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ABSTRACT

In this investigation the sound level generated at
the ear of a motorcycle operator is studied. The effects
of variation of vehicle size and cycle of operation,
subject size and posture, engine speed 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 obtained with an "Ear-
Bug" unit, which incorporates a tiﬁy microphone capable
of fitting within +the concha of the ear.

Tests were carried out in a semi;ahechoic chamber
where noise was produced by loudspeakers and subjects )
were seated)on a test stand resembling a motorcycle.

Here angle of incidence, helmet fit and variation of head
gear were studied. These tests were supported by field
measurements where a number of vehicles were used.

It is shown that subject size does not matter as
much as posture, nor does vehicle size as much as the cycle
of operation. Helmets do not attenuate noise from the
rear as effectively as from the sides while visors do

little to reduce the noise detected at the ear.

(iv)
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CHAPTER T
INTRODUCTION

A previous investigation made by Reif et.al. (18)
which included discussions on motorcycle noise and crash-
helmet attenuation, has been extended by this study. These
have been expanded herein to include such areas as (1) angle
of incidence, (2) subject size, (3) noise frequency and -
energy content, (4) degree of head protection and (5)
vehicle size and cycle of operation..

Motor vehicle noise has been measured in the past by
such methods as "pass-ﬁy" testing where a vehicle is accel-
erated along a path some distance from a sound level meter
in order to obtain the maximum sound 1evely(e.g., SAE XJ
331 a (15)). In this study, however, the sound level was
Measured at the operator's ear by means of én ear bug unit
Wherein a miniature microphone was placed in the éoncha of
the operator's ear. This then monitored the noise at the
€ar and fed the signal to a portable tape recorder fastened
to the subject's chest. Sound level and frequency spectra
Of each test were obtained by laboratory analysis. This
Provided a simple, comprehensive and effective way of
5btaining sound level at the ear for a large number to tests.
For'recordings made in the field which involved the use of

motorcycles, the testing involved 4 subjects and 6 vehicles.
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Thirty seven operating parameters were specified and %hese
were used by each of the subjects on every vehicle. The
operating parameters were designed to study the influence
of subject size, vehicle size, engine operating cycle and
head gear. The remaining areas were studied in the semi-
‘anechoic chamber.

In the semi-anechoic chamber 6 subjects were involved.
Here a test stand was used instead of motorcycles and noise
was produced by loudspeakers located strategically around
the test stand.  Various types of noise could be generated -
in the speakers. Here influences suéh as helmet sigze,
direction of noise, type of noise and head gear were examined.

In addition auxiliary testing was done in the field
using motorcycles“aﬁd a loudspeaker to produce the same type
of noise used in the chamber. Vehicles were operated in both
the stationary and moving modes at the same engine RPM.

These tests were intended to provide additional data regarding
the testing procedures. -

The literature survey contains material which describes
the heafing mechanism and its influence on the direction of
Sound. A discussion of Damage Risk Criterion (DRC) as
Proposed by the Committee on Hearing Bioacoustics and
Biomechanics of the National Acadamy of Sciences-National
Research Council (CHABA), is included to examine its
Current applicability. Recent work has suggested that

TTSZ. the basis of the CHABA DRC, may not be an adequate
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measure of hearing damage. In addition, the method of
applying the DRC is much too labourious for practical
applications. As a result the literature also covers a
simplified noise exposure evaluation technique which is
based on the work done by CHABA in designing the DRC but
pProves to be much more practical.
Analysis of recordings was done with such

instruments as a real time analyser with an octave converter
and averaging unit to provide 1/3-octave displays of the
frequency spectrum. A graphic level recorder was used to
obtain the sound level. For the loné duration highway

| recordings a Metrosonic Noise Analyser was used to obtain
statistical data. Combarison of results included the
deviation in sound level from measurements made at the
centre of head location (CH) to those at the concha of
the ear, as well as attenuation of sound level due to helmet
-and visor. Groups of recordings made in the field
provided curves for which the sl6pes and zero-intercepts

could be compared.
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CHAPTER IT
' LITERATURE SURVEY

The damage to hearing is basically related to three
parémeters of noise which include sound level, frequency
and duration. It is also important however to be aware of
the mechanics involved as noise propagates from a source to
an individual's ear and then on to'the eardrum. Significant
amplification of noise takes place as the pressure pulse
impinges onkthe pinna flange and procéeds down the ear
canal, An understanding of this is essential in the
prediction of hearing damage.

2.1 Binaural Localigzation

The difference in sound level at each ear provides
the basis for localization of high frequency sound. Low
frequency sound is localized with the aid of phase
differences. Quantitative evaluation of binaural local-
ization involves sound diffraction.

A study was made by Weiner (27) concerning this
mechanism. He studied the magnitude of sound pressures
at the right and left ear drum of several observers. Each
Was exposed to a progressive sound wave as a function of
frequency and angle of incidence. He points out that an
increase of sound pressure at the eardrum over free field

Sound pressure is caused by a combined effect of diffraction
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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
evaluate the obstacle effect, sound pressures were measured
at the entrance to the auditory canal. These may then be
taken as a measure of the diffraction ascribable primarily
to the head and pinna. |

Another study regarding the effect of azimuthal
angle on response was done by Harris (8). He used a dummy
head constructed of balsa wood with 3/8" coating of rubber
to simulate the impedance of human flesh. At a selection
of frequencies and azimuths, the head was rotated with
continuous recording of the microphone oufput.. These were
located at thelposifion of the eardrums. Removable pinnae
were molded'by the plaster of paris transfer technique.
He observed that the head itself throws the more
Significant shadow and that acoustical properties depend
on individual physiognomy. The pirina throws secondary
shadows with large inter-eardrum intensity differences.

When directional fields vary in the vicinity of the
head; one method of evaluating an individual's exposure to
Noise has been the use of a miniature microphone located
Within the ear (3). This is placéd at the base of the concha
and combines with a portable taperecorder to register the
levels of exposﬁre. In order to compare data obtained by

this method with criteria for hearing conservation, a
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transfer function may be used to produce the equivalent
diffuse field that would exist at the centre of the head

in.the absence of the subject.
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2.2 Subject Influence

2.2.1 Ear Structure

Many questions have been asked regarding the manner
in which humans detect sound. It is known that the sound
fieldvis transformed at the external ear as it gains
directionality and undergoes high frequency modification.
The head torso and pinna flange diffract sound while the
concha and ear canal resonate it. Termination occurs at
the eardrum. Thus the overall sensitivity of the hearing
System is linked to the sound pressure transformation from
the free field to the eardrum as a fﬁhctioh of frequency,
direction and distance. The acoustic impedance of the ear
and the pressure distributions within the ear also pla&
an important role.

The head produces a baffling effect in a field of
low frequency sound propagation. The neck and torso also
contribute to this effect. Under free field conditions the
€ar canal wall, the concha and the pinna flange as well as
the surface of the head behave as boundaries to sound. This
results in scattering, diffraction and resonance, which are
identified with respect to the wavelength of sound and the
dimensions of the above mentioned structures. Each structure
contributes a different amount of acoustic pressure gain.
Response measurements with the ear canal closed show that
the concha alone contributes approximately 10 4B gain at 4

to 5 kHz (22). The pinna flange causes an increase in
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pressure gain at frequencies from 3 - 6 kHz when the source
is in front of the ear. When the source is behind the ear
there is a reduction in the gain. Shaw (22) suggests
treating the helix, the antihelix and the lobule as a single
structure since the results are not greatly affected by
drastic changes in the shape and size of the pinna flange

in model ears. He also found that the greatest overall
acoustic pressure gain (transformation from free field to
eardrum) for human subjects occurs at 45 degrees from the
frontal plane, for frequencies from 2 - 5 kHz in the azi-
muthal plane. The ear canal and the concha compliment one
another providing substantial acoustic pressure gain from
1.5 kHz o 7 kHz which implies that the concha is particularly
important. Above 7 kHz response is largely determined by
resonance frequencies and the angular properties of the
concha transverse modes.

Another study by Flynn (6) compares the auditory
threshold of cats with and without-pinnae. He found that
Temoval of the pinna resulted in significant loss of
hearing particularly at high frequencies.

2.2.2 Hearing Loss’

Noise affects people in a variety of ways. It is
known that hearing loss and cochlear injury follow prolonged
€Xposure to intense noise but such effects as noisiness and
@noyance are not so quantifiable (18); The outer and
middle ear are not as susceptible to damage as the inner ear

(QTgan of corti). Excessive exposures to noise cause
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destruction of the hair cells and the auditory neurons.
Such cells do not regenerate. |

In any case, the degree of hearing loss must be
determined with consideration made for presbycusis (increase
in hearing threshold due to aging) and sociocusis (Losses
incurred due to day to day exposure and social interactions).

2.3 Mechanics of Noise Propagation

2.3.1 Steady State Noise

In 1963, a péper written by Karl D. Kryter (13)
contained the opening sentence; "For the past 15 years or
S0 there has been considerable speculation about so called
damage riék criteria for exposure to sound". Kryter madq
reference to Ward, Glorig and Sklar when discussing work
done on temporary fatigue from exposure to sound. Even
at that time, attempts were being made to extrapolate
relations found in temporary fatigue studies to specify
DRC for prevention of permanent deafness. Furthermore, it
was known that additional information was requifed to
Specify DRC for exposure to "steady-state noise". Steady
State noise was characterized as containing‘complex sound
(i.e., not made up of distinct pure tones) and having a
Steady over-all intensity within a few decibels for at
least a minute. It was felt at that time that there was
& relationship between noise induced temporary threshold
Shift (NITTS) and noise induced permanent threshold shift

. (NIPTS) of people exposed to a given noise over a period
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of many years. This was supported by investigations of NITTS
which predicted reasonably well, the NIPTS that occurred in
industrial workers. (NITTS is easily produced in subjects
under laboratory conditions while NIPTS is measureable

only after months or even years of exposure 1to a given noise
environment) . \

In a paper written by Nixon and Glorig (16) three
Samples of industrial workers were studied who had been in
industrial environments with steady-state noise having
octave bands from 150 to 4800 Hz and le&els of from 77 to
96 dB. Subsamples of these included times on the job of
from less than one year to over 25 years. Only median hear-
ing levels at 2000 and 4000 Hz were examined.

Having corrected for age, the NIPTS values were thus
Obtained. It was found that a maximum NIPTS value was
produced at 4000 Hz and that it occurred within the first
10 years of exposure. These maximums were approximately
equal to NITTS values predicted from the appropriate sound
level of eagh sample. The amount of NIPTS at 4000 Hz showed
little increase after about 10 years of exposure, although
the NIPTS for lower frequencies continued to increase. In
an attempt to regulate the amount of NIPTS, the Occupational
Safety and Health Act (OSHA) established that a 5 dB increase
be permissible with each factor of 2 reduction in exposure
time based on NITTS experiments. More recent reports
Suggest that 3 dB per halving of exposure time is a better

L4

estimate.
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2.3.2 Ear Canal Pressure

Since the‘huﬁan eardrum is not readily accessible to'
even a probe microphone 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 fﬁhctions showing average
transformation of sound level from ear canal entrance to
eardrum are essentially zero up to 560 Hz. Due to the
difficulties encountered in placing and holding a microphone
at an accurately defined position in the ear canal entrance,
it is preferable to'make pressure measurements at a point‘
well removed from the ear canal entrance. Good correlation
exXists for most positions in the concha up to a frequency of
5 - 6 kHz.

2.3.3 Eardrum Impedance

Weiner and Ross (26) measured the variation of sound
Pressure along the auditory canal in both male and female
Subjects with a small flexible probe microphone. The
Subjects were placed in front of a loudspeaker 'in an anechoic
chamber where various frequencies and orientations in the
azimuthal plane were used. The sound pressure at the eardrum
Was found to be greater than the free field pressure thus

Ve?ifying that the human ear is an effective amplifier.
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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 microphone decreases
with frequency at about 6 dB per octave and the signal to
noise ratio is 15 dB from 200 to-5006 Hz. It is 10 dB from
5000 to 8000 Hz. Free field correction is essentially zero
for all angles of incidence. Calibration is independent
of deformations of the flexible tube by bending. The
preésure of a single probe tube in the auditory canal does
not significantly distort the sound field at that point.

Shaw (23) measured pressure levels generated at the entrance
to the ear canal by progressive waves from a point source at
one meter. Ten subjecfs and six angles of azimuth were used.
The average ear canal versus free field pressure levels

were in agreement with Weiner's data (26,27) over the common
frequency range.

2.3.3.2 Outer Ear Measurement

It has been pointed out that for frequencies of
less than 1000 Hz, the acoustical pressure at the ear canal
entrance differs from that at the eardrum by only a fraction
of a decibel. Hence at low freduencies, the pressure
Measurements in the external part of the ear are essentially
€quivalent to measurements at the eardrum. At higher
‘frequencies the pressure is very dependent upon the position
Of the probe tube orifice.

Shaw (22) inferred that for each subject there is
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a constant ratio between pressure at the ear drum, and the
‘mean pressure across the ear canal entrance; which is
independent of the external sound field generating the
DPressure. Since the transverse dimensions of the ear canal
are small compared to the wavelength, it is assumed that a
Plane wave is transmitted to the eardrum. Now we find 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
gives little information on sound pressures near the eardrum.
Thus it does not represent the levels causing hearing loss.
A more realistic allowance is made for the presence of the
Subject in a noise fieid by recording sound pressures in the
cavum of the concha and then reconstructing pressures at the
€ardrum, center of head position, or elsewhere by applying
a frequency dependent pressure transformation (2). By
retaining a record of the sound pressures as a function of
time, all features of an exposure or temporal sequence, may
be analyzed. Also the'consequences of modifying exposures
by wearing ear protectors may be predicted, which is not
Possible with dosimeters. Corrections for frequency response
Oof the tape recorder and the microphone can be made by shaping
the spectrum of the signal recorded on tape during playback.
2.3.4 Body Baffle

When a hearing aid is worn by a person it's overall

frequency response is not the same as that measured when
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the aid is placed in a free sound field because the human

body acfs as a baffle (7). The degree to which the pressure
at the microphone of the aid will differ from that in thg

free field will depend on; (a) frequency, (b) direction of

the sound wave, (c) size and shape of the person, (d) position
of the aid on the person, and (e) the clothing worn by the
person. The effective response of the hearihg aid is changed
by approximately 10dB when worn by & person facing a sound
source under free field conditions.

