all snowmobilemanufacturersw;ll be able to comply with a 74 dBA

nolse level by 1976 even thoughseveral will be able to do so. A value for Level H3

chosensomewherebetween 74dBA and 80 dBA would insurea greaterdegree of com-

pliance amongmanufacturers. The 1nternatlonalSnowmobileIndustryAssooiatTon(ISIA)

has proposed78 dBA for the 1976model year. This organizatlon includes in its member-

ship 18major snowmobilemanufacturersaccounting for approximately 90 percent of"all

snowmobilesmanufactured, it is the opinion of Wylo Research,basedon information

supplled by manufacturersandour own engineeringexperience in noise oontrob that a
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reasonablelevel for the 1976 modelyear would be 76dBA. Without retying on new

technalogy_ manufacturlng firms representingapproximately60 percent oFthe market

should hove the capability of"complyFngwTtha 76 dBAlevel for 1976. All three levels

that havebeen discussedare summarizedbelow in Table3.

Table 3

Selected Noise Levels for Potential Noise Regulationof.Snowmobiles

Level Interpretatlon Value '

1 Currently Available SnowmobileLevels 80 dBA

2 Quietest SnowmobileOctober 1975 74 dBA

3 Practically AttaTnableLevel by 76 dBA
October 1975

[



6. NOISE REDUC11ONTECHNIQUESAND COSTS

In Chapter 5, three selected noise levelsweredeveloped for snowmobiles. This

chapter will discussexisting technology far reducing noise from _ndlvidual snowmobile

noisesources. The cost of applying this technology to achieve the three selected noise

levelswill then bepresented.

Theterms of this studyemphasizecost to the manufacturerason important con-

slderation. The data collection effort was structured to be canshstentwith this require-

ment- requestingdata for a variety of noise abatementmeasuresfromthe manufacturer.

In someinstances, manufacturers furnishedthe information requested;in others, hawevert

they supplied a variety of direct and indireat costelementswhich they expect ta incur.

In all cases,manufacturerssupplied costdata fornoise reduction to discrete levels, _n

particular, 78 dBA, 76 dBA, 75 dBA and 73 dBA, since these four levels have been

attained or have been proposedby various regulating agencies as reasonable levels for

snowmobilenoise emission.

Threeobservationsare appropriate for the proper interpretation of the data pre-

sented. The first problemrequiring explicit expositionis the relationshipbetween direct

expendituresincurred by manufacturerin noiseabatementendeavorsandthe accounting

practicesassociatedwlth theseexpenditures. Therecordingandburdeningof dlrect

costvariesamongsuppliersaccordingto their costaccounting systemsandcannot be

specifiedin a generalsense. Furthermore,in caseswhere tooling and designexpend-

Ituresare involved, the speclfia unit castwill dependonthe expected productionruns

for the modelunderconsideration,a variable which might changeconsiderablyover

time.

Forthese reasonsta definitive, defensibleoverall relationship between "cost to

manufacturer"and "cost to the consumer"is difficult to establish. However, in certain

Instanceswhere only consumercostswere previdedssuch a relatlonsh_pmustbe assumed.

Althoughmanufacturingoverhead, general andedmin_stratlveexpenses,distributorand

retailer markupscustomarilyincreaseconsumerprices manytimesthe dlrect cost of
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productlonr the competiHvecharacteristics of the snowmobileindustry limit somewhat

the total increasein costto the consumer. Manufacturerswho submittedboth manu-

facturersand consumerscostinformationshoweda difference between the two costs

rangingfroma factor of 2 to a factor of 3. Therefore, whenonly consumercostswere

available, the manufacturingcostswere assumedto be smaller by a factor of 2.5.

The secondobservationis the obvious/imitation of someof the data providedby

manufacturers. Snowmobilemanufacturingfirmsdisplay a wlde range of organiza-

tions. At oneend of the spectrumare firmswHh large eng_neerlngdepartmentsstaffed

with noisespeaial_stscapable of using sophisticatedequipment for makingnoisemeasure-

ments, as well as evaluating the effectlvenessof new noisereduction techniques. The

other end of the spectrumis populated with small firms whocannot afford to allocate

fundsfor engineerstrained in noisecontrolandspecial na_semeasuringequipment.

Obviously, with suchdiffering capabilities in noisecontrol, the data suppliedbF the

manufacturersvaried fromemp|rlcal resultsto well-substantlated englneerlngprojections

to mereconjecture. Accordingly, an attempt wasmade to separateall data into two

groups;thosebasedongoodengineeringpractice and thosebasedon conjecture.

All noise levels in th_sreport are assumedto be medianlevels for each produc-

tion run. Thatis, there is a normalspreadin the levels producedby all the maahlnes

in each modelllne. Due to a lack of data, the magnitudeof this spreadis not accurately

known_but it seemsreasonableto assumeIt is about4 d8 wide and centeredabout the

median. Thusfor all models(at least 90 percent) to be belowa particular level, the

designgoal will have to be depressedby 2 dB.

All estimatedcostscontained in this reportcorrespondto this median level. Any

depressionof the noiselevel goal will, of course,be reflectedin propartlonal)yhigher

costs.

All estimatedcostsalso assumeadequatedevolopment timeas discussedundera

separate heading, i

I

I
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Noise Reductto:._'romSubsources

There are two basicapproachesto any noise reductionproblem;one is to control

noise at its sourceby appropriateengtneerlngmethods, the other is to prevent trans-

missionof noise, once it Is created, by interruption of the transmTssionpath with barriers

or enclosures. Somenoisesourcesare mere amenable to the first technique, someto the

second, and someto a combination of the two.

The following discussionis not intended to be a definitive engineeringguide to

snowmobilenorsecontrol, but is merelya summaryof someof the available techniques

and methodsthat may findpractical application in snowmobilenoise reduction. It is

important to realize that reductionof overall noise levelswill be accomplishedonly

when all contributingnoTsesourcesare treated. Forexample, the 1973modelsnow-

mobile outlined in Figure10was fitted with a new stockmufflersystemdesignedfor

production. The new mufflerreducedexhaustnoisefrom74 to 68 dBA¢but the measured

: overall noiselevel wasreducedonly 0.5 dB from81.5 to 81 dBA. Th;s ;s due to the

manner;n which acousticenergy frommultiple sourcescombines.

