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.2 In this inweetigation the aound 1eve1 generated at g
_the ear of/aimctorcycleioperntor is etudied. The_effnnta__“
of veriation of vehiclg eize and cycle qf operation.
vsubjeot eize and/peeture. engine epeed and- head protection
are examined. The sound level at the operator s ear is
obtained by analyzing recordings made under specific test
conditions. The recordings are obtainéd with an "Ear-
Bug" uni%, which incorporatee a tiny;microphone cabable
.iof'titting within the concha of the ‘ear. -
Teste were ¢arried out in a semi-anechoic chamber
’/where noise was produced by loudspeakeré and subjects
‘were seated on a- test etand resembling a motorcycle.
3ere engle of incidence. helmet fit and variation of head
gear were studied, Theee teets were Bupported by field |
measuremente where a number of vehicles were/used.\,
' It is shown that subject eize does not matter aa
_mubh as{posture. nor does vehicle eize as. much as tfle cycle

ofreperation. Helnets~do-not attenuate noiae from ther
regr as effectively ge.fron the eides while visors do

-~*~11me o reduce ’the notse setected at: thé ear.
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' CHAPTER I

, Cy
e A previous investigation“made by Reif ét.al.. (18)

_ INTRODUCTION

/

'which included discussions on motorcycle nclse and crash
helmet attenuationp has been extended by this study. These
,have been expanded herein to include such areas as (1) angle
of incidence. (2) subaect si*e. (3) noise frequency and |
‘ energy content, (u) (degree of head pxotection and (5) . A
o vehicle size and cycle ‘of operation, o
Motor vehicle noisé has been measured in the Qagt by
such methods as pass-by" test}ng where a vehicle is accel-
erated along a path some distance from a sound level meter
1n order to obtain the maximum sound level,(e g., SAE XJ
‘331 a (15)) : In this study. however. the sound level was
:f'measured at “the operator 8 ear by means of an ear ‘byg unit
'_‘wherein a miniature microphone was placed in the concha of
'lfthe operator 8 ear. This then monitored the noise at the
: ear and fed the signal to a portable tape recorder fastened
E\Q;o the subject s chest., Sound level and frequency spectra |
e each test were obtained by 1aboratory analysis.' This
,provided a simple. comprehensive and effective way of
'obtaining sound level at the ear for a 1argp nmmber to testsi
‘fFor recordings made in the field which inYOlVBd the use of

©

~;«.motorcycles, the testing inuplved # subjects and 6 vehicles. . (

- .



'Thirty seven gperating paremeters were specified and these
' iwere used by each of the suﬁjects on-e ry vehicls. The

"operating parameters were designed to study the influence

- of subﬁect size. vepicle size, engine 6 rating cycle qnd
anechoic chamber.. et " “ l}' | R

In the semi-anechoic chamb;r 6 sub{ects were involved.

nge a test stapd was used instead of motorcycles and noise
was produced by loudspeakers located strategically around
the test stand. Various types of noise could be geﬂerated

id the speakers. Here influences guch as helmet size.
*“5

_direction of‘hoise, type. of noﬁse and head gear were examined.o

In addition auxiliary testing.was done in the field

FT using motorcycles and a- loudsdeaker to Pl‘Oduce the same type'f

of noise used in the chambér. Vehicles were operated in both

ﬁ'the staxionary and moving modes at the same engine RPM

”j‘ing Bﬂoacoustics and
' "“5j8c§gnces~ﬂationa1

feo ,head gear- ) The remaining areas wers_stud\ied 1:\ the semi-

BN AN
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: \

measure of hearing damage In dddition. the method of
applying the DRC is muchg;oo labourious for practical
applications. As a reeult the literature also covers a

simplified noise @xposure evaluation technique which is;, ,

c_mbased on.the work done.hy CHABA in designing ‘the DRC but

<

proves to be mucH more practical.

_ Analysis. of recordings was -done with such

-

instruments as a real time analvFer with an octave converter
and averaging unit to provide l/B-octave displays of the
‘frequency spéctrum. A graphic level recorder was used to
obtain thelsound level. For the long duration highway
record{ngs a Metrosonic Noise Analyser was used to obtain
statistical data. Comparison of results included the

L g 4

deviation in sound level from measurements made at the
e S

oentre of head location (CH) to. those at the concha of
the eafﬂ as well as attenuation of sound level due to helmet
and‘gjsor. Groups .of recordings made in the field '

provided curves for which the slopee and zero-intercepts"

.o

~could be_gémparéd.‘ R




CHAPTER II - - \{
SN j..vx‘iff . N
T LITERQTURE;SURVEY
;o | |
,Theﬁdamage to hearing is basically related to three
'parametere of'noise which include sound level frequency

and duration. It is also important however .%o be aware of
N

the mechanics involved as noise propagates from a gource to
an'individual'a ear and th®n on to the eardrum. Significant

amplification of noise“ es place as the pressure pulse(

impinges on the pinna flange\and proceeds down ‘the ear

can rstan ing of‘t 'a is-essential‘in the

prediction of hearin dange. S - '
2.1 'Bjinaural gocalization B | ' i . ‘

) B The diffe nce ‘in sound level at each ear prov1des

'the baeia for looalizatidh of high frequency sound.ynLow'
frequency sound is localized -with the aid of phase{u
differencea. Quantitative evaluation of binaural ‘local-
ization involves pound diffraction. ,

‘A study was made by Weiner (27) concerning this

mechanism.. He etudied the magnitude of - sound pressures |

at the right and left ear drum of several observers. Each

:‘; was expoeed “to a progressive sound‘wave as a function of

frequenoy and angle of 1ncidence. He points out that an
increase of sound preseure at the eardrum over free field
-eound pressure ie caneed by a combined effect of diffraction‘

. /‘.4.._‘
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by the head and resonance in the auditory canal. . Pressure
distribution in the auditory canal is essentially independent
of»orientation with respect to the source. In order to
evalnate the obstacle effect, sound pressures were measureq
at the entrance to the auditory canal. These may then be
taken as a measure of the.diffraction ascribable primarily

to thebhead and pinna.

Another study regarding the effect of azimufhal
angle on response was done by Harris\(é). He used a dummy
head constructed of balsa wood with 3/8" coating of rubber
to simulate the impedance of humsn flesh. 'Ar a selection
of frequencies and azimuths, the‘head was rotated ﬁ?*h
continuous recorgzzé,of the microphone output. uThesa were

located‘st the position of the eardrums. Removable Pinnae

were molded by the plj,ter of parls transfer technlque.

u
©

He observed that the head itself throws the more )
significant shadow-and that acoustical properties depend
on individual ph§siognomw. The pinna fnroﬁs seconhary ‘
eshadows with large inter-eardrum intensity dlfferences.
N‘When dlrectional fields: vary in the vicin1ty of the‘
head; one\mathoa of eviiuating an individual’ 8 exposure to
noiﬂs has been the use of a miniature microphone located .
'lwithin\the ear (3)‘ Phis isjﬁnﬁﬁﬂr1nrﬂm;:%;se df-the concha -
“and combines hith a pertable taperecorder to reglster the
levels of expospre In order to compare data obta;ned by -

this method’i;th criteria for hearing conservation, a

. \\ .
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transfer functioh may be used to produce ﬁid‘vqulvdlant
diffuse field that would" exist at the centre of the head

in the absence oﬁ the aubjact..



2.2 Subject Inflgence
. 2.2.1 Ear S;ructugg
Many queetions have ‘been asked regarding the manner

in which humans detect sound. It is known that the sound

_field is. tranerormed at the external ear a8 1t gains

directionality and undergoes high frequency modification.
" The _head torso and‘pinna flange diffract soand while the
> concha and ear canal resonate &t. Termination ocours at
'the eardrum. Thus the overall sensitivity of the hearing
..system,i; linked to the sound. pressure transformation from
the free field to the eardrum as a 'function of frequency.
'direction and dietance. " The - acouetic impedance of the ear
'and the preasure distributione within the ear also play |
an important role.,‘t' ; SN " '

o The head produces a baffling effect in a field of
* low frequenoy qpund propagation. The heck and torso also )
contribute to tﬁ.b effect. Under free field conditions ‘the
ear canal wall, fhe concha. dpd the pinna flange ae well ea\ |
the surraCe;of the head behave ‘a8 boundaries to sound._ This
results in sca 'ering. diffraction and resonanoe, which are

'identified with/re ect to the wavelength of sound and the \

imensions of tho above me oned atructures._ Each structure JA 1
' xtic preasnre gain \

' ",closed show that

k contributes = differeht mt ~a0¢
dResponse nedngreﬂenta with tho ear can
: the conoha elone contributeé approximaxely 10 dB. gain at b |
;;J to 5 kﬂ, (22). ghe p&nna flange cansoa an increane in L




| . \H ' . W S :%§§%§
:pﬂmaur- \gain at’ frequaneiea from 3'- 6 kl{:‘"mn ‘the source
e in from of the ear. When the sdurce is behind the ear
there ﬁ»a roduction in t;f sain. Shaw (22‘)' auggnts
troating tho hplix. the mtiholix and tlu lmbulo as a single
"strueture sihce the ruulta e not greatly_ arrected by

drastie changﬂ in the shape ahd size of . the pinna flange

in quel eara.‘ " ulao rouml that the -greatest overall‘” | _.'-,J ~

’ monnic pressure galn (tramformation tro’l free ﬁeld to

eardrum‘)wfor huhﬁn eubjectg accurs ‘at 5&5 greée\from _f.he T

frontal plane. tor frequenci'ea :t‘rom 2.« . S kHs in the azi-9

.. muthal pla.ne. The ear canal and the concha oompiiment one O

o ano er proviuing subs‘tanuél acoustic ~preasure gain from

%

,l 5 kﬂz '!;o 7 kHz ﬁ‘hich impliaa that the concha is particularly ;*

important. Above 7 kHr. respmse is / Iarge:l,y dotermined by
}.fresonance rraquoncies and tm wgulur properties of the

: #
AR . . A

Ajther study by Flynn (6) eolpme the audi Qry
‘chreah a4 of eaﬁp with. md without pinnaa. He found

mmm‘ml of tha pinmr«rhsultnd in ﬂgxiﬁcant J.oes of ,

: 'Noise.‘nrﬁcta peopla m & Variety o:‘ wayb. It is o
' m«m M "f'f'fi' ,"‘ ; ng ,hae nnd mm -!!unw prohngoa

upaagmto- intonge noimabw Wch qﬁ'fac‘lfu u»noiaj.néag and '._. -\
' 'm nut&r and i~ 3\ .
. a.atiwimjw ear :

"myméé aro not sa qumtwiﬁm{}j .

,f; ‘pe ﬁois& oauae

.rﬁ,
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destruction of the hair icells and the audi tory murfr:‘s.

| Such cells do rnot rnpnento. .

-
ty

In any em. %he degree of hclrinc loss nut be R
.dotomimd W th consideration -nado ‘for presbycusis (1ncrw
_in hgaring mshold due. o aging) a.nd sociocusis (losses
: incurrtd duo to day to dw expoaure andA_so_ci.a,}l iA.m:erac't:j.;';iis_)‘~ -
2:3 Mm_mw e,
'-‘2‘; S‘ta' Stat 'oi’ A si)“

P |

' * In 1963. a paper writtgn ﬁ Karl D. Kry&r (13)
contained tho openinc mtence; _"Far the past 15 yoars or
:so there haa been, considorablo cpeculation about so calh'
damage rick ez"iteria for exposuro to sound" Kryter made ﬁ
rer‘rence tv Hhrd. Glorig and Sklar when diacussing wovk {
doﬂe on tempomuz fatlgue rrom expasure %o sound. Bven ‘
aat that, time, ut'tamptu mm bbinq made to extrapolate ‘*
- relationp toumd 1n temporury fatigue studies to spﬂi.fy
51(0 for prevam'tion of . permanen; deamase. Furthermore, it .
Jwas Xnown. that adastional; inromﬁm was mwm\d to )
specify DRC: fer axposure to steady-a&ntﬁ nowEs". Stea.dy
. 'gtate. ‘noise '«aa‘ eumcurized as: cm;:lning oo-plex souna L
(i.e., ‘not nadlw \lb pﬁdistinct m tones) and having a-
T ste&dy over-all in'mnsity witni.n .'few dicibcls for at
M - umu.,,,,n ‘,'.."'j s 2aly at that i that there was ",-'Q,i
ks n ralatimuﬂ'"bttnen noiad induch ﬁenporary throshald '
"‘fshift (NIT!S) aml noiu i.nduceé pompt Mcboﬁ shift
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of many years. ' This was supported by ihvestigationa of NITTS

which predicted reasonably well, the NIPTS that occurred in
1ndustr1al workers. (NITTS is easily produced 1& subjects
under laboratory conditions while NIPTS. is measureable

only after months or even years of exposure to a given noise

.env1ronment)

In a paper wrltten by Nixon and Glorlg (16) three
samples of industrial workers were studied who had been in

industrial environments with steady-state noise having

octave bahdstfrom 150 to 4800 Hz and levels of from 77 to

96 dB. Subsamples of these included times on the Job of

from less than one year to over 25 years. Onhly median hear-

ing levels at 2000 and 4000 Hz were examined.

Hav1ng corrected for age, the NIPTS values were thus o

‘obtained. It was found that a maximum NIPTS value was

L 4

produced,at-hoobtﬁz and that it occurred within the first
10 years‘of exposu;e. .These maximums were appro;imetely
equai to NITTS'velues predicted from the apprcpriate sound |
letel of each sample. The amount of NIPTS at 4000 Hz showed

}1itt1e»inCrease'éfter about 10 years of exposure; al though

the NIPTS for lower frequenc1es COntinued to increase. 1In

-an attempt o regulate the amount of NIPTS the Occupatlona.l
Safety and Health Act (OSHA) establlshed--that a 5 4B increase

be permlssible with each factor of 2 reductlon in exposure®
time based on NITTS experiments.‘ More recent reportg |
suggest that 3 dB per ha1v1ng of exposure time is a better
estimate. ' ‘ _ o - I

H
~ ' |



2.3,2 Ear Canal Presgsure .

w
~ Since the human eardrum is not readily accquible to

eéven a probg miérophone it is usually necessary to measure
acoustic pressure‘in the vicinity of the outer ear. This

is acceptable because pressure amplitude within the ear:
canal is. almost independent of the position of measurement
_below- 1000 Hz. 'At‘higher frequencies measurements made at
different positions can vary by 10 to 20 dB. Shaw (22)
pointed out that the transfer functions showing avérage
transformation of sound level from ear canal ehtraﬁce to
eardrum are gssentiaily zero up to 500 Hz. Dué to the
difficulties encountered in placing and holding a microphone
at an accurately defined position in the earbcénal eﬁtyance,
it is preferable to make pressure-measurements at a point |
well removed/from'fhe ear canal entrance. Geod correlation
exists for most positions in the concha up to a frequency of

5 "‘6 kHZ.

- 2.3.3 Eardrum Impedanée ‘
Weiner ‘and RdSs,(zé)fmeasured the variation of sound
pfessuré along the auditory canal in‘ﬁbth,male and female
subjects with a small flexible.pfébe microphone. The

subjects wer; pléced in front of a loudspeaker 'in an ahephoic'

chamber where various frequencies and Orientations'insthe

: azimuthal plahe were used. The sound pressupe at the eardrum

-

“was found to befgreater than the free field pressure thusr'h

vgrifyinglfhaf the human»eaf ig an effective amplifier.