2.3.5 Simplified Noise Measurement

The need for a simpler method of measuring noise was
realized in order to facilitate effective preventive action
in noise control because persons in a position to take action
are not usually knowledgeable about acoustics. In addition
to this existing methods of measuring noise were difficult
to implement. (i.e,, CHABA method much too laborious for
Practical applications and just could not be used). Such
a method was proposed by Botsford (1) and it was based on
The CHABA method. Botsford consolidated the 10 graphs
Presented by CHABA, delineating permissible 1evel§ of
exposure to various octave band sound pressure levels, into
3 graphs. He then substituted A-weighted sound levels for
the octave band sound levels to obtain one graph describing
acceptable all day exposure to manufacturing noises. This
was done using data from a comprehensive survey of

manufacturing noises. His final set of contours of
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equinoxious séund levels applies to both continuous and
interrupted exposures. Ih 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 4%. fhus it was deemed
Just as reliable as the octave band sound levels derived from
the CHABA report in indicating hazard to hearing. Ward (25)
e€xamined Botsford's simplification of the CHABA DRC for
intermittent exposure and felt that the DRC, for repeated
long bursts, was in error. He did suggest however that

it should be possible to derive a set of curves similar

to Botsford's which would allow the risk to be assessed

from only a knowledge of +the temporal pattern and the -dBA
levels involved.

2.3.6 Damage Risk Criterion

A damage risk criterion (DRC) attempts to specify
the maximum duration and spectra éf éound which just meet
the criterion, that will result in permanent hearing losses.
In 1965, CHABA proposed a set of noise risk criteria for
both continuous and intermittent exposures to steady
(non-impulsive) noise (25). In the course of that study
it was felt that more hearing protection was required in
the lower frequency regions in order to preserve man's ébility
to communicate. Some of the difficulties involved in
Setting up a DRC can perhaps be explained by asking the

following questions: for example, what are the effects of
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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 noise induced
hearing loss. The numerous regions of the frequency spectrum
contribute in different ways to the perception of speech.
Another important factor is duration. What auditory fatigue
is caused by exposures of different durations? Work done
has covered exposufes from a few minutes up to 8 hours.
One might further ask what effect bandwidth has on auditory
Tatigue. It was originally felt that the critical bandwidth
was 1/10 octave but it is now thought to be 1/3 octave for
much of the audible range (13).

The specificatiéns of the current criterion covers
most of these considerations. It is stated as follows:
any exposure 1s excessive if it will cause ears with normal
hearing to have a TTS of pure tone auditory accuity measured
2 minutes after exposure of as much as 10 dB in the
frequency range up to 1000 Hz, 15dB at 2000 Hz and 20 dB
above 3000 Hz.

If a person has a NIPTS of this order he suffers about
2 10% impairment in his ability to understand spoken
Sentences at normal speech signal which has no distortion
and is in a relatively quiet environment. Such a person
Should however hear spoken sentences as well as a person
With normal hearing if +the environment is absolutely quiet.

In order to specify maximum tolerable exposure; data was used
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from studies of NIPTS incurred by industrial workers as

well aé NITTS obtained in laboratories. The magnitude of
NIPTS were corrected for presbycusis (increase in hearing
threshold due to aging). Good data relating NIPTS to
exposures of broadband éteady-state noise incurred on a
daily basis over a period of several years was obtained.
Comparable data for shorter exposure to noise was not
available and it was felt that these could be assessed on

the basis of TTS. TTS can be defined as the difference in
audibility measured before and after exposure to sounds.
After a period away from intense sound, usually several
hours, a person's level of audibility returns %o normal.

It is common practice ﬁo use the TTS'measured 2 minutes
after exposure (TTSZ) for this threshold shift. It was
found that TTS was a consistent measure of the hazard
associated with years of such exposure and that TTszi

after one day's exposure was in fact a measure of what would
pProduce NIPTS if repeated on a near daily basis for 10 years
It was suggested that the NIPTS produced after many years of
habitual exposure (i.e., 8 hours per day) in an industrial
énvironment, was about equal to the. NITTS at 1000 Hz produced
in young, normal ears in one 8 hour exposure of the same
Noise. Variations in this comparison at different frequencies
Were higher or lower by 3 - 5 dB. In arriving at damage risk
contours for short, intermittent and interrupted exposure to

Noise, the recovery of the ear between noise bursts must be
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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 TTS

2
Ward (25) has suggested that TTS, may be higher than

Predicted by the CHABA criterion and in addition some doubt

exists regarding TTS, as a good indicator of NIPTS.

2
Iﬁ his report he investigated the results presented by
CHABA and also studied Botsford's proposal (1) for estimating
damage risk by using A-weighted sound levels instead of
octave bands. In exposing subjects to steady and intermit-
tent noise which acco:ding to CHABA should produce certain
Specified TTSZ, he found several discrepancies. There was
agreement for short uninterrupted exposures, and also inter-
mittent exposures with short burst duration of 3 - 5
minutes, all with short recovery periods. However, for bursts
of 10 minutes or more the limits were exceeded for TTSZ.
This was attributed to an erroneous assumption about the
Course of recovery between bursts. Furthermore exposure to -
high frequency noise often produced a delayed recovery
pPattern. He specifically suggested that levels abéve 100 dB
in the 1500 Hz range or higher, even with small noise duration
to pause duration ratios, could be dangerous. Furthermore,

the limiting values of TTS or even TTSlOO should be used

30

instead of ‘I‘TS2 because of the delay in recovery patterns.
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The DRC proposed by CHABA were based on two assumptions:
(1) that a certain degree of NIPTS could be tolerated if a
lifetime exposure produced no more than 10 dB of NIPTS at
frequencies up to 1000 Hz, 15 dB at 2000 Hz and 20 dB at
frequencies of 3000 Hz and above, and (2) that the NIPTS
would not exceed the TTS produced during a single day of
exposure. In view of this, the CHABA DRC should indicate
which noise patterns would produce 10 dB of TTS2 at
frequencies up to 1000 Hz, 15 dB at 2000 Hz and 20 dB at
frequencies above 3000 Hz.

There was enough empirical data on TTS from single
uninterrupted exposures to construct curves which indicate
bermissible duration fér a single exposure to various levels
of octave band noisé. The resulting criterion indicated,
for example that an 8 hour, exposure of 85 dB sound
bPressure level with octave band centered at 1000 Hz or
above, was as damaging as 100 dB sound level from 50 to
100 Hz. This lesser noxiousness of low frequency noise
Was even more pronounced for shorter duration exposures.

It is as desirable to have 15 minutes of exposure at 125 dB
between 150 and 300 Haz.

Ward illustrated that the period of recovery is
Mmore complex than previously assumed: a worker exposed to
100 dB noise for 17 minutes produces a TTS, of 15 dB which
requires 420 minutes for recovery. By leaving this

®nvironment for 30 minutes, he retains 7.5 dB of TTS.
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At this point if he enters a 90 dB environment, his 7.5

dB residual is the equivalent of a TTS, that would have
Peen produced in 13 minutes at 90 dB. Now if he remains
for 17 minutes, his total exposure becomes 13 + 17 = 30
minutes. This produces a total TT82 of about 11 dB for
which the general recovery would require about 200 minutes.
The end result was a reduction of the recovery period from
7 hours to 3% hours by a second exposure to noise. This
clearly suggests that the process of recovery is 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 repeatedly exposed.

In summary Ward concluded: (1) the CHABA DRC for
continuous and intermittent noise with burst duration of
less than 5 minutes does restrict the average T'I‘S2 after
8 hours exposure to 10 dB 1000 Hz or below, 15 dB at 2000
and 20 dB at 3000 Hz or above. (2) a TTS produced by noise
with longer bursts will sometimes exceed these values.,
Therefore recovery from a given TTS, is not independent
of how it was produced. (3) TTS, is not a valid risk
indicator for intermittent exposure to 105 dB (1400 -

2000 Hz) noise which produces 15 dB of TTS, since full

2

recovery‘may require 16 hours. Instead TTS or TTS

30 100

should be used,
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2.4 Helmet Attenuation Properties

When the United States Department of Agriculture
(USDA) Forest Service, San Dimas, California expressed
concern about damage to the hearing of forest service
employees who used snowmobiles and motorcycles, an invest-
igation was done by R. Harrison (10) to determine the amount
of hearing protection provided by commercially available
helmets under actual running conditions.

Sixteen helmets made by four different manufacturers
were tested. These had fiberglass reinforced polyester
shells with resilient and nonresilient inserts 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
feet was utilized. A % inch B & K microphone fitted with a
brobe tube was fastened near the rider’s‘ear with a record-
ing device‘bn the rider's back. The A-weighted sound
_level and 1/3-octave frequency spectrum were obtained.

Harrison found that wind noise was important when
no helmet was worn. Below 40 mph the engine noise predom-
inated, while at 50 mph there was likely more wind noise
interference. The extremity'of variation for repeated runs
Was only 5 dBA. Typical run to run variation was only 2
dBA for all speeds. Rider to rider differences were
negligible and tightness of fit made little difference in
the noise received by the test rider. He concluded that

Motoreycle helmets do not function as hearing protectors.
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He attributed this to a limited selection of helmet
sizes and also to the fact that helmets were just not
designed to be hearing protectors.

2.5 General Types of Motor Vehicle Noise

Most local noise sources contribute noise that is
of relatively short duration compared to contributions
made by motor vehicles. Lawn mowers and air conditioners
only raise ambient levels locally. Intense sources such as
trains and aircraft effect noise over a wider area but still
only intermittently.

Motor vehicles account for steady ambient noise
levels in urban areas and they can be treated statisti;ally
because of their large numbers. In a study by Olson (17)
vehicles were charadterized as follows: passenger cars,
light, medium and heavy trucks, tractor trailers, buses,
cement mixer trucks and motorcycles. The sound level of the
‘average vehicle increases with speed and weight. The
degree of increase was found to be as follows for speed
changes from about 35 mph to about 65 mph: 8.5 dBA for
passenger cars, 9.5 dBA for trucks and buses, 7 dBA for
tractor trailers and 12 dBA for motorcycles. The octave
band spectra of 4 motorcycles indicated dependance of
level on parameters such as type and size of engine,
muffler configuration and throttle setting.

2.5.1 Motorcycle Noise

Motorcycles are a completely different category on

the basis of weight comparison since they have sound levels
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comparable to heavy trucks and tractor trailers (17).

The engine is practically the sole source. .Tire to road
interaction results in relatively little noise. ‘Throttle
setting appears to be the most important parameter rather
than engine speed or road speed. Full throttle operation
results in maximum noise regafdless of engine speed, road
speed, or the gear in which the transmission‘is operating.
Typical values range from under 80 to 95 dBA. Removing the
baffle from the muffler results in higher noise output

at frequencies below 250 Hz and little change at higher
frequencies. The addition of a resonator to the end of the
exhaust pipe, which was tuned to frequencies above 1000 Hgz,
resulted in attenuation of low frequency.noise while
frequencies from 500 to 1000 Hz were enhanced.

It is interesting to note that a larger L cycle
engine was the quietest vehicle while a smaller single
¢ylinder, 2-stroke engine produced a dramatic increase in
level with increase in throttle at the fundamental firing
frequency. Full throttle sound was similar for both loaded
and unloaded (neutral) operation of engines.

2.5.2 Silencing Motorcycles

Attempts to improVe silencing techniques have been
Successful. Roe (20) succeeded in reducing the noise
output of a 750 cc Norton motorcycle from 98 dBA to 86 dBA
under European test conditions without significant loss of

bower, He found that the principal sources of noise were
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exhaust, induction and mechanical noise. Induction noise
was reduced 12 dBA by using a damped cavity side resonator.
Exhaust hoise was reduced by 20 dBA with a new silencing
Principle.

When silencing motorcycles it is important to do
so without significantly reducing the power to weight ratio.
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 silehcing in motorcycles. Consider-
ations for this should be made in the design stages.

The European test calls for full throttle acceler-
ation from 50 KPH in second gear for 20 meters. The
microphone must be 7.5 meters from the runway and 1.2
meters above the ground. The current limit in Europe is

86 dBA while the West German limit is 84 dBA.
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CHAPTER IIT

INSTRUMENTATION
3.1 The Ear Bug

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, a 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 freéuency response from 3 Hz
to 8000 Hz. The microphohe is encased in an aluminum
container and may be positioned within the concha of the
ear with a wire clip which fits around the ear (see Figure
F22). The cable is long enough to permit head movement
with and without the helmet on as well as general body
movement required in the operation 6f the vehicle. The
attenuator provides impedance matching with the recording
device. It consists basically of 2 resistors which are
Tesponsible for approximately locating~fhe dynamic range of
the ear bug system. The recorder is a Sony TC55 cassette
tape recorder measuring 38 mm by 98 mm by 148 mm. It weighs
850 grams and the frequency response is flat from 90 Hz to
10,000 Hz. The recorder is modified to couple it with the

attenuator and A-weighting of the input signal is provided.
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Figures F5 and F6 show the frequency and dynamic chapacter-
istics of a typical device, respectively. The criterion
used for the recording equipment was A-weighting as
specified by ANSI Standard S1.4 - 1971, with tolerances
allowed for a type II sound level meter. . The ear bug was
calibrated with a B & K 4230 sound level calibrator.

3.2 Data Acquisition Equipment

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: provides a signal boost

in the line feeding the measuring amplifier.

3. B & K 2607 measuring amplifier: provides

accurate sound level measurement and also attenuates or
amplified a signal while weighing it to A, B, C or D
characteristics.

L, B & K 1022 beat freguency oscillator: provides

Pure tone signals from 20 to 10,000 Hz for frequency response

Studies of recording devices.

5. B & K 2307 graphic level recorder: provides

recordings of sound pressure level with respect to time.

6. B & K 125 spectrum- shaper: modifies a signal

by providing individual frequency band attenuation.

7. B & K 1405 noise generator: provides pink noise

. - — - — o —— — — ——— — —— ——————

8. B & K 2706 power amplifier: amplifies pink noise

and pure tone signals.
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13. Metrosonics db-601 Sound Level Analyzer: for

evaluation of recordings to provide Leq and statistical data.

3.3 Auxiliary Equipment

1. ‘Motorcycles: selection was to include popular

vehicles in use as well as provide a wide range of sizes:

a) Kawasaki (Kz 650, 1977); L-stroke, 4-

Cylinder.

p) Kawasaki (Kz 400, 1977); b4-stroke, 2-
Cylinder.

c) Kawasaki (KH 400, 1977); 2-stroke, 3-
Cylihder.

d) Kawasaki (Kz 200,Ui977); L-stroke, 1l-
Cylinder. |

e) Honda (360cc, 1975); 4-stroke, 2-cylinder

f) Honda (175cc, 1975); U-stroke, l-cylinder,
dirt vike.