EngineCompartmentNoisei

Enginecompartmentnoise includesall the noisesourcesunder the hoodproducing
: levels in the order of 85dBA. Thehoodprovidesan approximateattenuation of only

5 dB due to poorsealingandthe presenceof large coolingair louvers. A well designed

hoodshouldbe capableofattenuating the interior noiseby 10dB. Thissourceof noise

may be reducedby apply'ngboth generalmethodsof naDsereduction;the sources_nthe

compartmentmay be quietedand theattenuationof the hoodmaybe |mproved.

Themajordifficulty Tnimprovinghoodattenuation is the requirementfor cooling

air which is essentialforsafeoperation. The need for adequateengine coolingis a ]egff-

imate des;gnconstraint. Fan-cooled enginesallow for morecomplete hoodenclosuresthan i

do forced air engines(usedfor high speedmachinesand racers)which do not usea fen at

all. It seemsunlikely thatthe presentconceptof a FreeAir Snowmobileis compatible

with no|seemissionbelow80 dBA. Fan-cooledenginesare mareamenable to noise control t

than are freea'r engines,since the engine compartmenthoodmay be morefully enclosed.
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A third type of enginewhich is water coatedhasbetter posslbTlltiesstill, even thoughit

requiresa cooling fan since the engine compartmentmay be fully enclosed. [t hasbeen

estimatedby somemanufacturersthat the costto changeFroman aTr-cooledto a liquid-

cooled engine would be in the rangeof $30.

If an air-cooled engine is retaTnedt a costof approximately $7per machinewould

be incurred to improve the hood sealing andsecureopen-cell polyurethane foamabsorp-

tion material to the interior. In addition, air cooling louverscan be of a mTnlmumsize

that will provide sufficient air flow for cooling. Judiciousplacement of the louversso

that noiseradiating from them;s directed downwardasmucllaspossible ,will help reduce

operatorexposurelevels aswel/as exposureleversfor distant observers. _tmay prove

to be practical to ut;lize acoustical louversthatare acousticallyabsorptiveon the interior

s_deso asto allow free elf passagein onedirectionwhile blocking noisepropagating in

the other. Suchlouversare nowTncommonusefor noTsereductionin mechanlcal equip-

ment, but shouldbe consideredadvancedtechnologyforsnowmobiles.

Within the engine compartmentseveralnoTsesourcescan be quieted; including

the engine, the cooling {'an, the muffler shell, andthe carburetor|ntake. Theengine

can be mountedon vibration control mountsof apropers_zecorrespondingto the weight

andvlbmtion frequency of the engine. In c recentstudyof quiet snowmobTles,some

successin reducing induced v_bratlon was achlcvedby coatingthe engine compartment

floor and framememberswith automotivecork-filled undercoatmaterTal.72

The coollng fan can be chosenfor quiet operation. Fannoisetechno/ogy;s well

advancedandmanufacturers can make useof thistechnologydescribedin the noise con-

trol literature. The quietest fan forany applicationis the onethat operatesnear peak

efficiency andcooling fansshouldbe selectedw_ththis in mind. Thecooling air can

be ductedIn and outwith absorpfivelyllnedductsto decreaseradiated noise. Again,

technologyfor quiet air flow duatlng is establishedandwell documentedin the

literature.

Muffler shell no_sepresentssomeuniqueproblems. Somemanufacturershave i

reducedthis noise by wrappingthe muffler with anabsorptivematerial (suchas
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fiberglass)coveredwith sheetmetal, but others claim that usingspace far a large muf-

fler would lead to overheating in the engine compartment. Still others have placed a

wrapped muffler outside theenglne compartment, but there are thosewho maintain

that an external muffler will melt snowand the resulting water w_fl refreeze onother

partsof the snowmobile. A valid suggestionmacleby an independent researchgroup

is to usea flexible exhaustpipe or flexible connections to isolate the muffler from

the rest of the engTnecompartment.13 This will reduce noise to a certain degreeby

reducing the vibration of other components.

Carburetor intake no_sehas beenquieted to someextent in the last Fewyearsby

addltlon of intake silencers. Intake noiseis lessimportant now than other engine

compartmentsources. Thetechnology for Tmprovingthe effiaiency of intake sTlenaers

isavailable and the cost to install an improved silencer necessaryto reduce intake

noisewould range From$4 to $8.

Exhaust Noise

Exhaustsystemsare currently avaTlable which utillze an expansionchamber

incorporatedin a tunedsystem. This configurotlon helpsto scavengespentgasesfrom

the engine andso is moreefficient thana conventional muffler (or nomuffler) both

for noisesuppressionand poweroutput. Exhaustnoiseis no longera major contributor

to overall noisedueto the widespreaduseof tuned exhaustsystems. Exhaustnohe

levelson the order of 68 dBA are Feasibleand an estTmatedmanufacturerscost for the

additionof a systemto achieve sucha level is approximately $13.

Track and SuspensionNoise

Noise producedby the track andsuspensionsystemcon only be reducedthrough

designsince baffling techniquesare notpractical. Track andsuspensionnoleeis cur-

rently on the order of 73 dBA, althoughsomemanufacturershave reducedtrack noise

below this level. A w_dely held bellefis that track noiseis the "noisefloor" for

' snowmobffesand is not amenable to treatment. Thereseemsto be somecontentionas

* J
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to just where this floor is t however. One manufacturer performedtow-by testswithout

the engine running and reportedpassby levels of 74 dBA in grassand 63 dBA is snow.

Another manufacturer engageda private engineering firm to study the basic sourcesof

snowmobilenoise. Their testsindicated tilat track noise wason the order of 62 dBA

in grass. Still another manufacturerhas Tndlcatedthat it should be feasible to reduce

track and suspensionnolse to a level necessaryto meet on overall noise level of 73 dBA.

