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Fig. 1a Sonex ear plugs

Fig. 1b INM - Modified ear plugs

Fig. 1 Sonex and INM ear plugs
















higher frequencies. Nevertheless. in view of the app oximations

made, reasonable agreement is obtained with the experimental results,
12. The above argument holds only at relatively low sound pressure
levels. When the displacement amplitude of the air in the orifice

approaches i' the ilow starts to break up and become turbulent: this
will occur at pressures inside the canal of the order of 115dB s, p. L.

The redstance is then increased by the addition of a furbulence

component which. assuming that all the kinetic energy i1 th » air flow

is lost, is proportional to the particle velocity. i.e. Rp u where
£

u is the instantaneous particle velocity. R, becomes the dominant

component in the total resistance above about 120 dB s.p.l. In the case
of gunfire noise where peak levels ** above 160 dB s.p.l. are encountered,
the total resistance of the orif.ce is very much greater than at lower
levels.

Characteristics of the INM and simiiar Plugs

18, The characteristics of the INM and similar plugs can therefore

be described as follows:- The attenuation at low level is strongly
frequency dependent, there being a damped resonance around 1 kHz

with an increasing attenuation thereafter. The attenuation above 2 kHz

is guite large, as the unplugged ear canal has a strcng resonance at about
3 kHz which is destroyed by insertion of the plug. The attenuation
increases at high levels, first apparent for pure tone as a reduction of
the gain at the resonant frequency. The reduction of high level short
duration impulses of the type associated with gunfire approaches that

of conventional ear plugs, and is dependent on the impulse level and
duration. The non-linear part of the orifice impedance is of only small
importance at the noise levels, generally below 130 dB s, p.1, encountered
with industrial processes.

14. The linear part of the impedance, unlike the non-linear part,

is dependent on the length of the orifice i. e. on the thickness of the
shim, and a reduction in this thickness would therefore decrease the
low-level attenuation; but as most of the effective length arises from
the end correction, there shoulu be no great advantage in using very
thin shims. The 0. 005 inch shim used seems a reasonable compromise.

Where impulse noise levels are quoted they refer to zero-to-peak
measurement,



VMETHOD AND RESULTS

Pure-Tone Attenvstion in A\r_'}ifgcia_ll;kl_ri

\rtificial-ear couplers are very useful in the evaluation or
development of some types of ear defenders as precise results are
Dtained casily and rapidly; but they suffer from two serious disadvant -
aves when used with ear plugs. One is that agreed international
standards for artificial ears refer mainly to their use in the calibration

of earphones, and that artificial ears suitable for determination of

ear plug attenuation are neither standardised nor commercially available.

I'he other is that the attenuation of most types of ear plug depends
critically on the properties of the tissues liring the external auditory
meatus, as described in paragraph 7; to reproduce these adequately

in an artificial ear would be extremely difficult,

16. The sceond difficulty entirely rules out the use of artificial

ears for finding the attenuation of "solid" ear plugs: the restraint of

the plug by the hard coupler walls produces a ridiculously high answer.
If the plug is not "'solid" but contains some form of acoustic element
which reduces the attenuation ( measured in a real ear), so that
attenuation is chiefly a function of this element rather than of the
meatus walls, then the results measured in an artificial ear will be
meaningful and can be used in the evaluation or development of the
plug. Comparison with published values for the attenuation of solid
plugs with the artificial ear results should indicate whether transmission
through the acoustic element in the plug or movement of the meatus
walls is the dominant mechanism. For the INM plug and similar

types, which give only modest attenuation at low and medium frequency,
the artificial ear gives useful results at these frequencies.

Artificial Ears used in the Development of the INM Plug

17. The lack of standardisation for suitable artificial ears has led
to a great variety of "one-off'' designs; some of these are simply
hard-walled cavities of the appropriate volume while others are
impressively sophisticated. 10 Design of artificial ears is itself a
facinatin; subject but will not be explored here.

18. Four different types of artificial ears were used in the aevelopment
of the .NM plug and the results from two are described: -

a. The simpler of the two artificial ears was a cylindrical
cavity set in the centre of a 6-inch diameter aluminium plate.
The diameter of the cavity was } inch and length 1 inch. A }
inch (B & K 4136) microphone was placed at the far end with
an O-ring to prevent leakage. Complete ear plugs were not
used with this "ear'; instead a piece of steel shim pierced
with the appropriate combination of orifices was placed across
the entrance, This artificial ear could be used with both
continuous and high-level impulse noise.
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