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EDITOR'S SUMMARY

The current lack of a quick, cheap and accurate method of measuring the attenua-
tion provided by hearing protectors has hampered the development of these devices. Many
efforts to provide such a method have involved the design of an objective test apparatus
or 'artificial head'. A major drawback tu this solution has been the lack of detailed
information about the mechanical characteristics of the skin/flesh layer at the point of

contact between the protector and the head of a wearer.

This paper describes the measurement of the mechanical impedance of the skin/flesh

layer of 100 subjects at four points in the circumaural region and at a point in the
outer ear canal. The applicatioa of these data to the design of an artificial skin/flesh

layer for use on an 'artificial head' is discussed.




Page |
1 MOTIVATION AND AIM OF WORK 3 ;
2 TEST METHOD AND TEST STRUCTURE 3
3 TEST PARAMETER AND TEST PERSONNEL 3 '4
L EVALUATION 4
5 CONCLUSION 6
References 7
Illustrations Figures 3/1-2, 4/1-22 :
|

e e ——

r : :
i Accesziean Far

LIST OF CONTENTS

L2

—
S




MOTIVATION AND AIM OF WORK

During the construction of an artificial head for the measurement of sound attenu-
ation of ear protectors, it is necessary to simulate the mechanical properties of the
layers of skin on which the ear protector lies. A relevant factor here is the dynamic
behaviour of layers of human tissue as characterised by their mechanical impedance. This
is defined as the complex ratio of the Fourier transform of the force and velocity at a

t.st point.

Before the test involving simulation of human skin is carried out, it is first of
all necessary to know its properties, ie its mechanical impedance. The aim of the work
was to investigate these original data. Moreover, with the help of statistical methods, 4
an attempt was made to ascertain whether, and to what extent, the individual data could 1

be combined to give characteristic mean values.

2 TEST METHOD AND TEST STRUCTURE

A detailed description of the test structure and of the test method has been given

by Schrdter and Els (1979) so that only a rough summary need be given here.

Measurements were carried out of the force and acceleration at definite points, a
vibration exciter being used to produce mechanical vibrations. The mechanical impedance ]
was calculated from the two signals with the aid of a laboratory computer. The test
structure essentially resembles that described in the reference cited above. Only the
suspension of the vibration exciter was changed. It was now secured to a beam balance,
by which the necessary small bearing force could be established considerably more accu-

rately than with the original arrangement.

3 TEST PARAMETER AND TEST PERSONNEL

The mechanical impedances were recorded at four points for each test person, these
points being distributed around the pinna (Fig 3/1) and were also determined for the

layers of tissue in the outer canal of the ear.

Mechanical vibrations were transmitted to the tissue layers of the test points
around the ear by means of a flat, circular aluminium punch (area 1.75 cma). The static i
pressure applied by the punch to the test point is about 0.2 N (0.25 N ¥ 0.01 N) and
0.5 N (0.46 N £ 0.01 N). At test point 3 (mastoid), an additiunal measurement was made
at 5.4 N. The lower pressures applied result in roughly the force which is exerted by
capsule-type ear protectors; if such a protector, having an area of about 50 cm2, is
associated with a force of 10 N, this would correspond to a pressure which would be exer-

ted by the punch used here at a force of about 0.35 N.

As 2 result of the natural instability of movement of the tect person, changes

occur in the static pressure. Due to the small values of the forces involved, this leads
to larger relative errors than in the case of measurements at higher bearing forces. How-
ever, the force and acceleration signals obtained in each case had a periodic pattern and
were therefore averaged over 40O periods (within a test time of about 30 s), before being
processed by the computer to give an impedance. In this way, the bearing forces mentioned

above could, on averarge, be realised.




In order to detcrmine the sheur impedance or the walls of the ear canal, twe alu-

minium punches, initially forming the Irusturm 5 a cone, vere used, Ihe omalley variea
in external diameter from - mm at the “ip to Y mm over a length cof 10 mm; tne external
diameter of the larger cone was / mm a. the tiy and 10 mm further ur at a heirht agrain of
10 mm. The test person concerned hims:lr intcoduced the appropriate punch into the audi-
tory canal. The beam of the balance was then almost at equilibrium with a small excesc
weight on the side carrying the vibration exciter. TIhe test person was instructec to
insert the punch into the auditory canal until it sat a= firrly as an ear protector plug
of soft plastic. Fromn earlier mexsurements, it had been ectaklished that it was not vco-
sible to achieve an objectively defined pressure of the surface of the cone mantle applied
to the wall of the auditory canal by way of the static force with which the vibration
exciter-punch arrangement was pulled downwards. Therefore, in this series of tests, the

force of the pressure was established subjectively.

