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Vertical Vibration Transmission at Head Level

MK Vyawahare, B Aravindakshan, P Vijayshankar

Vertical vibration trensmission from sest lo heod
fevel was determined fn 15 male subifocis In low frequency
range of 3-8 Hz. A helicopter seal was used and vibralion
amplitudes of 0.5 misee”, 1.0 misec, 1.5 mised® and 2.0
misms”  (AMS) wove administered. Transmissibility
decressed with frequency beyond resonance frequancics
which ocoured between 3.5-5.0 Hz. Resonance frequency
as wall as amplitude showed a decrease with the incresse
in vibratien muegnilude. However, Iransmissibility around
resenance was always In excess of 200 porcent for all
vibration amplitudes. Chronic low leyels of wvertical
vibrations encounlered in long duralion llighls as well sz
in ether kinds of military fransponts, thus, cannat be
dismissed tightfy form the wview point of operational
elficlency.

Kay words [ Trensmizsibillty, resonance,
wholebody vibration.

In the mutiisiress environment of military
tlying, vibration stress is always present 10 some
degree. The exacl magnilude of vibration slress is
variable and a lunction of type of aircrail, Hying
and ambient envirohmental conditions. Helicopter
crew subjecled lo inlense verical wvibration
consider it a problem whereas, others lacing
chronic low level vibration in difterent kinds of
military transportation tend to dismiss it as an
inherent occupational nuisance only. This is
primarily due to the fact that as a non-speciic
slrezs, vibration hardly brings about any
immediale noliceable  palholpgy  demanding
strong reaclions. This has, in fact led o non-
specification of vibration problem in a proper
perspective in guantitalive term vis & vis ofher
aviation siresses.

it is well known and established Lhat
vibration aftects manual, _psychomotor and
goordinated performance In a multistress
environment of vibration, heal and noise, vibralion
maore than any oiher stress degrades ;:uz:a"ﬁ:'nrrnanr.:ts;i
Also, it is eslablished that low Irequency
vibrations in the band 3-10 Hz 1e. band covering
the firsl resonance in human body and spreading
on either side of resonance, gives rise lo
problems. Thus, determination of actual vitiralion
transmission to head level, which is the seal ol
ayas . Is.a must for seated person. For most ol

4

aircrew  or pilol pedormance, sensory  input
through eyes is important. In the present study,
vibration transmission from seat to head of upright
seated subjects was determined in a helicopter
sedl.

Matrarial and Mathod

The vibratlon simulator at |AM, simulating
vibirations in the weartical axis was used in he
study. A helicopter cockpil was lirmly nstalled on
the vibrating plattorm. The seal cushion and
adjustable bhack pad recommended from an
earlier study” were used along willh the seat. The
sgal was litted with a four point harness system,
However, in the present study, subjecls were not
hamessed.

[he wvibralion amplitude and frequency al
the platform level, seat level and head level were
measured by means ol flal Irequency response
acceleromater (Type S11204), vibration indicators
and filters. Fibre glass moulded head shells were
made in different sizes. They were fitted with very
thin crushable foam lining. Circular mild stesl
plates were embedded at the centre of the shells
to fix the accelerometar. There were. no air gaps
and shells could be donned snugly on the head
with the halp of nylon chin straps.

Vibration simulater was checked for s
consistency In terms of amplitude and frequency
for @ period ol one hour in the lrequency band
3-12 Hz at RMS ampliludes ranging between 0.5
to 2.0 m/sec®. Vibration amplitudes were
gompared al the plalform level and seal level wilh
a 79 Kg subject sitting on the seal. There were no
noliceahle differences, at the platform and seat
level

All subjecls, who panticipated in the present
sludy, were given vibiralion runs 1o acelustom them
with vibration produced by the simulator. In the
aclual experiment, subject sal on the seat with
comiorn cushion and adjusted the back rest for his
maximurm camlorl. However, he was instructed o
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sit relaxed upright without slouching He was lo
continuously gaze al lthe lings drawn on lhe wall
facing him 1o make sure that he was not losing the
upnghl relaxed poslure. Fibre glass shell was
irmly  secured on  subject's head and
accelerometer was inslalled. Chin siraps were
tighltened and head gear adjusted so that the
accelerometer was always vertical and (here were
no gaps betwesn subject’s head and the head
shell,