2. Test Stand: a large Kawasaki frame was welded
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to a suitable stand for use in the semi-anechoic chamber.
It consisted of handlebars, gas tank and seat. A pivoting
arm was attached to the frame to hold the reference
microphone at the centre of the head position (CH) of each
subject (see Figure F20).

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

L, Visors: the flat clear acrylic type which fastens

to the hemet was used (Innov Model 500).

5. Semi-anechoic_chamber: the dimensions were
4.9 meters wide by 4.9 meters high by 8.5 meters long. The
walls and ceiling were lined with fiberglass wedges 56 cm
high by 20 cm at the base and 61 cm long: The floor was
Smooth concfete. The cutoff frequency was 150 Hz (less than

1% reflection above 150 Hz) and the ambient sound level was

30 .dB (see Figures F2, F3, and‘Fl9)-
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CHAPTER IV

PROCEDURE

4.1 The Semi-Anechoic Chamber

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

4.1.1 Noise Incidence Angle

To study the influence of angle of inéidence, the
equipment was arranged as shown in Figures F2 and F3. Noise
was generated by loudspeakers instead of using actual vehicle
noise. This was done to eliminate the irregularities
associated with the real noise and for control over the
level. Subjects were seated on a test stand during the
testing. The type of noisé could thus be varied as well as
the direction from which it was generated. The speakers ‘
were located to provide a simulation of actual motorcycle
noise since the noise was produced at the approximate
location of the major sources.: Front and rear tire noise
were simulated by speakers on the floor, at the right of
the stand, facing upward (no. 39 and no. 41, respectively).
For exhaust noise a speaker was placed, again on the floor
facing upward, but at the rear of the frame ( no. 42).

A fourth speaker was placed in the same manner on the left
Slde for chain and transmission noise (no. 40). A fifth

Sbeaker was placed at eye level facing the subjecf to simulate
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wind noise (no. 38). The speakers on the floor were supported
on foam to isolate vibrations.,

Prior to testing, the location of the centre of each
subject's head (CH) was determined.It was at .this location
that the reference microphone was placed for adjusting the noise
as required. It also provided a reférence point for noise
measurement which could be compared'to the at-ear noisé level.
The reference sound level was 75 dBA for all recordings. For
the speakers,on the floor the reference microphone was
positioned with the diaphram at the CH position and facing
vertically down (see Figures F19 and F20). For the speaker
at eye level the reference microphone was located with the
diaphram at the CH position and facing horizontally forward.
The sound level wasAset from without the chamber with no
one inside. When the level was properly adjusted the subject
entered the chamber and proceeded. First a calibration
Signai was put on the tape and then the subject arranged
the head and eye protection according to a set procedure
(see section 4.1.4). In performing the test, each subject
aSéumed a natural riding posture (see Figure F21). 1In
order to resume the samé riding posiéioh for all tests the
Subjects were to lock elbows while gripping the handles
and sight through a V-notch below the frontal speaker to
2 target with personal markings, some distance beyond
(see Figure F23). By this method subjects could position

themselves to within one inch of the original CH location.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



31

Recordings were made without interruption for all the
arrangements of head and eye protection with one speaker and
for one particular noise. Subjects marked the tape at
suitable locations by calling "open" and "close" at the
beginning and end of a recording respectively. The test
portion of the recordings were about 15 seconds long. In
all recordings and for all subjécts the ear ﬁug was worn
with the microphone in the right ear.

4.,1.2 Noise Generation Within the Chamber

Loudspeaker generated noise was used in the semi-
anechoic chamber instead of real motorcycle noise because
of the inconsistencies associated with the latter. The
noise produced by motorcycles varies considerably with time
because of uneven cémbustion énd the inability to adequately
fix the throttle. Loudspeaker noise was more convenient as
Well as more practical. There was no need to start the
éngine each time a test was done, the sound level could be
adjusted to a desired level without anyone in the éhaﬁber and
it eliminated many of the difficulties associated with véhicle
operation. In selecting the type of noise to generate in
the speakers, a study of motorcycle noise recorded at the
OPerator's ear was done for several vehicles and at SOme of
The speeds used in the field tests. By examination of the
frecluency spectrum of these noises, it was found that the
Predominant peaks for all the noises occured in 3 regions.

The centre band frequency of each.region was obtained and
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a pure tone was generated at each of these. In addition
a broadband noise was required because of the nature of
wind noise. Thus four noises were used, which included
three pure tones of 160 Hz, 250 Hz and 500 Hz as well as
pink noise, It was felt that although these could not be
exact representations of the real noise, they would provide
a more consistent means of studying the influence of a
variety of parameters while containing some of the char-
acteristics 6f thé real noise.

The pure tones wefe generéted by an oscillator and
amplified prior to being fed to a loudspeaker. It was
thus possible to produce the required sound level of 75
dBA at the CH location of the subject, as measured by the
reference microphone. Pink noise was generated by feeding
& signal from a pink noise generator. All sound generation
and monitoring equipment was located outside the chamber in
an adjoining room. A secondary microphone monitored the
Subject's voice. Here the signal was shaped to eliminate
the noise generated while permitting enough of the
Subjéct's voice spectrum to be transmitted so that the
Subject's progress could be followed from the control room.

4.1,3 Subject Variation Within the Chamber

Six subjects were available for tésting in the semi-
anechoic chamber (see Figure F17). It was necessary to
investigate the influence of body height and size on the
Sound level at the concha but there were also differences

in ear shape and size as well as posture which might
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influence the sound reaching the eardrum. Four male subjects
and two female subjects were selected to provide a wide

range of sizes and body shapes. The physicai characteristics
appear in Table Tl1ll. A wire clip which held the microphone

in place within the concha was shaped to suit each wearer's
ear size and contour. This permitted relatively consistent
Placement of the microphone. Such placement required that

the microphone diaphram be perpendicular to an axis through
its centre which extended from between the tragus and anti-
tragus of the ear, to the upper rear portion of the cavum |
of the concha. The CH positions for all the subjects with
respect to the floor and frontal speaker, appear in Figure

F4, The markings show that individual posture when seated
caused the CH to change out of proportion with height although
the overall trend is the same for both standing and seated
Positions. It can be seen in Figure F4 that the tallest ‘
Subject (D) is highest above the ground and furthest from

the front speaker while the shortest subject is lowest and
closest, respectively. The markings of Figure F4 mirror

those of Figure F23. In the plan view of Figure Fk,

however, the CH of all the subjects apﬁears‘to be on the

right side of the centre line running through speaker no. 38.
’This does not actually indicate that all subjects had a
Consistent lean to the right but that the test frame was
Slightly to the left of the'centre—line. Also in the
Photograph of Figure Fl17, it appears that subject "A" is
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as tall as subject "C" which 1s not the case as can be
verified from Table T1l. In the photograph subject "A"

is actually standing on a board covering an opening in the
cement which accounts for a few inches.

4,1.4 Variation of Head and Eve Protection YWithin the Chamber,

The helmets used in this study were similar to those
used by Harrison (10). They were of fiberglass reinforced
shells with resilient energy absorbing inserts in the lining.
The eye protection was a flat shield. Four sizes of helmets

were available, .including small, medium, large and extra-

CRET TTR Y v e

large. Each subject had a helmet which was designated as

his or her "best-fit-helmet" (BFH). This was determined by
the subject and was based on comfort of fit (see Table T1i1l a
for details). All four helmet sizes were included in the set
of tests done in the chamber so that the effects of both
tight and loose fitting helmets could be examined. Rearrange- |
ment of the head protection was possible without disrupting
The ear bug microphone significantly. The eye protection
could be attached without removing the helmet but it was {
genefally easier and quicker to do so. The testing consisted

Of one set of 9 different arrangements to be done by each

Subject, with each noise from each speaker. The 9 '

arrangements included recording first without a helmet (NH)
Then with a helmet only (HO) and finally with a helmet and

Visor (HV). One set of recordings could be made in less than

A A T T A B S e L A e

10 minutes. Only one set was performed at a time. The
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subjects rotated continually until ail combinations had
been done., Details of the arrangements and combinations
appear in Table T1. i
It should be noted that size progression from small
to extra-large was not consistent. The sizes small, medium
and large were used by subject A, B, C and D during field
testing and had also been used prior to this. The lining
in these was noticeably combressed while that of the extra-

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

the extra-large helmet fit almost as tightly as the medium
helmet and the results reflect a discrepancy accordingly. , i

) Field Testing

In addition to the testihg done in the semieaﬂechoic
chamber and; in fact, prior to it,'testing was done on
motorcycles in the field. -Four subjects were involved in )
this part of the study. Six vehicles were used with the ' ]
Subjects performing a series of 37 test runs on each., The
three head-eye protection arrangements were used including ‘ 3
NH, HO and HV although NH was restricted to low speed runs. |

~Two riding positions were examined. In addition some

recordings were made on the highway for extended duration

and some auxiliary recordings were made to study specific

aAreag,

L.2.1 Vehicle Selection

The motorcycles ranged from 175 cc to 650 cc in

displacement and included both 4-cycle and 2-cycle engines.
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Four vehicles were new' at the time .of testing while 2 were
used (2 years -0ld). Five vehicles'were road bikes and the
sixth was a dirt bike. There was no fairing on the vehicles
 for drag reduction. |

"4,2.2 Field Operating Parameters

The testing was to provide the sound‘level produced
at the operator's ear for the majority of operating conditions
with variations in 3 areas including;vehicle‘speed, engine
RPM and the géar selected. In addition to these parameters
the ‘head-eye protection was varied and 2 positions were used.
Each area was designated as a group of tests according to the
controlling parameters. The first group was the vehicle
speed or QKPH" set of recordings. Here Q speeds were used:
35,‘50, 65, and 80 KPH. Each speed was used for both
upright and down positionsw(see Figure F24) first without
vVisor on the helmet (HO) and then with the visor (HV) makiﬁg
this the largest group. These test runs are numbered 1 to
16 in ‘Table T2. Since the control parameter was KPH, the
engine_RPM varied from vehicle to vehicle and could not be
entered in the heading of Table T2. A separate table is
included to provide KPH and RPM for all runs (see Table TBS8).
The gear selected for each test is indicated in the table
heading. In the second group of tests the gear selected
Was the main concern and as a second control the RPM was
set at 4000 RPM, Thus the KPH which varied from vehicle to

Vehicle, was not entered in the table heading., Here the
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tests included only the upright position but the two eye-
protection conditions were used, i.e., with and without
visor. All 5 forward gears were included. These runs
number 17 to 26 and involve 5 runs in each of the 2
categories. The third group was the engine speed or "RPM"
recordings, with magnitudes of 3000, 4000 and 5000 RPM,
all in first gear. Again the vehicle speed or KPH varied
from vehicle to vehicle and is not included in the table
heading. Thé runs numbered 27 to 35 cover this group in 3
sections, one for each of the head-eye protection arrange-
ments (NH, HO and HV). Only the upright 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 direction, then again in
the opposite direction to average out external influences‘
such as wind and grade.

The test site was an empty parking lot approximately
9125 Km long with no reflecting surfaces within 10 meters
of the runway on either side. The surface was smooth,
rEIAtively level pavement. Testing was reserved for days
Where a local wind measurement indicaféd less than 12 knots
(see Table T2), with clear, dry weather. Ambient background
Noise was more than 10 dBA below the lowest levels encountered
at the ear while testing. Subjects made the test runs
individually to eliminate interference from each other since

four vehicles were being tested simultaneously. The recordings
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were obtained as described for the semi-anechoic chamber,
The duration of a single test was about 1 minute long,
although only about 10 to 20 seconds of tape was ?t test
speed. The recorder was started prior to testing and when
test speed was attained the subject called out "open",
waited 10 seconds and called "close", then decelerated and
cleared the runway for the next subject testing. The test
was then repeated in the opposite direction.

4.,2.3 Highway Testing

Another part of the field testing was done on a 2-lane
highway, running east-west, where the speed limit was 80 KPH
and there was light-medium traffic. Runs were made with and
without visor and are numbered 36 and 37, respectively
(Table T2). The teét was performed at 80 KPH in fifth gear
for a duration of 27 minutes. Once again this was carried
out in both directions. The subjects did this test in a
group so that driving conditions and exposure to noise from
local traffic would be similar for all four subjects on any
given day. The group was, however, spread out enough to
Prevent interference from eacﬁ other.

4.2.4 Auxiliary Testing

This was done to obtain a comparison of recordings
Made inside the semi-anechoic chamber with those made outside
and in addition, to compare statioﬁary testing versus moving
Tests on the thicles.

The equipment from the semi-anecholc chamber was set

Re v . - . .
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up outside with a motorcycle in place of the test stand and

a loudspeaker positioned on the ground at the location of

the exhaust outlet.(speaker no. 42). This was to 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 eiiminate some of the noise

from actual vehicle operation and thus isolate the remaining

ones. By operating the vehicle in neutral while raised on

the stand the noises from tire to road interaction, 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 included: CH, NH, HO and HV (see Table TB3). Two

sSub jects and two vehicles were used in this part of the

testing. Climatic conditions were similar to those in

section 4.2.2.

4.3 Method of Analvysis

. A1l the recofdings made in the field and in the semi-
anechoic chamber wére analysed essentially in the same way.
A graphic level recorder was used to obtain sound level
Variation with time. After setting the calibration signal
On a suitable reference mark the sound level of each run
Could be determined with respect to it. These were‘tabulated

for further analysis involving curvifitting by computer.
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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 section was sometimes too
short, 16 ensembles were used. The range of the frequency
Spectrum was 5000 Hz., Details of equipment sensitivity set-
tings appear in Appendix A. Highway recordings were analysed
with a Metrosonics unit which provided values of Leq directly

and L.~

as well as Ll’ LlO’ L50 90
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CHAPTER V

DISCUSSION OF RESULTS

5.1 Results from the Semi-Anechoic Chamber

5.1.1 Based on Sound Level

The results of the semi-anechoic chamber testing
appear in Table T1. These are the sound levels of each
recording made. In the column headings are 4 sub-headings
for the noise used while the main headings designate |
Subjects. Speakers are found in the main headings of each
row with sub-headings for NH, HO and HV. Where the helmet
is used, 4 sizes are included.

The sound levels appearing in Table no. Tl represent
the sound level measured at the subject's ear under various
conditions when noise generated via the speaker is set to a
level of 75 dBA at the CH position for the specific subject.

