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Low Frequency Noise in Road Vehicles
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In the course of making a series of sound pressure level measurements
in moving vehicles, it was noticed that in some cases overall sound
pressure levels appeared to be exceedingly high in relation to the
measured octave band and dB(A) readings obtained in the same
conditions. It was found for example, in a large car that the
measured overall sound pressure level waa 103 dB while the level
obtained by suming the octave band figures over the range 22 Hz to
22 kHz was only 97 dB. This difference suggests that there must be
excess energy lying outside the range mentioned above, and tha
falling nature of the frequency mpectrum suggests that it is much moge
likely to be below 22 Hz than above 22 kHz,

The scund level meter in use (B and K impulse meter, type 2204, with
cartridge type 4145) was therefore calibrated(ff frequencies down to
0.75 Hz, using a calibrated infrasonic source and was found to
have a response falling to =3dB at 1.5 Hz. T?ﬁ)meter was then used
to drive & frequency modulation tape recorder to make a saries

of recordings of low frequency sound in vehicles, a second sound
level meter was used to obtain direct readings of the octave band
noige levels from 32 lz upwards.

Analysis of the Data

The recorded tapeisyere played back through a demodulator and a set
of octave filters into & slow response r.w.s. voltmeter. The
recordings were always played back in real time (i.e, at the same
speed as recorded) and the meter readings were noted down manually,
This procedure was chosen in preference to an automated recording
syatem since it was found that the recordings sometimes contained
substantial 'peaka' which were due to various cauges, but were not a
basic part of the vehicle noise, and could be ignored by an intel-
lipent operator. An example was the peak caused when the vehicle
overtook a heavy lorry in an adjacent lane of the road, this produced
a peak of about + 10 dB in the lower frequency bands (2-8§ Hz) lasting
for a few seconds,

The same length of tape {normally of about two minutes duration) was
analysed through each octave filter from 2 to 32 Hz and a measurement
was also made of the 220 Hz signal recorded by the pistonphone. As

a further check on the overall calibration ¢f the svatem the sound
pressure level in the 32 Hz band was compared with that obtazined
directly from the other sound level meter.

Regults
Measurements were made under steady speed conditions in a range of



vehicles on the M6 and other roads of motorway standard, the speeds
chosen ranging from 40 to 70 mph.

In general the results confirmed the initial supposition that high
gound pressure levelg accur in the octave below 32 Hz, and that in
many cases much of the sound energy is in this frequency region, The
octave band frequency spectrum obtained in @ large (3-litre) salecon
car showed the way in which sound pressure levels continue to

increase with decreasing frequency down to the 2 Uz band. A suspicion
of a slight peak around 64=125 Hz was presumably due toc an engine=
exhaust noige component at the firing rate of the engine.

Figure 1 for a emall (l-litre) saloon car shows a very similar pattern
to the larger vehicle but the recorded levelas are higher in all
frequency bands below 1 kliiz, as before the highest levele are found

in the lowest frequency bands., Both the 40 and 60 mph curves show
clear pezks which can be related to the firing rate of the engine,

The subjective opinion of the testers was that this car was consider-
ably noisier than the 3-litre. '

Further data was obtained in a 4-wheal drive utilicty vehicle with a
diesel engine {2-litres). At the lowest frequencies the levels
were similar to the small car but & combination of engine and gear
noise mekes the levels much higher at all frequencies from about

16 Kz upwards. This vehicle was regarded subjectively as extremely
noisy.

Figure 1 includes a curve(k) representing the binaural threshold of
hearing at low frequencies and illustrates that (ignoring the effects
of masking) there are audible pressure levels down to about 8 Hz

jn ears with closed windows.

In the case of the small {1 litre) car some measurements were made
with one front sliding window opened 6 inches.

In this condition the highest measured level was 115 dB in the 2 and
4 Hz octave bands, The increase in moise level in the range 2-32 Nz
appears to be in the form of turbulence noise of a random nature,

and, judging from both the shape :of figure P, and the subjective
agpessment of the obaigyess, was not a resonant effect of the tvpe
deacribed by Aspinall . In this case the measured levels were

shove 'he hearing threshold at all frequencies down to (and including)
4 Hz.

Conclusions

A simple system for the measurement of noise in vehicles over the
frequency range 1.4 Hz to 22 kHz has been described, together with
details of some typical results.

The results of the tests in pemeral confirm the hypothesia on which
the work was based, that high levels of noise occur in the range
below 32 Hz in cars travelling at speed. The data obtained in
testing a range of passenger cars show, as a general trend, that
the highest octave band sound pressure levels are found in the
range 2-16 Hz and are arcund or in excess of 100 dB. All the
vehicles tested, (ineluding a number additional to those mentioned
specifically in the text) conform to the same general pattern, that
the larger vehicles are less moisy than the smsll ones. Since,
however, the larger cars were invariably more genercusly upholstered
and carpeted this effect may be due in part to interior furnishings
as well as dimensional differences.



1t was found that opening a window bv a few inches caused, in all
cases, 4 large increase in the measured levels at frequencies in the
2-32 Hz octave bande, raising these bands to 110 to 120 dB. It was
the opinion of the observers whe took part in the testa {and who were
all experienced in the evaluation of noise and infrasound) that the
increase in low frequencies when a windew was opened was responsible
for a considerable deterioration in passenger comfort,

A further possible hazard ?g }?w frequency sound is its effect on
palance, it has been showm™ '’’ that intense low frequency sounds
{around 140 dB and higher) can cause a balance disturbance in normal
observers, and this effect can occur at lower levels in some ear
disorders.

It was concluded that, in general, low frequencv sound below 20 liz,
probably plays a part in influencing comfort in passenger transporta=
tion, and may, via its effects on balance, have am influence on
safety. Low frequency sound should therefore be considered seriously
in any overall evaluation of the transportation environment.
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