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Z - Axis Vibration Transmission at Low Frequencies :
A Biodynamic Appraisal

MK Vyawahare, B Aravindakshan

Vartical vibration iransmission from seal to head
level was delermined (n the frequency range 3.5 - 8 Hz st
vibratlon ampliiudes ol 0.5 m/sec/see, 1.0 misecsec and
1.5 misecrsec for sealod subjects In relzsed upright
posture. Vibratlon transmisslon decreased with inercase
in trequency and body resonanoe eccurred batween 3.5 -
5.0 Hz under four diffarent experimentsl condilions,
Inercase n the wvibration smpillude coused a siight
dacresse in resonance bs well as resonance frequency,
indicating o possiblo change in body elaslicity and
damplng. Strapplng decreases resonance elfect, but the
overall transmission In the entire frequancy range
fneronses. Thicker cushlan and back pad give a highor
rasonance as compured fo hard cushions and back pads.
This indiceles o necessity of testing cushions and back
pads from the palnt of view of comiort and fransmissian
bafare (nduction. Study alse indicates that fow Intansity
vibration shouwld net be lgonored i occurring in sensitive
fraquency range.
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fn worker's emwvironment, vibration s
possibly one of the most fundamental aspecl.
Vibration related psychophysiclogical reaclions
are usually due to strain induced by detormation.
Biodynami; models and transfer funclion studies
yield information about the mechanical behaumur
of human body under vibration and impact'
There is a correlation beiwsen the vibration
sensation and resonance in human body.
Biomechamcally, human bedy is a compiex
system of interconnected masses, elasticities and
dampers. However, many imporiant dynamic
properlies including reaction 1o short duralion
impulsive forces, can be known from one degree
of freedom system. Siudies on organ delormation
and transmissibility yield useful informalion on
dynamic characteristics of single degree mechanical
systems. The extent o which vibration is transmiticd
through the bady, determines the degree of comior,
impairment in performance and in extreme cases,

passible injury.

Human response lo vibralion depends on
body size, weight, posture, muscuiar lension,
linearily of sliflness and dampmg Interposing
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structures like seat and back pad modily the
vibration reaching different organ sites.

In the present paper, verlical vibration
transmission from scat 1o head level has baen
determingd in a helicopter seat in the frequency
range 3.5 - 9.0 Hz at RMS ampliludes of 0.5
m/sec/sec, 1.0 m/sec/sec and 1.5 m'sec/sec,
Effect of seat cushion, back pad and harnessing
has also been sludied. Maximum vibration
transmission was related lo body weight, silling
haight and resonance treguency,

Material and Methods

The wuniaxial electrohydraulic vibration
simulator at IAM* which simulates Z - axis
vibration in the frequency range 2 - 15 Hz was
used. The frequency and intensity rasolution of
0.1 Hz and 0.1 m/sec/sec respectively are
available in the simulator. A helicopler cockpil
was firmly installed on the vibrating plattorm,
Helicopler seat consisted of a 7.5 ¢m thick, hard
cushion and 5 ¢m thick, hard, adjustable back
pad. The seat cushion and the ba{.‘,l-t pad wera
retained from a pravious .,iud';r A four point
harness was available wilth the seat. The first
exparimental condition, termed as Condtion ‘A
made use of the original seat cushion and back pad.
When the four point hamess was employed
alongwith Condition *A’, it was termed Condition 'D.
Condiions ‘B and ‘C' represented introduction of
7.5 cm thick back pad in combinalion with seat
cushion of 5 cm thick and 10 om thick ssat cushion
with 7.5 cm thick back pad, respectively. Tablg |
gives characleristics of cushions and back pads.

Table - | Charscleristics of Cushions and Back Pads

Thicknass Nalural frequency . Damping

{cm} (Hz) Ratio

5.0 (Hard Back Pad) as oy

7.5 [Hard Sear Cushion) 55 20

7 5 (Soft Back Pad) 5.0 2.2

10,0 {Soll Seat Cushion) 7h 2.0
44



Vibration frequency and intensity were
measured using accelerometers, vibration
indicator and fitters having flal response in low
frequencies. Mild steel plales were embedded in
the centre ol light weight fibre glass shells for
measuring vibration levels on head.

MNine healthy male volunteers, in the age
range 22 - 41 yrs with a height of 166.7 + 4.4 cm,
weight of 64.3 £ 8.7 Kg and sifting height of 79.4
+ 2.5cm were subjects in the present study.

Vibration transmission at the head level
was determined for relaxed upright posture. Head
shell was snugly litted on subject’s head with the
help of chin strap. Acceleromelars were fixed on
the head shell as well as on the seal. Vibralion
frequency between 3.5 - 9.0 Hz was administered
al BMS ampliludes of 0.5 m/sec/sec, 1.0
m/sec/sec and 1.5 mvsecfsec for each subject
under experimental conditions “A’, 'B*, 'C" and 'D",

Transmissibility, taken as ralio of vibration
level at the head and seat, was determined with
increasing and decreasing frequency segquence
belween 35 - 9.0 Hz. Mean values were
compulted and tabulated. Caorrelation coeflicients
were determined for different paramelers
involved,

Resulls

The head Ilevel vibration transmission
shows a decrease with frequency beyond the
resonance, under all experimental condilions
(Figures 1, 2, 3 and 4). Transmission decreases
below 100% between 7 and 8 Hz for amplitudes
of 1.0 misee/sec and 1.5 misec/sec in Conditions
‘A, ‘B' and °‘C. Under strapping, vibration
transmission goes below 100% only after 9.0 Hz,
barring 1.5 mfsec/sec amplilude. And, excepling
the weaker resonance wvalue, compared to
Conditions ‘A’, 'B° and 'C’, transmissibility in
general, is higher at all other frequencies in
Condition 'D’".