An estimated cost for thls engineering work Tsapproximately $6 per machine.

Operator Noise Exposure

It shouldbe noted that working on the problem of reducing operator noise expo-

surewill benefit efforts to reduce noise levels measuredat 50 feet. The converseis

not always true_ howevert since by changing the vehlale's noise dlrectlvlty pattern1

levelsmeasuredat 50 feet maybe reduced without reducing levels at the operator's

ear position. An example of thls would be installation of noise baffles causing the

soundto be directed to the front and to the rear of the snowmobile. Levels measured

in accordancewlth the SAEd192 standard may then be reducedwithout a corresponding

reduotlan in the no_selevels at the operator's position.

The benefitsof reducingoperator noise exposureare substantial and slnoe reduc-

tions in levels at 50 feet accompany reductlons in _evelsat the operator's positionr it

would seemthat industry_sefforts shouldbe aimed at reducing operatornoise level.

However_ asdiscussedin the section on Operator Noise Exposure, techniques far

measuringnoiseat the operator's position are not well defined. So untll standard

measurementproceduresare developedt noise control efforts will have to be directed

towards reducing noise levels at 50 feet.
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Achievement of the Selected Noise LevelsThroughApplication of Noise Reduction
Techniques

The prevlausdiscussionof techniques to reducenoise emffted from various sources

has focusedon reducing mechanical, intake, exhaustand track noise. Thenoise control

cost information developed for thesesubsourcescan now be combined to determine the

total costsof noisereduction to the three selected no_selevels developed in Chapter5.

Table 4 showsthe estimated manufacturing cost increasesalong with the required

rnodifieatlons to reduce overall noiseto each of the three levels. The data shownare

estimatesmadeby Wyle Research,basedon data supplied by someof the manufacturers

in Group 1 (LargeManufacturers). The manufacturerswho supplied component cost data

representabout 34 percent of the snowmobilemarket. This 34 percent of the market may

be consideredas representative of the industry as a whole since the tatar machine costs

in Table 4 comparevery well with total machine costspresentedin Figures 11and 12

and Table 5 which are basedon Tnformat_onsupplied by manufacturersrepresenting

: 70 percent of the snowmobilemarket.

All manufacturingcastsin Table4 are g_venFareach noisecontrol componentor

requiredwork necessaryto reducenaise to the level shown, For Levels #2 and #3, two

alternatives are considered-retalnrnent of alr-caaled enginesor ahangeaverto liquid-

aaaledengines. The liquid-cooled engineis nat consideredto be an economically,t

valld alternative for reductionto Level //1 -80 dBA. Rotaryengineswere not considered

as viable alternatives to reclprocatlng-plstonenginesduemainly to a lack of data.

AIthaugh somemanufacturershave _ndlcetedthat rotaryenginesere quieter then reclp-

rocat;ngpistonengines, therehasbeenno demonstrationthat they possessappreciable

advantageover reciprocating.piston eng|nesfar noise control purposes.

Many manufacturerssupplieddata in the formof total cost per machine. This

data is presentedin F_gures11and 12 for Groups1 and 2 respectively. All costsare

given for reductionof noise with a baselinereferenceof 82 dBA. There is a great

,, deal ofvariation in the estimatedcostsant|e_petedby variousmanufacturersand the

i! spreadTnthe estimatesfor each noiselevel tendsto increaseas the level gets pro-

gressivoly iower.
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Table 4

EsHmated Per-Machine Manufacturing Cost Increases for Nolse Reduction Tn Snowmoblres

Selected NI #2 //3

Noise Level 80 dBA 74 dBA 76 dBA

E2; 0,ooefna_e

Component _equlred_

Warko, xx
Component _ Air Cooled A_r Cooled Liquid Cooled A;r Cooled klquld Coaled

Engine
Modi flcallan5 $ 6 $55 S32 $20 $32

Intake Silencer $ 4 S B $ 8 S B $ B

Englne Acoustic

¢._ Compartment Treatment of $ 7 $ 4 $ 4 $ 4 S 4
I,o Console and

%od

Air Ducts and N.R. $ 4 N.R. S 4 N.R.
Baffles

Improved .,
Exhaust Muffler $ 5 $13 $13 $13 SI3

•_h ....... ,,

solatlon
N.R. $ 4 $ 4 N.R. N.R,

Track and of Axles

Suspension
Track Redesign N.R. $ 2 $ 2 N.R. N.R.

TOTAL COST $22 $90 $6B $49 $57

tThe casts presented are estlmates to reduce the nolsa from a model [_ne to an avemgo value as Indicated. Data is
based on information from manufaaturers represenHngB4 percent of the snowrnobTremarket. All camponent cost data
shownIn Table 4 was supplied by firmsin Group ] (t.arge Manufacturers).
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It is interestingthat onemanufacturerdid, in fact, savemoneyin the processof

quieting his snowmobile. Thesedata potnts representactual costsincurred. It should

benoted that this is a manufacturingcostsavingonly in the contextof a noisereduc-

tlon from 82 dBA to 78 dBA. After spending$26per unit to reducenoise from 86 dBA

to 82 dBA, a change_nthe designof the intake sllencer-6ystemresultedin lower cost

anda quieter machine. It Tsnot expectedthat other manufacturerswouldbe capable

of similar cost savings,but this Isolatedcasedoesindicate that makinga snowmobile

quieter is not alwaysassociatedwith a manufacturingcostpenalty.

A summaryof the costsinvolved to reducenoise to the three levelsdiscussedin

Chapter5 is shownin Table 5. Thesecostswere determinedby calculating the aver-

agevalue of the shadedportion of the graphsin Figures11 and 12at each of the three

levelsof interest. The costsin Table 4 are direct manufacturingcostsin dollars.

Thedata shownIn Table 5 are, in the opinionof Wyle Research,accurate

estimatesof coststhat wouTdbe |ncurred to reducenoiseto the indicated levels. The

$180cost for reductionto 74dBAmaybe high, but is probablya direct reflection of

theapproachto noisereductionbeingusedby the smaller firmsin Group 2.