The measurements afforded impedance values for 205 equidistant frequencies from

100 Hz to 10 kHe.

100 test persons were used and 10 measurements were carried out on the right side
of each ncad. That is, one measurement at each test point 1-4 and at each bearing force
(0.2 N, 0.5 N), plus one measurement at test rocint 3 using a static pressure torce o!
S." n and one measurement of the impedance at the wall of the auditory canal. The perscncs
tested included 35 females and 65 males. The age distribution is shom in Fip z/2, In
addition, the corresponding impedances were measured on the left side of the head in the

case of 10 test subjects, in order that a right-left comparison could be carrien out.

The reproducibility of measurements was ascertained by repeating each individual
measurement on a test person five times. The test arrangement was newly applied to tie

test point on each occasion.
i EVALUATION

Of particular interest where circumaural mechanical impedances are concerned i:. the
srequency range below 2 kHz. As has already been shown (Schrdter and Fls, 1109}, tie
sound damping of a capsule-type ear protector from about 1 kilz jr~ determined only vy its

mass; above 1 kHz therefore, the effect of the skin is nerliyibly cmall,

The reproducibility of results in the case of umearurements at the same test point
and on the same test person was, in part, pood; however, at maryv test points, the scatter
achieved values of an order of magnitude approached by inter-subject deviaiions. FYor the
relevant low and medium frequencies, two physiological circumstances were, above all,
responsible for the worsening of the reprouucibility: hair between the punch and the skin,
and aleo the relativeiy round bones with thin tissue covering. In these cases, hope ¢ uld
almost be excluded of positioning the punch in the same way at all applications; test
values obtained for such points showed correspondingly wide sculler. ihe relative stan-
dard deviations could then attain values of up to 2%% (test point 7, 0.2 N bLearing rforce;

hair!). Typical curves are shown in Fig 4/1 and 4/2.

For measurements of the wall impedance of the auditory canal, in spite of the poorly-~

defined application force of the punch, good reproducibility of data war achieved (Fip %/3).




I'he relative standard deviation in this case was less than Zie. Por reacons already men-

tioned (non-linear distortions of the vilration exciter, see Sclriiter awl Els 1%/9),

these measurements could be carried out only in the frequency range up to 4 wHrz. As shown

in this same article, however, this was quite adequa‘e, since, above 4 kHz, arain the
sound dampring is determined only by the mascs of an ear »lurs., Using data obtained on 10
test subjects, a right-lert comparison was carried out in order to see whether any dif-
ferences existed between test values for the right and those for the left ear. These
tests were accomplished by means of the F-test for variances and t-test icr mean values
(significance level «a = 0.C5) (Sachs 1978). lio signitficant dirferences were found for

the circumaural measurements in the trequency range of interest up to at least 1 kHz.

in order to assess the dependence of the impedance on the are or sex of the test
rerson, mean values were first of all calculated over a [roup separated according to sex
and age, whereupon three age grouvs were defined: II: 16-25 years; III: 26-35 years;
IV: more than 25 years (see also Fig 3/2). Male and female test persons under 1¢ years

of age formed a further group, IL.

Arithmetical means of the real and imaginary parts were calculated. Test persons

whose R-test data (Nalimov 1963) recognised as strays (a = 0.05) were not included.

The mean values tnus obtained failed to show any tendencies as regards dependence
on age within the scatter of values. DMNo significant conclusions concerning age depen-
dence could be established on the basis of a simple variance analysis either. Division
into age groups was therefore abandoned and the mean values within the male and female

groupings weie combined (Fig 4/4 to 4/13).

The curves of these nrew mean values lead tc the assumpticrn of Jifferences between
impedances ol male and female test subjects initi»1ly only in the ¢ e of test point 2.

In rmex, the Fe and t-tests oupport this accusmpticn.  PFrom nwout | kHz, the reactances

:les can te

dirfer signiricantly (a = 0.0%). The ,reater ylintility encountered for fe:

attritvucea to their thicker crowth of hnir at thi- :.cint.

Values ror the rerainine tect point o appear o show no lurtiter clear differences.
However, 1t was onl: for tect point ? that no allference was ectablished according to F-

and t=tocts (a = O.00),

At test proint 7, girnificant differences »r the reactance at low frequencies were
obtained at low Irequencies (a = 0.0%). At hirh frequencics (>C kHz) and 0.2 N force of
pressure, it was no lomyrer rossible to carry out the t-tect, since the F-test there indi-
cated ditferent variances ot the basic overall resistance. This can be atiributed to the
tact that the rhy:-iolopical properties at this test peirt vary greatly. The thickness of
the larers of ticsue under the skin particularly showed wide inter-individual differences
at this roint. &nspecially at the small bearing; forces prevailing when the punch is not

so Jdeeply pressed in, very variable tissue thicknesces are encountered,
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At test point 4, it was possible to detect differences in the reactance and resis-

L

tance at low frequencies (a = U.0%). L the care of frequencies above a‘out  kHz, no
t=test coul:! te carried out, :iue te the wilely Jdilterin,” variances. For this test point

also, the remark: made abtove are valii.