By examining Table T1 it can be seen that the largest
amplifications occur when no helmet‘is used (NH) with the
avefage increase being‘about 7 dBA for the 250 Hz and 500 Hgz
Dure tones and pink noise with sound f;om tﬁe frontal speakers
38 and 39. The 160 Hz pure tone undergoes less amplification.
For the side and rear speakers less amplification takes place.
Here the low frequency is seen to be attenuated rather than
amplified. The amplification provided by the ear is seen to

be reduced when the noise comes from behind even when no
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helmet is worn. This is a result of the forward facing
construction of the pinna flange. Also for NH the 160 Hgz
Pure tone is poorly réceived suggesting a lower limit +to
the frequency of sound which is effectively amplified by
the ear. When a helmet is used the size does not appear to
influence the results significantly, as far as the sound level
goes, since there are no trends in going from small to exfra—
large. In.fact the variation in sound level is only about
0.5 for each speaker and about 2 to 3 dBA between subjects.
The use of a visor does not dramatically reduce sound level
at the ear. Majbr differences occur when the noise direction
is changed from front to rear and the frequency of the noise
'1s altered. The 500 Hz pure tones receives the greatest
amplification in most instances as does pink noise when no
helmet is used. The attenuation of broadband noise is seen
to be significant when a.helmet is used but again the visor
contributes 1little. In some cases the visor actually results
in higher levels than with helmet only (HO). With helmet (HO)
Pink'noise is attenuated by 7 to 13 dBA. The visor (HV) can
reduce noise by an additional 5 dBA but it also results in
amplification over HO conditions by as much as 7 dBA for pink
Noise.

The predominant nature of the 500 Hz pure tone could
be attributed to resonance within the cavity between the
head and inner surface of the helmet because it is lower

When no helmet (NH) is used. Since it is still there for
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(NH) it does however suggest that other mechanisms are
also at play.. It appears there is a gradual increase in
amplification of the sound level with frequency in both
cases of NH and HO with a noticeable decrease for broadband
noise: The level resulting from broadband noise falls between
the levels resulting from the 160 Hz and 250 Hz pure tones.
Subject size and characteristics do not reveal any
specific trends in Table Tllsince the results fér subject
E, who is the smallest, are within 2 to 4 dBA of those for
D, the tallest person. The maximum variation is of this
order with most differences being below 2 dBA.
In Figure F13 the difference between NH and Hb can
be seen based on the results in Table T1. HV is also
plotted. Polar plofs are included for each subject and in
addition the results of NH for all subjects appear in F1l3L.

5,1.2 Freguency Spectrumi% - octave)

The frequency of a noilse affects the ability to
DPenetrate the helmet and to be amplified by the ear.

5.1,2.1 TIncidence Angle

A study by Shaw (22) showed the effect of
frequency on angle ‘of incidence. His results were based on
Dure tones of specific frequencies at different angles of
azimuth. These 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. Shaw includes a synthesis
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of data obtained by numerous researchers for a wide range

of incidence angles in the azimuthal plane with a probe
microphone located at the ear éanal entrance. He points

out that there is a substantial measure of agreement among
the various studies but also that there are numerous
discrepancies greater than expected which are attributed

to differenceé in experimental conditions. In this study
the experimental conditions are very different, yet there

is still reasonable agreement‘with Shaw, Firstly, four of
thé five sources have been dropped from the azimuthal plane
.%o the floor. Secondly, distinct frequencies were not
Obtained by playing pure tones but by drawing from a
frequency analysis of broadband noise. The comparison is
made in Figure F9. At 300, 500 and 1000 Hz there is good
agreement although relatively few data points were available.
The results differ at the 1600 and 2500 Hz frequencies but
More data might show better trends here. Also at the higher
frequencies there could be a breakdown of reliability in the
‘Use Qf % - octave centre-band frequencies. There may be
Some inter-band influence resulting from the use of broad-
band noise that would not exist if pure tones were used.

5,1,2.2 Transfer Function ( ¢ -group)

The study of transfer function and helmet attenu-
a%tion includes comparisons of speakers, subjects and helmet
Size, Comparisons involving inside-outside, speaker-vehicle

and stationary-moving data are also included in Appendix B.
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In these and other figures involving the study of % - octave
analysis thefe are 3 categories. The first is called the

a -group. This one involves the transfer function from CH
to the concha and may be thained by subtfacting NH-CH
values of sound level at corresponding centre-band
frequencies for pink noise. The range of centre Band
frequenéies extends from 125 Hz to 2500 Hz. Figures which
fall into this category have been subscripted "a". If the
sound level at the concha is larger than at the CH position
the plot of an a -curve will go above the horizontal reference
line. If it is less the curve will be below.

Thé second category involves the deviation in sound
level solely at the concha under two conditions of headgear
The group is designéted the f-group and the values obtained
from HO-NH. This yields the attenuation properties of thg
helmet without visor. Again the sound level at each centre-
band frequency of pink noise is used ranging from 125 Hz %o
2500 Hz.

“The third category is the ¥ -group and involves NV-NH
values which provide helmet attenuation with visor. These
Comparisons involve Figures F1l4 to F1l6 inclusive and FB1l to
FB3 inclusive. Figures are subscripted according to category

Examination of Figure F14,4 reveals that at low
frequencies the transfer function is in the region of 1 to
5 dBA with significant crossing of curves for specific

SPeakers. As the frequency increases some trends begin to
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appear. The most obvious is the path followed by‘speaker

40 since it dips below the 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 levels of amplification are attained
for the frontal speaker no. 38. There is a slight hump in
the curves at about 600 or 700 Hz indicating possible reson-
ance at this point. Resonance resulting here would be a func-
tion of body baffle and ear structure since no helmet is
involved.

In Figure Fl5, sﬁbjeéts are compared. Here only one
Speaker is used (no. 41) and each subject has a best-fit-
helmet (BFHj. A similar pattern appears with little spread
at low frequencies and increasing towards the high end. Again
& hump appears at about 700 Hz. The response of subject B
Seems greatest while' that of subject F follows along the
bottom of the group of data points. This does not reveal
dependence of transfer function upon subject size since the
©Xtremes in size do not corfespond to the extremes of transfer
Tunction. 1In fact the largest and smallest subjects (D and E,
respectively) both follow the same pattern which is at the
low end of the group initially and at the high end <towards
the upper-most frequencies., Comparison of the female subjects
Yield little as the two are at opposite extremes of the

groupings. A few dips’below CH are noticed at the low
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frequencies. As a result no significant trends are
indicated based on subjective parameters énd the transfer
function appears to be inaependent of subjective character-
istics.,

5.,1,2.3 - Helmet Attenuation (8 -group)

Figure F148 shows that attenuation resulting from
the helmet increases wifh frequency to a maximum of about 28
dBA at 2500 Hz for noise generated from speaker no. 39. Noise
from both frontal speakers receives the greatest attenuation,
since the noise level from the other sources is not as high
to start with, having been attenuated by body baffling effects.
It was not expected however that the noise produced by speaker
42 located at the rear-most extremity would receive the least
amount of attenuatién. At the higher frequencies even noise
from speaker 41, which is dimmediately below the right ear,
is subject to considerable attenuation. This leads to the
Cénclusion that since the helmet does not fit tightly at the
top of the neck whigh is necessary to allow for movement of
the‘head,-more penetration of noise results., On the other
hand the helmet projections down over the ears are extensive
enough to result in effective attenuation of noise 'generated
from directly below as in the case of speakér'hl. All this
applies to high frequency noise, however, which is not of
Prime interest in view of the nature of motorcycle noise
(predominaptiy low frequency). At the low frequency end of

the spectrum the noise from all speakers is within 5 dBA of
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zero attenuation up to about 400 Hz and noise from speaker
41 receives less attenuation suggesting the more effective
Penetration of low frequency noise from below.

Figure Fl15g3 compares the attenuation for each subject.
Again there is a relatively close cluster of data points
with little attenuation at low frequency up to about 500 Hgz,
increasing to a maximum of about 33 dBA for subject D. Here
attenuation is proportional to size, with the greatest amount
for the largest subject and least amount for the smallest
Subject. Only speaker'# L1l was used in this comparison,
thus sound was from below. The results of recordings made
by the femalevsubjects show a tendency towards less attenu-
ation with helmet in comparison to male subjects. This
could be attributed to the same influence resuliting from siie,
becauée both female subjects were in the medium to short range
(see Figure F17). On the other hand if the back of a woman's
head does have a certain unique curvature, then the lack of
attenuatipn could be attributed to an even greater gap
between helmet and neck permitting increased sound

Penetration from the rear.

In figure F158 it can be seen that there is some
amplification of noise when helmet only (HO) is used instead
0f no helmet (NH). This is difficult to account for since
resonance within the helmet cavity must be ruled out for low
frequency noise (i.e., at 200 Hz the wavelength of sound is

1.72 meters which is much greater than the helmet dimensions).
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The higher frequency components of the pink noise may
account for this effect to some extent.

Also the two tallest subjects do not experience the
same amplification of noise with HO. The formation of
standing waves would account for this in that the ears of
these taller individuals could be located at a quiet part
of the wave pattern. This ig feasible in view of the cutoff
frequency of the semi-anechoic chamber (less than 1% reflect-
ion above 150 Hz), however one would not expect the low
frequency reflections to produce standing waves of this
magnitude.

In Figure 168 the influence of helmet size is examined.
The sound level .at the concha is about the same for all sizes
of helmet used to within about 5 dBA from low frequency to
about 800 Hz. At this point a dramatic spread occurs with
the small helmet producing the most attenuation and the
large helmet the least. The extra-large helmet falls closer
to the results of the small helmet because as mentioned
Previously, the newer material of the resilient inserts caused
it to fit rather tightly. It suggests that size hés 1ittle
influence on low frequency noise and that at higher frequencies
attenuation is as would be anticipated.

5.1.2.4% Helmet Attenuation with Visor ( ¥ -group)

For this final group the visor was attached to the
helmet to study HV-NH. The trends are similar to those of

the g8 -group. Speaker to speaker comparisons yield no
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significant differences from that of the g -group. For
sub ject csmparison the same. low frequency amplification is
repeated but there is less attsnuation at the high end with
Qisor. This may suggestrthat the resonance effect is enhanced
by the addition of a visor which could result from increasing
the'size of the cavity between head and helmet.

Comparing the size of helmets here, there is a hump
in the curves at about 600 Hz and this appears to retard
the spread from size to size, over the results of the helmet
only group, until slightly higher frequencies. Data used in
the curves comparing helmet size was drawn from tests made
by subjest A while exposed to noise from speaker no. 38.

In conclusion the influence of helmet size. for frontal noise

appears to be minimal.

5.2 Results of Field Recordings

'5.2.1 Description of Tables

The results of the field testing are compiled in Table

T2. This includes the Leq obtained from the highway testing
(runs no. 36 and 37) although the discussion pertaining to
it is in Appendix B. Tabie T2 contains the data of all
Subjects and vehicles, as well as all the test parameters.
.?he test parameters are numbered 1 to 37. The rows are
~divided into vehicles with subdivisions showing date of
Tecording and wind velocity‘iﬁ knots. The table is divided

into 8 pages with 2 per subject.
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The results of Table T2 were processed by'computer to
Obtain the slope, zero intercept and correlation coefficient
of each group of runs. These are sepafated by the major
divisions of the column headings. The computer results appear
in Table T3 which is divided into 4 pages, one per subject.
The notation used in Table T3 is described on Table T3A.

The first 3 letteré represent the run category, the letter-
nNumber combination foilowing this are for sﬁbject and vehicle
respectively and the final 3 letters indicate use made of
Visor, helmet and position respectively. Furthermore in Table
T3 the calculation of slope was based on KPH as a common base
SO0 that conversion form RPM to KPH for each vehicle was
required in the case of RPM and GEAR runs where RPM is
designated in the table heading rather than KPH.

~When the results of Table T3 were available the fitted
curves were plotted along.with the original data points for
each group of runs. These appear in Table T4. This table
i1s divided as was Table T2 since it contains the same infor-

Mation from a different point of view.

5.2.2 Interpretation of Data

From Table T4 certain trends can be easily spotted.
The slope of the curves indicate the rate of increase in
Sound level as measured at the operator's ear, with the
Vehicle speed in KPH. The zero-intercept would reflect the

level at which the vehicle starts out at the lower speeds.
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A report is currently being prepared which examines the data
of Table Th.

The increase in slope of RPM runs as compared to KPH
runs indicate that engine noise varies more than a combination
of wind, chain, tire and engine noise for the same increase
in KPH when gear selection remains in first gear. The degree
of increase can also be seen. The important information
Obtained is the degree of increase in sound level for RPM
Tuns over KPH runs.

it suggests that comparing subject to subject curves
Vields very little since the changes are small. This perhaps
reflects the repeatability of testing more effectively than |

" influences of subject characteristics.

5.2.3 Description of Averaging Procedure (Field Data)

In order to compare the field data on a gquantitative
basig, groups of slope and zero—intercépt were averaged to
Obtain the predominant trend according to subject, vehicle
and‘operating conditions. The results appearing in Table T3
Were used to obtain the first averages which were designated
AVG1 and the slopes of these appear in Table TS5. These AVG1
Tesults were in turn averaged to yield the AVG, of slopes
@ppearing in Table T6. The AVG1 and AVG2 of zero-intercepts
aPpear in Tables T7 and T8 respectively. In Table T9 the

A , .
VGl of slope and zero-intercept for groups of runs in

dlfferent riding positions have been recorded.
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5.2.4 Results of Vehicle Comparison

Slopes and zero-intercepts were averaged to obtain AVGZ.
This provided a single curve characterizing each vehicle or
sub ject. FigurerFlo displays the curves resulting for each
vehicle. These agree with the expectations of the group.
The smallest vehicle, a 4-stroke, single cylinder, 175 cc,
dirt bike and a medium size 2-stroke, 3 cylinder, 400 cc
vehicle were the noisiest of the lot. The rate of increase
of noise is about equal for all vehicles. The early model
medium size vehicle (#2) and the later model 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
operation has the most obvious influence on noise level,
The open construction of the dirt bike may also contribute
to its higher noise levels by providing less baffling and,
having the source closer to the operator's ears while seated.
The medium size motorcycle with the 4-cycle engine (#4) |
was the preferred vehicle and it appears to have a more
nOﬁiceable reduction in the rate of increase although it
starts out slightly above +the three lowest vehicles. It is
however at the higher vehicle speed that the vehicles are
mostly operated thus a lower slope would be preferable. The
largest vehicle was remarkably guiet despite being much more
Powerful. The 4‘late model vehicles were dealér serviced to
reduce the likelihood of differences in performance based on

%mproper tuning. This was done at least twice during the
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3-month period in which the majority of the testing was

done. The early model vehicles (#1 and #2) were not

serviced by the dealer. The results of Figure F10 are based

on a plot of sound level versus vehicle speed. For the smaller
vehicles the engine RPM required to attain the same vehicle
speed was higher which may account for the position of the
vehicle #1 curve. This is however, contradicted by the
Position of the vehicle #3 curve which is second from the
bottom. This points to the fact that vehicle construction

must play an important role in the containment of engine

generated noise.

