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The mapnitude of mechanical impedance gives
an idea of mechanical energy per se frans-
Jerred per se from vibrating environment to
the human body with respect to the frequency
of vibratory motion and s computed ax the
ratio of force exerted by the body to the veloc-
ity produced at the site of exeitation. 28 hu-
man valunteers with average age and weight
af 31248545 yr. and 635.0 + 9.70 kg respec-
tively were subjected 1o vertical vibrafion in
the frequency range 3-21 Hz, Mechanical im-
pedance was determined at three amplitudes
fabove 1.0 m/sec’) at each frequency setting,

A human like dummy of 68 kg weight and
I75 em height having natural freguency and
frequency of impedance maximum similar to
that of human subjeet was fabricated. The
dummy can be used in sitwations where the
magnitude af acceleration, impact, shock elc.,
dre above finman folerance:

Keywords: Transient acceleration, transmissi-
Bility, vertical vibration, mechanical impedance,
dynamic charaeleristics, anthropomorphic dummy.

or purposes of ransient accelerarion inpuis,
human body can be taken as a mechanical
system'. The response of @ mechanical
sysiem 1o °an accelerative force depends not
only on the magnitude. direction and duration of
the applied force but also on the rate at which
the lorce builds up. In sustzined acceleration,

* force builds up slowly and may be accommo

dated by the system. In the case of rapidly ap-
plied force, acceleration builds up too fast for
the mechanical system to track it and a transient
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or impaet response occurs which differs consil-
erably from the steady state response that wouldd
have resulted 1t the same ftorce was applied
slowly [2]. The ability ol a system o trock we-
celerative forces of varying application rales is
described by its frequency response’ . Thus, de-
termining the frequency response of the system
reveals its racking ability. A significant charo-
eristic of some  mechanical  systems s thei
natural tendency to respond 10 a non-sinusoidal
brief force application with a sinuseidal nie-
chanicul response at o fxed frequency, Humun
body is considered no exception to that and
15 regarded as a resilient system with a résonance
in the vertical agis between 4-8 He with variable
damping [4].

A simple method of studying the dynamic
response of the human bedy is 1o measure its
driving point impedance under sieady slale si-
nusotdal vibration excitation. Since no instru-
mentation is attached to the body, this technique
is considercd near ideal, Although, the data
collected would be for a lumped parameler rep-
ssentation of the human bady, it is also applhi-
cable for multifrequency envirgnment. Also, it
is the only method where one 5 able W probe
into human body in order to find out 11s charac-
teristics of compressibility and damping [5].

The mechanical impedance is a ratio of the
force exerted at the rigid interface between the
structure and the eénvironment and the velocity
produced. 1T an wopedance head 15 used, the
actual magnitude of the force applied 15 naot
teguired. A dummy  fabricated  with  sionla
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can be employed o a grear advantage in high
magnitude acceleration environment where hu-
man beings cannol be used us subjects:

The present paper describes the studies car-
ried out on mechanical 1mpedance determina-
linn of heman subjectsand fabrication of human
Like dummy.

Principle

The equation of motion of lumped parameter
lincar system under forecd vibration is

I+ i+t r= A SiniiZn (1)
where;

%= Dhsplacement

¢ = Damping constant

w = Natural frequency of the system = (k/m)'"
k= Spring constant

m = Muass of the system

£2 = Forcing frequency

AcBin (i) = Impact acceleration

Modolus of Mechanical Impedance,

B . { ."r.‘;'-'E +1
|E =—=dMm |l— £2)
v \In'.l.‘-HI—n'j'

I = larce exerted
v = Veloeuy penerated

. S
n—-— = Frequency ratio
fed
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Prom the measured values the modulus of im
pedance at different frequencies and dyvnamic
characteristics like spparent muss, elaslic con-
stant and damping constant can be caleulated
usmg | 2]

Materials and methods

An clectrohvdraulic vibration simulator capabls
of simulating wverrical vibratons in the fre-
guency rangs 2-25 Hz with a frequency resolu-
tion of 0. He way wsed in the study. & light
weight aluminium chatr was fixed on o the
maoving piston through two aluminium plat
forms. Three force transducers were rigidly
fimed at 1207 apart hetween the two platforms,
Foo measure vibration frequency, amplitude and
velecity generaled al the platform leval, fwo ®
lingar response acceleromerers were used in
conjunction with appropriate indicators, A phase
meter was used o determine the phase angle
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hetween force and velocity signals. Analog siy
nals corresponding 1o force, veloeily and i"lhﬂ\.-..
angles were fed 1o o ditalogger and print outs ol
these guantities were taken, The output of the
datalogger could be connected to o datu storuge
unit to store all the datg on Aoppy disk, The de-
tils of the set up are given elsewhere®

The line dispram of the setup 1s ziven an
Figure 1

Methodology

‘The mechanical impedance measurement set up
was tested for its linearity and proper function-
ing using rigid mass of seal plus plarform of
25.5 kg, addinonal standard mass of 60 kg and a
rigid dummy of 66 kg weight, Frequeney in sieps
of 0.5 1 and 2-He were used mothe range 3-110)
I1=16 and 17-21 Hz respeenvely. At each fre
quency three ampliiudes in excess of 0.1 g o

were emploved wnd the rutio By calealuied.

