This paper was presented at the Vehicle Noise
Regulation and Reduction Session of the Society of
Automotive Engineers' Congress and Exposition,
Detroit, February 1980, and is reproduced here by
permission of the Society.

THIS PAPER PROVIDES DETAILS of a study
undertaken to determine the magnitude
of the noise exposure of truck drivers
running heavy vehicles under commer-
cial operating conditions. Since a
number of standard procedures have
been developed for in-cab noise meas-
urements,the relationship between
these measurements and the noise ex-
posure of the driver has been investi-
gated. Also, an effort was made to
identify and quantify various noise
sources which contribute to the
drivers' exposure during normal oper-
ations.

The evaluation of the driver's
noise exposure from in-cab noise meas-
urements with standard procedures does
not take into accou-nt variations in
vehicle operation, tire and aerodynamic
noise. Additional errors are intro-
duced by placing the microphone at
some prescribed distance from the ear,
since in that region the sound field
can vary significantly. These errors
are only partially reduced by the use
of noise dose meters.

In this investigation a specially
developed, continuously recording in-
strument is used for measuring the
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noise exposure of drivers. It is
equipped with a sub-miniature micro-
phone which can be easily placed in
the cavum of the concha. In previous
studies it was shown that the measure-
ment of the sound pressure level at
this point was least influenced by ex-
traneous effects.

GENERAL CONSIDERATIONS

The evaluation of exposure from
noise measurements requires integra-
tion with respect to time and in ac-
cordance with the relationship defined
by a particular hearing conservation
criterion or regulation. If the noise
level is relatively constant, the ex-
posure can be evaluated by approximate
integration wusing sound level meter
measurements.

In most applications, however,
owing to variations of noise level and
movement of the subject, continuous
measurement, integration and updating
storage are required. Those functions
are effectively performed by noise dose
meters and several models are now com-
mercially available. The information
provided by these instruments is gener-
ally restricted only to the numerical

-ABSTRACT-

The noise exposure of truck drivers
was measured during normal commercial
payload runs with special instruments,
which are equipped with subminiature
microphones. These can be mounted
within the cavum of the concha, where
measurements are least affected by ex-
traneous effects.

By means of these instruments
sound levels were continuously record-
ed within both ears of the driver and
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at the centre of the cab. Analysis of
results shows that the driver's exposure
is highest during freeway hauls and that
permanent hearing loss hazard may exist.
Frequent use of radio or CB radio can
significantly increase this hazard. It
is also evident that the sound levels
measured within the ears of the driver
are generally significantly higher than
at the centre of the cab.
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value of the noise dose relative to a
particular noise regulation or criter-
ion.

Under certain measuring conditions
significant errors may arise due to the
location of the microphone on the sub-
ject's body. When used in industrial
situations, in broadband and diffuse
sound fields, these errors are general-
ly relatively small and have a negli-
gible effect on the exposure measure-
ment (1)*.

In the presence of dominant dis-
crete frequency components large meas-
uring errors can result from body re-
flections and shielding. Under these
conditions the location of the micro-
phone on the body, the relative posi-
tions of the noise sources and their
spectral content have significant in-
fluence (2,3). Even placing the mic-
rophone near the ear does not offer an
acceptable improvement. The use of
appropriate transfer functions for
eliminating the undesirable extraneous
influences is, in addition to being
very laborious, almost impossible in
practice owing to difficulties in de-
termining some of the governing vari-
ables. The simplest and most effect-
ive solution is to select a measuring
location at which the influence of
these factors becomes negligibly small.
Brammer and Piercy (4) have shown that
the cavum of the concha is such a lo-
cation. This reading can also be rel-
atively easily converted to the sound
level at the ear drum, since the cor-
responding transfer function is inde-
pendent of the extraneous variables.