—

11
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~ Similar data resulted for both men and women..

2.3.3.1 Probe Tube Microphone
, The sensitivity of a probe tube microphome decreases- )
'withq§reQuency at about 6 dB per octave and the sigmal'to
noise ratio is 15 dB from 200 to 5000 Hz. It is 10 dB from .
5000 to 8000 Hz. Free‘field correction is essentialyy zero
for all angles of incidence. Calibration is independent
of deformations of ‘the flexlble tube by bendlng. The
pressure of a single probe tube in the auditory canal doeg
not significantly distort the sound fiéld at that point. g f
Shawv(23).measured pressure levels genedated atbthe entrance |
to the ear canal by progressive waves from a point source at
one meter. Ten subjects and six angles of azimuth were used.
The averpge ear canal versus free fleld pressure levels
were in agreement with Weiner's data (26,27) over the comgon
frequency range.

_2.3.3.g; Outer Ear Measurement

It has been pointed out that for frequencies of

less than 1000 Hz, the - acoustlcal pressure at the ear canal

entrance dlffers from that at the eardrum by only a fractlon
of a decibel.. Hence at low frequenc1es, the pressure .
measurements in the external part of the ‘ear. are essentlally
‘equlvalent to measurements at the eardrum At hlgher'
frequenc1es the pressure is very dependent upon -the position'

of the probe tube orifice. ' | o 1
Shaw (22) inferred that for each subJect there is




'

'a'constant ratio, between pressure atrthe ear drum, and the
o ) T ’

mean pressure across the ear canal entrance, which is

independent'of the}external sound field generating the

pressure. Slnce the transverse dlmen81ons of the ear canal

: 'are small compared to the wavelength. it is assumed that a.

plane wave is transmltted to the eardrum. Now we flnd that:
sound pressures within the ear differ from those measured
near the head or.in the absence of the subjeCt:and that
arbitrarily positioning the microphone on or near the body
pglves little 1nformat10n on sound pressures near the eardrum.
Thus it does not represent the levels cau31ng hearlng loss.
A more reallstlc allowance 1s made fer the presence of the

1

subJect in a noise f1e1d bi recordlng sound pressures in the'

Y]

. cavum of - the concha and then5reconstruct1ng pressures at the
eardrum. center of head position, or elsewhere by applylng
a frequency dependent pressure transformatlon (2) By
retalnlng a record of the sound pressures,as a functlon of
time, all features'ofvan'exposure_or'temporal sequence, -may
he'analyzed; Also the-conseQuenceS’oflmodifying exposures
"by wearing ear protectors may be predicted, which is not,

p0381ble w1th d081meters. Correctlons for frequency response

of the tape recorder and the microphone can»be made by shaplng,

 the spectrum_of'the gignal recorded on tape during playback.

.3 4 Body Baffle

When a hearlng aid is ‘worn by a person it's overall

h frequency response is not the same as that measured when

13
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the aid is placed‘inpa free‘sound.field'because the:human
body acts as a baffle (7). The degree. to whlch the pressure
at tHe mlcrophone of the aid will dlffer from that in the
free field will depend on,»(a) frequency, (b) dlreetlon of
the sound'wave, (05 size and shape of:the person, (d) position
of the aid on the person, and‘(e)jfhe.ciothiné worn hy the
person;: The'efféctive respongse of the hearing aid is changed.
by approxlmately 10dB when worn by a person fa01ng a sound
source under free fteld condltions.

2:3.5 Slmpl

The need for!a 31mp1er method of measuring noise was

fled N01se Measurement

i

rea%ized in order to facilitate effective prevehtive action

in noise control because persons in a position to take action

“are not usually knowledgeable about acoustics. In addition

to. this ex1st1ng methods of measurlng noise were difficult

-to 1mplement. (1 €y, CHABA method much too laborlous for

| practlcal appllcatlons and Just‘could not be used). Such

a method was proposed by Botsford (1) and 1t was based on

the CHABA'method. Botsford consolldated the 10 graphs

"presented by CHABA, delineatlng perm1881ble 1evels of,'

exposure to varlous octave. band sound pressure levels, into
3 graphs. He then substltuted Ajﬁelghted sound 1evels'fbr.
the octave band sound‘i;yels to obtaln one graph descrlblng

acceptable all day exposure to manufacturlng n01ses.‘ ThlS )

'fwas done using data from a comprehenslve survey of

, manufacturlng n01ses.. Hls flnal set of contours of

:




setting up a DRC can perhaps be explained by asking the |
':_following questions; for example, what are the effects of

equinoxious sound ievels applies to both continuous and
1nterrupted exposures. In comparing the two methods, Botsford

permits the same total durations of noise for 80% of the

manufacturing noises, slightly shorter exposures for 16%

.' and slightly longer exposures for L%, Thus it was deemed

\
‘v

Just as reliable as the octave band sound levels derived from
the CHABA report in: 1ndicat1ng hazard to hearing.- Ward (25)
examined Botsford's simplification of the CHABA DRC for .
1nterm1ttent exposure and felt that the DRC for repeated
long bursts. was in error. He dld suggest however that

it should be possible to derive a set of curves 81m11ar

to Botsford's which would allow the risk to be assessed
from only a kﬁowledge.of the temporal pattern and the dBA-

- 1evels involved. o

3 6 Damggg Risk Criterion
A damage risk criterion (DRC) attempts to spec1fy

4 k o

the maximum duration and spectra of sound/whlch just meet

the criterion, that w1ll result in permanent hearing losses.. )
In 1965, CHABA proposed a set of n01se risk criteria for‘
both continuous and 1ntermittent exposures to steady
(non-impulsive) noise (25) In the coursekof that study

it was felt that ‘mobe hearing protection was required in- 7

the lower frequency regions in order to preserve man S ability

»

to communicate. ~Some of the difficulties involved in.

SRR
\
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‘frequency on hearing damage? 'What constitutes "damage
Perhaps the ability to clearly and distinctly perceive speech

should be the ultimate criterion for evaluating n01se induced_

\“-’hearing loss ,. The’ numerous regions. of the frequency spectrum

contribute in different ways to the perception of. speech.

" Another 1mportant factor 1§ duration. What auditory fatigue
is caused by exposures of different durations? WOrk done
has covered exposures from a few minutes up to 8 hours.
':.One might further ask what effect bandw1dth has on auditory
fatigue. It was originally felt that the crltical bandw1dth
Z_ was 1/10 octave but it is ‘now thought to be 1/3 octave for ;
_hmuch of ‘the audible range (13) )

The specifications of the current criterlon covers

most of these con31derations.-‘It is stated as followss

' ‘\

" any exposure is. exce331ve 1f 1t w1ll cause ears with normdl
hearing to have a TTS of pure tone auditory accuity measured
2 minutes after exposure of as muoh as 10. dB 1n the

j.frequeney range up to 1000’Hz, 15dlB at 12000 Hz: and 20 dB

above 3000 Hz."ﬁ " Lo - . .h

If a person has a NIPTS of this order he suffers about

a 10% 1mpa1rment in his ability to understand spokﬁn |
sentEhces at normal speech signal which has no distortion B

'and is. ;n a. relatively quiet environment. Such a person

,ishould however hear spoken sentences as well as a person ‘ ,

.ifiwith normal hearing 1f ‘the- environment is absolutely quiet.'

~In order to specify maximum tolenable exposure. data was used

. - I
| .t :
\ SR j

N SRR
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from studies of NIPTS 1ncurred by 1ndustrial workers as
-well as NITTS obtained in laboratories. The magnitude of |
_NIPTS were corrected for presbycus1s (1ncrease in hearing
"threshold due o aging) Good data relatin&'rs to
exposures of broadband steady state noise incurred on a
'daily basis over a period- of several years was obtained.
Conarable data for shorter exposure -0, noise was not

. filable and it was felt that these could be assessed on
the basis of TTS TS can\be defined as the difference in
‘ audibility measured before and after exposure to soungs.
iAfter a period away from 1ntense sound. usually several

hours, a person s level of audibillty returns to normal.

: 1t is common practice to use the IS measured 2 minutes

‘after exposure (TTS ) for this threshold 8 1ft. It was:
found that TTS was a conSistent measure o, the hazard
‘gassoc1ated w1th years of such exposuré ang .that TT82

after one. day -] exposure was in fact a measure of what would
-"produce NIPTS 1f repeated on a near daily bas1s for 10 years
It was suggested that the NIPTS produced after many years of -

‘;habltual exposure (1.e., 8 hours per day) in an’ 1ndustr1al

jenvironment, was about equal to the. NITTS at 1000 Hz produced )

13

fn young, normal ears in one 8 hour exposure of the same
_n01se.. Variations in this comparison at different frequen01es

-were higher or lower by 3 - 5 dB. In arrivlng ‘at damage’ risk

V,contours for short. intermittent and 1nterrupted exposure to_

n01se, the recovery of the ear between noise bursts ‘must be

v

17
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" taken into account. Otherwise estimations of hazardous
noise could lead to greater noise control costs than are

actually required.~.

2.3.7 Validity of TT82 : |

Ward (25) has suggested that: TTS, may be higher than
predicted by the CHABA crlterion and in addition some doubt
exlsts re‘prdlng TTS as a good indicator of NIPTL.

In his report he 1nvestrgated the results presented by
CHABA and also ‘studied Botsford 8 proposal (1) for estimating
"Ldamage rlsk by u81ng A~we1ghted/sognd levels instead of
- octave bands. In exp031ng sub;ects to steady and” intermlt—

tent noise whlch accordlng to CHABA should produce certaln _

',_spe01f1ed TTSZ, he found several dlscrepan01es.v There was

agreement for short unlnterrupted exposures, and also 1nter-
mlttent exposures " with short burst: duration of 3 - 5
_mlnutes, all w1th short recoVery perlods. However, for bursts
of 10 mlnutes or more the llmlts were exceeded for TTS

B Thls was attrlbuted to an erroneous assumptlon about the
'course of recovery between bursts. Furthermore exposure to
hlgh frequency n01se often produced a delayed recovery
pattern.: He . spe01fically suggested that levels above lOO dB
lln the 1500 Hz range or hlgher, even ‘with small noise: duratlon
to pause duratlon ratlos, could be dangerous. Furthermore, |

7the llmatlng values of TTS3 or even TTSloo should be used

.;nstead_of TTS2 because of the delay in recovery patterns.
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The DRC proposed by CHABA were based on two assumptlons:
(1) that a. certaln degree of NIPTS could be, tolerated if a
'llfetlme exposure produced né more than 10 dB of NIPTS at
frequen01es up to 1000 Hz, 15 dB at 2000 Hz 1 20 dB at
frequenc1es of 3000 Hg and above, and (2 gﬁat the NIPTS
wou%d not: exceed the TTS produced‘durlng a s1ngle day of |
“exposure. In view of thig, the CHABA DRC should indicate
which noise:patterns would produCe 10 4B of TT82 at-
frequen01es up to 1000 Hz, 15 dB at 2000 Hz and 20 dB at
frequen01es above 3000 Hz.‘

.There was enough empirical data on TTS from single

uninterrupted exposures to construct curves whith 1ndlcate

’

" permissible duration for a single exposure to various‘fevels
of octaveryand noise. The resulting criterion indicated,_ |
for example that an 8 hour, exposure of 85 dB sound

pressure level w1th octave band centered at 1000 Hz or A
above. was as. damaglng as 100 dB sound level from 50 to.

100 Hz. Thls lesser nox1ousness of low frequency noise

was even more pronounced for shorter duration exposures.

It 1s as de81rable to have 15 mlnutes of exposure at 125 dB

' between 150 and’ 300 Hz. o . s

Ward 1llustrated that the period of recovery is
more complex than prev1ously assumed: a worker exposed to
'100 dB noise for 17 minutes produces a TTS of 15 4B whlch : -
‘requlres h20 m;nutes for recovery. By leaving thls | '

'environment for 30 minutes, he retalns 7 5 dB of TTS. -
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At this p01nt if he enters a 90 dB env1ronment, his 7. 5

AdB residual is the equlvalent of a TTS2 that would have
/'beenoproduced in 13 mlnutes at 90 dB. Now if he remalns
‘for 17 minutes, his total exposure becomes 13 + 17.= 361

- mlnutes. ThlS produces a total TTS of about 11 dB for
which the general regnvery would require about'200 mlnutes.
The end result was a reductlon of  the recovery perlod from
7 hours to 3% hours by a second exposure to noise. This"
clearly suggests that the process of recovery.ls not
independent of the time it takes to produce TTS and that
there must be a cumulative effect which produces a delay in
-'recovery as the ear is repgatedly exposed. _

In summary Ward concluded: (1) the CHABA DRC for
'contlnuous and 1nterm1ttent noise w1thxburst duratlon of
,less than 5 mlnutes does restrict the average ’I‘TS2 after
Wﬂ8 hours exposure to 10 dB 1000 Hz or below%‘l5 dB at 2000
‘and 20 dB at 3000 Hz or above. (2) a 78 produced by noise
w1th longer bursts will sometlmes exceed these values. .
Therefore recovery from a glven ngé is. not 1ndependent :
of how ‘it was produced. (3) TTS2 is not a va11d risk
1nd1cator for 1nterm1ttent exposure to 105 4B (1boo -

2000 Hz)‘nolse thch.produces 15 dB of TTS2 sluce full
'recoverf mayvrequire'l6 hours.j Instead TTS30 ar TTSibb_‘

!

. should 'be used.

N .
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2.4 Htlmet Attenuation Propertie

When the United States Department of Agriculture
(USDA) Forest Service, .San Dimas; California’expressed_
‘c;oancem about damage to-the ,_,h_e_aring‘t of forest se livic_e
| remployees'who-used‘snowmobiles and_motorcycles, an invest-
igation was donenby'R.'Harrison.(IO) to determine'the amountb
J'of hearing protection provided by commercially avallable

helmets under actual running;conditions."

' Sixteen helmets made by four different manufacturers

were tested.. These had fiberglass reinforced polyester

shells with res1lient and nonresilient 1nserts in the lining._
'-»Both flat shields and bubbles were used for eye protection.

- A 350 cc, 2- stroke motorcycle which ‘produced 85 dBA at 50 - .

' feat was utilized. A 3 ﬂrch B & K microphone fitted with s
S

probe ‘tube was. fastened near the rider s\ear with a record-

R \

ing dev1ce on: the rider/s back The A-welghted sound’

7

Jlevel and 1/3 octave frequency spectrum weré obtained.;.

VN
i

L Harrison found that w1nd noise was 1mportant when

fno helmet was. worn. Below UO mph the engine no;se predom:
ilAated. while at 50 mph there was likely more w1nd noiseq_“, B
~1nterference.' The extremity of variation for’repeated runs- 3

Vwas only 5 dBA.-rTypical run to run varﬁa&ion was only 2

" dBa for all speeds. ‘Rider to rider differ nces ‘were . .

"7negliglble and tlghtness of f1t made littl difference 1n
-  the noise received by the test rider. He eoncluded that
. motorcycle helmets do not fquwion as hearing protectors.

,‘\.