Basicengineeringanddesignchangesare likely to be favored asa noisecontrol

approachby the larger firmsin Group 1. Thesechangesare initially expensive for

the first few stagesof reduction0butget progressivelylessexpensiveat the more

advancedstages. The techniqueof absorbingorshieidingnoise, onceit is created,

Isprobablythe only approacha smaller firm canadopt becauseof its limited resources.i
Thlstechnique is inltially inexpensivefor smallstagesof reduction, but as the target

noiselevel gets lower, this '_and-ald"approach becomesvery expensive. Hence,

asseen in Table 5, Group 2 manufacturersincur a lower costfor reductionto Level_1-

80 dBA thando Group 1 manufacturers. Fora reductionto Level H3- 76dBA, both

groupswould incur aboutthe samecostwhereasfor a reduction to Level _2 -74 dBA,

it would be muchmorecostly for the Group2 manufacturersthan for the Group 1

,, manufacturers. Thecostsg[venin Table 5 forGroup 1 comparefavorablywith the'
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Table 5

Summaryof EstimatedNoise ReductionCasts('orSnowmobilesI

Level Nalse Level Goal Group 1 Group 2

1 80dBA $22(2_) 2 $ 9(14)

2 74dBA $_ (8_) $1_0(_6_)3

3 76dBA S52{ 5_) $45(4_)

I Basedon information supplied by manufacturersrepresenting70 percent of the
snowmobUemarket. Costsare estimatesto reduce noise from a model llne to
an average value as indicated.

2Numbersin parenthesesare percentage_ncreasesbasedon an average retail
price of $1146.

3The $180cost antleTpatedfor Group 2 for reduction to 74 dBA is basedon
data fromone manufacturer, it wasconsideredto be o guessas opposedto
an estimatebasedon engineering data.

componentcosttotals glven In Table4 andthey are morerepresentat|veof the industry

asthey were compiled from Tnformationsuppliedby manufacturersrepresenting70 per-

centof the snowmobile_ndustry.

Weight IncreasesDue to Noise Reduction

Weight increasesare very importantto snowmobilemanufacturersbecauseof

snowflotation problemsdiscussedin Chapter4. Overly heavy maeh[nesmay bogdown

_nloosesnowandhencepresenta hazardwheresnowoondiffonschangeFromhard-

packedsnowto loosepowder. Mostpopularsizedsnowmobilesweigh between 300 and

450 poundswith an averageweight of 398pounds.

Addedweight due to noise reductionis first evident in the formof addedsilenc-

ing equipmentsuchasmuff(orsand intakesilencers. Additlonal silencingmay require

heavierenginecompartmentpanels andheavier engine mountingframes.
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Weight increases attributable to noise reduction are shown in Figures 13 and 14

for all manufacturers in Groups I and 2. Again, there is a wide spread in the data

at each noise level and the spread tends to increase as the level decreases.

in generalr each decrease to a revel below 82 dBA _s accompanied by an increase

in weight. There was one response, however, that indlcoted a noise reduction wlth

no weight penalty. A weight increase wasencountered to reduce noise from 86 dBA

to 82 dBA, but for the reduction from 82 dBA to 76 dBA, no extra equipment was added.

Table 6 _nd_catesthe median level of weight increases as a direct result of noise

reduction techniques. The data taken asmedian values from the graphs in Figure 13

and 14 is given in added poundsand in percent increases in weight basedon an

average snowmobUe weight of 398 pounds.

r l
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82 80 78 76 74
A-WolghtadNa/IoLovel- d_ re20I_N/m2

Figure 13. Estimated Snowmobile Weight Increase Due to
Noise Reduction Equlpment (Data I)ased on

Noise Reduction from 82 dDA)

• (Group) - Large Manufacturers) i
i
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Figure 14. EstimatedSnowmobileWeight IncreaseDue to
Nolse ReductionEquipmant(Data Basedon

Noise Reductionfrom82dBA)

(Group2- Small Manufacturers)

Table 6

EstimatedSnowmobileWeight IncreaseDue to Noise ReductionI

Level Noise Level Goal Group 1 Group2

1 8OdBA 12 (3_) 2 15 (4_)

2 74dBA 52 (13_) 61 (15_)

3 76dBA 30(B_) 48 f12_)

!Basedon information supplied by manufacturersrepresenting70 percent of the
snowmobilemarket,

" : 2NumbersIn parenthesesare percentage Increasesbasedonan averageweight
of'398 pounds.
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LeadTime Requirements

One of the major dlfflcultles in a product noise reductionprogramis lead time -

the time required for engineering, testing and tooling. During the data gathering phase

of this study, manufacturerswere askedto commentan Iheir lead time requirements.

Most manufacturersindicated the necessityof having sufficient lead t_meandseveral

firmssupplied lead time schedules. The schedulessubmittedvaried widely due to dif-

ferent levels of effort that individual firms thought were necessaryfor noise reduction

modifications. Manufacturers who anticipated major engineering and deslgnchanges

indicated long lead time requirementsand those who did not anticipate majorchanges

indicated shorter requirements. The typical lead time schedule discussedbelow is, in

the apinlon of Wyle Research,adequate for noise reduction efforts to reach a goal of

76 dBA (Level H3as discussedin Chapter 5). Of course, if lower noise levels are

required, the necessarylead time will increase appropriately. The schedule is based

an information suppliedby snowmobilemanufacturers representingapproximately 43

percent of the snowmobileindustry.

Sales far the 1976 model year snowmobile will begin in June of 1975for most

firms. The machineswill beproducedthroughout mostof 1975with on averageproduc-

tion startdate of March 1975. Theaverage time period requiredfor tooling andtesting

is 9 monthssoengineeringeffortswill be frozen in dune 1974. Any engineeringwork

requiredfor noisereductionwill have to be accomplishedbefore this date. However,

asseenIn Table 4, majorengineeringchangeswill nat be required for a reductionto

76 dBA. But, if manufacturersare required to reducenoise levels below 76dBAn majori
: engineeringwork will be requiredand the neededdevelopmenttime will exceed the

i time avallable in thls schedule.