5.2.5 Results of Subject Comparison

In Figure F12 fhe curves produced by the AVG2 of slopes
and zero-intercepts show the relative positions of each
Subject's exposure produced by the motorcycles. Here there
are no significant differences. The slopes are very close
to each other. The zero-intercepts do not show consistent
trends since réception by the tallest (D) falls between that
of fhe two shortest subjects (A and B): At low speeds the
Medium height subject (C) detects higher levels on the
average. This is a significant observation because it is
& reflection of earlier findings. The riding position of
Subject C was distinctly different from that of the other
Subjects., This can be seen in Figure F25 which shows the

riding positions assumed by each subject during highway
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testing. These positions were essentially 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
nNatural riding position which may be attributed to his
earlier experience of operating a small moped-type vehicle
for a ﬁumber of years. Others were asked to assume this
bposition to see if it made any difference. No recordings
were made of this test since it was not one of the control
bParameters originally outlined for study. As a result the
increase in level cannot be reported on but it was agreed
that there was a subjéct perception of a significant
increase in the sound level produced at the ear when the
knees were spread. Two reasons are suggested for the
increase in sound level at the operator's ear when the knees
are spread. Firstly, the spread knees form a sort of scoop
which channels the air upward toward the face. Thus the
increaseqd turbulence at the face and around the head could
account for some of the increase in sound level at the ear,
Perhaps more importantly, however, is the second reason which
Proposes that with the knees spread, fhe engine noise is not
baffled as well and thus contributes to higher levels at the
€ar., Since it was found that the influence of engine noise
4Predominates over other sources, it is likely that this
reasoning bears moré weight.

It could be concluded from this that subject posture is
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more important than size and weight. More specifically,
the noise received by an operétor's.ear may be enhancéd if
any exaggerated positions such as that of subject C is
assumed.

5.2.6 Results of Position Comparison

Figure F12 shows plots of curves obtained from %he data
of Table T9, which contains the average of slopes and zero-
intercepts for the groups of runs made in the field where
upright versus down positions were used (see Figure F24).

The curves are in very close proximity to each other
Suggesting littlg influence from change of position. The no-
Visor, with-helmet, down-position (NYD), is comparable to the
With-visor, with-helmet, down-position (YYD) for highest |
€Xposure levels. The effect of being in the down position
Puts the subject's ears closer t¢ the engine although it
may eliminate some of the noise resulting from wind. The
Tesult is in keeping with earlier observations that engine
noise predominates as the noise source. It is perhaps a
Poor comparison because for the test speeds used where
Position was varied, the wind generated noise may have been
less significant even in the upright position. The spread
for the curves of Figure F12 is indeed small but the relative
POsition of each is in order. Slightly more noise is
Perceived at the ear when in the down position than in the

‘Upright position.
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CHAPTER VI
CONCLUSIONS

6.1 Semi-Anechoic Chamber

Frontally incident noise is effectively amplified by
as much as 5 to 7 dBA from the centre of head to the concha
under no-helmet conditions. Low frequency pure tones of
160 Hz are amplified to a lesser extent than pure tones of
250 or 500 Hgz. |

Helmet fit does not appear to significantly reduce the
Sound pressure measured at/the ear but the sizes of commer-
cially available helmets may not offer sufficient variation
for the wide range of head shapes and sizes.

Visors do little to further reduce the sound level at
the ear. In some cases the noise is reduced by 1 or 2 dB
from the helmet-only condition but in many instances the
levels are increased from helmet-only conditions suggesting
that resonance may occur in the cavity formed within the
helmet.,

The influence of the helmet and visor with respect to
the direction of incident sound is to attenuate noise from
th? sides more effectively than from the front or rear. The
higher penetration of noise from the front and rear is

attributed to a poorer fit between the head and helmet in

these directions.
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The size and characteristics of an individual have
little influence on noise level at the ear of a motorcycle
operator. A study of % - octave frequency spectra shows that
some difference may exist between the reception by subjects
of engine generated noise depending on the distance of the
individual's centre of head above the ground. There is
significant difference in the attenuation of noise witﬁ a
helme+t, depending on the height of the operator.

The effect of having sources of noise at various
angles of incidence in a plane slightly above floor level
instead of having the sources at various angles in the
azimuthal plane is relatively small for frequencies below
1000 Hgz.

6.2 TField Recording§

Larger vehicles do not necessarily produce more noise
at the operator's ear but the operating cycle of an enginé
has significant influence with 2-cycle engines producing the
highest operator exposures.

A change in the vehicle operating position from the
upright position where the torso is essentially vertical
to the down'position where the torso ébproaches the
horizontal position and the face is shielded slightly from
wind by the handle bars, does not result in significant
difference in the noise level at the operator's ear. A
Change'in the position of the operator's legs, however,

from close to the cas tank to slightly away from the gas
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tank, results in a significant increase in exposure to the
operator. -

Operating a vehicle on the highwéy at higher speeds
(i.e. 80 KPH) results in operator eiposure which is
independent of subject size and vehicle size because at this

speed the predominant source is wind noise.
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CHAPTER VII
REC OMMENDATIONS

In research where noise measurement is being made
outside there is the ever present threat of discrepancy
resﬁlting because of wind noise which cannot be anticipated.
An approach to this which would reduce the uncertainty
associated with noise measurément under windy conditions
would be to continuously monitor the wind velocity component
of interest. Thus any increases in noise level coinciding
with wind gusts could be eliminated or adjusted according
to a previously obtained set of relations.

A study of the influence which clothing has on operator
exposure may yield some interesting results by altering the
baffle effect of the operator's body. ‘

A closer investigation of the influence of operator
Position on sound level produced at the operator's ear
Should be made. More detall of the mechanism involved in
going from the vertical position (upright) to the horizontal
Position (down) is required in order to understand why there
iS'essentially no change in sound pressure. In addition to
this the degree of increase in sound pressure when the legs
are sﬁread apart would be of interest.

Helmet fit should be examined using a wider range of

Sizes since head sizes vary to a greater extent than the sizes
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of commercially available helmets. It may be that individual
tailoring is required for an effective seal at the back of
the helmet.

More work is required to learn how to effectively
isolate specific sources of motorcycle noise in order to

determine the relative level of each.

An investigation should be made to determine the effects
of the noise levels obtained herein, on the operator's hearing

ability. Application of Botsford's method (1) could be made.
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FIGURE F1- Schematic diagram of the human ear.
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(plan view)

FIGURE F2- Schematic diagram of semi-anechoic chamber .
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FIGURE F22 - Photographs of subject ears with ear bug mounted.
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KPH

)0 VISOR / UPRIGHT I VISOR / UPRIGT lm VISCR / DOWN

VISOR '/ DOWN
[Ldlels RN 1 2 3 i {5 [ 7 [ 9 -J10 11 12 13 14 15 16
AETIT & LAk 35 ]S " [l 80§ 3> 54 [} 30 33 il 63 80 35 SU ) BT
GER 3 LS 5 7 Y J > z 3 ] > 1 3 J 3
DATE RN - - - - - - - - - - - - - - - -
78-06-21
78-06-16 82.5 |83.0 §87.5|90.0] 84.5 |85.5 {83.5190.0] 84.5§85.5 | 91.5{ 93.5%84.5 |87.0 }88.5 [93.0
78-06-13 VEH
78-06-09 il 80.0 |82.0 [85.0)90.5884.0 |82.5]87.0]91.0} 83.5|86.5 } 88.5] 95.0}] 80.0 {85.0] 87.5 |93.0
18-06-08 175¢cc 82,0 185.5 |87.5]92.5 : ) 84.0
1o :
4 ST
78-06-21 71.5 |75.0 ]80.5 82,08 74.5 §76.5 }80.0}86.0} 75.5|76.5 | 80.0} 83.04 75.0 | 76.5 ] 83.0 |85.5
78-06-19
VEH
12
360ce
2 CYL
45T
) -
77-08-251 4-8 78,0 179.5 {84.0 77.0 }79.5 | 82.5 76.5179.5 | 84.0. 77.0] 80.5 88.0
77-08-23¢ 4-8 87.0 : 88.0 89.0 90.0
77-08-18} 1-2 | VEH
77-08-16| 0-2 3
77-07-25| 8-10 { 200cc
77-07-22| 7-11 | 1 OYL
77-07-20) 5-6 4 ST 79.5 }82.0 |86.0 71.0 |74.0176.5 81.0 }84,0 | 87.5 71.0]74,0] 77,0
77-07-18) 0-2 78.0 }79.0 | 82.5 79.0 §81.5 | 83.0
77-08-25} 4-8 89.0
17-08-23] 4-8 . 89,0 87.0 88.5 88.5
77-08-15§ 0-3 | VM’ . .
77-08-021 4-§ " 75.5% . 72,0) 75.0] 79.0
77-07-211 7-9 400cc 87.5 91.5 86.0 46.0
77-07-20} 5-6 2 CYL s . .
77-07-15] S$-6 4 ST 79.0 | 82.0 | 83.0 79.0 {82.0 | 81.0 77.5682.0 | 84.0 83.01 83.01 36.0
77-08-25] 4-8 85.5 38.0 |89.0
77-08-231 4-8 84.0 ] 87.5 86.0 87.0 82.5 [90.0
77-08-19] 3-4 | vai
17-07-28§ 0 L
17-07-26| 5-8 | 400cc
77-07-214 7-9 3 CYL .
17-07-141 5-6 28T 83.0 | 84.0 83.0 [86.0 189.0 | 90.0] 82.0 |83.0 | 86.0 } 91.0f 80.0] 82.0 | 83.0
77-08-261 2-3
77-08-25] 4-8 75.0 84.0 | 87.5 80.0 {84.0 [87.5
77-08-04] 1-4 | vot
77-08-01} §5-7 16 '
77-07-28 0-0 650ce 88.5 89.5 89.5 90.0
77-07-26] 5-8 4 CYL
77-07-211 7-9 4 ST .
77-07-18} 0-2 78.0]82.5 {87.5 79.5 [83.0 }86.5 78.0 {82.0 | 85.5 80.583.0 |87.0

"TABLE T2D - Sound level data from field recordings.
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Nomenclature: KPH,GRS & RPM - run desiﬁnation per tables 106
T2 and T
Al1,A2,etc. - subject and vehicle.
NYU,YYU,NYD,etc. - head gear and p051tlon.
eg., NYU - no visor, with .
helmet, upright

position.

. ) }
.CARD_NUMBER SLOPR |  Y~TNT. COPR. |
KPHALNYU . 77 © 0/+2933 . . T1L.3833 : 0.9977
. KPHAZL Yt’.—n;:-;i&;d:-.’“ 5~~-...~.0‘A.2~700—'5u::;m [P 63&9750 e 2 deeth e 0 .90 90
KPHAJNYU . 0W.2312 69.35487 DeS711
KPHA4NYU 0.2515 70,8712 D741
KPHASNYU 02000 73.6667 : 0.9519
KPHAGBNYU a0 e309S . 64.4215 0.874%

. T XPHALYYW®E TR ) 02100 T 74,3000 777 T )« 9897
KPHAZYYU 02783 . 65.3083 . LD eB869
' KPHA3YYU: ST 0 e2628 - 67.5886 " 0.9856
: CEPHASY YU Saiciaiiide rpian. 0 «l138L... ... 716635 iy iin- D e 6732,
KPHASYYU 021354 73.5247 0.9658
' KPHAAYYU 02375 66.8749 0.%606
i  KPHALINYD ) +2367 76.0167 0.9613
i KPHA2NYD W,WL” D 2233 70.6833 - 0.8295
KPHAJNYD" T 0 «2758% " 68.166A7 0.9541
KPHA4NYD ' ©o%T . 0 ,.,3345 67.9291 . 0.9015
KPHASNYD -+ .« 0.3000 62.38333 0.9919
. KPHAG6NYD- -. . 0 .2558 693269 . .. .0.7912
' KPHALYYD D.1633 76.2333 0.0732
KPHA2YYD 02667 H6eD167 0.9745
KPHAJYYD 027532 67.6859 0.7256
__KPHA4YYD L A 73.%333 09087
TTKPHASYYD T ' 0.2745 "T70.:4510° 0.301%¢°
. KPHAGYYD 0.1931 70,2548 0.R204
. GRSAINYUO. . . ' -~ 0..2180 "71.8874 " .. 0.8614
,,GRSAzNYUMW~¢éu”. e 003107 i 658271 0.9212
. GRSA3NYU D e2647 6R.0006 0.9772
GRSA4NYU 0.2567 7133511 O.9167
GRSASNYU D.2170 74.1490 0. D935
CGRSAGNYU . 426567 69,4988 0.5002
. GRSALYYU' T "0.17086" T 74,5993 049624
GRSA2YYU. J 2721 66.0989 Q.9652.
GRSAJYYU: o 0 .2178 _ 69.6154 - 068777
.G95A4zyv ST T s i 01682 ... L. 736482 unuini, .. 08587
., GRSASYYU N.2637 73.1362 0.9716
GRSABYYU 02226 71.4694 0.8450
RPMAINNU D 7232 6R%.4538 0.9932
RPMA”NVQ__N*“_WN“W__132297WJ __ 4R.5030 047649
REMAGNNTU™ N .77638 "62.83753 . "0.8723°
RPMA4NNU | 0.7398 64,9286 0.9749
RPMA;YNﬁr*' - : 0.5346 69,7441 0.7848
. RPMAGNNUY:- i i e Qe X330l e e 588743 o iiimen, 08168
RPMALINYU ) e4255 6R.7877 D.9916
RPMA2NYU 0 .5927 S57.18444 Q.0719
RPMA3NYU ) 5500 62.9500 0.9341 !
RPMAANYU . 0.3927 679167 0.9672
"RPMASNYUG ¢ T T 072082 72.0232 . 0.7671
RPMAGNYU L. -0 .1487 63.9107 0.3184
RPMAZ2ZY YU bim ) smie w50 02922 L 57.7834 . e . De9774
RPMAJYYU 01332 6512738 0.2325
. RPUALYYU 0.214q 70.8333 0.9918
RPMASYYU 2758 732345 0.99908
RPMAGYYU __ 3:3035 . 63,7800 U.7306

NOTE: Slopes calculated on the basis of dBA versus KPH..

TABLE T3A - regression and correlation data for field runs.