~
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fpﬁe Jttributed this to a limited selection of helmet ‘ -
"sizes and also to the fact that helmets were just,not
designed to be hearing protectors. G '. T
enegg;*Txpes of‘Motor Vehicle Noise '“5-~*~5*“ e e

\ . Most local noise sources contribute noise that is .
"of relatlvely short duration compared to contributions ‘
. made by motor vehicles.3 Lawn mowers and airﬂconditioners
féonly raise amblent levels 10cally. Intense sources such’ as
trains and alrcraft effqpt noise over 2 wider area but still -

\ . Tex

'.only intermittently. : .
Motor Vehicles account for steady ambient noise

i .levels 1n urban areas and they can be treated statistically ,
because of their large numbers.‘ In a study by 0lson (17)

vehicles were characterized as followsa passenger cars,

I3

| ‘cllght. medium and heavy trucks, tractor trailers. buses, o

cement mixer trucks and motorcycles;» The sound level of the
k-uaverage vehicle increases w1th speed and weight.. The ' /
degree’ of increase was found to be as follows for speed
Qichanges from about 35~mph to about 65 mphx 8. 5.dBA forl:
passenger\cars, 9 5 dBA for trucks and buses. 7. dBA for
.jtractor trailers and 12 dBA for motorcycles. The - octaye - g
,band spectra oi\h’metorcycles indxcated dependance of o
level on parameters such as. type -and size of engine."l.
mufﬂler configuration and throttle setting. e 'i‘:"g |

Motorcycles are a completely different category on 3

the basis of weight comparison since they “have - sound levels

C -

)
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'-comparable to heavy trucks and tractor trailers {17).

_setting appears to. bé the mogt important parameter rather

'The enginé.&s practicaliy the sole source. Tire to road
f interaction results in relatively little noise. Throttle

than engine speed or road speed. Full throttle operation

'results in maximum ndise regardless of engine speed, rbad

speed. or‘the gear in/which the transmission is~operating. -

' frequencies. The addition of a resonator to the end of the

foutput of a 750 cc Norton notorcycle frog998 dBA to 86 dBA

Typical values range Trom under 80 to 95 dBA. Removing the

baffle from ‘the muffler results in higher noise output

;?i frequencies belowe250 Hz-and little change at higher -

~

. exhaust pipe;‘uhich~was tuned“to frequencieSvabove 1000 Hz,

resulted in attenhation of low frequency noise while °

vfrequencies from 500 to’ 1000 Hz were enhanced.

"It is interesting to note that a larger L cycle

-

'engine was. the quietest v‘hicle while a smaller single

cylinder, 2-stroke engine produced a dramatic 1ncrease in o

level with increase in throttle at the fundamental firing

*frequency. ] uli throttle sound was similar for both loaded

and unloaded (neutral) operation of engines. o — i

‘ 2 5.2 Silencigg Motercxcle :
Attempts t*/iu@rove silencing teehniques have been

successful._ Roe -(20) - succeeded in reducing the noise

(7

under Eyropean test oonditions W1thout signiTicant 1oss of

power. He-foumd that the principal sources of noise were
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exhaust, induction and mechanlcal n01se. Induction noise

was reduced 12 de by using a dam‘ped cavity 31de resonator.

Exhaust hoise was reduced by 20 dBA with a new silencing

“principle. o L

When silencing motorcycles it is important to do

" 80 without significantly reducing the power to weight ratio.

L d

For exhaust noise, expansion box silencers have been tried

where a computer predicts the performance. Intake noise

" has been virtually unsilenced in motorcycles until quite

recently. The lack of space makes it even more difficult

to achieve effective silenciﬁg in motorcycles. .Consideré

ations for this should be made in the design stages.,

The European test calls for full throttle acceler-
ation from 50 KPH in Becond gear: for 20 meters. 'The a
microphone must be 7 5'meters from the runway and 1.2
me%ers above?the ground. The current'llmlt 1n‘Europe is

86 dBA while the West German limit is 84 dBA.

i3 o
. 1§ R
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CHAPTER III

INSTRUMENTATION
3.1 The Ear Bug J

The ear bug consists of a subminiature microphone,
shielded cable, attenuator and recorder. The unit as a
whole is carried by the subject while testing (_see Figure
' F18) and is strapped to the chest with a special harness.

The microphone,va.subminiature electret film
microphone.is manufactured by Knowles Electronics Inc
(model # 1785). .It is 2.28 mm thick, 5. 59 mm wide and
9. 49 mm long. It has a flat frequency response from 3 Hz
to 8000 Hz. The mlcrophone is encased in an alumlnum \

) contalner and may be p031tloned ‘within the concha of the
ear wlth a wire clip’ whlch fits around the ear (see Flgurev
F22)w The cable is long enough to permit head movement
w1th ‘and w1thout the helmet on as well as general body
movement requlred in the operation of the vehlcle. The
attenuator provides 1mpedance matchlng wlth the recordlng

“devlce. It oon51sts basically of 2 resistors which are
'responsible for.approximately locating the.dynamic range of
the ear bug gystem. The recorder is a Sony TC55 cassette

:' tape recorder measurlng 38 mm by 98 mm by 148 mm. It ueighs}

-850 grams and the frequency response is flat from 90 Hz to
. 10 000 Hz: The recorder is modlfled to.couple it with the

. attenuator and’ A—welghting of the 1nput 81gnal 1s prov1ded~ '

-

P P
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Figures F5 and Fé6 show'the“frequeﬁcy and dynamic character-
istics.of a typical device, respectively. The criterien
“used for the recordihg eqﬁipment was A-weighting as
specified by ANSI Standard Sl;ﬁ - 1971,vwith toleraﬁces
allowed for a type iI sound level meter. The eer bug was
callbrated with a B & K 4230 sound level callbrator.

3.2 Data. Acqulsltlon Equlppent

1. B & K 4145 one inch condenser microphone: used

—_—_—-——_—_—_——-——-——_-————_———...——_—___—

as a precision reference microphone both:in the field and
in the semi- anechoic chamber.

2. B & K 2619 preamplifier: prov1des a 31gnal boost
% |

-———— - - — s e ww G P o —

in the line feeding the measurlng amplifier.
| 3. B & K 2607 measurlng amplifier: prov1des

- —— - —— T — T W — = T G

accurate sound level measurement and also attenuates or

amplified a signal‘while weighing it to 4, B, C or D ' -ﬁ

-

oharacterlstlcs.

b, B & K 1022 beat frequency 030111ator- provldes
3

fpure tone 81gnals from 20 to 10,000 Hz for frequencx,response

. studies of recordlng devices.

P

5. B & K 2307 graphlc level recorders: provz.des .

——-—-—_——-—_—-———-——.-———_—_——_——_—

recordlngs of epund pressure . level with respect to tlme. .

-

7 6. B&K125 spectrum shapers modifies a 31gnal -

- - e - - — - -

t

'by prov1d1ng individual frequency band attenuatlon.

7o B & K 1405 n01se generator: prov1des plnk noise

'8; B & K 2706 power ampllfler: amplifies pink noise

and pure tone 31gna13
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9. University sound (model C1C HF) speaker: generates

—— e i s e o U e = - o e wm o T - -

" pure tones for dynamic and frequency respohse testing.

- 10. §pectral'Dynamicé (SD 301c) real time analyzer

- o Y - T . e - - o B - - -

with averager (SD_309) and _octave_converter_ (SD 30§A):

used for narrow band frequency anaiysis of a signal.

-—— - — . — - ——— ) o = T - —

plot of "the results from the real:time analyser.

12. Marshland (Princess 8) spesker: used for gener-

ation of pink noise and puré tones.

13. Metrosonics db-601 Sound Level Analyzer: for

evaluation of recordings to provide Leq and statistical data.

/ .

3.3 Auxiliary Equipment

1. 'nggggyg;ggi selection was to include popular

vehicles in usé as well as provide a wideé range of'sizesx.
a) Kawasaki (Kz 650;'197?);14Astroke, b=
cylinder. . A ' [ - ' ‘

b) Kawasaki‘(Kzlhoo,“l977); u-stroke,'z-:-A

éylinder. A , . .

' h c) Kawasaki (KH 400, 1977); 2-stroke, 3-
cylinder. , 3 /;, , _ | . _ i
| da) fKaﬁ;saki (Kz' 200, 1977); b-sfrdke; 1-
Cylindér.f E L | B

'é);-Hondav(36Qcc, 1975);.4-stroké, chylinder
.~ £). Honda (175cc, 1975); k-stroke, l-cylinder,

2. Tegt Stand: a large Kaﬁasaki frame was welded
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vto a suifable stand for use in fhe semi-anechoic chamber.
It con81sted of handlebars, gas tank and’ seat.. A plvotlng
\arm was attached to the frame to hold the reference'
: mlcrophone at the centrerof-the head pos1t10n (CH)‘of.each

subJect (see Figure F20)

3. Helmets: Ski-Doo T'N' T' snowmoblle helmets were

' i ’ \:"' -

L, Visors: the flat clear acryllc type which fastens‘

to tm;\némit was used (Innov Model 500) B ‘

. 5. Bemiz gggghg;g_ghampgrs the dlmen81Jns were A'A L.
'4 9 méters wide by 4.9 meters high by 8.5 meters long. The "' )
walls and ce111ng were llned w1th flberglass wedges 56 Cm |
h1gh by 20 cm at the base’ and 61 cm long. The floor was
}smooth concrete.. The cutoff frequency was 150 Hz- (1ess than
1% reflectlon above 150 Hz) and the. amblent sound level was
:’30 dB (see Flgufes F2, F3, and F19) \ o '. iih] f'

~—




CHAPTER 1V
- PROCEDURE o o
4.1 The Semi-Anechoic Chamber‘A S &( _ S o

-

- Four areas’ were investigated in the semi-anechoic
chamber: (1) hoise incidence angle, (2) noise type, (3)
subject variation and (4) helmet size.

4.1.1 Noise Inoldence Angle

To ‘study the 1nf1uence of angle of 1n01dence, the .
equlpment was arranged as shown in Figures F2 and F3 NoiSe
was generated by loudspeakers 1nstead of us1ng actual vehlcle
noise. Thls,was‘done to ellmlnate the ;rregularltles
assooiated uitn the real noise and for.oontrol over the':
level. Subjects were seated on a test stand during the
testing. -Theot&pe:of noise could thus be varied as well as
- the direction from which'it was generated; The speaker'
were»located_to,provide a simulatlbn,of-aetual motorcycle
‘noise since the noisge was'prOduoed at tnepapproximate
' location of'tne ma jor sources. ‘Front and rear tire.noiSef.
were s1mulated by speakers on the floor, at the right of
the stand, fa01ng upward (no. 39 and no. by, respectlveLy)
For exhaust noise ‘a speaker was placed, agaln on the floor
fa01ng upward, but at the. rear of the frame (. no.,42)

A fourth speaker was placed in the same manner on the left
“gside'for chaln and transmiss;on*noise.(no, 50). A'flfth |
"speaker'Was plaeed at epe,level facingfthe,éubjeet‘to:simulate:

—
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The speakers on the floor were supported _

-

. [ 4
~wind noise (no. 38).
on foam to isolate’ v1brations.‘

Prior to testing, the location of the centre of each

subJect s head (CH). was determined It was at this location

“that the reference micropho

. as required. It also prov1ded a reference point for n01se

measurement whlch could be’ compared to the at-ear noise level.
The refe ren
.the speakers on the floor the reference mlcrophone was

p031tioned with the “diaphram at the CH - pos1tion and fac1ng

vertically down (see Figures F19 and F20) For the speaker

at eye level the reference; mlcrophone was located with the
diaphram at the CH pos1tion and fac1ng horizontally forward.‘
”;The sound level was set. from w1thout the chamber with no
. one ins1de. When the level was. properly adJusted the subJect
'entered the chamber and proceeded. First a callbration
51gnal was put on the tape and then the 'subject arranged
.the head and eye protectlon accordlng to a set procedure
(see section b.1.4). ~In’ performing the test, -each subject
.fiéssumed a natural riding posture (see Figure F21) »’ﬁj
order to resume the same riding posxtion for all tests the |
vsubjects were to lock elbows while gripping the handles'
'and slght through a V-notch below the frontal speaker to
k a target with personal markings, ‘'some distance beyond .
(see Figure F23) By this method. subaects could position
themselves to within one 1nch of the original CH location.

e BN R , z
. |

n

.30

ne was placed for ad justing the noise -

ce sound level was 75 dBA for all recordings. For
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. | _ ( |
R‘cbrdingsAwere made withoutvinterruption for all the

arrangements of head and eye protectlon with one speaker and
for one partlcular n01se.; SubJects marked the tape at
_Hsuitable locatiOnsfby calling "open" and "close" at the'
beginning and end of avrecdrd&ng]respectively; The test
portion of the recordings were about 15 seconds long. In
all recordlngs and for all subJects the ear bug was worn - " i
wfth the, mlcrophéne in the right ear.. : ddﬁ.

4.1, 2 Noise Generatlon W1th1n the Chamber

Loudspeaker generated n01se was used in the seml—“

anech01c chamber instead of real motorcycle noise beeause

ldof the 1ncon81stenc1es associated with the latter. The
n01se produped by motorcycles. varleg con31derably ‘with time
because of uneven combustlon and the 1nab111ty to adequately
fix the throttle. Loudspeaker noise was more convenient as
well as .more practlcal. There was no need to starﬁ'the

englne each time’ a test was done, the sound level could be

‘fadJusted to a des1red level W1thout anyone in the chamber and

l‘1t ellmlnated many of the dlfflcultles assoc1ated wlth vehicle
: N

' operatlon. In séiectlng the type of n01se ‘to generate 1n

 the speakers, a. study of motorcycle n01se recorded at the

operator s ear was. done for geveral vehlclés and-at'some of~:‘
E the speeds “used in the field. tests. - 'By‘examinatiOn.of the"
frequency spectrum of these noiSes. 1t was found that the
predominant peaks for all the n01ses ocoured in 3 reglons.