It wasestimatedin Chapter 5 that manufacturlngfirmsrepresentingapproximately

60 percentof the snowmobilemarkethave the capability of complying with a 76 dBA

level within the estimatedlead time schedule. If the effective date for regulationof

snowmobilenoise is extendedfrom October 1975 to October 1976, then thepercentage

of manufacturerswhowill he able to complywill increase. It is estimatedthat at least

80 percentand perhapsas muchas90 percent of the marketwill be able to comply

with a 76 dBA level with oneextra year for development.
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7. RECOMMENDATIONS FORFURTHERWORK

Asa result of this studyj it wasdetermined that further researchis neededin the

f'ollowing areas:

• The SAEJ192 test procedure needsto be reviewed for applicability asa

regulatory tear. The SAESubcommitteefor Motorized Snowvehiclesis

presently working on new revisions. One major questlon that needs to be

settled is the test surfaceto be used. One test surfacemustbe found that

givesaccurate, repeatable results and is available to all manufacturers for

a sufficient number of testing days.

0 A study is needed to determine if any correlation can be establishedbetween

operator noise levels and levels at 50 feet. If no correlation exists, then con-

sideration shouldbe given to a procedurefor accurately determining noise

levels at the operator's position. Regulatlonsto maintain operator noise

exposurewithln acceptable limits should then be considered.

• Researchon typical use cycles of snowmobilesis needed to develop a data

bank that accurately reflects the typical noiseexposureof snowmobile

operators.

• Researchon the variance in noise levels forsnowmobilesin each model fine

is required to determinethe actual dlstributlon of noise levels. Such infor-

mation would be helpful in determining the anticipated compliancewith

noise level regulatlons.
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APPENDIX A

SnowmobileManufacturers Contacted for This Study

Alouette ColumbiaDiv. of MTD ProductsInc.
FeatherweightCorporation 5389 West 130thStreet
Montreal 364 Quebec, Canada Cleveland, Ohio 44111

Alsport, inc. John Deere & Co.
84 Whltttesey ;'_.',.i_:c John DeereHariconWorks
Norwalk, Ohio 44857 Horlcon, Wisconsin

Arctic Enterprlsest Inc. Fun Seasons t Inc.
Box635 1200 RiverwoodDrive
Thief"River Falls, Minnesota 56701 Burnsvltle,Minnesota 55337

Auto Ski, Inc. Gilson Snowmobiles
P.O. Box97 RoadAmerica Grounds
Levis,. Quebec, Elkhart Lake, Wisconsin

AutoteohnlcInc. - Ski-Zoom GriswoldSwinger
2300 LoMffe Blvd - Drummondville 1212ChestnutAvenue
P.Q., Canada St. Paul, Minnesota 55403

Boa-Sk[., Inc. Harley-DavidsonMotor Co., Inc.
P.O. Box460 3700West JuneauAvenue
Lo Guadaloupe Milwaukee, Wisconsin
FrantenacCounty, P.Q., Canada

BombardierLtd. (Ski-Dog/Mote-Skl) Hertor*sInc.
Valcourt Plant 1
P.Q.t Canada New R{chlandl Minnesota 56072

BrutanzaEngineering Jac-Trac Inc.
P.O. Box158 Route2
Braoton,Minnesota 56316 Marshfietd, Wisconsin5_9

Chaparral Industries Lorl EngineeringCorporation
Denver,, Cotorado80216 Old TurnpTkeRoad

SouthingtontConnecticut06489

ColemanSklroule Mossey-Ferguson,[no. (Ski-Whiz)
Route13 1901 Bell Avenue
Wickhorn.,Quebec,. Canada DesMoines, Iowa 50315
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Melvin Manufacturing Company Raybon Manufacturing Company, Inc.
Dryden, Maine 04225 25 George Street

Wallingfard, Connecticut 06492

Mercury Marina Roll-O-Flex
Pond Du Loc, Wisconsin Regina, Smkotchewan, Canada

Moto-Kometlk, Inc. Rupp Industries, Inc.
P.O. Box 490 1776 Airport Road
St.Jean Port-Jail t Quebec_ Canada Mansfield I Ohlo 44903

Northwoy Snowmobile Ltd. Scorpion
100 Hymus Blvd. Crosby, Minnesota 5644
Point Cfalra, Quebec, Canada

OEM Ltd. Sno-det, Inc.
5B4 Clinton Avenue P.O. Box 246 - Ouellet Bird,

Sudburyt Ontario Thetford Mines
Canada P.Q._ Canada

Ontario Drive and Gear, Ltd. Speedway, Inc.
P.O. Box 280, Biaarns Road 160 E. Longvlew
New Horn_urgI Ontorlo, Canada Mansfield, Ohlo 44905

Outboard Marlna Corporation U.S. Sports
4143 North 27th Street Riverside Airport
Milwaukee, Wisconsin 53216 Marcyt Now York

Polarls U.S. Suzuki

Roseau, M_nnesota Santa Pe Springs, Callfornla 90670

Leisure Vehicles, Inc. (Raider) Yamaha International Corporation
2766 E)llott 6600 Orangetbo_oe Avenue
Troy, Miehlgan 48084 Buena Park, California 90620
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APPENDIX B

Design Features, Retall Costsand MeasuredNoise Levels for
1973SnowmobileModels1

Maximum Retail Noise2
Manufacturer Model EngineSize HP RPM Weight Price Level, dBA

,m

Alouette Mini-Brute 209ca 5 3600 115 399 N/A
SnoDuster 295 ae 20 6500 337 699 82
Escort I 292 cc 22 6500 340 849 82
Escort11 291 ce 22 8000 340 949 82
Venture 440 436 ca 30 6500 410 1295 83
Eliminator 295 291 cc 24 8000 363 1049 82
Eliminator 340 338 ac 28 8000 363 1149 83
Eliminator 440 435 oc 35 8000 368 1249 83
Sno Brute 340 338 ca 28 8000 377 1279 83
Sno Brute440 436 ca 40 8000 390 1379 83