Study with human subjects

A total of 28 human volunteers, ineluding three
females, participated in the study. Subjects were
tn the weight group of 5086 kg. Subject sat
upright on the seat withoul any  harness-
inglrestraining deviee. Freguency range of 3-21
Hz was adminisiered in the same steps as in the
cage of rigid masses/dummy. In between sach
frequency setling, subject was allowed o come
oul of vikrating chair. For complete recording
of one set of data comprising a single frequency
and three amplitudes, approximately 10 min.
were tequired. Therefore, appropriate tolerable
vibration levels were vsed as per IS0 gumide
lines’. Seat to head wansmissibility was also
measurcd. using a fnaxal scat accelerometer
(R&K Type 4322) and a muniature untgam lin-
ear response accelerometer. Subject sat on the
seal ‘acecleromeler while the other sceclerome-
ter was attached on to the subject's headgear
Since the first resonunce vecurs belween 3-8
He, thix fregueney range was used 1o find the
natural fréquency of each subject. Mechanical
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Frgure I Ambropomeplic duey

impedance values were averaged for differen
weight groups of subjects as well as for the en
tire group sl each lrequency and mechanics
impedance versus frequency graphs plotled,

Fabrication of anithropomorphic dummy

To make human like dummy, anthropomeloie
data conforming t S0th percentile of Tndian Air
Force pilot population was used, The weight
distrihution of differcnt body parts was matched
gxacily in fabricating the dummy,

The head of the dummy was made from sca
soncd teakwood pieces of 123 o thickness
giued wogether by synthenic glue and shaped like
hutrian bead with full facial features. Meck was
made from a steel roud which passes through tie
head. A stes! plate atached at right angles 1o the
neck sl made the collar bone, The vil cage was
made from plastic ngs shaped similar o homan
rib cage so as to lnge in the forward direction,
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To give the visco-clastic characteristics. a
vertehral column of 50 cm length and 5 cm di-
ameter was made from fibre plastie, The column
wus embedded with 22 rings of hard rubber 1o
sitnulule intervertebral dises, The vertebral col
umn s0 made was freading through the rib cage
and anached at the top 1o the neck rod and an the
bt Lo the pelvic joint, The pelvis, which was
made of wood, conform to that of human body.

Legs and arms were made from steel rods
undd joint movements were provided at elbow as
witll ax al knee soouy W keep the dummy in sit
tung posture. Chemically tremted raw rubber wis
attached to the skeleton, layer by layer, wnd
proper shupe was given to the torso as well as
arms, thiphs snd calves. Feel were made from
wood whereas, fingers were muude of tin, On top
of the raw rubber. layers of foam and crepe
nihbers were attached, Each part of the dummy
was weighed carefully sl wvarious stages 1o
achieve -a weight distribution of a 68 ky human
of 175 vm height. Figure 2 shows the photo-
praph of the dummny,

Experiments with dummy

The dummy was scated on the vibrating scat and
secured with the help of showlder and lap har-
nesses. Impedance experiment was carried oul as
wilh human subjects, in the frequency range 3-01
Hz, .at three amplitudes for each frequency set
ting. Natural frequency was similar 1o that of
hwman subjects in the weizght group 6U-649 ke

Resulis

Table | zives the subject characteristics and
natural  freguency (w) for all the subjects
grouped topether and for subjects 1o the weight
group GU-69 kg The characteristics of the fab-
ricated dunmmiy are given i Table 2.

Discussion

The validity of mechanical impedance measur
g sel up s evident from Figure 3 where the
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However, Tor the rigid dummy, the impedance
values were somewhat higher between 8-21 He.
The natural frequency for the 50-86 and 60-69
kg groups were 4.61 and 4,81 He whereas, the
lrequency and magnitude of impedance mani-
mum for the respective groups were ut 5.0 & 4.5
Iz and 3.51 & 3.84 KN scolm. The natural fre-
quency values umd frequencies of impedance
maximum are quite close to sach other whereas,
impedance response with frequency showed an
ingrease with weight, The second peak shown in
the impedance curve at 9.0 Hz tor 50-86 ke and
al 11 Hy for 60-649 kg weight groups were in the
form of lecalised maxima rather than sharp
peaks. This observation was similar to Coer
mann’s ﬁndings”.

Mechanical impedance is freguency depend-
enl and for o pure mass withoul springiness and
damping. the impedance increases linearly with
frequency. This is the case with rigid masses
and rigid dummy. For a seated human being, the
mass can be réated as a purc mass upto about
2 Hz of excitalion in the vertical axis and there-
after the maxima occurming between 4-3 Hz
shows changes in the apparent mass. Ahave 7
Hz, apparent mass falls below that of pure mass
indicating isvlation of some body parts.

An antlropomorphic dummy of 68 ke, that
was developed in the present study, had =
weight distribution similar to a man of equiva-
lent weight, That the dummy had dynamic prop-
erties similar to seated human being  was
obvious from the mechanical impedance as
well as natural frequency values. The anthro
pomotphic dummy had a mechanical impedance
value of 3.68 and 3.71 KN sec/in at 5.5 and 6.5
Hz respectively whereas, lor human subjects
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the impedance maximum was found to be at §
He. It hax been reported, in vibration (ansmis-
sion studies, that increase in acceleration biag-
ing ancreases the nulural frequency of seated
humsn subjects” In our study, the slight in-
erease in the lrequency of impedance maximum
as well as frequency at resonance can be taken
to indicate the wsape of dummy for higher
magnitudes of vibration amplitude also. The use
of ransmussion studies in coojunction with im-
pedance determnution cun therefore be used 1o
validate the similanties between humnun subyjocts
and dummies
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