The sound field within the truck
cab is complex. The main contributors
are engine, exhaust, intake, fan, aero-
dynamic, tire and road noise. The
noise transmission is partly airborne
and partly structure borne and it is
influenced by the construction and
shape of the cab. The sound field it-
self is dominated by discrete frequency
components- Spatial variations of the
sound level will thus exist in the cab
and will change with operating condi-
tions. Results obtained in a previous
investigation (5) display the non-
uniform and unpredictable distribution
of noise levels in truck cabs. Since
it is practically impossible to pre-
dict or control such variations, the
ideal solution is to select a micro-
phone location for exposure measure-
ments at which the influence of these
variables is smallest. The cavum of
the concha satisfies this requirement.

Therefore the basic operator ex-

*Numbers in parentheses designate
References at end of paper
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posure and cab noise measurements were
made using the "Ear Bug" unit. This
instrument, which was originally de-
veloped by the Acoustics Section, Div-
ision of Physics, National Research
Council of Canada, consists of a sub-
miniature microphone coupled to a mod-
ified commercial cassette tape record-
er. The system is small and light and
can be carried without impediment of
normal activities. The microphone can
be attached anywhere on the subject and,
what is perhaps more important, it is
sufficiently small to be placed in the
cavum of the concha. A complete temp-
oral record of the A-weighted sound
level at the microphone position is
available from the cassette tape and
can be further analyzed to provide any
required information.

PROCEDURE

All 58 tested vehicles were sup-
plied by commercial fleet operators.
Measurements were performed during
normal long distance payload runs.

For economic reasons the choice of
vehicles, routes and operating condi-
tions was restricted to routine avail-
ability. The type of road over which
the vehicle travelled was considered
to be the operating variable of great-
est significance. Each test run was
selected to be predominantly of one
type i.e. city, highway or freeway.

In cases of combined trips, recordings
for each road type were analyzed sep-
arately.

The driver was always accompanied
by a technician who continuously log-
ged operating and weather conditions
and monitored instrumentation. Cali-
bration procedures were carried out on
relevant instrumentation and calibra-
tion signals were recorded on all mag-
netic tapes.

For the initial series of tests
the noise exposure of the driver was
recorded only at his right ear. The
microphone was placed within the cavum
of the concha near the entrance to the
ear canal. To obtain worst noise con-
ditions the window on the driver's side
was fully opened. It was expected that
noise levels at the left ear, which was
nearer to the open window, would be
higher. However, owing to the possibi-
lity of wind induced turbulence at the
microphone, this measuring station was
not used initially for continuous re-
cording, but only for trial measure-
ments. Evaluation of these results,
in particular the narrow band frequen-
cy analyses, showed that the turbulence
effect was negligible in comparison
with other contributing sources and
did not influence the noise exposure



measurements. Consequently, after
Vehicle #17, the exposure of the driver
was monito red at both ears. In addi-
tion to the measurements made at both
ears of the driver, an "Ear Bug" mic-
rophone was suspended from the cab
ceiling to a position 150 mm to the
right of the driver's ear and at the
same level with it. This will be re-
ferred to as the centre of cab posi-
tion.

To obtain a measurement of the
basic noise making capacity of each
vehicle, in-cab noise measurements
were performed in accordance with
standard measuring procedures SAE
J336a and CSA Z7107.23. The first pro-
cedure was significantly longer than
the second and required a special test
site, which was not readily available
for routine testing. The results ob-
tained by both methods were very close
and since for the purpose of this study
CSA Z7107.23 was more acceptable, the
use of SAE J336a was eventually discon-
tinued. Measurements for both proced-
ures were taken directly with a preci-
sion sound level meter.

DISCUSSION AND RESULTS

The specifications of the 58 heavy
trucks tested are shown in Table 1. It
should be noted that, since the fleet
vehicles provided for test runs were,
on the average, relatively new and well
maintained, the results must therefore
be expected to be marginally weighted
in favour of lower noise exposures.