Alsport MTS-30 165 ce 3 3600 125 299 N/A
TS-50 200 ca 5 3600 145 445 N/A
TS-100 200 ca 5 3600 155 495 N/A
TS-100L 200 ca 5 3600 155 535 N/A
TS-125 246 ce 7 3600 160 549 N/A
TS-125L 246 ca 7 3600 160 589 N/A
TS-150 230 ca 14 5900 240 679 N/A
TS-290 290 ca 21 6500 255 745 N/A
5T5-290 290 ca 21 6500 260 825 N/A
STS-340 340 cc 26 6500 260 805 83.7

Arctic Lynx 292 292 ca 19 6000 N/A 795 83.8
El Tigre 250 245 ca N/A 7500 365 1275 N/A
El Tigre 340 339 ca 37 7500 365 1350 81.7
El Tigre 400 398 ca 43 7500 365 1425 82
El Tigre 440 436 cc 47.5 7500 370 1495 81.7
Puma440 436 ca N/A 6500 365 1250 N/A
Cheetah 340 339 cc 31 6500 375 1185 80
Cheetah400 398 oe N/A 6500 375 1295 80.5
Cheetah440 436 ca 37 6500 375 1375 81
Panther295 294 cc 19 6500 3B5 1325 78.7
Panther340 339 cc 31 6500 385 1250 79.0
Panther400 398 ca N/A 6500 385 1350 81.5
Panther440 436 cc 37 6500 385 1425 80.5
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Maximum Retail Noise2
Manufacturer Model EngineSize HP RPM Weight Price Level, dBA

Coleman RT440 437 cc 35 6000 402 1249 82. I
Sklroule liT 440E 437 cc 35 6000 430 1349 82.1
(continued) RTX300 293 cc 24 6000 356 1049 83

RTX340 338 cc 34 6500 362 1199 82.7
RTX440 437 cc 40 6500 374 1299 80.6
RTX447 4:37ca 40 6500 404 1399 80.6
RTW300 294 cc 23 6000 356 1299 77.4

Columbia/ 340 339 ca 30 7000 356 1095 N/A
MTD 400 398 cc 34 7000 358 1175 N/A

440 428 cc 38 7000 358 1245 N/A

John De,re 400 339 cc 28 6750 382 1235 81.9
500 436 cc 36 6750 386 1335 81.7
600 436cc 36 6750 410 1435 81.9
JDX4 292 cc 25 6750 396 995 81.7

JDX8 438 cc 40 j 6750 386 1435 81.7
l

Evinrude Bobcat SS30 399 cc 30 6000 N/A 1075 83.7
Bobcat'SS 32 437 cc 32 6000 N/A 1145 82.8
Norseman21 399 cc 21 6000 N/A 855 82.9
Norseman27 437 cc 27 5800 N/A 995 82.4
Norseman 30 437 ca 30 6000 N/A 1275 83.7
Trailblazer 30E 437 cc 30 5800 N/A 1525 83.1
TW 30Q 437 ¢c 30 5800 N/A 1695 74.8
RC-35Q 528 Rotary 35 5500 520 1700 77.4

FeldmanEng. SnowFlake 400 340 cc 22.5 N/A 297 695 N/A

Fun Seasons Sne-Blazer 292 ca 20 6000 225 895 82.4

:_ Harley- Y 398 398 cc 30 6000 400 N/A 81.7
Dav|dson Y 440 433 cc 35 6000 400 N/A 81.6

JAC-TRAC 290 290 cc 24 6500 340 795 81.2
399 399 cc 33 6500 340 995 81,7
440 440 ¢c 38 6500 340 1095 82
LTD 399 399 cc 33 6500 350 1195 81.7
LTD 440 440 cc 38 6500 400 1300 82
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Max;mum Retail Noise2
Manufacturer Model EngineSize HP RPM Weight Price Level, dBA

Johnson Golden Ghost 30 437 cc 30 5800 N/A 1695 73.8
Motors Phantom35R 528 Rotary 35 5500 N/A 1850 N/A

Rampage30 399 cc 30 6000 N/A 1075 N/A
Rampage32 437 cc 32 6000 395 1145 N/A
Reveler21 399 cc 21 6000 N/A 855 N/A
Reveler27 437 ca 27 5800 N/A 995 N/A
Reveler30E 437 ce 30 6000 N/A 1275 N/A
Skee Horse30 437 ce 30 5800 N/A 1525 N/A

Kometik MK-II-225 225 ce 12.5 5500 360 575 N/A
MK-III-295 295 cc 20 5500 310 785 81.1
MK-III-340 340 cc 25 6500 340 965 77.5
MK-III-340 340 ce 28 6500 340 1045 78.7
MK-III-440 440 cc 37 6500 340 1150 79.1

Massey- 340T 339 cc 32 6500 355 N/A 80.7
Ferguson 400T 398 cc 36 6500 360 N/A 81.9

440T 428 ce 40 6500 365 N/A 82
400 WT 398 ca 36 6500 385 N/A 81.9
440 WT 428 cc 40 6500 390 N/A 82

Mercury Hurricane-Mark 11 644 cc 50 6000 490 1610 83.6
Marine HurrlcQne-Mark ! 644 cc 40 6000 584 1495 83.6

440 Max-Electric 440 cc 40 6500 425 1245 79.7
440 Max-Manual 440 cc 40 6500 395 1165 79,7

Moto-Sk( Cadet 250 247 cc N/A N/A 295 595 79
Capri 295 293 cc N/A N/A 375 745 80.5
Capri 340 336 cc N/A N/A 390 995 81.5
Caprl 440 435 cc N/A N/A 390 I095 81.5
Zephyr 340 336 cc N/A N/A 420 1045 81.5
Zephyr440 435 cc N/A N/A 420 1145 81.5
"F" 295 293 cc N/A N/A 380 1095 N/A
"F" 340 336 ac N/A N/A 395 1145 N/A
"F"440 437 ¢c 32 6000 395 1245 82
'_S"400 399 ec N/A N/A 400 1395 82
'S" 440 437 ec 32 6000 400 1495 82