.o@

The centre band frequency of” each region ‘was obtalned and
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a’pure.tone was generated at each'of these.. In‘addifion
a broadband noise was required because of the nature‘of
wind noiSe.p Thus four.noises were used, which inclhded
three‘pure tones_of 169 Hz, 2?@ Hz and 500 Hz as well as
pink noise. It was felt that 'ali:hough these could not be '
exact representatlons of the real noise, they would prov1de
a{more cons1stent me ans of studying the 1nfluence of a
‘varlety of parameters while con?alnlng some of the char-
acteristics of the real noise.f

‘The pure tones were genenated by‘an oscillator~and
amplified prior to belng fed to a. loudspeaker. It was
" .thus possible to proéiceithe requlred sound level .of ”5
dBA at the CH locatlon of the subject, as measured by the
reference_micrbphone. Pink noise was generated b& feeding
a Signalifrom a pink noise generafor. All'sound generatign B
and monitoring eQdipment was located ontside the chamber*gn”
an ad301n1ng r00m. A secondary mlcrophone monltored the
lsubJect s v01ce. Here the 31gpal was shaped to ellmlnate
the noise generamed while permlttlng enough of the
subject»s voice spectrum to be transmitted so that .the

——

subject' s progress could be followed from the control room.

o 41,3 §ub;ect Varlatlon Wlthln the Chamber ' o ;:&

Six subJects were avallable for;testlng in the semif’

anech01c chamber (see Flgure Fl?) It‘was necessary to -
1nvestigate the 1nfluence of. body height and slze on the
‘,sound level at the concha but there were also differences

Ce

1n ear shape and 81ze as well as. posture whlch mlght

it oo et
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influencé the sound reaching'the eardrum Four male subjects
. and two female - subgects were selected to prov1de a wide Be
range Tf s1zes and body shapes. . The physical characteristics
'appeargln Table T11 A w1re clip whlch ‘held the mlcrophone
in place within the concha was shaped to suit each wearer S
ear size and contour. This permltted relatively consistent -
placement of the micrOphone. Such placement required that
| the microphone dlaphram be perpendicular to an axis through
its centre whlch extended from between the tragus and anti- -
tragus of the ear, to the upper rear portlon of the cavum
of the concha. =~ The CH pos1tlons for all the subJects with
~respect to the floor and frontal speaker, appear in Flgure
F4, The “markings show that 1nd1v1dual posture when seated
:caused the CH to change out of prOportlon w1th_he1ght although
ﬂ"the overall trend is the same for both standlng and ‘seated
pos1t10ns.» It can be seen in Flgure FL4 that the tallest
‘subJect (D) is hlghest above the ground and furthest from
the front speaker while the shortest subJect is lowest and;

t
!

closest, respectively. The marklngs of Figure F4 mirror |

-thoSe‘of Figire F23, 1In the plan view of Figure Fb

. however, the CH of all the subgects appears to be on the h
;rlght side of the centre line runnlng through. speaker no-. 38
.Thls does not actually 1nd1cate that all subjects had a
cons1stent lean to the rlght but that the. test frame was
slightly to the left of the centre—llne. Also 1n the |

"5’ cly

photograph of Flgure Fl?, 1t appears that subJect "A" is

T e .




s bkt

;asvtall as subject "C" which is not the case as can be

&

PP

verified from Table T1i. In the photograph subject "A

is actually standing on a board covering an opening in the

cement which accounts for a few 1nches._
{

. 1 L Varlatlon of Head and Eye Protectlon Within the Chamber

T Rt < b

‘ The helmets used 1n_thls study were 51m11ar to those
used by Harrisen (10). They were df fiberglass reinforced
gshells with resilient energy absorblng inserts in the lining.
The eye protectlon was a flat shleld. " Four sizes of helmets
were available, 1nclud1ng small, medium, large and extra-
large. Each subaect had a helmet which was des1gnated as
.hlS or her "best fit- helmet" (BFH)  This was determined by
the subJect and was based on comfort of fit (see Table T11
for details). All four helmet s1zes.were included in the set_
of tests done in the chamber so that the effects of both
tight and loose flttlng helmets could be examlned. Rearrange-
ment of the head protectlon was/pos31ble w1thout dlsruptln%

the ear bug mlcrophone significantly. The eye protectlon ‘ 4

could be attached w1thout remov1ng ‘the helmet but it was

| generally easler and qulcker to'do 80. The testlng cons1sted |
of’one set of 9 diff%rent arrangements~to be done by each
subject, w1th each noise from each speaker. The 9
arrangements included reéordlng first w1thout a helmet (NH)
“then' with a helmet only (HO) and finally with a helmet and

visor (HV) -One set of recordlngs could be made in less than

10 minutes. Only one set was performed at a tlme. vThe




subaects rotated contlnually until all comblnatlons had
been done, Detalls of the arrangements and oomblnatlons -
“¥.appear in Table T1. . .o I

o Ithshould be noted-that-sise'progression-from-smell.
to extra-large was not con31stent. ‘The sizes sméll,ymedium

and large were used by subaect A B C and D during fleld

1

testing and had also been used prlor to thls. The 11n1ng

in these was noticeably compressed while that of the extra- .

large was fuller because it was still new. As a result,

the ektra—lérge helmet fit almost as tightly as the medium

helmet and the results reflect a dlscrepancy accordingly.

4 2 Fleld Testlng

In addltlon to the testlng done in the seml anecholc
~chamber and, @h fact, prior to 1t testlng was done on
A;mOtorcyoles_ln the-fleld. Foul sub;ects were-lnvolved.dn
‘this part of the study. Six uehieles were used with~the,f
subjeéts7performihg a series of 57 test runs on each. 'The

three . head- eye protectlon arrangements were used;XDcludlng

'NH “HO and HV although NH was restrlcted to 1ow speed runs.

fa\
Two rldlng p&%ltlons were examlned. In addltlon some

-recordlngs were made on the hlghway for extended duratlon

and some auxlliary recordings were made to study speolflo_

areas. o
' \

4 4.2.1 Vehlcle Selection

The motorcycles ranged from 175 cc to 650 ce in

»~edlsplacement and lncluded both 4—cyc1e and 2-cycle ehglnes. -

A

s
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.~vehicle,_was not,entered in the table heading., Here theju

Four yehicleS“were'new at the time'of teSting while 2 were

used (2 years old). F1ve vehicles were road bikes and the

‘sixth was a dirt bike. There was no falrlng on the vehlcles

for drag reducztion.

"4.2.,2 Field O erating,Parameters

‘_ The testlng was to provide the sound 1evel produced

at the operator s ear for the maJorlty of operating condltlons
with varlatlons in 3 areas Includlng vehlcle speed, englne

RPM and the“gear_selected. “In additlon to these parameters .f\\§\d.
the.head-eye protection Was varied and 2 positions were used.
Each area was de31gnated as a- group of tests according to the
controlllng parameters. The first group was the vehlcle "-R

speed or "KPH" set of recordings. Here L speeds were useds"

| 35, 50, 65, and. 80 KPH. Each speed was used for%oth

uprlght and dowﬁ p051tlons (sEe Figure’ F24) first ”1t

v1sor on “the helmet (HO) and then with ‘the visor (HV) maklng

‘thls the largest group.' These test runs are numbered 1 to._ |

;16 in Table T2. Since the - control parameter was KPH,\the‘f; P
ngine RPM varled from vehlcle to vehlcle and could not be ‘,‘t

ﬂ entered in the headlng of Table 2. A seéparate table is
fllncluded to prov1de KPH and RPM'for all runs (see Table TB8)

. The‘gear selected forr each test is 1nd1cated in the table, N

I

headlng. In the seeond<group of tests the gear selected )

was the main-concern and as a second conmrol the | RPM was_ -

3

'set at-hooo RPM. Thus the KPH Whlch varied from vehlcle’to L

. r . L o
- . - > e N l— . ’ - &
N : , SRR S .
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tests included only the upright pos:.tion but the two eye-

protection conditions were used..i.e., with and without <§\

visor. All 5 forward gears were inoluded.v These runs.
number 17 to 26 and .involve 5 runs in each of the 2
categories. The third group was the’ engine ;peed»or "RPM"
recordings;-with magnitudes of 3000, 4006 andt500Q'BPM,;

all in first gear. Aga{h the vehicle speed or'Kﬁﬂ varied

'-from vehlcle to vehicle and is not 1ncluded in the table
' heading. Thé runs numbered 27 to 35 cower{this group in 3 ¢

sections, one for;each of the head—eye pro?ection arrange-

ments (NH, HO and HV). Only the upriéht»position was ‘used.

. Additional tests were made on the highway and at an.auxiliary
test site. These are described later., All of the test runs

. 'Were performed twice. Once in one directi?n, then again in

the opposite dlrection t0 average out extefnal influences

o such as wind and grade. .~ | " o T

The test site was an empty parking lot-approximately
0 25 Kmn long with no reflectmng ‘surfaces within 10 meters

of the runway on either side. The surface was smooth,

ﬂ relatively level pavemdﬁt. Testing was res‘rved for days

where a local wind measurement indicated ¥ ss than 12 knots
(see‘Table Tz). with clear. dry weather. %imbient background

'anpise was more than 10 dBA belOw the 1owext levels encountered

at,tne ear while testing. Sqmjects made fhe test _runs Q
individually to eliminate»interierenoa from each other st.pe
four vehicles were being tested simultanebusly.a The recordings

,.4 - ¢ “'~'~' 's/
4 . ] N
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were obtained as described for the semi-anechoic chamber.

hJThe duration of a 81ngle test was aboyt 1 mlnute long,

although enly about 10 ~to 20 seconds of tape was at test
speed. The recorder was started prlor to testlng and when

test speed was attained the subJect called out "Open",

- walteé'lo seconds and called "close". then decelerated and

cleared the runway for the next subJect testlng. The test

was then repeated in the opp081te direction,

k.2.3 Highwax Testing

Another part of the field testlng was done on a 2-lane

'hlghway,,runnlng,east-west, where the - speed 11m1t was 80 KPH

. and there was llght medlum traffic. Runs were made with and

without v1sor and are numbered 36 and 37, respectively

(Table T2). ¢ The test was performed at 80 KPH in fifth gear

,for a duratlon<of 27 mlnutes. Once agaln this was carrled

out in both dlrect;ons. The subJects did this testg;n a
group_so that driv1ng condltlons,and exposure to noise from
local trafflc would be slmllar for all four subjects on any

glven day The group was, however, spread out enough to

'prevent 1nterference from each other.'

4,2,4 Auxillggx Tegting |

This was done to obtain a comparison Of recordings

made 1nside the seml-anech01c chamher w1th those made outside

and in additlon, to compare statlonary testlng versus mov1ng

ltests on the vehlcles.

,'The-equlpment:from the semieanechoic chamber was sefiE>

. . .
s W . v ) e

38



.
w%

up outside w1th a motorcycle in place of the test stand and

a loudspeaker pos1tioned on the ground at the location of

the exhaust outlet (speaker no. 42). This wasxto study

differences resulting'from change in_CH‘for the actual vehicle,

additional baffling-from the vehicle, and;chamber‘influence;
An attempt was also made to eliminate some "of the noise

from actual vehicle operation and thu iisolate the'remaining

jtral ‘while raised on

ones. By operating the vehicle in ne

the stand the noises from tire to road 1nteractlon. chain

“and transmission movement as well as wind noise could be

effectively eliminated. Here the engine speed was set,at
3000, 3500, 4000, 4500 and 5000 RPM. Four arrangements
were includeds CH, NH, HO. andeV (see Table TBB). »Two'

:inJects and two vehicles were usediin thls part of the

3

' testing. Climatic conditions were 81milar to those in

section 4.2.2.

k.3 Method of Analxsi

"i All the recordings made 1n the field and,in trggzemi-.

anecho¥c chamber were analysed essentially in the same way.
A graphic level recorder was ‘used to obtain sound level
variation ‘ith time.' After setting the calibration Slgnal -

on a suitable refenpnce mark °the sound level of each run

'~could§be detarmined with respect to it. These were tabulated

for further analysis 1nvolving curwfitting by computer.‘

< .
C s
-

- | - - ;
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| A frequency spectrum (%'—'octave) was produced by real time
analysis, where necessary. - Tests were contained in )
relatively short sections of tape” (10- 20 seconds) but could
'be averaged with 32 ensembles most of the time. For the
higher speed runs when the test secticn wasrsometimes too
short,"lé-ensembles were usgd.‘ The range of fhe frequency
spectrum was 5000 Hz. Detalls of equlpment sen51t1v1ty set-
’tlngs appear in Appendlx A, Highway recordlngs were analysed
‘w1th a Metrosonlcs un1t which pronded valueg of Leq dlrectly

as well as Ll' 10? L50 and L90

Lo
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CHAPTER V

DISCUSSION' OF RESULTS

5. 1 Resultg from the Semi—Anech01c Chamber

5.1.1 Based on Sound Level

The results of the seml—anechoic chamber testing

‘appear in Table Ti; These are the sound.levels of "each .

recording made} In the column headings are 4 sub-headings
.for the noise used whlle tne ma%h headlngs designate ”
" subjects. Speakers are found 1n the main headlngs of each
row with sub-headings  for NH, HO and HV. Where the helmet
is used, 4 sizes are inoluded. -

The sound levels appearing;in Table no. T1 represent>
fhe sound level/measured at the'subjecf's ear under uarious
conditlons when n01se generated via the- speaker is set. to a
dlevel of 75 dBA at the CH p031t16n foncmhe spec1flc subgect.
By examlnlng Table Ti it can be seen that the largest
.gampllflcatlons ocecur when no helmet is used (NH) w1th the i
average 1ncrease belng about 7 dBA for the 250 Hz and 500 Hz
pure tones. and pink noise with sound from the- frontal speakers f
38 and 39 The 160 Hz pure one undergoes less ampllflcatlon.,:'
For the 81de and rear speak rs less ampllflcation takes place. d
- Here the low frequency is sLen to be attenuated rathgr than
ampllfled._JThe ampllflcation prov1ded by the ear is seen. tﬁ

* be .reduced when the#no;se comes from-behlnd even , when no , \

<
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helmet is worn. This is a result of the forward fa01ng
construction of the plnna flange._ Aléo for NH the 160 Hz
pure tone is poorly received suggesting a lower‘limit to

s the frequency of sound which is effectlvely amplmfled by

the ear. When a helmet is used the s1ze does not appear to
ftlnfluence the results s1gn1flcantly, as’ far as the sound level
goes, since there are no trends in’ ~going from small to extra- .
large. In fact the varlatlon in sound level is only!about

0.5 for each speaker and about 2 to 3 dBA between subJects.
fThe use of a visor does not dramatlcally reduce sound level

" at the ear. MaJor dlfferences occur when the noise d1rect10n
is changed from front to rear and the frequency of the noise
...is.altered.~-Thev500'Hz'pure tones receiyes the greatest.
amplification in most instances as does pink noise when no
‘helmet is used. The.attenuation of broadbandrnoise is seenu

) » . . - : \
.to be-significant’when a helmet is used but again the visor

: contrlbutes llttle. In somevbases the visor actually results

in hlgher 1evels than with helmet only (HO) vWith helmet (HO),
" pink n01se is attenuated by 7 to 13 dBA. The risor (HV) c '
reduce noise by an addltlonal 5 dBA but 1t also results 1n

-amplification over HO condltlons by as much as 7 dBA for plnk

. n01se o

The predomlnant nature of the 500 Hz pure tone could _'
" be attrlbuted to resonancefw1th1n the cav1ty between the |
'head and Lnner surface of the helmet because it is lower ‘,%~

when no helmet (NH) i8 used. Since it ‘is stlll there for

2
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(NH) it does however sugges® that other mechanisms are

also at play. It appears there is a gradual increase in
~ . ' L
amplification of the sound level with frequency in both

caseé of NH and HO w1th a noticeable decrease for broadband _

43

n01se. The level resulting from broadband noise falls between ‘

the levels resultingiirom ‘the 160 Hz and 250 Hz pure. tones.
. Subject s1ze and characterlstics do not reveal any

specific trends 1n Table T1 since the results for subJect

E, who is the smallest, are w1th1n 2 to L dBA of ‘those for

Dy the tallest person. The maximum variation is of this

' order with most differences being below" 2 dBA.

i~penetrate the helmet and to be: amplified by . the" ear.

In Figure F13 the difference between NH and HO can

be'seen based on the results ire Table T1., HV is also

plotted. Polar plots ‘are 1ncluded for each ‘gubject and in
additlon the results of NH for all subaects appear in F13L.