The Leq values obtained for each
vehicle and the corresponding CSA Z107.
23 value are summarized in Table 2.
During some of the test runs, owing to
low temperatures, it was found neces-
sary to either close the driver's wind-
ow partially or close it completely and
open the vent window. Measurements
taken wunder these conditions are approp-
riately marked in this table. In addi-
tion, all test runs noted in this table
were made with radios off and conver-
sation within the cab reduced as far as
possible.

Narrow band frequency spectra were
obtained at the three measuring stations
(left ear, right ear and centre of cab)
during city, highway and freeway driv-
ing. Figure 1 shows typical results
of such an analysis of the noise re-
corded at the right ear of a driver
during a highway run. 11 is quite ev-
ident that the noise is dominated by
discrete frequency components. This
was found to be the case at all three
measuring stations within the cab and
for each driving condition. Also a
progressive reduction of the overall
sound level from the left ear to the

Table 1 - Truck Specifications

VEHICLE YEAR

1 1975
2 1971
3 1973
4 1973
5 1971
6 1975
7 1974
8 1968
9 1975
10 1974
1 1975
12 1974
13 1976
14 1972
15 1972
16 1972
17 1972
18 1976
19 1976
20 1974
21 1976
22 1974
23 1975
24 1974
25 1975
26 1976
27 1974
28 1973
29 1973
30 1973
31 1977
32 1975
33 1975
34 1975
35 1975
36 1977
37 1976
38 1971
39 1975
40 1971
41 1971
42 1971
43 1975
44 1977
45 1975
46 1977
47 1978
48 1977
49 1978
50 1978
51 1978
52 1978
53 1978
54 1978
55 1975
56 1976
57 1977
58 1976

DIESEL ENGINE SPECIFICATIONS

CYCLE
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RATED POWER

235 hp - 2100 rpm
320 hp - 2600 rpm

310
310
310

310

hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2500 rpm
hp - 2100rpm
hp - 4000rpm
hp - 2100rpm
hp - 2100rpm
hp - 2100rpm
hp - 2100rpm
hp - 2150rpm
hp - 2100rpm
hp - 2100rpm
hp - 2150rpm
hp - 2150rpm
hp - 2100rpm
hp - 2100rpm
hp- 2100rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp- 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp- 2100rpm
hp- 1900 rpm
hp - 2000 rpm
hp - 2100 rpm
hp - 2100 rpm
hp- 1900rpm
hp - 1900 rpm
hp - 1900 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 1900 rpm
hp - 1900 rpm
hp - 2100 rpm
hp - 1900 rpm
hp- 1900 rpm
hp - 1900 rpm
hp - 1900 rpm
hp - 1900 rpm
hp - 1900 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm
hp - 2100 rpm

centre of cab position was noted. This
appears to be predominantly due to a
distinct attenuation of frequency com-
ponents above 1.5 kHz. The
explanation of this
absorption within

wind noise.

effect

~most likely
is increased

the cab of high fre-
quency sound energy and shielding of

During initial
was observed that
levels

intelligible,

and Figure 3.
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It

is

measuring runs it

to be heard and be

of speech, radio
and CB radio had to be set several deci-
bels above the environmental
Typi cal examples are shown
interesting to note

noise level.
in Figure 2



SOUND  LEVEL-dBA

Table 2 - Summary of Noise Measurements

Leq(C|TY)- dBA Leq(HIGHWAY)-dBA Leq(FREEWAY)-dBA

CSA
STANDARD
2107.23

VEHICLE MICROPHONE POSITION MICROPHONE POSITION MICROPHONE POSITION

LT RGHT LEFT  RIGHT .o LEFT  RIGHT
EAR  EaR EAR  EAR EAR  EAR

1 85 83 - 85 83 - 89 90 81
2 - - - - - - 90 91 85
3 86 84 88 84 80
4 - 87 87 88
5 82 82 -