Maximum  vibration transmission for
Conditions ‘A', 'B' and 'C' progressively
decreases with increase in vibration amplitude
accompanied by a decrease in the resonance
frequency, whereas in Condilion ‘D', resonance
weakens and yel frequency does not show a fall
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(Table ll). Resonance has occurred between 3.5 -
5.0 Hz under all conditions of experiment.

Tables [ll, IV and V show Ihal maximum
transmission is positively correlated wilh weight,

Fig. 2 Vitralion Tranamiseitity
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Fig. 3 Vibration Tranemisslety
{ Comiition 'C7)

Table - ll Resonance Fraquency and Amplituds

Experimental Vibration Amplituda
Condition misac/sac (AMS)
05 1.0 1.5
A 291+0.31 267 £0.42 269+0.34
(433£033) (383+0.356) (3.78 4 0.26)
B 203% 0.26 269+0.18 266+015
(425+031) (381£0.24) (361L0.22)
c 3.16+0.40 2e1:0.21 2.80 + 0.20
(3942017 (372:026)  (367+£0.29)
4] 2804014 2/0+0.19 251017
[4504£025) (472+0.19) {4.03 + 0.92)
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sitting height and resonance frequency under
condilions 'A" and ‘D' for 0.5 m/sec/sec and 1.5
m/sec/sec amplitudes. At 1.5 mvsec/sec, sitting
height shows a very slight negative comrelation for
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Valves given in brackat are Resonance Frequencies
strapping condition. For Conditions ‘B' and ‘C’,
correlations are not very well defined, excepting

Table - I Correlatlon Coefficients of Maximum
Transmissibility Under Differant Experimental
Condilions (Vibration amplitude = 0.5 m/sec/sec)

Expanmantal C::n:ithn

A B c ¥
a oeg 0.33 0.63 0.80
b 068 0.20 0.48 078
c 0.59 0.33 039 0.43
d 0.54 0.1 015 0.30
e 0.59 -0.10 -0.36 -0.58
I 0.33 033 0.99 0.24

1.0 misec/sec vibration amplitude, where all
parameters are posilively correlated,

Table - IV Correlation Coefiiclents of Maximum
Transmissibility Under Different Experimental
Conditions (Vibration amplitude = 1.0 m/sec/sac)

Expermental Condition
A B c v}
a 0.88 0.53 035 052
b EI.EQ_ 047 D41 0.38
c 075 0.21 .28 0.43
d 051 0.03 027 -0.34
-] 063 o3 0.40 0.36
f E.‘r.?? 020 iz g2
Discussion

In & vibration environment, it has been
suggested that vibration transmission is the main
torce which dacides the magnitude of vibration
stress. Dupuis® believes that the exposure of
human bedy to random vibration in a sitting
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Tabla - V Correlation Coellicients of Maximum
Transmissibility Under Different Exparimantal
Conditions {Vibration amplitude = 1.5 m/sec/sac)

Exporimental Condition

A B c D
a 0.81 0.49 0.40 077
b 0.82 037 0.18 0.75
G 0.80 0.49 0.32 0.67
d 069 0.36 ©13 0.65
o 0.69 0.14 015 0.03
! 065 -0.48 0.23 -0.02

a - Waight, Sitting Height, Resonanco Froquoncy warsus
Transmitsibility

b - Weight, Hoight versus Transmirsibility

& - Waight, Riesonance Fieguoncy vorsus Tranzmissitality

d - Weight versus Transmissibility

@ = Sitting Height viersus Transmiszibility

i - Resonanco Frequency versus Transmissibility

posture constitules a special kind of stress lor
human erganism for which no receplor ergan or
prolective system Is available. One simply
develops an  approximate  biomechanical
behaviour pattern to face the vibration stress.

Transmissibility studies’’® have pointed
out that leaner subjects tend 1o have lower
transmissibility and change in the posture bring
aboul a large ¢change. There are indications that
maximum transmissibility value is related to
resonance frequency. Our study fully corroborate
this view point, In addition, our experiments have
shown that changes in seat cushion and back pad
do bring about changed resonance, in magnitude
and frequency. Comforiable seal cushion and
back pad are likely to give least resonance effect,
provided they have been tested for vipration
characteristics and found suitable. However, fully
compressible cushion under operators weight and
contoured for comfort is most likely to reduce
resonance effect as well as lransmission at low
requencies.

Higher ampliiudes of vibration tend lo
weaken the resonance wvalue and yet the
resonance frequency also diminishes in a given
range. Thus, body elasticity and damping seems
to be available In scme combination to aliow
vibration transmission. Lower levels of vibration

a2

give rise lo higher transmission and if this trend 1s
maintained in a random vibration
environment,consisting of low frequency at low
intensities, it is likely to lead to vibration induced
long term effects. Al low frequencies, vibration
etfects are primarily relaled lo resonance of body
parts. Resonance weakens with increase in
intensily, whereas at higher trequencies, vibration
oftects are primarily from absorption of vibratory
energy In the body and nol much related 1o
resonance. Vibration transmission and absorplion
studies are required to be carried out under
realistic  random  vibration  simulation, to
understand vibration transmission and absorplion
phenomenon in human body for the types of
vibration spectra usually encountered in military
lransportation.
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