Northway Explorer 15-340 339 cc 25 N/A 360 N/A 80.4
Snowmobile Explorer15-400 398 cc 30 N/A 360 N/A N/A

Explorer15-440 436 ac 36 N/A 360 N/A 83
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Maximum Retail Nolse2
Manufacturer Model EngineSize HP RPM Weight Price Level,dBA

Northway Explorer 18-340 339 cc 25 N/A 375 N/A 80.4
Snowmobile Explorer 18-400 398 cc 30 N/A 375 N/A N/A
(continued Explorer 18-440 436 cc 36 N/A 375 N/A 83

Interceptor 15-340 338 cc 36 N/A 365 N/A 80.4
Interceptor 15-440 438 cc 43 N/A 365 N/A 83.5
Interceptor 18-340 338 ca 36 N/A 380 N/A 80.4
Interceptor 18-440 438 cc 43 N/A 380 N/A 82.6
Interceptor 18-650 650 cc 55 N/A 385 N/A 83.2

Polaris Colt 175 175 cc 12 N/A 286 N/A 79.5
Colt 250 244 cc 20 N/A 300 800 82.2
Colt 295 294 cc 22 N/A 330 N/A 81.7
Colt S/S 295 294 cc 23 N/A 325 N/A 81
Colt S/S 340 335 cc 25 N/A 330 N/A 81.1
Charger295 294 cc 22 N/A 390 1199 79
Charger400 398 cc 30 N/A 400 1250 80.5
Charger530 530 cc 42 N/A 410 1569 83.5
Mustang400 398 cc 30 N/A 453 1599 81
Mustang530 530 cc 42 N/A 463 1769 83

Raider 34TT 398 cc 32 6500 420 1199 79.9
44TT 436 ec 40 6500 420 1399 81

Rolt-O-Flex Apache 338 338 ec 25 5500 320 N/A 81.5
Apache 396 396 cc 28 5500 320 N/A 82.5
Apache 433 433 ec 33 5500 320 N/A 82.7
Comanche292 292 cc 21 5500 295 N/A 81.3
Cherokee396 396 ec 28 5500 335 N/A 82
Cherokee433 433 cc 33 5500 335 N/A 82.5
GT 292SS 292 cc 29 6500 320 N/A 81.5
GT 338SS 338 cc 34 6500 320 Ixl/A 83.5
GT 433SS 433 cc 43 6500 320 N/A 83.8

Rupp Sport 25 295 cc 25 6800 N/A 995 80.9
Sport30 340 cc 30 6800 N/A 1095 82
American 305 N/A 1245 N/A
American 40 440 cc 40 6600 N/A 1345 83.8
American40-E 440 a¢ 40 6600 N/A 1395 83.8
Nitro 295 295S cc N/A 7300 N/A 1150 82.6
Nitro 340 340S cc N/A 7300 N/A 1250 82.1
Nitro400 4005 cc N/A 7300 N/A 1350 82.6
Nitro 440 440S cc 40 7200 410 1450 83.7
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Maximum Retail Nolse2
Manufacturer Model EngTneSize HP RPM Weight Price Level, dBA

Scorpion Stinger 290 290 cc 22 6500 316 795 82.7
Stinger 290 ET 290 cc 22 6500 311 N/A 82.7
Stinger 340 339 cc 26 6000 325 895 83.8
Stlngerette 290 cc 22 6500 316 1045 82.7
SuperStingerette 339 cc 26 6000 325 N/A 83.8
SuperStinger 400RV 398 cc 33 6500 358 1195 82.3
SuperSHnger400TK 398 cc 40 6800 358 1195 82.3
SuperStinger 440 428 cc 42 6800 386 1295 83.1

Ski-Doe Elan 250 246 cc 12 6000 265 795 82
Elan 250E 246 cc 12 6000 301 N/A 82
Elan 250T 247 cc 16 6000 270 N/A N/A
Elan 250SS 247 cc 22 6500 280 N/A N/A
Olymp_que300 299 cc 15 6000 338 N/A 82
Olympique 340 339 cc 23 6000 360 N/A 79
Olympique 340E 339 cc 23 6000 360 N/A 79
Olympique 400E 398 cc 27 6000 400 N/A 80.8
Olympique 440 436 cc 28 6500 373 N/A 81
Skandle 335 334 cc 20 6000 N/A N/A N/A
Nordic 640ER 495 N/A 81.5
T'NT 3OOT 293 cc 6000 375 N/A 79.3
T'NT 340 339 cc 23 6500 390 1150 82
T'NT 440 436 cc 28 6500 405 N/A 82
Alpine 440R 436 cc 28 6500 548 N/A 78.3
Alpine 440ER 436 cc 28 6500 584 N/A 78.3
Alpine 640ER 28 610 N/A 81.8
Valmont 440R 436 cc 28 6500 506 N/A 78.3
Valmont 440ER 436 ¢c 28 6500 540 N/A 78.3

Sno-Jet Star Jet 292 292Y cc 19 5500 328 859 80.2
Star Jet 338 338Y cc 24 5500 350 999 79
Star Jet 433 433Y cc 30 5500 350 1129 79.5
SST295 295Scc 27 6500 328 1049 80.1
SST340 340Scc 32 6500 350 1149 80.9
SST440 440Scc 38 6500 355 1299 80.7
WhisperJet 440Y cc 30 5500 408 1299 77.9

Speedway 340 Blue Max - F_ 340 cc 34 8500 330 1500 83.1
440 Blue Max -FA 436 cc 61 8500 346 1600 84
650 BIue Max - FA 630 ,:c 90 8500 370 1850 N/A
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Maximum Retail Nolse2