6 86 84 - - - - - - 83
7 85 84 - 85 - - 87 86 82
8 82 83 - - - - 87 86 80
9 - 87 81
10 89 89 88 86
1 91 86 83
12 - - - - - - 88 - 85
13 - 83 83 - 87 84 - 88 86 82
14 - - - 91 87 88 - - - 91
15 - - - 87 89 - - - 84
16 90 87 89
17 87 87 85
18 83 81 80 86 84 87* 86 85 82
19 90 86 85 - - 90 87 86 86
20 84 81 80 86 83 83 87* 86 84 81
21 91A 90 88 89

26 82 - 87 84 81 89 85 82 83
27 90 88 88 - 92 90 90 88
28 87 89 88 86
29 87 86 88
30 88 89 90 91

31 9 89 8 92 90 88 96 90 90 87
32 90 9 89 91 90 8 93 91 90 88

33 - 91* 91 90 90
34 - 91 90 - 93 91 92** 94 91 90
35 90 91 91 91 91 91 917 94 90 93
36 - - - - - - 89" 91 88 86
37 89 87 86 - - - 92 91 89 87
38 92 88 87 91 90 89 94 90 89 87
39 - - - 88" 89 86 88" 90 85 87
40 88" 86 86 89" 90 88 89 90 87 87
41 89 88 86 - - - 89* 9 85 87
42 90 90 88 - - - 91* 91 89 88
43 88" 91 89 89" 89 88 90“ 94 90 87
44 - - - - - - 87 88 87 86
45 - - - 92 91 90 93 91 91 86
46 - 84 83 - 86 86 90 88 88 84
47 - 83 81 - - - 88 88 85 84
48 91 - 87 86
49 92 - 88 83
50 - 86 88 82
51 85 89 88 84
52 - - - - - - 87 87 86 84
53 88 - - - - 91 88 87 82
54 88 - 85 - - - 89 - 87 84
55 89 86 85 - - - 90 88 86 86
56 85 88 84 87 88 87 - - - 85
57 - - 91 - - 92 - - - 88
58 85 84 81 88 87 86 - . . 82

a WINDOWS PARTIALLY OPEN
WINDOWS CLOSED-WINDOW VENT OPEN

Fig. 1 - Frequency analysis of highway driving
monitored at right (inner) ear
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that the use of a (B radio
increases in instantaneous sound level
of up to 10 dB. The influence on the
driver's noise exposure depends, in
addition to sound levels, also upon

the duration of use and location of the
source. The combined effect is adequate-
ly defined by the energy equivalent
level, Leq, at the reception point.
Recordings were taken on several vehi-
cles at all three measuring stations
during freeway runs at a steady 100

resulted in

km/h, with normal use of CB radio and
without it. The results are shown in
Table 3. It can be seen that this
effect is highest at the centre of cab
position and lowest at the left ear.
At the right ear an average increase
in Leq of 2.7 dB was measured, which'

will increase the Noise Exposure Rating
by approximately 50%.

With reference to the Leq values
shown in Table 2, it can be seen that
they depend upon the measuring location
and their magnitudes increase in the
order: CSA standard procedure, centre
of cab, right ear and left ear. These
increases and overall values of Leq
are lowest for city driving and highest
for freeway hauls. The average value
of the Leq difference between freeway
and city driving, measured at the right
ear, is 2.9 dB with a standard devia-
tion of 1.6 dB. Although these re-
sults are not completely consistent,
which appears to be primarily due to
the inherent non-uniformity of the

sound field in the cab, a definite
trend is quite evident.

Figure 4 indicates both the wvari-
ation in the Leq value for each of the

three driving conditions and the cor-
responding sound level distributions
obtained for a particular vehicle.

For freeway driving, the sound
level at the left ear is on the average
5.7 dB higher than that measured with
the CSA standard procedure. This sug-
gests that any method of determining
noise exposure which is based on meas-
urement of sound level at some distance
from the subject's ear, may results in
significant underestimate. Errors in
excess of 100% appear to be quite pos-
sible.