[
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’

SARD NUMBFR

KPHB1INYU
KPH32N YU
KPHB 3N YU

- RPHBaN YU
KPHBSNYU ...

KPHB&EN YU
KPHB1Y YU
RPHB 2y YU

KPHB3Y YU

KPHa4Y YU
KeHBSY YU
K2HALY YU
KPH3INYD
KoH32NYD
LPHB3NYD
KPHBA4NYD

KPHBSNYD

KPHBBN YD
KPHB 1Y YD
¥PH32Yy YD

- KPHB3YYD

KeHB4aY YD
KPHBSYYD
KpPHABYYD
GRSO INYU
6RS82N YU
GRS83NYU

-GRSBay YU

GRSBSMYU
GRSA6GNYU
GRSB1Y YU
GRSRB2Y YU

GRSB3YYU

GRSB4Y YU
GRSBSYYU
GRS BAY YU

RPMBINNU ...

RPMB2NMNU
RPMA3INNU
RPMB4NNU
RPMBSYNU
ROMBENNU
RPMBINYU

RPMAENYU
- RPMB3NYU ..

RIPMB4N YU
RPMBSN YU
RPMB86N YU

REMBLY YU .
ROMB2Y YU -

RPMA3Y YU
RPMB4AY YU
RPMBSY YU
RPMAR6BY YU

Regression and

Q30O0JI30CJVOVICOONOOO

¢ & 9 @ % 0 B 8 g ¢ ¢ 4 % o
[T
fn)
[e)]
N

PN MMAINN

sLops

02967

0.28567
0.2554%
0 24656
D.1643
0.34£09
0 20567
0 32733

S Nn..23%3 .,
Q.2000
NeNS10 -
03667

02757
N .3133
ND1R75
022343
D154

03117
002033'

0..2733

.0 «2067

0 .2087

o)
D
>

LN N~ 0D
PUDL -

7Ne 5667
62458657
70.1410
73.37683
78.70356
553569
76,5165
63.5333
71.4113

73.1250
.R5,5392

61.6667

75.2156.

Ha,7333
Thel 375
73.1176
RN, £9I60

£7.0167

77.5833
A7.5333
73.8665
72.7296
82,7451
£7.3071
74.0547
63.3279
65. 9805

- 731643
. 759109

6£R3.6H290
76.0181
710483
67.N0322

7TH.2817

75.3108
70.5640
71.1521
59. 7921
H6H«.2089
70,7825
5,389
66.1667
70.2874
62,1154

. 6543833

72. 27833
T6EeFVES
&1.5136

72,3665

62.1154
E62.5167
7243333

RB.4610.

£3.2H92

sorrelation data for field runs.
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CORR.

0.,9319

09398

0,9995
0.7431
0.8100
0.8507
0.9953
0.2997
De9924

0.3732

NDe75487
0.9347

09996

0.93927
0.98025
03575
0.8301
Ce2479
0.,9325

0.,9732"

0.97 30
0.8335

0.7229

0.3341
Q.95R4

0.2498

QeA777
Q0ex3734
0.9572
0.9346G
0e9263
0.9377
0.09558

N.2180

0.2315
0.3426
0 «7399

0.9996

0.6376
0.9512
0.95681

‘D.7418

0.39316
0.,23765

. 0+9979

0.9594
Ne4310
0.925658

L0.9791 .

D765
0.3990
Q.96831
0.20396
0e3547




108

L]
~
i
Q2
()

[ TP S RN U Y—I N "[‘ .,_-.

SECPE

CARD NUMBER

927398829366521228952393835283:..5697351801699944_309982
NG~ OO COONNNCOONINTBECOTTOOG~GCINEFHOTOIOVNG NGRSO

NGO ODNTMNC—HLLEONCREDBERON AN ~ILLA=TLOON XL AT NAOR O
wirdololafololrdedodolvlalniolylolsTol  Navloladolsintolofolels g e inidlolal el ol oo loTololodfdo] e ol o)
S 8 8 0 0.0 0 0 00 O O B0 P P O S O B P B O NP S AT AN SN OO e e SN CD

000000000000000000OGOOO.UOFUOOO.UOOOOOOOOOOOOOOOOO00000

: {
i T
- i

} ] oot : .

. ,m : . H
w . “ _m ) « . i
0390330393303314096.00003423059536997075013700( 7Q0367
oML~ OMI VOO SOOOILSANAR AN CHNOC T OOINOIN T OINKTSMC L

5395310083.393337051900559313228383555156496720610886 H
—HTONWNATONOTONCNOMTOOCHRSOMNCOCOAOD = IINICHOILDONTINCC T —

©.90 0 0 0.0 0 6 6 0 2 0 5 4 0 0 410 5 8 4 S 8 S 00 P e G L0 B U B G L0 L e es e e b0
7891175078189ﬁ~783648610a16870841699~15133Q.0521_Db4ﬁ3349
766776876 76776776»07777776677786(78767—/67_76776756~I76

————

P A N e

.
_
§
!
“

P s

e e e

O w-»
P

i

.

i

R T e et e e

3

]
K R _ : i . ; : : ) ”
OO MONIND ¢
oML Yo

i
w .
oo M= GO OoOMINMOACOCCINOVGINND L AT DMy C O M
oMo M- TOONDECUL BLNOCH 316691.02119;170210690193\13011.6
854176?178893867326543 WOCTONINO oONN-NINHNC.OINOMT O InINCIRC -
O OANCNNN A~ NOAINOO— NN ONCICIHCIT I (= = P CHOC CICIT INC I OO
.n.....C'.ul...OOOOOOQODOOQ'.Q.‘..Q.....'..O.......l'..
000000000.00000000DOOOOO\UDOOOOC)UrOOQOOOOn COOUOTROCO !
1 N . - . !
H . . H ' ’ e
P M w ,
; ._ S !
$ . v .
P ~*
N
¢ .
i L ; : . . : !
Yoo : . ” ) : . . . :
UUUUUUUUUUUUDDDDDDDDDDDDUUUUUUUUUUUUUUUUUUUUUUUUUUUU
DD D4 Dot D D Dt D D D D D D Dt ot S D D D D D D D D D D D D D D D D D D DA T T D D D D D D D D D D D
X XA T Rl ok ok ol ok o A XA AR ok ek ek ok akalk A A AN Rk s Lk o R K A Ar A Ar A g A A A Ao m -t
=~ TNO NI TNOANOTIN O NN TN OANTINO =AM TNCOTNC N TINC~NMTNO
0uLLLVVLDLDLLOLULLLDLLUVOLLDDOUDVLLDLLULUDLOLLDLLOLUDLDLLVLVIV
jodie s ] erlierfiocte e vl i oo flie oo ool ol Be Ko e e bl o R T R R AU BT KOG N R UG RN T) - i - B e S
[+ 9 < PR PR D P o PR SR P T - PR« P P P S DY P O N Y. P DR L B e B Ao R e s AR R o o B O O WL S O I W PR DR . P TR Y L
MMMUUM MUY MM R UMLK MMYM YUYV UD0IDDUXN AN XN N LXMDY
H ° w . ) .

,iABLE T3C -+ Regression and correlation data for field runs.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



'TABLE T3D -

CARD NUMBEK

XPHDLINYU

KPSDINYU T

KPHDINYU
KPHD4N YU

KPHADSNYU . ..

KPHDOENYU
KPHD1YYU
KPHD2YYU
KPHD3YYU

TKeHD4YYU O T T

XPHDSYYU
KPHDOYYU
KPHDINYD
KPHO2NYD
KPHLCANYD
KPHD4NYD
KPHDENYD
KPHEANYD
KPHDLIYYD
KPHD2YYD
KP4YD3YYD
XPHDJ4YYD
KPHLSYYD
KPHDE&(YD
GRSDINYU
GRSD2NYU
GRSD3NYU
GRSD4NYU
GRSDSNYU
GRSD6ENYU
GBSDIYYU
GRSD2YYU
GRSDJIY YU

"GRSDiYYU

GRSDIYTYU
GREDAYYU
RPMD 1INNU
RPMN2NNU
REeMDINNU
RPMDINNU
R2MBSNNU
RPMDaNNU
RPYDINYU
RPMD2NYU
RPMD3NYU
RPMDINYU
RPYESNYU
RPMDENYU
RPMDIYYU
RPMD2YYU
RPMD3Y YU
RPEMDACYU
RFYDSYYU
RPUDEY YU

Sy
-

5

Totelatolofolulets o)

oo
L [

COCOCTI00C0N0I0COOD0IDTO

Ad

3

<

.
o

1

Co LU OC

]

TIMI= TI RI = IV O I = R 1)

HEEREEREEREN
NVORNNNNLECWC -~

L]
—
~
NN ND WS T =DV~

DOLEODNBICLO hdaim

(o]
jan
&
kel

- o

-t
oy
-
<

(]
ve]
Ui

o»uuewau~wqawqmmwuuul

(3

R L YN e N L X =T S [P S TSI AT A N TN |
v

.

(ST T ]

[ToR IV PN Plo] D BN L TS R
L

ROREY

® 5 & 8 & 0o ¢ &6 4 & 6 5 5 & v 0 % b
Ny,

BHALO
Sl NNV I = O OIS

—_
-

QD= AN C
SO LU NSO
G HLTOHNCID

LS00

<

oqmmMqummmmmqommqqqqomquqqmmqqqomoqqqQQ©qqmdmm4®4®4m4
GIENNQANO~LNNNODBNNBOUDILOL~OOLNIMNMO LN O NLONILUI=OWEIINN0-00

RN E RN E R EE RN I I I AT T I N S S IS I S S R T A S A N L

()
2,
~
)

UNCEWNDTODNH NSO LNC OAINNICTCDCONLRIRNSHLERANCNUIROI RO~ LQWON

WOOUUITEUNRANGOSLCTWEFRA=IGOCONWEAINWUIBWNOSXSNNOU S

GG feJinl

ROCOLMNDICHUIOONLRLORNIAOLEONIANOOCIDL~O

CUHOVONIR WU L WSO LOIC+UISRLGANEOVIIHNUIIIVLHUOVNNOLVNLPYNWDLRLUICLI L

ClQeUIN N~ CCNOOAIOC

1

.t s -

B T TR

Regression and correlation data for field runs.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

SO0oO0IDICOCQATODOTOOO0O00ODOCOIDCCIVCOOL:

e 8 € 0 & ¢ 5 8 8 ¢ 6 0 6 ¢ O 6 a8 8O ¥ b O P O S 0 G G E PSS e st

109-

-

G
C
2
£
*

3

ChlwOCHLANLCIRIONOOIUINGLUOCOINOULANIDNONWII~ 0L

CADNOAHRNLODINBIL WG DN MU= CQLOOONINIOOCUNINIOUIO L

20
e
DOLOLIORELCCOODCUNX D OEONODOINLECANCOCCHRLDOAUNLCNOHRODD -

-
-

NS L QUL
L JUIOOONR NOO U O = RS- OJONNJONNWRONNDIILOEC LA-RONINAD R

[ 20K JEN BN NN BEY BN N J

SOOCOoO0QO0
W
O
e

0.9397



110

*SoAIND PO}3TI + STUTPIODAI PTOTI WOIJ BIEDP TOAST PUNOS -  Yhl TTAVE

8-
€
8-
8§
e-1
6L

92=L0-LL

§2-80-LL
20-60-44
L0~60-2L
62-50-8¢

04
1y

01-8

-0
-1
84
8-5
-1

9-4fL2-L0-LL
91-go-L |

§2-L0-4L

81-80-4L
§2-g0-LL
20-60-4L
90-60-¢4

1504
1
1 5-C
8-y
94
-2
Qlﬁ
-1
9-€

2e-L0~LL
10-g0-4L
g0-80-¢L
€2-80-¢4
§2-go-LL
92-g0-LL
20-60~LL
S0-60-44
£.0-90~

ag-h .

05 4=
onr

o4

02-:-.

08

A o
09t

oSt
ont

oct
ozT

ot
09T
s+
oht
ot
oz--

ost
ozt

o9t

8-$
11-¢
94
-0
g4
B84
8-5
21

92-L40-LL
22-L0-LL
de-Lo-LL
S1-g0-4L
£2-g0-LL
$2-g0-LL
20-60-4L

13Is ¢
10 2
2909€
(44
*H3A

$0-60-4¢

02-50-84
#2-50-84
10-90-84

61-80-L]

*N4LS 4

130 1

20847
17
*HIA

-0
S-€
€2

81-50-8L
02-50-8%

1£-50-94 1.

KIH

S0

kid

4

£ k4

T

Vi

-4 k0]

aivg

Qe

£l

99

t
08

(14

oy

S9

Hix

I44

14

01

6

o
QR
g

4
$9 ] 05 1St
< 9 4

f

4

. NIy

1 00°48 JHOIGA
| OWou

Hi:

A

|

- Nmod / WOSIA ON

Y JiYas

IHDIEIN / WOSIA | . HDI&IN / ¥OSIA ON [

HJY .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



111

*SaAIND POLLTJ + SSBUIpIODdLI PTATF WOXT

©1BD TOAST DUNOS

- Vhd T4V

0°16

8-$
-
B-1
8-$
<1
6-¢|

92-40-L4
61-50-4.]
$2-60-¢Y]
20-60-4L,
20-60~24L]
62-50-y.