5“;. ‘ Freguency p ectrum (— - octav_k
The frequency of a noise affects the ability to-

i

5.1 2. 1 Incidence Angle
A study by Shaw (22) showed the effect of

_frequency on’ angle of inc1dence. His results were based on

'pure tones- of specific frequen01es at different angles of

azimuth"l‘hese were compared with the - sound levels of

corresponding centre band frequencies (—:—-octave frequency

‘spectrum) of. pink noise at the available incidence angles

_ used during this investigation.j Shaw indludes a synthe81s

1 ‘. o e ; : . f. - <
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of data obtained by numerous researchers for a wide range

. of incidence angles in the azimuthal plane with a probe
\ ' ' . R :
microphone located at the ear canal entrance.  He points
. ‘ |;' | ’ ) ¢
out that there is a substantial measure of agreement among *

N
I

- the variouS'studies but also that there “are numerous
discrepan01es greater than expected which are attributed
to differences in experimental condltlons. "In thls study
the experimental conditlons are very dlfferent, yet there
is still reasonable agreement w1th Shaw. Flrstly, four of

4

the five sources have been dropped from the az1muthal plane
to the floor. ngondly, distinct frequen01es were not
'obtalned by playing pure tones but by draw1ng from a
frequency ana1y31s of broadband noise. The’ comparison 1s
made in Figure F9. At 300, 5bo and 1000 Hz there is good
agreement although relatively few- data p01nts were . avallable.

The results differ at the- 1600 and: 2500 Hz frequen01es but

more data might show better trends here. Also at ‘the higher |
frequencies there could be a breakdown of reliability in the

.use of" ; - octave centre-band frequen01es. There may be

"‘~;some inter-band,lnfluence resultlng,from,the?use of.broad-,"

A

" band noise that would not etist.if‘pure tones were used.

21, 2 2 Transfer Functlon
. D
atlon includes comparigona of speakers, subjects and helmet
B size. Comparisons involving inslde—outside, Speaker-vehlcle

‘and stationary-moving data aré also 1nc1uded in- Appendix B.
n .

The study- of transfer function and helmet attenu- -

L
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In these and other figures 1nvolv1ng the study of ; - octave
;analysms there are 3 categories. The flrst is called the '
a -group. Thls one involves the transfer‘functlon from CH
© to the concha and may be obtained by subtracting NH-CH
valués of sound\level.at corresponding centre-band . ‘d -
frequencies for pink noise. _The range of centre band ‘
<frequencie§ extends from 125 Hs to 2500 Hz. Figures which
£all into this category have been subscripted faj'. If the
sound ieveivat the'concha is‘larger than,at the CH position
the plot of an a '-curve will go above the norizontal reference
line. If it is less the curve will be”teiow. |

The second category 1nvolves the dev1atlon in sound
'level solely at the concha under two condltlons of headgear
The group is designated the 8~ group ‘and the values obtalned
- from HO-NH. This ylelds the atcenuatlon pro,ertles of the
.‘helmet without v1sor. Agaln the sound level at each centre-
band frequency of plnk n01se is’ used ranging from 125 Hz to
2500 Hz. | '

The thlrd category is the Y -group. ‘and 1nvolves NV-NH

',"values which prov1de helmet attenuation w1th visor. These

'comparisons 1nVo1ve Flgures Flh to F16 1nclus1ve and FB1 to_;

FBB incluslve. Figures are subscripted accordlng to category
Examlnatlon of FigureFﬂU.reveals that at low

frequencies the " transfer funotion 1s 1n the region of 1 to

5 dBA with szgnificant cr0531ng of curves for specific

spea;ersg As the frequency 1ncreases some trends begln to - }

————

_ ' .1¢;,‘
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appear. . The.most‘obvious.is the path followed by. speaker

. 40 since it dips belowrthe CH line indicating attenuation

rather than amplification for most centre-bands. This is

\,

reasonable in view of the shadow cast by the head. The
other speakers do not display such uniQue‘characteristics.
As expected»the;highest ierels of amplification are attained_

for the frontal speakerano. 38. There.iswa slight hump imew R
the curves at about 600 or 700 Hz‘indicatinglpossible reson- | ';d

ance at this point.» Resonance resulting here would be a func-

o

tion of body baffle and ear structure since no helmet is
’ ) .

1nvolved. . o ' /- | e ' ' . ' !

i

In- Flgure Fls5, 'subJects are compared. Here only one

"speaker 1s4psed (no. -41) and ‘each subject has a-?sgt-fit—

helmet (BFH) . A gimilar pattern appears with little spread 5

’

" at low freqUenc1es and 1ncreas1ng towards . the. high end. Again

Y bottom of the group of data p01nts.

a'hump appears ‘at about 700 Hz. The response of subgect B
'seems greatest while that of sub;ect follows along the
ghls does not reveal
dependence of transfer.functlon upon,suhject size since the
extremes in size db/hot correspond tohthe.extremes of transfer
function. In fact thejlargest andismallest'subjects.(D’and E,
reépectively) both fdlloﬁ the same pattern which is at the
' low end of the group initially and at the high end towards

'the upper-most frequenc1es. Comparison of the female subaects

R
g;zeld 1ittle as the “two are at opposite extremes of the
-groupings. A few dips below CH are noticed at the low



by

~frequencies. As a result no significant trends are
1ndlcated based on subJectlve parameters and the transfer
function appears to be 1ndependent of subjectlve character-

istics.

5 1.2.3 Helmet Attenuatlon (B —group)

Flgure Fibkg shows that attenuatlon resultlng ‘from
the helmet: anreases w1th frequency to a max1mum of" about 28
dBA at 2500 Hz for noise generated from gpeaker no. 39 -Noise
from both frontal gspeakers recelves the greatest attenuatlon,
since the noise level from the other sources 1s,not.as high
_to start with, having peen,attenuated by.body baffling,effects.
It was not expectedrhoweyer that‘the ncise produced by-speaker
42 located.at'the rearemost extremity would- receive thelleast_
amount cf attenuatiqn,q At'the‘higher frequencies even noise
from'speaker‘bl. which is immediately belbw'the'right'éar,
is subject to con51derable attenuatlon." This leads to’the
,conclu81on that since the helmet does not f1t tlghtly at the
top of the neck which 1s ‘necessary to allow for4movement of %%*a
‘the head. more penetratlon of n01se results. ’On'thelother i
hand ‘the helmet proaectlons down over the ears are extens1ve (
enough to result 1n effectlve attenuatlon of noise generated
from d1rectly below as in the case of speaker 41. All this
applles to hlgh frequency n01se, however, whlch 1s not of *“\\
‘ prlme 1nterest 1n v1ew of the nature of motorcycle noise

(predomlnantly low frequency) At the low frequency ‘end of

the spectrum the noise from all,speakers is within 5 dBA of

S /



zero attenuation up'to about 400 Hz and noise from speaker
L1 receives less ‘attenuation suggestlng the more effective

,{*)
penetratlon of low frequency noise from below.

- Fésgure Fl5g compares the attenuatlon for each subaect.

Again there is a relatlvely close cluster of data p01nts
{

. with_litﬁfif':; B tion at low frequency up to about 500 Hz,

'1ncreaqgngy mﬁ'um,of about 33 dBA for subgect D. Here

“subject. 'O.u speaker # 41 was used in thls comparlson,“
'thns sound was from below. The results of recordlngs made
by the female subjects show<a‘tendency towards 1essuattenu~
ation with helmet in comparison to male subjects. _This
could be attributed to the same influence resulting’frem size;
m:bebause'bothlfemale subjects were in the medium to short range
(see Figure F17). “oh the other hand'if the back of a woman's
nead does have a certaln unlque curVature, then the lack of\
attenuation could be attrlbuted to an even greater gap
between helmet and neck permlttlng increased sound
'penetratlon from the rear. ) ‘

In figure F158 1t can be seen that there is some _
ampllflcatlon of n01se when helmet only (Ho) 1s used 1nstead
of no helmet (NH). This is dlfflcult to account for since
resonance withln the helmet cavity must be ruled out for low

\,frequency noise (i.e., at 200 Hz the wavelength of sound is

1.72 meters Whlch 1sjarcnrgreater than the helmet d;nenslons)

v a
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' attenuatlon is as would be antlclpated. o : '

The higher &requency components of the p1nk noise may .
account for this effect to some extent.
Also the’ two tallest subjects do not experlence the

same ampllflcatlon of noise with HO. The formatlon of @ﬂy

standing waves would account for th1s in that the ‘ears 6%

these taller 1nd1v1duals could be located at a qulet part - .
‘%f the wave pattern. This 1s fea31ble in view. of the cutoff -

frequency of the semi- anech01c chamber (less than 1% reflect- e ' 4

ion above 150 Hz), however one would not expect the low

frequency reflections to’ produce standlng waves of thls.

’!] 1
In Flgure 16 the 1nf1uence of helmet srte’;s examlned. " :

magnltude. K S ‘ _ ' . ,
The ‘sound level at the concha is about the same for all sizes "
of helmet used to within about 5 dBAvfrom low frequency to - . i
'about 800 Hz. At this p01nt a dramatlc spread occurs with A
the small helmet produ01ng the most attenuation and the

large helmet “the least. The extra-large helmet falls closer

to the results of the small helmet because as mentloned

-previously, the newer mater1al of the res111ent 1nserts caused I y~,_

L]

it to fit rather tlghtly. It suggests that size has llttle

.—v'\

. 1nf1uence on dlow frequency noise and that at higher. frequén01es

5.1.2 2.4 Helmet Attenuation with Visor ( y —g‘oup)

For this flnal group the visor was attached to the

helmet to study HV-NH .The trends are 81m11ar to those of
the B -groupv Speaker to speaker comparisons~yield no - .

P4 - ,,/' .
PR o



& into 8 pages-with 2 per subject. - .fV' ‘ e o \
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significant differences from that‘of the 8 —érowp: %or o
sub;eot comparison the same low frequency amplifmcation is.

, repeated but there is less attenuation at the hlgh end with -
v1sor. Thls may suggest that the resonance effect is enhanced ‘
by the addition of a v1sor which could result from 1ncreasing
the size of the caV1ty betWeen head and helmet. ’ ,; \ fk‘

' -Comparing the 31ze of helmets here, there is a hump .
.1n the curves at about 600 Hz and thls appears o retard
the spread from 31ze to 81ze. over the results of the helmet

only &x) Dy untll slightly higher frequencies. Data used in
N r‘ [ e T

the cupfes comparing helmet size was drawn from tests made
by sdbgect A while exposed to noise from speaker no. 38. ' ;}v, N

In conclu31on the 1nfluence of nslmet size for frontal néige ’

’

appears to _be minimal.- o,

5.2 "Results of Field Recordings
- '5 g,i De crintlon of Tables : R A o .. ’
, The results of the field testing are complled in Table:

T2+ " This 1ncludes the Leq. obtained from the highway testirig
(runs no. 36 and " 37) although the discussion pertaining to
h.lt is;in AppendixaB.. Table T2 contains the data of all
;i;subjects and Vehicles. as well as all the ‘test parsmaters.
h:The test parameters are numbered l to 3?. The'rwa'areh -
; dlvided ia; vehicles w;th subdiv1sions showing date of
. rec%§grng and wind velocity in knots. The table i divided

@
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-v1sor. helmet and positlon respectively. Furthermore in Table ,‘:-l

':eurves were plotted along w1th the original data points for
«each;group of runs. Thege appear in’ Table T4. This table

.1s lelded as was Table T2 slnce it contaig"the same infor-

‘mation from a different p01nt of view.

| The slope of the curves indica the . ratecot increase in
‘ sound level as measured at tq'r erator's ear. with the

1'vehic1e speed in KPH The zero-intercept'enuld reflect the

" The results of Table T2 were processed by computar to

t‘obtaln the slope, zero interdept and correlatioﬁ coefficiqpt

of each . group of runs. Thess are’ separated by 4be major

.d1v1slons of the column headings. The computer results appear .

" in Table T3 which is div1ded 1nto " pages. one per subject.

The notation used in Table T3 is described on Table T3A.

: The flrst 3 letters represent the run category. the letter-

number combination followxng this are for subaect and vehlcle ' ;

lréspectively and the final 3 letters 1ndlcate use made of , i

T3 the oalculatlon of slope was based on KPH as a common base
80 that converslon form RPM to kPH for each vbhlcle was '
required in the case: 'of RPM and GEAR runs where RPM 1s
de31gnated in- the table’ headlng rather than KPH..

o When the results of Table T3 were avallable the fitted

L4

3

£ : ‘

5.2 2 Intg;p;gjgtion of Data

From Table ‘o certain trends can be eggily spotted.

level at which the vehicle sterts out a ‘lower speeds.
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A report is currentlf ﬂging prepared which examines the data
- : L (X ' . . .

of Table T4.
The incréase in slope. of RPM'runs,asscOmpared to?ﬂﬂ{

.,

runs indlcate that englne noise varies more than a comb&natlon
. \
of w1nd. ehaln, tlre and engine n01se for tpe same increase

‘in KPH.when gear select;on'remalns in first gear. The degree

. L ' ] R . .
of increase can also be seen. The important information

K

obtained 1s thtﬂ@egree of 1ncrease in sound level for RPM
-

runs over‘KP‘{uns. | o ' o .

{
It suggests that comparlng subJect to subJect ‘curves

’

ylelds very , llttle 81nce the changes are small Thls perhaps -;»1J“
reflects the repeatablllty of tesf&ng more effectively than

Y ) B PRIt
~ . Vo ’

1nf1uences ofobubaect characterlstlcs. T : {3;

‘ﬂ' o‘ - 1

5.2 .3 DeScriptlon of Averag;gg,Procedure (F1eld Data)

In order to compare the ﬂ%bld data on a quantltatlve

ba81s, groups of slope and zerG 1ntercept were averaged to - v
obtaln the predominant trend accordlng to subaéct, vehlcle R k
and operatxng conditions. The results appsgflng in Table T3
wer9 used to obtaln the. first averages ﬁﬁﬁﬁﬁ'were designated
AVG1 and the sIbpes of these appear 5§gTable T5. These AVG1

results were in'turn avgraged to y ld “the AVGa,of slopes
d
appearing in Table T6. The AVGt,and AVG2 of nero-lntercdpts

ggpear in Tables T? and T8 rGSpectiyely. In Table T9 ‘the~
AMGI of‘slope ‘and zero-int.rcept for groups of runs in s

i

ditiirent riding posiiions have been recorded.. f.‘ B .
P U S L s
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T.2.4 Results of Vehicle Comparlson

Slopes and zero 1ntercepts were averaged to obta1n AVG2

~ This prov1ded a 31ngle curve characterlzlng each vehicle or

1
vy
¢ et
,”—"4

: ?

Q‘J

subject. L/?lgure FlO‘dlsplays the curves "resulting for each’

vehlcle. ,Trese With the e ctatlons of the group.
A !12

The shallest’yéhlcle, a 4-stroke, ingle cyllnder, 175 cc,

dirt 3yand a modlum size 2—stroke, 3 cyllnder, uOO cec

R o ] '-’(

:gph;plé were?the n0131est of the lot. The rate of increase

of uQKSells about equal for all vehicles. The early model

. \'\‘V‘

med&um 81ze vehicle (#2) end the later godel small. vehicle

'(#3) are at'the low end in noise output. ‘The largest vehicle

(#6) is in between the high and the low. The cycle of

operatlon has the most obv1ous 1nfluence onlnoise ié!ei.

