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PERFORMANCE ON HAND AND FOOT OPERATED

CONTROLS UNDER LOW FRFEQUENCY VIBRATION

MK Vvawahare

Vertical vibration transmission in seated subjects ror an

orect posture is maximum

In the frequency range 5-G Hi.

However,performance on push=pull types of hand opcrations
and on rudder pedal for foot operations is affected most
in the f(reguency range 3-7 Hz. Freguencies of maxdmun
vibration transmission do not necessarily correspond ‘Lo
maximum effect on push-pull performance.

Keywords : Vibration Transmissibility, Resonance, Visual
Performance, Manual Performance.

The effects of vibration on human
performance have been the subject of
experimental studies (1,4,5,9,10) aver
2 number of years. Tn some studies the
effort has been dirccted to ¢stablish
relationship between performance and
vibration parameters whereas in wuihers
the attempt has been towards solving
speciflic applied problcms. [Hffcrences
in the methodologies and tasks used by
workers make it difficult to generalise
Lthe effocts  of vibration on perfor-

mance. However, it has been seen
that low frequency vibrations affeot
human visual performance tasks

(243851112, 16). Tt has been deduced
that at some low frequencies gear about
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the first and second resonances Lhe
effects are maximum.

Tasks which invelve vision but do
not demand fine visual acuity such as
perceptual diesetvimination and simple
motor response are also affected by low
frequency vibration (14}, Pattern reco—
gnition, wonitoring, tracking and other
co—ordinated tasks are all affected hy
low frequency vibration. The vibration
effects on the above stated tasks are
said to be related to vibration Lrans-—
mission phenomena supgesting thereby
maximum decrement in tasks pecformance
around resonance Ereguency.
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In the present paper efifecls of

low tfrequency wibration on push-pull
type of performance liave been studied
at frequencies near about the maximun

vibration transmission frequenciles.

Materfals and Metlhod

An electro-hydraulic wvibrator was
used In the preseost study. The vibra-
tion simulator is unidirectional and
produces vertical wibration in the
frequency range of 2 = 20 Hz. The wor-
kinpg,  aml detalls of  Lhe vibrator
have been reported earlier (135).

An alreraft seat, sultbtably modifiled
to provide bucket type contour was
Titted on bo the vibrating platform  so
that it vibrated at the same frequency
and dintensity as the platform. The
bucker of the sdat ecould be filled
ctmpletely’ by cowpressible and non—
compressible fibreplass  cushions, A
gockpit structure with window built
arpund the vibrating platform simulated
a coclpit environoment.

Vihration [requency and intensity
(G amplitude) on the eseat and on the
subjects’ were measured using KD-35 and
ED=354 aceelercmeters eoupled with RFT
madel 54 211 vibralion meler. Vibration
meter has a flat frequency response
pf 2 — 15 KHe. Qutput of wvibration
meter was fed to g two—channel Encar-
diorite pen recorder.

Srrain gaupe load celle were used
tor measuring forees involved in rudder
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pedal  and hand push-pull operations.
Load cells were made for responding
upto 200 Kg and had a linear respunse.
Two lodad cells, one for each Eset wore
mounted firmly on the back of a f[foot
rest ol rudder pedal with the help of
moderately hard springs. Similarly,
two load cells were mounted at the back
of a push button and &  pull  handle.
Push button and pull handle were fixed
o to  iren rods which In Lurn were
bolted to the cockplt structure, The
rudder pedal and hand operation  Lasks
ware within easy reach of all the sub-
jects who participated in the study.

A digival panel meter (DPM) recor-
ded Lhe forces via a control unit., The
control wunit had a four-way selectlon
switeh which enabled recording of  any
particular load cell measurcment.

Equipment Calibration ¢ The accele-—

rometers and the vibration meler were
calibrated on a4 sbtandsrd eleclro-
maznetic shake table. Becordinegs of

vibration meter and accelervmeloers were
standardised for known vibratlon ampli-
tudes between 0.2 and 1.0 & In Lhe
trequency tanpge 3-12 Hz. Also, constan—
cy of the wvibration frequencies and
amplitude was checked. Load cells and
pEM were checked for linearity by

applying knowve loads under  static
and dynamic conditions.
Experimental Procedure : Vibration

transmission at the shoulder level was
determined by recording. the vibralion

intensity and frequency at the plat—
form level and on  the shoolder. An
aceceleorometet was  strapped on the
shoulder of the subject with the Lelp
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of double sided cloth tape whilst the

other was monmted on the seat. Fre-

guEney range of 3 to 12 Hx and two
fixed amplitudes,viz., 0.4 ¢ and 0.5 G
peak were employed. Recordings on

frequencies below & Hz and above 8 liz
were discontinued after trial runs
with subjects since transmission was
found to be wvery low. Vibration tran-
smigeion was determined for subjects
gilting erect under the Fol lowing
conditions @

Sitting directly on the scat (SD).

sitting on a
(cc).

compressible cushion

Sitting on fibre glass cushions

(reey.

sltting on fibre glass cushion to-
gether with a fibre slass back rest
(FGC+DR) .

Transmissibility of vibration was
also determined at the thigh level.

Forece Measurements: In order to
see  the effect of wvibration on rudider
pedal and hand operated controls, sub-
ject =at directly on the =seat dn a
comfortable erect posture and operared
the rudder pedal with left and right
toe pressures respectively. Subject was
asked Lo exert maXximum pressure witiout
changing the posture or leaning back-—
wards or forwards. Similarly, subject
was asked to operate the pull handle
and push button with the right (RHOD)
and left (IHG) hands respectively. In
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push button operation, subjoet pu.hoed

the button with the index finpers of
both hamils. Headines on Lhe DEM  were
continuously recorded as the subject

operated the rudder pedal and push-pull
handles with and without vibration.