0°€6

01-¢
94
2-0
¢l
8-
8-5
2-1

SZ-Lo-LL
L2-L0-LL
91-80-44
01-80-44
§2-80-4L
20-60-4L
60-60-¢4

o'es

=L
mna
-€
ml
94
€2
8-S
2-1
9-€

22-L0-LL
10-80-44
80-80-4L
€2-80-4L
$2-g0-LL
92-g0~4L
20-60-4L
60-60-LL
40-90-0/

0°'€6

g-5
=L
94
(0]
84
U=y
g-¢
2-1

92-L0-4L
22-40-LL
L2-do-LL
$1-00-4L
(2-po-~¢LL
§2-g0-LL
20-60-4L
$0-60=4¢

0°26
0'68

*YIY8 4
‘T2
9009¢
(44
"HIA

02-50-8
42-50-84
10-90-9/,

0766
0°€6

*XHLS 4
130 1
29641
W
*HAA

-0
¢-¢
£-2

91-50-8¢
02-50-82
1€-60-9/

hid

b, Lid

iy hi:]

Hiy

SLO

1

]

9 4

bl
~ 2

Hyd:

aLva

onin

-

& -

5]

[44

62

$Z 72

L] 22 ir

61

8

N

.gco.ac chhua\
¥ 691 Hluray

JIWIIH OH

{

HUSIA

HLIA

HOSTs OR-

y

hnn_¢:M~

SYVAD

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwlad Inoyum paugiyosd uononpoidal Jayung “Jaumo WBUAdoo sy Jo uoissiwiad yum paonposdey

B KPH N |
R RO VISOR 7 UPRIGNT | VISOR 7 UPRIGT D VISGR / BOW__ VISOR / DOIN

: 14 15 16
C [HETGHT _1.69m | RN 1 2 3 4 2 A Z g J 9 10 n_ri2 13
II\'EICHI' 65.9 K;_ Kri 35 50 |65 80 35. ] 50 65 80 35 S0 63 180 35 50 645 Sg
DATE “GFEAR — 2 3 1 4 11 2 3 4 s 1.2 3 4 S Fi 3

KOTS [TV - - -1 -1-

78-05-24 |-
78-05-20
78-05-18

1

78-05-31{ 2-3 o : .
78-05-18} 0-2 - 9
78-04-29{ 5-7 | vEi 85 .
27 :
360cc § 80 \
2 oYL .
. - 75
48T 20

77-08-26
77-08-25
77-08-23
17-08-08
77-08-04
77-07-26
77-07-21
77-0718

O
[SAL Y]

- 90 . .
13 reo ~ H

200cc :

10 |

4 ST

ONMHA:IA&N
[SRT-X- P YN J- NV

78-06-01
78-05-29
77-08-23
77-08-19
77-08-02
17-07-26
77-07-21
77-07-14

1.80*
‘e -‘ 80Ax.

L e Lol
DO ]
com [cuRmaBON
» s\ss
"

17-08-25
77-08-23
77-08-15
17-08-02
17-07-28
11-07-22
77-07-21
77-07-20

DX~ B0

~ &o&-? (LR N R AT
)
VIR N OB O [= 1~ e (5 2]

[

78-06-07
77-08-25
77-08-13
77-08-16
77-03-02
17-07-28
17-07-25
77-07-22
77-07-15

0
ON Pt ot

vy~ o L Y- K 371 [V ]
U

i

TABLE T4B -~ Sound level data from field recordings + fitted curves.

AN



‘uoissiwiad noyum panqiyosd uononpoidal Jayung “1aumo 1ybuAdod ay Jo uoissiuued yum paonpoiday

[
HWY /
SILSLLT B . N Y
imiar 1.6am | RN J1a- Jio . 36 |37
|RETGHT 65.9 kg | ki B

T~O GISR
DATE KOTS | REM

78-05-241'1
78-05-20{ 3-
0

95.0
78-05-18

95.0

78-05-31} 2-3
78-05-18} 0-2
78-04-29] s-7

17-08-26
77-08-25
77-08-23
77-08-08
77-08-04
17-07-26
77-07-21
77-07118

89.0

3

93.0

90.0

Ot

g

78-06-01
78-05-29
77-08-23
77-08-19
77-08-02
77-07-26
77-07-21
77-07-14

.
Foy - BTN N \D 00 e LN OO OO A

93.0{ 90.0

[}
[N

Oy N
1]

mu&aw [ -]

77-08-25
77-08-23
77-08-15
77-08-02
77-07-28
77-07-22
77-07-21
17-07-20

94.01] 90.0

" e
[*

R R Y. L. L.
)

78-06-07
77-08-25
77-08-13
17-08-16
77-08-02
77-07-28
77-07-25
17-07-22
77-07-15

91.0

bo:—l&t.‘
[LASYSR- ¥ W - NN

U\Tlu
=
ladi -]

TABLE T4B -~ Sound level data from field recordings + fitted curves.

€1T



114

*S9AIND PO}ITI + STUTPIOOSI PTOTF WOIJ BRBP TOAST PUnOS - Ofl ATAVI

9-5 | ¥1-20-11
9-5 | 0z-20-2¢
8-S | 9z-10-1L
0 |8z-10-LL
v | z0-80-2¢
-y | sz-80-1¢
s {z0-60-2¢
1] £0-60-L

T-L0-LL
6T-10-£L
8Z-10-LL
80-80-LL
10-60-LL
10-60-LL

B1-L0-LL
12-40-LL
ST-L0-LL
82-L0-LL
91-80-LL
ST-80-LL
20-60-LL
L0-60-LL

0Z-10-LL
1Z-20-LL
LT-L0-UL
20-80-4L
61-80-LL
ST-80-LL
20-60-LL
.0 -60-LL

wvI

-
CE

508

Nl.)lﬂ
O | N O

o
~ ~moeN
ﬁ.o.

L
e «©

0l
-t
oS
oh
of -+
oz
08+
Ql=p
09+t
05 -
of'-n-
cC+
or4
og-r
ol
09~
os-r
Oq--
of -t
ozt
ceT
ol-1
09+
oS-t
ot
ott+
o D

vy (o]

NoOwNOOhO
3
LR B B

-£ 160-90-8L
S ]191-90-8L

- . . o J o1
X st 20511
62-S0-8L

01-90-8L
0Z-90-8L

o
é::

S ¥ ¢

- - - - - - - - - -

L B t [ ¢y s 1 v s 71 s 5] ¢
L JSD SO _os] st] vs] o] wus] se] us] -sa] 05
gr] 3T %L 0] o] ¢ | 8] ¢] 9] s ] v] s] 2]

| NMOT / ¥OSIA — Nwod / ¥oSIA onf OO / B0STA | DO / HOSIA OV

KR} SIN
A NI :
£ - D PO 0°se pmiM]
| Ne Jwsg'l upiaif

o ouanns). L

v

adi

~jen

. n:qu ]

».u._\ - - c o HIN .|\,Mxma

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



115

*S9AIND Paj)TJ + SBUTPIOOSX PTOTF WOIJ BJEBP TOAST PUNOS - Ofl ATAVE

v1-£0-4¢
02-10-1¢L
9L-L0-LL
8¢~£0-LL
{0-80-4L
S$2-80-42
20-60-LL

Sy
0 ¥
23059

91

HIA

v O
Lol A4 Wi W

o881 0°69

™~ oW L -~

L0-60-LL

TT-10-LL
GZ-L0-LL
8T-L0-LL
80-80-4L
20-60-LL
10-60-LL

O
-
UL

O
o N 3t~

o106

98 \\\\\\\\\ﬂ\\\v\\\

016

81-L0-LL
12-L0-LL
ST-L0-LL
87-10-LL
91-80~LL
§¢-80-LL
20-60-LL
L0-60-LL

OQN C:ICQU\

X, ] -
ch D~

N o wrt

/
7

L
2oy

] I | 1
{ S DA B |
,% EW N

o O o

4

02-20-LL
12-L0-LL
L{1-10-LL
10-90-LL
61-80-LL
ST-80-LL
20-60-LL
0 -60-LL

+

006 }0°26

Nﬂﬁﬁ"?cmc
~“UEeMN T TN -

$-%£ 160-90-8¢L
8-S

91-90-8L

oL . : Se{ 1A | 6-L]6z-50-8¢
016 Vap 06] 5-£ | 01-90-8L
-7
bl IOE I |

0Z-90-8L

)
o
=
24
r"l

: Ned  Npd  Nvj Np]  Xv B | SIN anag
£ 4 ] S v [y 4 1 T IN MN L

]
- - 1. Tl BRI
i5] 55 28| 18] oz| 6] 82| ez] ez] se] i) s2] Ze] 2] 0Z] ei] &i] 2T] NM. ] sg'L ubial]

Al m]  woesia {0 usmAav | Gy oN | . . . MosIA ] yEIA O . . | . 2 ]

; ) XS ey € hid
1 1 | 1 i t 1 I S

L S d 1]
<
193
-
b
per
ot
-

- - - - - - - -

~
-
e
-
Anfy b
-

‘\ AMH | - o way : \ L mmsum, .. \

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

/swurcr o | v sumar [ visw/vmior | fovisom yooe ;[ VISR /o

furiam 2.03 m ] WMN 1 2 3 4 s 6 7 R 9 10 1} 12 13 14 15 16
XA NN E R 34 ) hd [11] kS s 133 ki) K3 kg [ KU 20 at] [ (1)

WIND [ _GFAR 2 i 4 5 7 J J L3 4 3 q 5 J K] g 5
DATE TS | Rt - - - - - - L - - . - B

78-06-21 | 3-
78-06-161 S
78-006-13 | 0-
2
1

78-06-09
78-06-08

PR R Y

78-06-211 3-5
78-06-19] 0-2

77-08-251 4-
77-08-23| 4-
17-08-181 1-
77-08-16] 0-
77-07-25] 8-
71-07-221 17-
17-07-20] 5-
77-07-18

NN N m
-0

o
O

77-08-25] 4-8
77-08-23] 4-8
77-08-15} 0-3
77-08-02} 4-5
77-07-211 7-9
77-07-201 $-6
77-07-15} 5-6

77-08-25] 4-8
77-08-23} 4-8
77-08-19] 3-4
11-07-28
17-07-2¢| 5-8
7-9
56

17-07-21

77-07-14 st Lo

77-08-26
77-08-25
77-08-04
77-08-01
77-07-28
77-07-26
77-07-21
17-07-18

- 8 p
vBei 5 .

650cc .
qu
4ST F

OGOV & n
’
N O~ e 004

TABLE THD - Sound level data from field recordings + fitted curves.

9TT



‘uoissiwiad noyum papqiyosd uononpoidas Jayung Jaumo ybuAdoo sy Jo uoissiwiad yum paonpolday

: GEARS */ _ RPM O HIY
N VISOR . . VISOR D HELMET N VISR VISR XY v
[wwurn i
ITIGMT  2.03m) RN 17 J1s J19 J2o |21 J22 T35 Ju Jas §26 J27 J2s J29 f3o P31 fsz f3s 3¢ |35 ] 36 37
TTIT 1.4 Ko | R0 =T~ : < - - < - < - - - - - - - - - < - -
. ng CIAR T 1313 5 1 7 3 T 11 T 11 1 T 1 4
NATE ors T RIN JK LS LY K Ik {4k 4K L1Y 4n 48 | 3K 4K 5K 3K 4K Sk - -
28-06-21] 3-8 90 4B, 91.0
78-06-16| 5-7 L85 — 0.0
78-06-13] 0-2 | VEH . D .
78-06-09] 2-4 1" 80 :
78-06~08}% 1-2 175¢cc d
. 100
A4St o
78-06-21] 3-5 i ,
78-06-19] 0-2 | 0 92.0 | 91.0
T 1
s60ce [° 2
2eL b5
4 ST
\
77-08-25] 4-8
77-08-23 4-8 oL.0
77-08-18] 1-2 | vt 8.0 .
77-08-16} 0-2 13 .
77-07-25| 8-10 | 200cc
17-07-22| 7-11 ] 1 vt .
77-07-20] 5-6 | 4 ST
77-07-18] 0-2
ymbu ru _
7-08-231 4-8
77-08-15 ¢-3 | v 49,0 | 88.0
77-08-021 4-5 1
77-07-21| 7-9 | 400cc
71-07-20] 5-6 | 2 €YL
71-07-15) S-6 | 4 sr
77-08-251 4-8
17-08-23] 4-8
17-08-19| 3-4 91,01 01,0
77-07-2f 0
77-07-26] 5-8
77-07-21§ 7-9
77-07-14] 5-6 | 2 ST o
77-08-26) 2-3 9.0
77-08-25] 4-8
77-08-04{ 1-4 | vill 89,0
17-08-01] 5-7 16 g 90,0
77-07-281 0-0 J 650cc .
77-07-20] 5-8 | 4 VL
7-07-2117-0 | 4 sT $°0
| 77-07-18 0-2

TABLE T4D

Sound level data from field recordings + fitted curves,
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SUBJECTS
VEHICLE A B C D
1 0.3236 0.3076 0.1677 0.2947
2 0.4497 0.3763 0.3144 0.3517
3 0.3734 0.3396 0.3779 0.4648
L 0.3052 0.2784 | 0.2601 0.2340
5 0.2772 0.1941 0.2646 0.2122
6 0.3481 0.3851 0.3265 0.3029

TABLE T5 - AVG

1

of slopes for field data.

VEHICLE AVG2 SUBJECT AVG2
1 0.2734 A 0.3462
2 0.3730 B 0.3135
3 0.3889 C 0.2852
L 0.2694 D 0.3101
5 0.2370
6 0.3407
: _TABLE T6 - AVG, of slopes for field data.
- SUBJECTS
VEHICLE A B - C D
1 72.295 73.774 78.786 73.930
2 62.476 63.863 67.025 63.512
3 66.951 68,531 67.221 63.162
4 70.331 72 .944 72.423 70.592
5 72.202 78.464 74, 5096 76,049
_ 6 66.598 65.743 69.885 69.807
TABLE T7 - AVG, of zero-intercepts
) for~field data.
| VEHICIE | AVG, SUBJECT| AVG,
1 74,696 A 68.475
2 64.219 B 70.553
3 66.466 C 71.656
L 71.372 D 69.509
5 75.327
L 6 68.008
TABLE T8 - AVG, of zero-intercepts
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KPH
NYU YYU NYD YYD

SUB.| VEH.| SLOPE | Y-INT.] SLOPE|Y-INT.| SLOPE|Y-INT.| SLOPE |Y-INT.
A 1 .2933|71.4 | .2100|74.3 .2367|76.0 .1633(76.2
A 2 .2700|(64.0 .2783165.3 .2283|70.7 | .2667]|66.9
A 3 .2512169.6 .2628(67.6 .2758|69.2 2782 167.7
A b4 .2515|70.9 .1981171.,7 .3365]67.9 .1879173.8
A 5 .2000(73.7 .2154173.5 .3000/69.8 2745(70.5
A 6 .3098 |64 .4 .2375166.9 .2558{69.3 .1931|70.3
B 1 .2967]70.6 .2067|76.6 .2767175.2 «2033177.7
B 2 .3467|60.6 «3233|63.5 .3133|64.7 .2733(67.5
B 3 2564170.1 .2353|71.4 .1875|74.2 .2067|73.9
B L 2466(73.9 .2000| 74,1 .2363|73.1 .2087172.7
B 5 .1648178.7 .0510(86.5 .1549180.7 .1186182.8
B 6 .3409(65.4 .3667161.7 .3117167.0 .2567|(67.3
C 1 .1800(77.2 .0800]|85.4 .1333]/79.8 .0667|84.4
C 2 | .2533|68.4 .2183|70.0 .1883|72.8 .0567179.0
C 3 2L67169.4 27671 67.4 .2660(68.0 .1454176.0
C 4 .2100|71.6 .2833(68.3 .0789|78.8 .2200|71.6
c s | .2733|71.5 | .2843|71.4 | .2300({73.9 |.2500|72.8
C 6 3614 167.2 .2902168.7 .3282166.4 | .2358]72.0
D 1 .2111(79.5 .1500|78.0 .2269{75.6 .2283|74.2
D 2 2467163.1 «2533|64.7 .1733/68.8 .2533(65.4
D 3 .1937|71.3 .2718(63.6 .2153|71.1 .3162161.8
D y | .2394168.3 | .2292|70.0 | .2069/70.8 | .2183]69.0
D | 5 |.o910|79.4 | .1059[80.2 |.1647|75.6 | .2132|71.5
‘D 6 .2863]67.1 .2233|71.8 .2285]70.1 14451 75,1