'y

The open: constructlon of‘the d1rt bike may also contrlbute.,

{0 its hlgher noise 1evels by prov1d1ng less baffllng and ‘

"was the preferred vehlcle and 1t appears to. have a more

‘hav1ng the source closer tp the operator 8 ears whlle seated. .

>

The medlum size motorcycle with the 4-cyc1e englne (#4)

N

_notlceable reductlon 1n th&‘%&te of inérease although it .
‘startS‘out sllghtly above the three lowest vehicles. It is
fhowever at ﬁﬁg hlgher vehlcle speed that the vehicles are T .
'Jmostly operated thus &. lqwgi‘ slope woﬂld/"be preferable. }~The"

largest vehlcle was remarkably qulet desplte belng much more

‘powerful. The: 4 - 1ate model vehicles were dealer serv1ced to:

. ~reduce the Lfkelihood‘of differences in performanc baged‘o
/

ihpéoper tuﬁfhg This was done at,léast/tw1ce durlng thg _u?“ ‘
T "-‘ . ///_ L . - - e @ FEN ‘t- o '~
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» are no 81gn1f1cant dlfferences. The * sfopes aré very close

3-month period in which the majority of the testing was
: o

done. The early madel vehlcles (#1 and #2) were not'/A

serviced by the deale-~. The results of Figure Flo“ sed

= -

on a plot of sound level versus vehlcle speed.\
4ehlcles the englne RPM requlred to attaln the same Vehlcle
%peed was hlgher whlch may_account for the p091t10n of the
Vehicle #1 curve. Thls is however, contradicted by the
p081t10n qf’the vehlcle #3 curve whlch is second from the‘
bottom. Thls points to the fact ‘that vehlcle constructlon
must play an 1mportant role in- the\contalnment of en§;ne

generated‘@use. ] S \

5:2.5 Results of Subject Comparison~

54

smaller

In Figure F12 the curves produoed.by\the'AVGé of slopés |

and zero-intercepts show tte'rela i ve positions of each

subJect 8 exposure produced by, the motorcyéles* Here there

W
to each other., The zero- 1nterbepts do not show conslstent

"trends 81nce receptlon by the tallest (D) falls between that

of the two shortest subJects (A and B) At low speeds ‘the
medzum helght subaect (C) detects hlgher levels on the
average Thls is a slgnificant,observatlon because it is
a reflection o& earlier findings. The riding position of
subject [ was/dlstinctly different from that of the otherv
'"subJQsﬁef ;Thﬁs can be seen ln ?lgure 325 which shows the‘

- riging pééi%f,ﬁs assumed by'each'subject'during'highwayo"

+

I

]
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%esting.A These positions were essentiall& the same during
"upright“ testing in the field. The spread of the knees
for subject C is significantly greater than for the other
subjects. This knee spread is reported to be subject C's
natural r1d1ng pos1tlon which may be attrlbuted to his
earller experlence of operatlng a small moped- type vehlolg

for a numper of years. Others were asked to assume thls

S

4
~

SR £
position to see if it made any difference. No r& rdipgg
were made of thls test since it was not one of t*mgntrol

t}.
parameters orlglnally outllned for study. As a resﬂﬂg thg
’

N A S
increase in level cannot be reported on but it was agr é‘“ﬁ&u&;ﬂ*ﬁ.“d

that there was a subject perception of a significant
 increase in the sound levelfbroduced at 1'5 ear when the
knees were spread. Two reasons are sugges d for the

-
1nchease in SO

- are spread. Firstl

L)

' whigh channels the~fir upward toward. the face. Thus. the

1ncreased at the face and around the head~could

account fbr some o0f the 1ncrease 1n spund 1evel at the ear.

'

‘Perhaps more 1mportantly, howevern, is the second reason Whlch
proposes that with the knees spread, 4he englne n01se is not

. baffled as w€ll and thus contributee to hlgher levels at the

ear. Slnce it was found that the 1nf1uence of englne noise

predomlnates over otHbr sources. 1t is llkély that thls

-

. reasonlng bears more welght. BRI |

It could be concluded from thls that subJect posture 1s

?
4

. ®

d level at the operator s ear when the knees

» the spread knees-form a sort of scoop_

55
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more 1mportant than size and weight. More specifically,

the noise received by an opetEtor 8 ear may/be enhanced 1f

any exaggerated pos1tlons such as thaf or*ﬁubgect C is. .. P
assumed. | ' |

5.2.6 hesults of ngition Comparison

Flgure F12 showggn}gxg of curves. obtalned from the data
‘of Table T9, whlch contalns the average of slopes and zero-
intercepts for the groups of runs made in the fleld where
upright versus down positions were used (see Flgure F24),
The curues are in ;ery close proximity to each other
suggesting liftle influence from change of position. fﬁe no-
vf;;}, with-helmet, down- pos1tlon (NYD), is comparabie to - thel
| x%th-v1sor, w1th—helmeé, down-p081t10n (YYD) for highest .
exposure levels. The effect of being in the down position
puts the subJect 8 ears closer to the englne altﬂtugh it
| may ellmlnate some of the noise resulting from wind. The |
4'resu1t 1s in keeplng w1th earlier observatlons that engine
. noise, predomlnates as the noise source. It 1s perhaps a
poorwcomparlson‘because.for the test speeds .used where‘

Jposltlon was varled, the wind generated noise may ‘Eve been "

'1ess 31gnificant even' in the uprlght.p081tlon» The. spread
A .
{or the \9@?&%& of’ Figure F12 is. 1ndeed small but. the relative

1.’.' s"b
” w,g- _pssltlon of*&gdh is Luzbrder. Sllghtly more noise is

[N T ¥

P

percelved at ghe _!g£ when ‘in the down posrclon than in the
, : e 2 |
Py ﬂﬁright positiﬁn. '

D



- from.khe helmet-only: condition but 1n many 1nstances the

CHAPTER VI . B

P N . ‘ CONCLUSIONS

-~ t

6.l Semi-Anechoic Chamber .

Frontally 1n01dent noise is effectlvely ampllfled by
has much as 5 to ? dBA from the centre of head to the concha -
under no-helmet condltlons. Low frequency pure tones of

' k4
160 Hgz are ampllfled to a lesser extent than pure tones of

250 or 500 Hz, ° | o | .
Helmet flt does not appear to s1gn1f1cantly reduce the

sound pressure measured at the ear but the sizes of commer-

01ally available helmets may not offer sufflclent varlatlon
ies and smes. | |

for the w1de range of head

),‘

Vigors do llttle to further reduce the sound fEVEIfat

the ear. In some cases the n01se is reduced‘%y 1 pr 2 dB R

.levels are 1ncreased from helmet-only conditions suggestlng

' - that resonance may occur in the’ cav1ty formed w1th1n the ‘

helmet. o ‘
V*f‘The 1nfluence of the helmet and v1sor wlth respect to

the directlon of 1ncldent sound 18 to attenuate n01se from

thé™ 31deé morg é}feetively than from the front or rear. The

higher penetration of n01s% from the . front and rear is .
e &
attrlbuted to a poorer f1t between ‘the. head and helmet in
S
these dlrectlons.,v . ‘
\ ,"

-

. s - . .



The size and:characteristics of an individﬁal'have
'llttle 1nf1uenceﬂon n01se level at .the ear of a motorcycle
operator. A study of ; - octave frequency spectra shows that
some dlfference may ex1st between the receptlon by subJecte
lof engine ‘generated n01se dependlng on the dlstance of the
.;1ndiv1dua1 's centre of head above the ground. There is
8ignificant dlfference in the attenuatlon of noise w1th a
’helmet, dependlng on the helght of the’ operator.

The- effect of hav1ng~soqxcee of'n01se at various
angles of 1nc1dence in a plane.sllghfly above floor level .
h 1namead of hav1ng the,so&rces at varlous angles in the |

)fazimuthal Plane 1£§¥elatlvely S?&ll for frequenc;es below _

»

11000 Hz.

6.2 Field 'Recording
o Larger vehlcles do not necessarlly produce more n01se T
at the operator s ear but the operatlng cycle of an engine
" has 81gn1f1cant 1nfluence w1th 2—cycle englnes produ01ng the'
hlghest operator exposures. I . ,

‘A A change in the vehlcle operatlng positlon from the
. uprlght p081tion where the torso is essentially vertical /3

to the down pos.ltion where the torso approachee the o & T

horlzontal p081tion and the face ie shielded sl1ghtly frdm ;/

;, w1nd by the handle bare, does not reeult in 31gnif1cant

¢ dlfference 1n the*noise level at the operator 8. ear. A - }
“change in the poeitlon of the eperetor 8 lege; however, E

from cloee to: the gae tank to elightly away from the gae

»
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/

' tank, results in a significant increase in exposure to the

operatsfr.
Operatlng a vehlcle on the highway at hlgher speeds

.(1.e. 80 KPH) results in operator exposure which is

1ndependent of.. é"ab:ject size and vehicle size because at this

speed the predomlnant source is _w1nd noise..

.
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CHAPTER VII
- REC OMMENDATTONS

In research where noise measurement is being made

outside there is the ever present threat of discrepancy

'resultlng because of wind noise which cannot be anticipated.
- An approach to this which would reduce the_uncertainty,

- associated with noise measurement under windy conditions

would be to continuously monitor the wind vglocity component
of interest. Thus any increaseS'in'noise level ~oinciding
Q

w1th wind gusts could be eliminated or adjusted according

to a prev1ously obtained set of relations.

- A study of the 1nfluence which clothing has. .on operator

exposure may y1eld some. 1nterest1ng results by altering the

baffle effect of the operator ] body.

-

\;;ploser investlgatlon of the 1nfluence of openqﬁor

: position on sound level produced at the operator"s ear

should be made. More detail of the mechanism involved in
going from the vertical p031tion (upright) %o the horizontal

position (down) is required 1n order to understand why there

Iis esssntially no. change in sound pressure. In addition to
‘this- the degree of increase in sound pressure when the legs
'-}are spread apart would be of interest.” -

i . Helmet fit should be examined using a’ Wider range of

sizes since head sizes vary to a greater extent thanﬂthe gizes
N

‘e . L
] ».',

e -’ . -
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of commer01ally avallable helmets.

'It‘may be that individual

tallorlng is required for an effective seal at the back of

t }mhmt. ' ' -
More work is requlred to learn

how to effectlvely

isolate specific sources of motorcycle noise in order to

determine the relatlve level of each.

An 1nvest1gatlon should be'made to determine the effects

of the noise- levels obtalned hereln.

abgiaty. Application of Botsford' s_method (1) could be made.

q?'g‘.

on the operator s hearlng
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TABLE T3B -

SARD ‘NUMBFR

KPHBINYU
KOHB2N YU
RPHB 3N YU
KPHBAN YU

KPHBSN YU .

XPHB6N YU
KPHB1YYU
KPHB 2y YU
KPHB3Y YU
KPHB4Y YU
KOHBSY YU
RPHABY YU
KPHBINYD
KPHB2NYD
XPHA3INYD
KPHRANYD
KPHBSNYD
KPHB6ON YD
KPHBLIYYD
KPHB2YYD
XPHB3YYD
KoMBAYYD
KPHBSYYD
XPH36YYD
GRSB INYU
GREB2NYU
GRS8NYU
GRSBay YU
GRSBSNYU
GRSAGNYU
GPSA1YYU
GRSA2YYU
6RSB3YvYu
GRSB4Y YU
GRSBSYYU
GRSB6Y YU

RPMBINNU .
RPMB2NNU

RPMA INNU
RPMAEANNU
RPMBSNNU
ROMBONNU
RPMBIN YU

RPMB2NYU
" RPMB3NYU

RPMBaN YU
ROMB SN YU
ROMB6N YU

RPMBLIYYU .

RPMB2Y YU
RPMA3Y YU
RPMBAY YU
RPMBEY YU
RPMAGY YU

—

SLoN= -

N o'?.°($7
0.34K”7
0.2554
02465
0.1643
0+3400
02067
02233
N.2353
Q.2000
N.0510
0.3567
02767
N.3133
N.1A7S

0.735A3 "

0.1540
0e3117
De2037
* 0.2733
0.2067
0.2097
N.1186
D e?567
N .2190
0.3870
0.2701%
D.2177
0.1937
0.3 32
0.15973
0+?2NSG
N¢259N0
Nel6h2
0.2004
02511
0.59831
N <5931
NeS417
05270
N L F2AT
0.5234

0..4265."

0 4306
0.4500
Ne3214
Dela7c
Oe543™
0 e3%34
0.439F
D «6500
0.3810

- . .0.DBA7

D537

LY

Y-INT.

7Ne Y667
6Na 5657

70.1410

73.R7618
7807036
A%e3560
76.5165
63.5333
71.411R
73.1250
85,5392

61.6667

75.2166
64,7333
Ta.1975
73.1176
RN« 960
A7.0167
77« 5833
AT7«5333
73.86¢65

727296

82,7451
67.3071
74.0537
63.3279
656 9805
73.1643
75.9109
6R.1290
769181
71.n483
6T.NAR22
75e2R17

- 7543108

70.5640

71.1521 .

59. 7921
66.2080

'70.7826

£P,2880

66.1667

70.2R374
62,1154

653833 .

72. 2933
T6.331EH
6leAl 36
72+ 3666
62.1154
635167
72.3333

' R0.A610.

63.2692

/

Regression and correlation data for field runs. .
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CNORRe.

0.9919
09898
09995
0.7431

0.8100

0.8507
09953
0.9997
goQQZQ
«83732
V7647
0.9347
09996
0.9397

0.302S5 -

0.9575
0.8501
0.9479
0.9325
0.9732
09730
0.83135
00,7229
0.8341
0.95R4
0.9498
0.2777
0.8734-
0.9572
0.9349
0.9263
0.9377
049558
0.9180
0.9515
0.9426
0.9999
0.9996

0.63%6
0.9512

0«3581

D.7418

0.93316
09765
0.9279
0.9594
0.4510

0.9668
0.9791 .

0.9765
0.9990
0.9631

. 02096

0.9647 ,

i

. st =
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\ 3 ‘ N

{

, !

CARD Nuuiijp ' SLGPE Y~INT. . CORR. | g

KPHC2N YU 7 0253377 77776844333 U777 0.8982° !

-~  KPHC3NYU _ . 0.2467 69.3929 0.9547 !