Verical vibrations in the range 3.5-90 Hz
at an Interval of 0.5 Hz were administered lor
fixed RMS ampliludes of 0.5 m/sec®, 1.0 mvsect
and 2.0 misec’. For experimantal convanience,
Irequency was lixed and amplilude varied, Oul of
a tolal of 15 subjects, the starting frequency for
eight subjects was 3.5 Hz which was raised till 9.0
Hz at 0.5 Hz increment. Whereas for Ihe
remaining seven subjects, starling lrequency was
9.0 Hz and it was slepped down to 3.5 Hz at 0.5
Hz inlerval, Amplilude of vibrations was variad in
sleps of 05 misec®  and higher or lower
amplitudes ware administered randomly, But each
amplilude was given at least twice Average
values of vibration amplitude al the head level
were taken for the purpose of transmission
calculations. To avoid any diurnal eflect on
vibralion transmission, the experiment was
conducted between %11 am for all subjects.
Fifteen male volunteers participated in the study.

Resufts

Table | gives the average age and waight of
the subjects. Age varied between 22-41 years and

Table - | Subjact Characteristics (n=15)

Avrage sb Range

ApE [vears) b3l 4.3 224

Wizsicid (k) B30 g7 5o g2
weight belween 54-82 kgs. Table 11 [l IV and V

give average lransmissibility values al the Head
level lor vibration magnitudes of 0.5 nvsec’, 1.0
misec’, 1.5 m/sec® and 2.0 mvsec® respectively.
Transmissibility values decreased to less than
100% between 8590 Hz for 05 misec’ and
between 7.0-9.0 Hz for 1.0 n'usar::?, 1.5 misec”
and 2.0 mvsec’ vibralion amplitude. Transmission
al lhe head level was maximum for 05 mvsec”

Ind J Aerospace Mad 34(1) June 19590

Talre-ll Mean head leval vibration transmission gl

O.5m'se
Froquoncy (Hz) Transmisshilin )
Maan S0 Hange
15 | &3 024 1.45- 244
40 258 042 1.0 30
4.5 265 0.4 200344
59 216 150 1.30-2.00
65 1.96 042 1,20 245
(4] 1 84 Q.2r 14 - 255
-5 154 0.5 1.25-2.15
10 138 0nM 0,94 - 200
15 j.22 B2 0aa 130
) 112 0y D10
BS 1.31 {22 0,70 1,40
B0 092 023 06D 135
—== == ]
Table-ilf Mean head lavel vibration transmission at
1.0m/sac
Froquatney (Ha) Transmisabilily
Wit &0 Range
i5 219 028 1R3 2 RS
48 255 034 1857300
45 2067 035 145 - 2.5
50 1,89 0,38 FO- 217
55 182 0.2 l.12- |05
Bl 150 [ 1.12- 215
65 18 026 (.82 - 180
1.0 112 .24 077145
15 181 A 0F2-1.45
R .99 g22 (LAH - 145
[ 089 020 0.48-1.35
50 (rk: 2 a.la 053 1,27

Table-IV Mean head level vibration transmission at

1.5,
Freguenay (Hz) Tranzmissibility
Muan ] ~ Ranga

35 218 HECH 1.55-2.80
48 242 ke =] 167 313
45 1.22 0.37 10R-237
50 145 03 082-183
55 138 o 163178
6d 135 21 Cag-180
65 118 (HEL 0.7a- 157
G | G2 023 O -1.40
75 ) 0.23 0.55-1.40
5.2 0ea 022 0.52-1.25
B5 082 e D&z 10d
3t 9,74 gay

045-1407

amplitude. Table VI gives the average of the
maxmum  transmissibility and  resonance
frequencies. Here again, the maximum values
decreased from 2 83 + 0.34 at 0.5 m/sec® to 2.40

e




Tabie- V Mean head level vibration transmission at

2.0m/
—
Frisquancy (Hz) Transmissibeity
Mean 5D Rasege
A5 23 +Ro 165 2./
4.0 228 oA 170 285
45 1.71 oM 103-225
50 142 026 085 .1.18
55 132 016 100165
60 1.24 0.23 0.80-1.75
fi 5 1.00 oaz 083 145
7o 100 0z R
I 082 0.8 058-123
Ad a7 016 046 114
&5 0.82 016 03107
a1 G5 0.1& 03 (.98