AVG, .2509|70.3 | .2271|71.4 | .2314)72.1 | .2075|72.5

1L
TABILE T9 -~ AVG, of slopes and zero-intercepts for KPH field
runé only.
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SPEAKER NO. 38 (39 / | 41 ! w2 [ |
AZIMUTHAL ’-180’-150!-144 -120 [-90 60 =304 0} 29 | 30| 60| 90| 120| 143| 150| 170| 180|FREQ-
ANGLE UENCY
SHAW -1.0{-2.0 -2.0 [-1.6{-2.0(-1.9 0 1.01.8]2.2] 1.8 0.8 -0.5 (H2)
| A . o L 300
DELAIRE -3.6 0] 1.1 -0.8 ~6.4
SHAW "100 "205 "2.2 "102 "202 "2-1 0 2.2 3.5 405 3.5 202 "005
' . 3 . 500
DELAIRE =3.4 0¥l 2.5 -0.7 0.6
SHAW 1.81-3.0 4.0 [-1.5|-4.5{-4.0 © 3.0 [4.8 | 5.5 5.5 4.0 2.0
| . ; 1000
DELAIRE L -5.0 0| 8.3 | 7.8 2.4
SHAW 1.2]-2.9 -7.5 |-3.5|-7.5-3.4 o 2.5 [4.0 {4.5] 4.0 3.5 1.0
o | - 1600
DELAIRE -15.6 0 |-5.5 -2.6 -7.8
SHAW -2.5|-6.5 -10.5|-8.0|-7.0 |-4.d o 3.0 (4.0 |2.0]-2.0 1.5 -2.5
: - X . , 2500
DELAIRE 15,2 0 {-4.7 -6.8 ~7.4
TABLE T10 -

Deviation of sound level from zero incidence at specific frequencies.

(see figure F9)

02T



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 F
F 1.71m | N/A S F
TABLE T11 -~ Some physical characteristics of
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subjects involved in the testing.
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APPENDIX A

A,1 Sensitivity of Analyzing Equipment

A.1.1 Real Time Analyser

- frequency range: 5000 Hz

- no. of ensembles: 16 to 64

averaging mode: linear

bandwidth: % - octave

A.1.2 Graphic Level Recorder

Potentiometer range: 50 dB

- Tresponse: RMS
- lower limiting frequency: 20 Hz
- writing speed: 100 mm/sec

- paper speed: 0.1 cm/sec

A.1.3 Metrosonics dB-601 Sound Level Analyzer

- Detector constant: fast
- Sampling rate: 16/second

- Input: 100dB Display Mode: 1) L, with n=1,10,50
and 90

2) Legq

A.,1.4 B & K 2607 Amplifier

Gain Control: calibrate

Scale: SA 0056
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A, 1.4 B & K 2607 Amplifier Cont'd..

- Input attenuator to suit scale
- Output attenuator: to suit scale
- Meter Function: RMS

- Filter: A-weighting
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APPENDIX B

AUXILIARY TESTING

B.1 Highway Testing

The procedure for highway testing was described in the
main body of this report. The equivalent noise level was
obtained (Leq) for each test and the results appear in
Table T2. Table EBZ contains the AV'G1 and AVG2 of the sound
levels obtained. There is only 2 to 4 dBA difference
between maximum and minimum values. This suggests that the
predominant source for highway speeds must be wind noise
because the variation in engine noise is much greater.
Subject influence is also insignificant although this has
been the trend all along. The addition of a visor tends to
do little to further reduce noise levels but there seems to
be some indication of this. Generally, levels were reduced.

by 1 to 5 dBA when a visor was used but a few increases were

found.

B.2 Inside wversus Outside

The test facility of the semi-anechoic chamber was
duplicated outside, in part, to examine the influence of
the test stand, test chamber and any unforseen infiuences.
This test was performed by subject B only with the speaker

located at the exhaust, approximately where speaker no. 42
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was positioned with respect to the test stand. In this

case vehicle #4 was used. Anticipated influences Were
additional baffling due to vehicle construction and a

change in the subject's CH position. The test was performed
on a paved surface with no obstructions within 10 meters,
except 2 light posts. There was essentially no wind.

The same « » B and v comparisons appear in Figure FB1
for this test. The a«a-curve inside follows the e -curve
outside quite closeiy but it is about 6 dBA higher. The

- similar shape of the curves suggest fhat there is no change
in the frequency content of the two noise recordings. The
difference in sound level could be attributed to incomplete
sound absorption within the ‘chamber.

Examination offthe B -curves show that helmet attenuation
is not changed by going outside. The v -curves show slight
inconsistencies between eacﬁ other but in a general sense

they confirm that addition of a visor makes little difference.

B.3 Speaker versus Vehicle

Figure FB2 shows the results of section B.2 combined
with an equivalent'plot of noise produced by vehicle no. 1,
at 4000 RPM, in the neutral mode. .Thezx.—curves show that
the pink noise of the chamber testing was compatible with
the noise produced by vehicle no. 1. The transfer functions
are similaf. This also applies for the helmet and visor

attenuation curves (/9 and v ).
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B.4 Stationary versus Moving

Since the CH recordings céﬁnot bé made while in the
moving mode, onlyvg and ¥ cufves can be compared here. The
similarity of results in both cases seems to negate the
possibility of isolating predominant sources by measuring
levels in these two modes of operation (test facility: Figure
FB6). The results of averaging slopes and zero-intercepts
of the stationary recordings appear in Table TB3. AVG1
AVG2 are iﬁcluded in Table TB4 fér the slopes of data in the
stationary mode. Equivalent data was obtained for the moving
mode (Table TB5). Tables TB6 and TB? contain the data for
zero-intercepts. This data yielded the curves of Figures

. FB4 and FBS.

From Figure FB4 it can be seen that the noise level is
consistently higher in the stationary mode at equal RPM
values. This is supported by Figure FB5 where vehicle AVG2
values are compared. The results were not anticipated since
additional noise from wind, tire and chain should have
contributed to higher levels while in the moving mode. This
suggests that stationary testing is more complex than was
anticipated and other means of isolating specific sources

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

each.
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B.5 ‘Performance Curves

The interpretation of the results of Table T2 became
complicated by the fact that for each test only the control
parameter could be specified since the complimentary
parameter would vary from vehicle to vehicle. Hence a
separate table is included showing both RPM and KPH for
each vehicle under each test condition (Table TB10). The
performance curves have been plotted from this data in
Figure FB7 which consists of a page for each vehicle. These

agree with performance curves provided by the manufacturers.

~B.6 Signal Shaping to Meet Standards

During the course of the investigation the recorder
frequency characteristics did not remain constant. Continual
monitoring of these characteristics proved very time consuming
and, as a result, a test was made to determine the extent
of influence that the changes would have on the sound levels
obtained.

Figure FB8 shows the unshaped frequency characteristics
of the worst case detected. Spectrum shaping was provided
to the extent shown. This produced the rgsults of Table TB1,
where several recordings made with other recorders are played
through the defective device with and without shaping. The
results are favourable in that the dBA levels are higher
by about 2.5 dBA on the average. This ié comparable to the

run to run deviation. It does not reflect the recording
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capabilities of the device but these should not be signif-
icantly different. It should be pointed out however that
the unshaped condition of Figure FB8 did not exist through-
out the recording session. All recording devices were

found to conform to type II tolerances at the start.
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Locating the CH position of subject A Recording

FIGURE FB6 - Test facility for stationary field recordings.

at the CH position
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SUBJECT

RECORDER # 303
MICROPHONE # 826
ATTENUATOR # 301

"C "

TABLE TB1 -
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RECORDING SIGNAL SIGNAL DIFFERENCE
NUMBER & WITHOUT WITH
DIRECTION SHAPING SHAPING
(4B A) (d4BA) (dBA)

27N 83,0 84,5 1.5
27 81.5 83.5 2.0
28N 85,5 88,0 2.5
28s 85.5 88,0 2.5
29N 89.5 93.0 3.5
295 88.5 92.5 4,5
30N 81.5 83.5 2.0
308 79.0 81,0 2,0

without shaping.

Sound level comparison of recordings with and
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L
eq
VEHICLE |SUBJECT| HO - HV
1 A 95.0 3.0
1 . B 95.0 95.0
1 C 91.0 92.0
1 D 91.0 92.0.
2 A 92.0 39,0
2 B 8.0 92.0
2 C - -
2 D 92.0 91.0
3 A 94,0 93.0
3 B 90.0 39.0/93.0
3 C 92.0 90.0
3 D 88.0. 91.0
L A |ok.0/91.0 89.0
L B 93.0 0.0
L C 91.0 35.0
L D 89.0 338.0
5 A oL.,0 93,0
5 B ok.0 0.0
5 c 91.0 91,0/89.0
5 D 91.0 91,0
6 A 96.0 91.0
6 B 95.0 91.0
6 c 8%.0 &s8.0
6 D 89.0/90.0 289.0

TABLE TB2 - Equivalent sound pressure for highway testing.

Summarized from table T2.
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a STATIONARY RECORDINGS ( NEUTRAL )
EE CENTER OF HEAD (RPM/1000) | WITH VISOR (RPM/1000) | NO VISOR (RPM/1000) NO HEIMET (RPM/1000)

SYMBOL |

3.01 3.5{ 4.0{ 4.5] 5.0} 3.0{ 3.5} 4.0} 4.5] 5.0] 3.0} 3.5}) 4.01 &.5] 5.0] 3.0] 3.5] 4.0] k.5] 5.0

> || SUBJECT
~ || VEHICIE

2-4 | 80.5{85.5(85.5(86.0188.5/76.5{79.5180.5/80.0181.0{75.577.5{79.5!79.5{80.5{77.5|81.0|8%4.5|85.0]86.0

|

o>
N
N
=

79.5|80.582,5185.5185.0|7%.5]76.0176.5178.5179.572. 5} 7%.5{75.5] 77.5]78.0|77.5 79.5|81.5]83.0|B4.5

B| 1} 2-4 | 80.5{85.0}85.5|87.5(88.0|77.5|80.5]83.0|84.0|8%.5|77.0}80.0]82.5 83.5185,0]80.5]82,5185.5{87.0[88.5

B| 2| 2-4| 79.0]81,9[82.0{88,0|85.0|76.5|77.5|78.5{80.0]83.5{?5.5|77.0]77.5|79.5{B0.0{?7.5|79.5|62.5|85.0{86.0

Al 4} 0-1 74.0{76.5179.0 ?§.0 81.0173.0]75.0]77.5]78.0]79.5}?5.5]76.5|79.5]79.5]81.5
A T T T ¥ ] T T T T T I T T T | 2 I | | I T LI
dB

2
£
2]
2
@
dBA
90
Rooe
[ 34
E 80

TABLE TB3 - Sound level data from auxiliary stationary testing.
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STATIONARY
VEHICLE | SUBJECT |NH(UP) | HO(UP) | HV(UP)
1 A 0.0042 | 0.0024 | 0.0019
1 B 0.0041 | 0.0039 | 0.0035
> A 0.0035 | 0.0028 | 0.0025

2 B 0.0045 | 0.0023 | 0.0033 VEHICIE | AVG.,

VEHICLE |AVG., | AVG., | AVG., 1 0.003%

1 0.0042 | 0.0032 | 0.0027 2 0.0032

2 0.0040 | 0.0026 | 0.0029 SUBJECT | AVG.,

SUBJECT |AVG., | AVG., | AvG., A 0.0029

A 0.0030 | 0.0028 | 0.0022 B 0.0036
B 0.0043 | 0.0031 | 0.0034

TABLE TBW4 - AVG, and AVG, of slopes for stationary data (slopes
based'on dBA versus RPM . See table TRER3)

B MOVING
VEHICLE | SUBJECT |NH(UP) | HO(UP) | HV(UP)
1 A 0.0043 | 0.0025 | 0.0028
1 B 0.0035 | 0.0025 | 0.0023
o A 0.0770 | 0.0034 | 0.0034
2 B 0.0038 | 0.0025 | 0.0025 VEHIGIE | Ave.
VEHIGLE [AVG., | AVG., | AVG., . o.oogo
1 0.0039 | 0.0025 | 0.0025 - 0.0038
> 0.0054 | 0.0030 | 0.0030
SUBJECT |AVG.; | AVG., | AVG., SUBJECT | AVG.,
i 0.0057 | 0.0030 | 0.0031 A 0.0039
B 0.0037 | 0.0025 | 0.0024 B 0.0029

TABLE TB5 - AVG, and AVG2 of slopes for moving data equivalent

to the data of table TB4.
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STATIONARY,
VEHICIE | SUBJECT | NH(UP) | HO(UP) | HV(UP)
1 A 66.0 68.9 71.9
1 B 68.4 66.0 67.9
2 A 67.2 6.4 | 67.0
2 | B |64 |68.7 |66.0 e — e
VEHICLE | AVG., AVG.l AVG. 1 68.227
—1 | é7.2 [67.5 69.9 2 66.3
2 | 65.7 | 66.6 | 66.5
SUBJECT | AVG.,
SUBJECT | AVG., | AVG., | AVG., — g
A 66.6 | 66.7 69.5 B 66.9
B | 66.3 67.4 67.0 : :

TABLE TB6 - AVG4 2and AVG2 of zero-intercepts for stationary data.

MOVING
| VEHICLE | SUBJECT | NH(UP) | HO(UP) | HV(UP)
1 A 64.0 | 66.2 | 66.0
1 B 67.5 67.7 70.0
z A 5€.1 60.8 61.4
2 B 63.8 64,8 é64.8 VEHICIE | AVG.
VEHICLE | AVG., | AVG., |AVG., 1 55,92
1 85.8 | 67.0. | 68.0 2 |62.0
2 60.0 62.8 63.1 SUBTECT | Ava.
SUBJECT | AVG., |AvVG., |AvG. T 52,42
A 60.1 63.5 63.7 B |66.5

B 65.7 66.3 67.4

TABLE TRB7 - AVG1 and AVG, of zero-intercepts for moving data,

2
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