KPHC4N;U T 0.2100 7145500 0.9613 ;

KPHCSNYQ. 02733 __ . . 71.5333 _ 0.93519 i

. « KPHC6NYU D.3614 67.2193 ) 0.9778 §

KANCLYYU 0.0800 85,4000 0.9798 1
KPHC2YYU. Ne2183 70.0083 0.8762
KPHC3YYU 02767 . 67.3889 0.9919
KPHC4YYU .. De2B33 T TTTIB8333377TTTT T 0.8873
XPHCS5YYU 0.2843 71.4313 0.9536
KPHCO6YYU Y 0.2902 68.6960 " 0.92436
KPHC1INYD 0.133) ~ 179.8333 .. 0.9225
KPHC2NYD ’ 0.1843 72.7333 T 0.9822
KPHCINYD 0 «2660 o 6T.89371 ¢ 0.9681
KPHC4N YD 0.0739 78.7764 0.1162
KPUCSNYD 0.2300 : 73.95000 - 0.9862
" KPHCONYD 03282 " 7 $6.3589" 0.9408
XPHC1YYD 0.0667 84.4166 0.9759
KPHRC2YYD J .0367 78.9916 G.265S
KPHC3YYD 0.1454 76.0000 0.6782
KPHC4Y YD 02200 71.6000 0.9973
KPHC5YYD 0.2500 72.7500 0.9869
EPHCO6YYD . ).2358 71.9553 0e7903
GRSCINYU 0.0915 . 76.9904 N.9948
GRSC2NYU 0.2463 ' 68.0322 "0.9943
GRSC3NYU 0.2663 67.3153 0.9705
. GRSCH4NYU 0.2690 70.2320 ‘09602
GRSCSNYU 0.1536 78.0275 0.8393
© GRSCO6NYU C.2000 74.3229 0.9813
f GRSClYYU ) elin22 R1.0855 0.6195
' GRSC2YYU U«2313 66.3323 0.4575
GRSC3YYU 0.199%6 69,2876 " 0.8866.

'GRSC4YYU 0.2259 ‘ 72.9359 . 0.9959 |}

GRSCS5YYUD . 0«.1145 - 81.1529 09167
GRSC6YYU 3 0.1579 75.9857 0.2449
RPNCJ3NNU ’ 0 .8500 ' 61.1500 0.9818
RPMC4NNU « 063929 73.4167 09001
RPNCSNNU 0.4%818 73.0599 0.9948
RPNC6NNU 039001 ’ 68.7630 0.9239
RPMNCINYU N ,AR64 70.61491 0.9566
RPMC2NYU 0.6591. 7 55.5958 0.9839
RPNC3NYU 0.6000 , 62.0667 0.9Y819
RPMCANYU. 0.3393 71.3750 0.9799
RPMCSNYU / 0.2491 ’ . 75.0240 . 039274
RPMCONYU 0.4538 66.5000 - 0.9934
RPNC1YYU 0.3411 14.7657 0.9375
RPNC2YYU . U «6539 S6.018R8 0.8210 |
RPMC3YYU  WWS500. . . 63,7000 . 09959
RPMCSYYU : v N a3417 7 -74.48B06 0.9998
RPMCOYYU 04063 : 69.1667 08762

by

TABLE T3C - . Regression and correlation data’ for field runs. - , S,
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CARD NUMBEX

KPHD1NYU
KPHDINYU,
KPHDINYU
KPHD3NYU
KPHDSNYU
KPHD6NYU
KPHD1YYU

-KPHD2YYU

KPHD3YYU
KPHD4YYU
XPHDSYYU

PHD6YYU

PHDINYD
KPHO2NYD
KPHL3NYD
KPHDANYD
KPHDENYD
KPHLEANYD
KPHLCLIYYD

. KPYT2YYD

KPYL3YYD
XPEDAYYD
KPHLSYYD
KPHDEYYD
GRSDINYU
GRSD2NYU
GRSDIN YU

GRSD4NYU .

GRSDSNYU
GRSP6ENYU
GRSDIYYU

.GRSD2YYU

GRSDJIY YU
GRSD4YYU
GSDSYYU
GRSDAYYU
RPMDINNU
ROND2NNU
REeNDANNU
RPMDAINNU
RAMDINNU
BRPNDeNNU|

‘RPNDINYU

REND2NYU
RPMDJINYU
RPMD INYU
RPMCANYU
RPMDONYU
RPMDIYYU
RPND2YYU
RPND3YYU
RIPMDIYYU

- RPNDSYYU

e

SILGPE

Ne2111
0.2467
0 .1937
0.2394

00910

Va2863

Je 1500

03533

02718
0.2292°

J«10592

12233 .

0'e2260
Nel733
MNe2153
N.2069
D e1647
0.228S
02283
0.2533

0.3152.
Ue2133

NwdNiw v I

7016
G e X0

1) 379

N L4R 14
0..40a3
Q4237
U«6581
C 3000
J a2500
) 2750
0 «5735
04251
N .6140
Q=090
03214
042738
) «S0:00

NN
4}]

. Y—INT.

73.527%
63.1667
71.2313
68.3030

T79.4295 .

67.1274
78.0000
64.6%33
63. 6025
70.0208

R6+2352

71.7833
75.5781
65:7333

71.0803

70.7748
TE.5882
70.1382
74.1833

'65.4333

QT
0 s
o0

LONQ O0dUms
NPUINNL L

<
tnan
L d
LOHI=NCH
Wt ot e 1, OO
<
o]

L v

76,9670
73933534
73 - 3‘\25
69,1067
61.7633
74.8704
T79.2499
74.7735
T70.0324
576486
EG.R667
68.3570
72.184%
68.5000
69.0000
55.2921
554333
6S.5333
739716
61.041455

CO002D2CcCO0OOo0C

¢]
C
o]
A
.

® o e 00 e 000000
RANOUCUTLBN~ 0w
SUN)UOUIQOUIOJ-

OJIW 0L BOWLPYD D

.
o)
L
a0
[A)

by

(S J9)]

Ch=,ORINGINT

RPYDOYYU

TABLE T3D - Regression and.éorrelatibn data for field runs.

N\




110

I):
4

~—

"83AIN0 Poy3 Ty + SJUTPI0DSI PTATJ WOIJ BIBDP ToAST pUNOS - y4I TIAVI 4

R b
EIXEETE

$-Cloz-50-g¢
2-1110-90-8¢ |




111




112

| W
: 9-5 [S1-20-12
- fri-t fee-t0-20
8¢ lot-s |s2-20-14
we 1.0 |ez-c0-02
089 | -y |20-00-42
- o | 2-0 [or-90-12
WA | z-t [e1-00-2;
“F 8-y |ST-00-41
o, | 98 Je0-90-8L
. &1 9-5 Joz-wo-a
3t | 6 lr-0-
M s | 11-2|2z-0-00
000 | o |ez-10-
s8] s-v]20-0-12
. HEA | 50 |ST-90-1¢
v |sz-0-u
| serlsz-no-1;
- ] 98 Pet-io-i4
8.+ 6-L |12-s0-1z
wWe | esioz-s0-uL
20007 | -s-p |20-90-4L
v | -5 i6r-90-4
WA | 8- [S2-00-42
| &t jez-so-sLl
o Z-1 {10-90-8;
Tt
20 | swuo-u
By | 6-L|w-i0-02
W |05 Joz-00-02
22002 | »-1]v0-00-24
80| 90-00-4L
CHEA ] e-p |szen0-uf
- 8-y |sz-00-2]
£°2 192-90-41]
8y :
U :
209§ .
14 _
© HBA § ‘LS |62-90-8¢
o .20 [91-50-81
- €-T F1E-30-02
8y
0. Y
[ 1 {] 1. 1
WA T 2-0 ]oT-50-4¢
[ : -5 102-50-8¢
1 : Jvz-50-0L
1

WOS1A




*83AIND P

933TJ + SSujpIoosx

&

PTOT WOy ®B3®

w

p

N

pUNOs - g4I’ FIEVL

_9-5 ISt-20-2s |
s |ee-w-an
- 8y {o1-8 |sz-t0-4¢
wWr | o |ee-t0-us
2089 -] s-9-|20-90-41 |
90 1 -0 Jor-00-12
HaA | oz-t fer-00-0s] .
-y |52-90-22
9-5 | 10-90-3;
) 9-s foz-20-2 )
B2 | 6L |r-10-i1
s Lr-g jzz-00-u
2000 1 o [ez-00-12
~§8 | s-v[to-90-1¢
WA | $-0|st-m0-22])
) |S-90-41
- 8o |§2-90-42
9-s I41-00-u
159 | 6-¢ |12-t0-u
w2 | 85 fer-w0-ce|
2000 | s-v |z0-g0-1¢
v | v-sl6t-s0-cL
HA | 8-v |sz-00:02
- | 6 |6z-s0-8¢
. -1 [10-90-82]
o} vo-u
5y} 6L fwz-io-uf
w1 | 85 |9z-00-0s
22002 | +1 [90-90°4s
g1, ] s |90-80<L¢
A | 8-y {ez-90-02]
e eer szewo-ce]
| S-2joT-t0-00]
s -
mwzl
2209¢
w _
WA | ¢-s Jet-v0-0c
1 z-0 |st-s0-9¢
| £z |15-s0-8¢
59
w0 Y
ELTA o
U 1
WA | 20 |st-s0-z] .
s-¢ 102-50-9¢
£-1.} R-50-0
L




114

T-L0-22
or-t0-4L
92-40-LL
8-L0-LL
20-90-LL

] $T-90-2L ]

10-60-LL

40-60-L{

€L-L0~LL
82-40-4L
80-90-4L
20-80-LL

TL-L0-LL .

L0-80-LL

04 81-£0-L{

-TT=40-LL
ST-L0-LL

oT-90-LL

}st-90-LL

20-60-LL
10-80-4L

Ty

v.m.'.
‘ol

w-h
0§
oy
of4/
*1

081
[V
09
oS+
Ol
o€ -
02 -

m--
[ A
9T )
st -
o+
o4
w-

w--
M—-
9T
“‘h
ong
o€+
02

0Z-L0-{L
W-L0-4L
LT-10-LL
20-90-L4
6I-90-LL
ST-%0-LL

20-80-44}
i

0§ ez-L0-4L]

R - 3 g, .
60-90-8L

91-90-8L

ez-s0-n|
0T-90-22 |
02-90-8L | -

2 arens|




115

*83AIND Pa33ITJ + SSUTPIOOAI PIOTI WOIJ B3}BP TSAST Ugom - ohi m..Hm<a..p.
’ ’ . ’ ] v ... R R : - ° . .
Yi-L0-¢L
0T-00-4L
1 orem
19z-0-2L
20-90~4L
$2-80-4L
\ 20-60-4L
oss | 0°68 - hﬂo’chb .
Te-40-4L!
Gio-et
: 82-£0-LL
O-.—Q 8!'!&%
el - {z0-60-0L
, S t-0-a| &
Iy Q104
7.2 2-40-44
. 92007 82-40-{L
oe8 e 1 e-0 ] 9t-90-LL
. WA | sy n.“.u.:
, o s fzo-60-uc
T-1§ £0-60-4L|
9-5 J 0Z-20-4L
a8y | 6-2)ve-e0-ut]
Y | oe-v|ae-so-it
: 23002 .| ‘s-v { 20-90~01
ros oed. st | rs]ot-90-2]
: s~ 1A | ey fseweu
1 9-s fz0-60-12
- -1 o -s0-ut)
ISy S
mwe
92098
u
- 5~ | 60-90-8¢
] o5 [9t-90-8L
1 . 6~ | 6t-s0-0z
7% 0 s-5 | 01-90-%
] §-2-}0z-90-8,
et T
[ [
—Y % ‘ :
2] = > Tarue]
XMH



116

+83AIND

T -

e

POYITI + 83UTPI0DSX PTOTJ WOIF ®yEp TOAST pUnoOg. -

~

!

-

ahl TTAVE

<

-t0-LL
{ve-e0-es

8T-L0-LL
01-90-1L
£2-80-L¢
SL-80-U

PI-L0-1L
12-20-uL |
0y-L0-LL |

02-L0-LL
’-10-LL
20-80~44
S1-80+LL
£T-90-LL

v jsz-w-20}

st-20-21].

0.1
ara0-LL
12-L0-LL
ST-L0-4L
91-80-LL
81-80-4L
£2-80-LL

ST-90-LL

.

TT-90-8¢

{ot-00-8.|

-

21 | 80-90-8¢

60-90-8L
£1-90-8
91-90-8¢
$2-90-8¢

3

)

I

égh-

i

- 4

R
[T 1 N
8

(RO ARTTIIE]

! ,EWQSE_

1ONAN / WSIA

Uplun / YOSIA O

—

Y NS

HdX

-




117

- foes

Q204

016 | 016

F08=40-£¢
2101

f5t-00-¢¢t
114 oS-s.s

eL0-14.
8..8.“»

o1-80-4L°

20 |oa

§iu

E

g 5teig-it
Jr-0-de b
fr0-20+2t {1

0L-10-4¢

S1-00-L1.
S2o80-LL

Jszeweu| v

o'
' ] ©

_.mn-‘

- 'W--

-gefts

Lid

ot-g |sz-10-4c |
A YT-00-4L
T I0-90-2¢ |
8-y | $290-41

81-0-LL |

0T-0-4L ]|

ns.B.»s. K
L

{016 | ozs

-

i

[

| 12-90-8L | -

§2-90-L0

61-00-9L

. 1aH

e
-

Dol
sl



Ve A ] B ] .. °c ] ©o._~ | - A B
[T 1 | 0.9238 | o.o076 | o.1677 | osz9b7. |,
2 | o.4kg7 | 0.3763° »<o_.3m,g:_;;e;._03.3517_ ]
3 | 0.373% | 0.3396:1 0.3779 0.4648 .
. b | 0.3052 | 0.278% | 0. 2601-‘7.-@‘0 2340 |
5 | o.2772 | o. 1941 | [0.2646 | O. 2122-,‘ LR
6 - | 0.3481 | O. 3851 - .0 326ﬁs v,o 3029 - '-.‘,/:* -

e TABLE TS AVG1 of slopes for ﬁ.eld data. -

SRR | \'» |
VEHICLE | AvGg, | SUBJECT|{ AVG |
-] 0.3730 | -
| o0.3889 | . Q.\zasz.f RER
'o;.;2‘6,9u, 0.3101 - SRS ‘
Jomor | -] v
o ‘._TABLﬁ' T6 - Avc “of slopes for field data. T e

0 3135 '

LY aw

ST L sma.mems LR /\ o -
| VEHICIE| A~ . - B ] ¢ .o . {0 N 3
1o e 295_-?‘-7-'7337’7.“(-.- ".73-.','.?36'1? 55‘73 930 | s
i 2,476 '6’3'89'3-- [ 67.025- | 63.512 o
{ 66.951 | 68.531 | 87.221 | 63, 162 - i,i B T N ¢
] 700331 |72 94 7242370592 1. N
R RELS zoz’*fi»ff.;:-zs oy | 74596 | 76:0b L g
-}, 66598 : 55,243wg .69:885 1 69, 80 COREE

TABLE T? - AVG, of zero-lntex,zgipts co ]
. ror fitld da:ta. S T T .