Correlations between data for the
right ear, left ear and centre of cab
positions, for each of the three driv-
ing conditions, were also determined.
The results of two such correlations
are shown in Figure 5 and Figure 6.

In these graphs, r represents the cor-
relation coefficient and a the standard
deviation. Generally, the best cor-
relation exists between the right ear
and centre of cab with the value of cor-
relation coefficient highest for city
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Table 3 - Effect of OB Radio on Values of Leq

CsA LEFT EAR - dBA RELATIVE RIGHT EAR - 4BA RELATIVE CEMTRE CAB- CSA RELATIVE
VEKEE ag72 NO CB WITH CB NO CB  WITH CS vl
d3A dBA <A WO CB WITH CB  gga
31 87 96 99 +3 - - - 90 95 +5
33 90 91 97 *6 95 98 *3 91 95 +4
34 90 92 92 0 94 97 +3 91 94 *3
36 86 89 91 2 91 96 *5 88 91 +3
37 87 91 91 0 93 94 ‘1 89 92 42
38 87 94 94 0 90 91 "1 89 91 +3

40 87 - - - - - - 85 88 43
41 87 89 91 *2 89 92 43 -

driving and lowest for freeway driving.
The results also indicate the highest
noise levels exist at the left ear.

CONCLUSIONS

1 MINUTE
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FOR ACCIDENT

MICROPHONE IN RIGHT EAR OF DRIVER

effect of CB radio on

MICROPHONE IN RIGHT EAR OF DRIVER

effect of speech on noise

Under most operating conditions
the sound field inside the cab is dom-
inated by discrete frequency components.
This suggests that the location of the
microphone may have significant influ-
ence on measurements. For accurate de-
termination of noise exposure the mi-
crophone should be placed within the
cavum of the concha.

The use in the CB

cab of radio or
radio can significantly increase the
noise exposure of the driver. Tests
performed on a sample of 8 vehicles
show that normal use of CB radio in-
creases the value of Leq at the right
ear by an average of 2.7 dB. This
corresponds to an increase on the noise
dose of at least 50%. It can thus be
a significant contributor to the over-
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Fig. 4 - Statistical distribution for various
driving conditions

eq MONITORED AT DRIVERS LEFT EAR - dBA
Fig. 5 - Comparison of sound levels for city
driving

all noise exposure.

The sound levels measured at the
centre of cab position, right and left
ear of the driver, increase generally
in that order. The value of the Leq
at the left ear is on average 6 dB
higher than that at the centre of cab
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Fig. 6 - Comparison of sound levels for city
driving

position, which is the measuring sta-
tion used for standard procedures.

The noise exposure of truck driv-
ers is lowest during city driving and
increases in the order: city, highway
and freeway. The value of Leq at the
right ear is on average 1.5 dB higher
during highway driving than during
city driving. The corresponding com-
parison between highway and freeway
driving shows an average difference of
1.6 dB. The value of Leq for freeway
driving 1is an average 2.9 dB higher
than for city driving, which is approx-
imately equivalent to an increase of
noise exposure of 50%.
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THE COMPANY:

THE individual:

THE NEW GENERATION OF
ENVIRONMENTAL NOISE
MONITORING INSTRUMENTS

db-306A Metrologger

Continuous LCD Readout

A large four digit L c o display permits direct continuous
readout of sound level, Lmax, Leq and test duration, even in bright
sunlight. Test duration can be from .25 seconds to 72 hours and
does not have to be preset in advance.

Numerical data appears on the display readout complete with
identifying descriptors such as “Lmax 113~, etc. This minimizes
operator training and facilitates interpretation of data. Data is also
retained in memory for immediate review with possible violators.
Accuracy may be confirmed by calibration before, during and
after test periods.

Low power consumption (up to 100 hours on one battery)
and rugged construction make the db-306A ideal for community
applications.

LEQ MEASUREMENTS LIMITED
175 ADVANCE BLVD UNIT 12

MISSISSAUGA, ONTARIO L5S 1H5
PHONE: 416-453-6210

METRQSONICS INC.