¥ .
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No difference could be detected between male and ferale test sutects where the
impedance of the wall of the auditory canal was concerned. Ihe nean impedance at test
point 3 for a bearing force of 5.4 N was comparable with more recent results of otler
authors (Fig 4/12). A striking feature is the fact that the mean values of the impedance
measured here show no resonance, so that the mass component is obviously missing. An
explanation of this is that, in the case of some of the test verscns, measurements were
carried out not directly on the mastoid but under an intermediate layer of hair. The
large spring component which then occurs at high frequencies led to the apparent dis-

appearance of the mass component from the mean values recorded.

Finally, the mean values for all test persons together were obtained., It was found
(Fig 4/14% to 4/17) that the increase in the static bearing force at tect points 1-4 is,
on average, accompanied by an increase in the skin resistance and by a decrease in the

elasticity of the skin.

The tissue, perhaps with overlying hair, behaved, at points 2 and 3, like a spring
subject to losses. At test points 1 and 4, a mass component additionally cccurred. The
rather thicker layers of tissue there vibrate, in certain frequency ranges, as an inert

mass, ie as a whole.

The standard deviations associated with these mean values are presented in Fig 4/4°%
and 4/19. Their relative value was on average about 50%. However, considerably smaller
or larger standard deviations were sometimes found. The larger values arose from the
fact that for the small static pressure forces, inter-individual differences in the skin
thickness and quality and also in the hair growth affect the skin impedance to a much

greater extent than they do for higher bearing fcrces.

A comparison of the impedances at different test points for the same application

force (Fig 4/20 and 4/21) shows the scatter of the mean values between these points.

The values shown in Fig 4/22 were obtained for the mean impedance of the auditory
canal (the peak in the resistance curve at 300 Hz can be explained by non-linear distcr-
tions produced by the vibration exciter). The walls of the auditory canal behave, in the
frequency range considered, like a spring subject to losses. The large standard devia-
tions can, largely, be attributed to the fact that the adjustment of the punch in the
auditory canal was carried out by the test person concerned, and that therefore the pres-

sure forces and areas estatlished varied greatly from one test person to another.
5 CONZLUSION

The mechanical impedance was measured at four circumaural test points and in the
outer auditory canal of 100 test persons. The static pressure forces were of similar

order of magnitude to those produced by appropriate ear protectors.

No difference could Le established in impedance values for the right and the left
side of the head.

Similarly, no significant variations in impedance with age could be found.

Differences between impedance values for female and male test persons are scmetimes

present. In the relevant frequency ranges, however, these are so small that their value

5902 I




is too small, in comparison with the scatter ramye of test values, to serve as a represen-

tutive quality or the basic totality.
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vor Fecrensciz cufgesetzt

® ©

auf Arcus zygemcticus

Key:

1 = for a relaxed masticating muscle
2 = hair placed a little to the side
3 = taken in front of the hair line
4 = on the zygomatic arch

Fig 3.1 Position of the circumaural test points
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Fig 3.2 Age distribution for all test persons "
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Fig 4.1 Mean value and standard deviation of impedance data for
five measurements at test point 1, recorded for the same
test person (static bearing force = 0.2N)
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Fig 4.2 Mean value and standard deviation of impedance data for
five measurements at test point 2, recorded for the same
test person (static bearing force = 0.2N)
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wall of the auditory canal for five measurements recorded
for the same test person
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Fig 4.4 Mean values for male and female test persons;
test point 1
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Figs 4.584.6
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Fig 4.5 Mean values for male and female test persons;
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Fig 4.6 Mean values for male and female test persons;
test point 3, 0.2N
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Figs 4.784.8
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Fig 4.8 Mean values for male and female test persons;
test point 1, 0.5N
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Fig 4.10 Mean values for male and female test persons;
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Fig 4.11 Mean values for male and female test persons;
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Figs 4.1384.14
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Figs 4.1544.16
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Fig 4.15 Mean values for all test persons and for both bearing forces;
test point 2
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Fig 4.16 Mean values for all test persons and for both bearing forces;
test point 3
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Figs 4.19&4.20

40

Ns/m

Im(Z) —
~
NN

N

~
L\\\\
- \\

=

01 02 0.5 1 2 4L 6 8 10 kHz

f ——

Fig 4.19 Standard deviation of the imaginary part for data concerning
all test persons (1 curve for each test point 1-4 and
for each bearing force)
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Fig 4.20 Mean values for all test persons and a1l test points;
bearing force 0.2N




Figs 4.2144.22
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Fig 4.22 Mean value and standard deviation of the shearing
impedance of the wall of the auditory canal
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