Table VI Mean of Maximum Transmissibilities and
Hesonance Frequencies

Amplinige

ul wbtatan Risonance

n msee’ Transmosibdity Fraquancies (HE)

(s Mean B0 Range Wean 30T Fange
04 PRI 03 215444 435 031 4050
10 259 047 200330 190 024 354
1.6 248 033 200919 385 023 3540
2.0 240 D2 185288 3.1 (02 1540

Tabie- Vil Comparison of Resonance values and
Fraquencies for Different Vibration Magnitudes

t Value)

Companson Fesonance Froguences
il ¥E B 1.85 a1
A1 ¥h a3 286" S0

8 vE B ars 5a3-
a v ag D.E& CE3

a7 Wi ey { 5T 172

B3 WE Ra o e

s p-:EH e i
a1 =05 miser az-‘l_ﬂrr.-‘sacE( A= SMisE” 2= 0mises’

+ 2.0 misec® indicaling somewhal wedkening of
resonance. Resonance frequency also decressed
progressively from 435 Hz to 373 H» for
amplitude variation lrom 0.5 misec® to 2.0 m/sec?,
Resonance frequency range was between 3.5-5.0
Hz. Table VII gives the comparison of resonance
values and resonance frequencies for different
ampliludes of vibration respectivaly.

Discussion

Vibration 1transmission al head level
decreased with the increase in magnitude of

&

vibration inpul as well as with frequency. Also, the
resonance weakened with increase of vibration
magnilude. There was a slight decreass in the
frequency at which the resonance accured,

Beyond resonance, vibration transmission
decreases is well known. Moreover, whole body
vibralion is wsually known 1o have maximum
fransmission belwsen 3.7 Hz, reprasaniative
value being 5 Hz "% However, in our stucdy,
vibration  transmission at  head level  for
unrestrained subjects was maximum in tha
frequency range 3-5 Hz. For progressively higher
magnitudes o vibration lrequency was shifting
lowards 3 Hz Involuntary muscle lensing is ong
of the causes attrbulable to increase in biody
rigidity and decrease in compressibility giving rse
1o weakening ol resonance. This also shiits He
resonance lo lower frequency. Thus beyond a
cerain magnitude of vibration, body rigidily may
become constanl and restraining may nol have
much effact

Although, there was intersubject variation in
head level transmission values with four subjecls
showing maximum ransmissibility of over 300,
the average transmission values were less than
300%. This is a finding similar 1o other
workers ®12

Subjectively, magnilude of 2.0 m/sec® was
considered uncomfortable by all the subjects
whaereas, 0.5 m/sec® was considered negligible.
Aircrew too, consider 3 g RMS (3 rn.-‘secz}
vibration amplitude as heavy, 0.1-0.15 g RMS as
slighlly moderate and 0.05 g RMS (.5 m/sec’) as
negligible. 1315

From our study, however, il is sean that low
frequency and low level of vibration {3-b Hz 08
mvsec®) gives rise to maximum transmission. This
transmission of vibration at the eye level may
affect  visual periormance. In a vibration
enviornment therefore, lransmissibility of 300% at
0.05g will have the same eftect 48 a
transmissibility of 50% at 0.39. Al higher
amplitudes of vibration, decrease in the
resonance s significant as compdred to |he
lowest amplitude (0.5 m/sec?) value. Also, there is
a significant drop in the resonance frequency.
This indicates a non linear behaviour ol body
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elasticity even at re!aﬁveig lowear angliludes of
vibration between 0.5m/sec” to 2 mvsec

Thus it is most pertinent that vibrabon
environment be thoroughly checked for frequency
and amplitude contents lo determina the effect on
parformance alteration. A disturbing note 1s thal
the chronic low amplitudes of vibration which are
considered negligible by aircrew in the aircraft and
resored lo in laboralory expenmentabions may
nol be all that negligible particularty when low
Irequencies and operational efliciency etlects are
involved.

it Is concluded that wverlical wibration
tranamission at the head level is maximum in the
low Irequency range of 3-5 Hz. Lower amplitude
of vibralion gives rise lo maximum lransmissibility
and, therefore, a chronic vibration environment
gvan will low amplitude at lower frequency may
have a much larger say in allecting perormance
involving visual elements.
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