P.O. BOX 23075 1 ROCHESTER. N Y. 14692 1 716-334-7300

Harford,

Kennedy, Harford,
Wakeffeld Frank

Ltd. & Partners

POSITION AVAIL/OLE - ACOUSTICAL ENGINEERS

ACOUSTICAL CONSULTANT, WOULD BE RESPONSIBLE FOR
CONDUCTING FIELD MEASUREMENTS, DATA REDUCTION

AND ANALYSIS, MATHEMATICAL PREDICTIONS, FORMILATING
RECOf-T-1IENDATIONS FOR NOISE CONTROL, AND REPORT
WRITING. TYPICAL PROJECTS WOULD INVOLVE MECHANICAL
NOISE CONTROL, ARCHITECTURAL ACOUSTICAL DESIGN,
ENVIRONMENTAL IMPACT ASSESSMENTS, AND TRANSPORTATION
NOISE STUDIES.

"WO AFFILIATED ACOUSTICAL CONSULTING FIRMS LOCATED IN
CALGARY, ALBERTA, AND VANCOUVER, B.C. ONE POSITION
AVAIL/OLE IN EACH OFFICE. FOUR PRINCIPALS WITH

25 YEARS COMBINED PRACTICAL EXPERIENCE. EXCELLENT
OPPORTUNITY FOR RAPID ADVANCEMENT,

AN ACOUSTICAL ENGINEER OR TECHNICIAN, UNIVERSITY
DEGREE PRFFERZLE, AT LEAST TWO YEARS EXPERIENCE
IN ACOUSTICS REQUIRED.

APPLY TO: KENNETH HARFORD, P.ENG,

HARFORD, KEWEDY, WAKEFIELD LTD,

1727 west 2nd avenue
VANCOUVER, B.C.
v5j 1h8 (TO) 736-2352

LESLIE FRANK, P.ENG.
HARFORD, FRANK & PARTNERS

605, 3320- la street s.w,
CALGARY, ALBERTA
t2h 0g3 (403) 23-3600



NOW! Comprehensive building acoustics
analysis with a single portable instrument.

For the measurement and calculation of:

* Normalised and standardised level differences (ISO 140)

* Reverberation times (ISO R 354, 1SO 3382)
» Airborne noise insulation indices (ISO R 717)
* Impact noise insulation indices (ISO R 717)

» Sound power (ISO 3741 and 3742)

80-189

THE B&K TYPE 4417 BUILDING ACOUSTICS ANALYSER

combines every required building acoustics mea-
surement capability in a single compact, portable
instrument. In addition to the specific data noted in the
illustration, the 4417 evaluates noise reduction; in-
vestigates sound field distribution; determines loss
factors of building elements. It runs on its own internal
power supply; requires only a microphone and speak-

er system for operation. Of special interest is a sys-
tem of measurement and calculation error codes, with
the pertinent code number displayed on the face of
the instrument for prompt identification and correc-
tion. For more detailed information, or to arrange a
demonstration, call any Bruel & Kjaer office.



PLUS Iinstantaneous data storage,
retrievable at the touch of a button

» I[EC/IEEE and B&K Low Power interface compatibility < Complete manual or remote control
» Fast retrieval of data — 4 digit data location display » Mains or DC powered for maximum versatility

THE B&K TYPE 7400
DIGITAL CASSETTE RECORDER

is the ideal complement to the Building Acoustics

Analyser. Results are stored as they happen, — up to retrieval instrument you could have in your lab, be-
500K bytes of data on a single cassette — and are cause it is compatible with all B&K (and most other)
instantly retrievable by touching a button. The Type instruments. Write or phone for more information, or a
7400 is, in fact, the most efficient data storage and no-obligation demonstration.

BRUEL & KJAER CANADA LTD.

Specialists in acoustic and vibration measurement
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