ManuFacturer Model EngineSize HP RPM Weight Price Level, dBA

Suzuki 292 Nomad 292 cc 20 6000 362 750 82
340 Nomad 336 cc 26 5500 370 850 81.5
XR-400 395 cc 33 6000 377 950 81.6
XR-440 432 cc 36 6000 388 1050 81.8

Yamaha SL292 C 292 ac 20 5500 337 850 81.3
SL 338D 338 cc 24 5500 363 950 N/A
SL433B 433 cc 30 5500 365 1045 79.1
EL433B 433 cc 30 5500 400 1195 79
GP 292B 292 cc 27 6000 337 950 81.6
GP 338 338 cc 32 6000 358 1095 82
GP433B 433 cc 30 5500 365 1250 81.7
GP 643B 643 cc 50 6000 425 1495 82
SW433C 433 ca 30 5500 392 1195 79.4
EW433C 433 cc 30 5500 431 1295 79.3
EW643B 643 ca 42 5500 462 1595 81.9

1Reprintedfrom Invitation to SnowmobilingMagazine, October - November 1972wlth per-
: mliden from Ms Sally Wlmer. Noise date from New YorkState OFfice of Parksand
" Recreation.

_ 2Nolse levels measuredin accedence with 5AE RecommendedPractice J192.

i 3FAdenotesFrea Air.
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SAE J192 is reprinted _.:_.thpermission, "Copyrl_ht c Society
of Automotive Ev.gineers,luc., 1970, All rights regerwd, r'
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2 EXTERIOR ROUND LEVEL FOP. SNOWMOBILES

0,5 ]1111rumenl ITiinuflclurer'l ipeclfl_tdons for orienlatlart c! (he clllbrator It recommended for fluid callbrlllon In low temperalUre

nllcrnpllnrte relative Is the 143urea of tOUtld and the Io_|iut3 ol the condLtlonJ.
ohserv_r relative In the meter ah0uld be Idhered IO, ;, Rc/traMcl ,_l"l#_/-Sugg_lt'd reference malarial It at (ollowl:

6+¢ Mrasl,rcmenu sltxll he made only when wind vel_ty b below ?.1 ANSI Sl.l-I_0, Acoustical Terminolosy.
12 i,lph, ?,2 ANSI SI.4iI_l, General Ptlrf, c4¢ Sound Level Meters.

{1.5 Jll_lfillnenl m_tnulaeltlrei'*l refommcrtded c211brat[on practice 7.S I_.f32 Physical MeatUr¢lnfnl O[SoLInd.
ed Ihc' tlllltl;nlcnls shfillbl ate made at appropriale (imam. Field _libra. 7.4 lnlcrrlatic_rtal Elef ro echo cal Commlss on Publics ion 79, Pre.

iil_l) _h_*llh_ I.'_ tl_t_e lmmedialely before and aher each complete last. fisitlll .f,41tl_ld I+©vel Slelers (available (ram ANSI).
filllel atl t'xtettla] _libratnr f*r Inlernal falihratlotl meters is accept. Appliratbm_ fur copies ol lbcse documents thouhl be addrct_d to

.*hie b** I_cld ._, provided Ibal external calilJral_un is accomplished ¢he Amarican National StandariIt Imlitule, In¢,+ 14S0 Broadway, New
i.tolcdi;tlL*l) herore rand after 6aid use. An seal*fiScal cl).pler type o[ York, New York 10018,

• _l 12-_o
*_P SA_[ T_chni(:ltl 13c*_trd Nutatl* _lrtd _ligUllt_o_|

. .... : _ All tiChl114_Id f41pOrtl, irl_l++cl_n_ llll_d_llpda llp_rovld lind prilG* Irl _o_mullllng in_ 41pproviflg llChni_lll PlpOrll. thl _l_l_*_ll

_i l_C:_ fl0ommlnclld. _rl _d_llor_ o_ly. "l'holf +Jill by inyonl _O+Ird. 1111_ourt_llm lll_Cl I_O_m1¢Ii11 Wll I factI lnVllt_glte _+_Ir_lglCl In I_4_UIII_ or trlc_i tl int_rlrt+ v01ul_t_ry. Thlrl tl no ¢c+_ llal+r pltl_ll wht©_ rally ill_p_y to thl l_l©t mltllr. Prot-
!I l_rllml_l to lldhl_¢l to In_ _SAP. _Stl++dlCd 0P OA_ _l_¢om* pl©tivl ullrl of the report irl r_ipo_stBle #0_ peoll_IIfl_l

il mlnd+id PrI©_I¢l. 411_¢I +so eommltmsl_t to c011fo_m tll o_ l_l themlllJvll 41gilt, it IilltllIty for Infrlnglml_l of _stl_ts. •gt*l(lI4 _y lll'_f llChl+l_4_l el_Ol_, llrllltld In I.J.I_.A.
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APPENDIX D

State SnowmobileNoise Legislation: 19721

SoundLevel Requirements

Effective Date Distance
(for machines SoundLevel from Source

State made after) (dBA) (feet)

Colorado 1-1-71 B6 50
1-1-73 84 50

Cennecticut 1-1-75 85 50
Iowa 7-1-72 86 50

7-1-73 82 50
Massachusetts 7-1-72 82 50

7-1-74 73 50
Michigan Present 86 50

2-1-72 82 50
M_nnesota 6-70 B6 50

2-72 82 50
Montana 6-30-72 85 15
New Hampshire 7-1-73 82 50

7-1-78 73 50
7-1-83 70 50

New Mexico 7-1-72 86 50
New York 6-72 82 50

6-75 78 50
6-78 73 50

Ohio 1-1-73 82 Not Spac;fled
Oregon 1-4-73 82 100
RhodeIsland 6-1-72 82 50

6-1-74 73 50
Utah 9-20-71 82 50
Vermont 9-1-72 82 50
Washington 1-4-73 82 100
Wisconsin 7-1-72 82 50

6-75 78 50

1Compiledby International SnowmobileIndustryAssoc.and reprintedwlth per-
missionof SoundandVibration. The original list as it appeared;n the May '73
i.ue hasbeen correctedto reflect the recent changein the New York State law.
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