Jowswin

c T 7h.696 | A | 68875 ..
ji:,":-;is&‘-r?f1'9,?‘_. g ¥ g
71~372
'.rnm ra VG, of sero-inGeréepts




. . co . - v .
. . . P . 1 . 0
e . ) S . ’
~ s .o f . . . . N . ' -
N W ; o - . . | : Ty
¢ i . . . N A . Al
: [ : v . - E
. : . - \

[r-Ine| SLOPE|Y-INE.| SLOPEIY-ING.| SLOPRIY.IN®, | - - |-

1.2933171. hj5\\210017#.3”‘.2367‘?6{6} J1633176,2 ;j o
.2700|64.0 | .2783[64.3 | <2283 19.7$;H,26&?W66¢9"*‘ S

.2512(69.6 | .2628|67.6 | .2758|89.2 | .eMdlév.7 0 )

| 2515|709 | .1981|71.7 -] [3365|67.9. | .a8p9{7a.8 ]

| .2000(73.7 .z15h,?3m5¢;1-3°oe 69.8 | .2vas5|v0is

1.3098|64.4 | «2375]86.9 ‘| .2658169.3 | .1931[70.3

ey 1 N
) o] . ) o

i g

.2967[70.6 | .2067[76.6 | .2767|75.2. | 2083772 |0

367160.6 | .3233/63.5 ,.3133 4. 7]“ 2733|675 . f
[ ~2568370.17 02353 71k | 2 |.2067(73.9
73 9&,(;@009’?u.1:;'.z363 73, ;,W;.20$7?72.7 al ‘.
8|78.7 | .0510/86.5 | .1549)80,7 [.1286]82.8" ([
9. 65.4‘ - .3667 610? A ;03117 6?.0 : mz,‘;ﬁ‘? '6203. -

0
W
\n
AW 3
-3
rd
E
e
[y
QO -
-3 -
‘QL
qa
#'
‘

|77-2 n’ik68°°r95+“‘: q1333,79?8;“fsqﬁﬁ?:ﬁk*"”‘ B
.‘69.45;”’ . 1'*5‘& :_‘?6 .0

!
| Fw e rionrwbrldwFw N rlown Fw e RlE]

{[goboouoleacocojlurwe ww w» >

—
S

”*‘u;franmn r9

f~3FYQi’ffﬁi?5§9







o«

£

@
SUBJECT HEIGHT | WEIGHT | BFH | SEX
A 1.69m | 84.0kg| M M
B 1.69m | 65.9kg | S M
c . 1.85m| 75.0kg| M | M
D - 2.03m | 81.8kg| L | M
E 1.62m| N/A s P
'F 1.71m | N/A s F
TABLE T11 - Some physical chiracteristics of

subjects involved iin the testing.
A4 |
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APPENDIX A

A.1 Sensitivity, of Analyzing Equipment
: 1LY, _

A1

Real Time Analyser

:- frequency rahgex 5000 Hz

A.1.2

- averaging mode: linear

- no. of ensembles: 16 to 64

- bahdwidth: % - octave

b4

Graphichevel Recorder'

- Potentiometer range: 50 dB

.- response: RMS

- lower limiting frequency: 20 Hz :

- writing speed: 100 mm/sec

A.1.3

A1l

- paper speed: 0.1 cm/sec

N o
Metrosonics dB-601 Sound Level Analyzer

Detector constant: fast

Sampling ratet 16/sé¢ond_

~

2) Leq

B & K 2607 Amplifier

- Gainrcontrolz-calibrate

'kScale:'SA 0056

124

Input: 100dB  Display Mode: 1) L with n=1,10,50
o "and 90
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A.l.4 B & K-2607‘.Amplif‘;er Cont'd.. )
- 'Input'attenuatdr to sui?'scale - '.‘ l
- Output attenuator: to suit scale |
- 'Metef Function: RMS

- Filter: A-weighting

7,
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APPENDIX B
/ : AUXILIARY TESTING .

B.i Highway Testing

£
. //l

" The procedure for highway testing-Was described in the

.mai§ body of thls report. The equlvalent noise level waa\

obtained (Leq) for each test and the results appear in

Table T2. Table TB2 contains the AVG, and AVG, of the sound '
“ levels obtained. - There is onlj'z to 4 dBA difference :

be tween maximum and minimum talues. This snggests that'the

predominant‘soUrce for»bighway speeds must be wind noise

because the varlatlon in englne noise is mﬁc; greater.

\ SubJect 1nf1uence is also 1n81gn1flcant although this has
been the trend all along. The addltlon ‘of a visor tends to
f‘do little to further reduce noise leyels but there seems to_.
-:be somepindioation of”this. Generally,_ievels‘were'redUCed.

by 1 to 5 dBA,when.a.ViBOr was ﬁsed but a-few increases were
. L o ' _ £

.

) found.

B.2 -Ihside versushoutside

The test faclllty of . the seml anech01c chamber was

dupllcated outside. in part, to examine the 1nfluence of

the‘test stand, test chamber and any;unforseen 1nf1uences.} R

'This‘test was performed by subjecth‘only‘ﬁith the speaker S

located at the exhaust, approxlmately where speaker no.. 42,'
Q.-

RV




was p081t10ned with- respect to the test stand. In this ." }
case vehicle #4 was used.. Ant1c1pated influences were
additional;baffling due to vehicle construction and a
‘change:in the”subject"s'CH position. ‘The test was performed -
on a pavedsulface with no obstructions within 10 meters,
.e#cept_z ligh+ posts. There‘ﬁas essentially no‘wind.
.bThe"same a .)é and ‘v compari'ons‘appear in Figure FB1

fon'thiS‘test. 'The a -curve insiq foilows the « -curve

‘out81de qulte closely but it 1s ab ut 6 dBA hlgher. The o ‘ N

81m11ar shape of the curves suggest that there is no change
in the frequency content of the two noise recordlngs. The
lefference 1n sound level could. be attrlbuted to 1ncomplete
, 80und absorptlon w1th1n the chamber. v'
Examlnatlon of the ﬁ -curves’ show that helmet attenuatlon
1s not changed by g01ng out31de. The 7’-curves show sllght
1ncons1sten01es between each other but 1n a general sense

_ 3
ithey conflrm that addltlon of a visor makes‘llttle dlfference.

B. 3 _peaker versus Veh 1 I R o

Flgure FB2 shows the results of sectlon B.2 comblned
w1th an equlvalent plot of n01se produced by vehlcle no._1,
| lat 4000 RPM, in the neutral’mode. The:% -curves show tha
~the p1nk nolse of the chamber testlng was compatlble ‘with
the nolse produced by vehlcle no. 1. The transfer functlons :
are 31mllar. This’ also applles for the helmet and v1sor‘-
'attenuatlon curves (/8 and 1 ). . I

. . . . %

(o . - o . — s
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B 4 Statlonary versus Movxng

Slnce the CH recordlngs cannot be" made'whlle in the.
mOV1ng mode, onlylg and ¥ curves can be. compared here., The
51m11ar1ty of results in both cases seems to negate the
possibillty of is01at1ng predominant sources by measuring _
1eve1s in these two modes of operatlon (test fa01li¥y: Figure
FB6). The results of averaglng slopes and zero—intercepts
of the stationary recordlngs appear in Table TB3 A?Gi
AVG “are 1ncluded in Table T34 for the slopes of data in the

2:
stationary mode. Equlvalent data was optalned for the moving

mode (TabfzleS).~.Tables TB6 and@TB? containrthe data for
zero—intercepts; This data‘yielded the curves of Figures
FBY and FBS.- o | | .
~ From Figure FB4 1t can be seen that the n01i' lebel 1s
V?ngnslstently hlgher in the statlonary mode at equal RPM '
- Values. This is supported by Flgure FB5 where vehlcle AVG2
;Values;are compared. .The'results wereanot anticipated 81nce
| agditional noise from wind, tire.and<chain-should‘have -

contributed to hlgher levels while in the moving mode. This

suggests that stationary testlng is more complex than was

antlclpated and other means of 1solat1ng specific sources

would have. to be found in order to determine the level of .

o

each. N

/
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B.5 Performance Curves

~ The 1nterpretat10n of~the results of Table Tz became
compllcated by the fact that fOr each test only the control
parameter could be spe01f1ed since the compllmentary
parameter would vary from vehicle to vehicle. Hence a P
separate table is 1ncluded showing both RPM and KPH for
each vehlcle under each test condition (Table TBlO) The
fperformance curves have been plotted from this data in
Figure FB?7 whlch con91sts of a page for each vehlcle. These

agree with- performance curves prov1ded by the manufacturers.

B.6 S;gnal Shap;ng to Meet Standards

During the course of the 1nvest1gat10n the recorder
tfrequency characterlstlcs d1d not- remaln constant. Continual
: monltorlng of these characterlstlcs proved very ﬂlne consumlng
'and, as a'result, a test was mage to determine the extent
_of 1nfluence %hat the changes wpuld have on the sound levels
obtalned. | o ‘

_ Flgure FBB shows the unshaped frequency characterlstics
'of the worst case detected. Spectrum,shaplng was—proVLded
to the extent shown}'jThis producedfthe résults of Table TB1,
'where several recordlngs made with other recorders are played
through the defective device/w1th and without shaplng. The.
results .are favourable Ln that the dBA levels are h1gher “'
by about 2.5 dBA on the average., Thls is comparable to the
‘run to~run deviatlon. It does not reflect ‘the recording

& ' ) ﬁ" "
d . : :




- capablllties oﬂ'the dev1ce but these should not be 31gna?--

'1cant1y different. It should ve p01nted out however that

the unshaped condition of Figure FBB‘dld nqt.exist through-

, | e
- out the recording session. All recording devices were

found to conform to ¢ype'II tolerances at the start. .
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SUBJECT " C =
RECORDER # 3(8

.4 MICROPHONE # 826
ATTENUATOR # 3}

.'rl';

NUMBER &
DIRECTION

SIGNAL
WITHOUT
SHAPING

(aBA)

SIGNAL
smpm:

. {dBA)

27N
¢ 278
A

83.0 ™ | 8.5 @ | - 1.3
83.5 C
88.0
- 88.0
90|
92.5
83.5 . 1

81,5
- 85.5
85,5
29N
885,
81,5 .
79.0

2.0 .
2.0

30N

e }w TABLE TBI - Sound level ‘*edmparison of recordings with and
SR
. without ih.’ing. U &:F‘:._ o
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'STATIONARY '
VEHICLE | SUBJECT |NH(UP) | HO(UP) | HV(UP)
1 A 0.0042 | 0.0024 | 0.0019
1 B 0.0a41 | 0.0039 | 0.0035
2 A 0.0035 | 0.0028 | 0.0025
2 . | B 0.0045 | 8.0023 | 0.0033-
VEHICLE |AVG., AVG., '} AVG.
3 |0:00b2 | 0.0032 | 0.00 7»-~w
-3 0.0040 | 0.0026 | 0.0029
SUBJECT [AVG., | AVG., | AVG:,
A . [0.0039 | 0.0026 | 0.0022
B 0.0043 | 0.0031 | Q.0034
'TABLE TB4 -.AVG, and AVG

 VEHICLE

o1

2

. based on' dBA wersus RPM . ia:e table TB3)

ot

of slopes for stationary data (slopes

]

-~

*

T

~

. gt e,
@. >
.

1,

‘to the data of table TB4,

2

R

.@g}: .

LN

, | B "
MOVING .
VEHICLE | SUBJECYT |NH(UP) | HO(UP) | HV(UP)
1 A 0.0043 | 0:0025 | 0.0028 )
1 B- 0.0035 | 0.0025 | 0.0023 T
2 A 0.0070 | 0.003% | 0.0034 Codam -
) | B '0.0038: ‘o;ooz; o;qozs_ VEHICLE | Av;a:“f
VEHICLE [AVG., | AVG., .| AVG., . . 550551
L 1 [0.0039 | 0.0025 | 070026 s |o.0038
C 2 0.0054 |&f.0030 | 0.0030 ,
SUBJECT |AVG.y, | AVGl, | AVG. SUBJECT | AVG:p
A ¥.0057 | 0.0030 | 0.0081 A ]0.0039
- B . |0.0037 ].0.0025 | 0.0024 . B 0.0029
\ { }{#
. TABLE TB 5 - AVG ‘and AVG. of slopes for moving data equivalent




' _YABLE TB6 - AVGy ahd AVG,
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STATIONARY| o
VEHICLE | SUBJECT | M (6P| HO(UP) | HV(UP) _
1 | 66.0- . 68,9 [71,9
1 66.0 | 67.9 T v
e | 644 | 67.0 |
2 53.7 -,65,0 VEHICLE | AVG.
Ave., | AVG., 1 |é8.2
67.5 | 69.9 2 66.3
66.6 | 66.5 N
1 et SUBJECT | AVG.
—| suBsEcT [ Ave., |Ave.) | AVG., A |&7.6 |
K | 66.6 |66.7 |69:5 B 66.9
B 66.3 | 67.4 | 67.0 R
| .

'of zero-intercepts for stationary data.

[~ wmoving \ - - -
VEHICLE | SUBJECT | NH(UP) [ HO(UP) [ Hv(UP)
” 66,2 66.0
| 60.8 614 P o .
“64-§ 64.8 VEHICIE [ AVG. ,
_| AVG., |Ave.,- 1. |66.9
\6‘709‘ ‘ .6890 2 {62 0
{62.8 163.1  I"SyBymcr [ave.,
'AVGféi. AVG. A |[82.%
. 63.5 |63.7 B |66.5
. ;,. |

'TABLE TB? -_A %r‘hnd AVG2

of zero-intercepts for moving data.

e
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Bom 1in Sudbury, Ontario, Canadavon~0ctober4315t.

Conp]eted Secondary School at Sheridan '[echnical :
Col]ege, Sudbury, Ontar*lo, Canada in June

Rece'ived Certificateafro‘ ASME for presentation at
Reg'lonal‘g Student Conference, Gannon College, Erie,

PeW]vania USA in Marchi: .

v!,m . .
Recei ved Bachelor of App'lied Scienée Degree in~

" Mechanical Engineering from University of Hindsor,

Hindsor. Ontario, Canada in May
S

' Employed by Otis Elevator Co Ltd in Hontreal

-

. and Ottawa. Ontario

Accepted 'lnto Ph D. programe at the Universi ty of

. .H'Indsor. Ontario, Canada

Current'ly a candidate’ for, Degre?WHaster of App]ied

Scienee in Mechanical Eng‘lneering at the Univers'ltygf
Hindsor, Hindsor, Ontario. Canada SRS
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T e /:, " , : ' - L
N <. T . "~.".“ o - o eq ’
o7 % e | VEHICLE [SUBJECT| HO HV
. ' ".',~;' ) ”" r oy ‘ 1- ‘ : A 95.0 K ',93.0
- 1”"#?.ﬁ1) . 1 . 95.0 95.0
. S A S 1 c |91.0 92.0
SRS S o 1 D .91.0 92.0. ,
e 3 2.0 f. &4 [92.0 . .89.0 |
' 2 B 8s.0 .  92.0 - |
2 c -— -- ‘
2 D |92.0 .~ 91.0
’ 3 A . |ok.0 93.0 ‘ .
3 . B 90,0 - 89. 0/93 0 - _
, 3 ¢ |92.0 .~ 90.0,
.M. 3 D 88.0 . 91.0
« o A 94.0/91.0 89.0
o “B 93.0 90.0
L ¢ |91.0.  85.0
. \ L D .|89.0. . 88.0
g : 5 AL, |94.0  -93.0
\ 5 '{f“ 94.0 ~%  90.0
e .5} ¥ |91.0 - 91. 0/89 o
SN B ‘\5 D - 91"0 91, 0 N
- .} 6 |, A |96.0 91.0 L
: ey | 6 " |. B - |95.0 - 91.0
. . ) 6l @ 189.0 . 88.0
3 6'{\' ‘,”-R."-',S.D ; 89.0/ 0.0 89-0 -
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