Frequency range beLlween 3 to /2 Hz
at  an amplitude of 0.5 ¢ was cuployed
in place of frequencies of maximum
transmission for different subjecLs.

Under vibration conditien, enly one
reading cach was taken on rudder  pedal
and hand operation. Under no vibration
condftion, several readings were: taken
to detlermine the basal performance.
Subject was rested hetween frequency
geltings. For halt the subjects, hasal
recordings were taken after the vibra-
tion trials. For the uther half, basal
readings without wibration were taken
prior Lo vibration exposute.

Subject Petails : Fight voluntecrs,
who were healthy, well wmotivaled and
had previous experience with vibration

exposure took part in the study. De-
tails of Lhe subjects are given in
Table T.
Results

Tables TITI and 1Ll give the mean

values of vibration Lransmissibility at
shoulder and thigh levels for subjects
under the experimental conditions of

5B, CC and FEGO respectlively for [re-
quency ranges of 4 to § Hz at 0.5 &
amplitude.
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Table 1. Anthropometric measurements of subjects

Finger  Thigh Knee

Subject Sex Age Meight  Weight Reach Length  Height
(Yrs) (Cm) (Kg) (Cm) (Cm) (Cm)
MW M 37 168.5 80.0 82 60.0 a6
EML M 39 1710 65.0 85 8.0 53
DS I 26 161.0 41.5 T8 8.0 52
BR by 28 173.0 54.0 80 62.0 44
Ko y i 2 166.0 62.5 ¥ 57.0 h3
BRI F 42 161.0 59.5 72 53.0 54
WL M 26 163.0 b6 .0 &0 Gl.uy 52
NSB M k j) 174.0 67,0 a6 .5 56

Table 11. Mean value of vibration transmissibiliry
at shoulder level

Frequency Transmissibility values for vibration amplitude 0.5 G
{Hz} 5D cC FGC FGC+BR

4.0 w61 + =15 58+ .07 60+ .08 60 + .09
4.5 o2 | T S B | 64+ J08 .8Y + .09
24l 95 + 23 i s S T35+ .17 32 * 213
B h B2 .81 + .1B* iy S S 7 82 + 158
6.0 H3 4 Q8 M i L i | o R I e ¢
7.0 be + 12 0+ 217 B0 + .23 .72 *+ .10
8.0 w3 a3 AT+ 16 48+ 1T ]

* ~ Indicates maximum values.

5D = Eubjeoet sitting directly onm seal

co — Subject sitting on cowmpressible cushion

FiE0 — Subject sitting on fibre plass cushlon
FCO+BR Subject sitting on fibre glass cushion together
with fibte glass back rest.
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Table TV.

Table III.

Mean value of thigh level

transmissibility vibration amplitude (1.5 G

Frequency Transmissibility values ftor
(Hz) SD Ge FGC
4.0 sbl + 12 43 4+ 03 48 + .04
fis5 08 + J12 Y+ 0 B B L9064 L0h
5.0 72 ¥ 14 A7+ 15 L8 o+ 10
S5 U S . oo ) O e | i o
6.0 «f1l =+ 09 Sy O L P A |
20 Il o+ 17 I L I L
8.0 06+ .4 1 R R | J63 4 L1

* Indicates maximom values

Mean values of force exertion on rudder pedal for

different experimental conditions under vibration.

Experi— Left toe operalbion Right toe operation
. mental l: e
i condi-
tions Basal Max. Min. Basal Max. Min.
(Kp) {(Kg) (Kg) (Kg) (Kp) (EKg)
| . o
2D 23.06 2T 22T 2350 23S 24,7
+6.5 +A F(7) +8.006) k5.8 +3.804)  +4.207)
cC 19,2 22.5 20.5 20.5 i T LR .
' +6.5 16.1(5)  +4.8(5) +h.1 +6.3(53) +7.0(6)
FGC 21.6 24,2 21.6 21.6 25.3 22.0
+5.3 +6.606) +8.0(3) +5.9 +6.5(5) +B.1{m)
FCC+BR 23.2 26.0 24.7 23.4 78.6 25.0
+6.9 +H5.7{5) +7.3(7) k5.4 +6.606) +5.4(7)

( ) Values indicate vibration frequencics where maximum and minimuw
were noled.

values
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Table V. Mean values fof hand operations for different
experimental conditions under vibration.
I Experi- left hand operation Right hand operation
mental
condi-
tions Basal Max. Min. Basal Max. Min.
(Kg) (Kg) (Eg) (Kg) (Kg) (Kg)
|
-
sD 26.2 30.2 24.8 22.5 .2 23.5
+8.0 +14.4(3) +9.8(6) +7.8 +12.8(6) +9.3(7)
e 22.0 25.17 20.1 22.4 28.2 23.6
+6.3 +11.504)  +9.3(3) +11.2 +12,1(4) +11.2(5)
FCC 8.9 30.9 19.4 23.0 24.2 18.8
+14.2 +11.9(3) +10.0(4) +9.7 +10.3(7)  +8.604)
FGC+ 21.7 26.3 22.8 18.9 25.3 22.0
BR +8.0 +7.8(6) +2.0(5) +7.9 +11.6(6) +11.4(7)
PUSH
5D 3.7 b.7 il 4.4 5.3 FANA
+1.8 +1.3(3) +1.7(5) +2.0 +2.405) +1.9(8)
B 3.7 4.5 2.9 4.4 6.3 5l
+2.5 +2.4(5) +2.0(6) +2.4 +3.6(4) +3.8(6)
FGC 4.0 Tl 3.2 e 5.5 Fid
+2.0 +3.2(5)  +1.0(4) +1.6 +4,405)  +1.004)
FGC+ 3.7 4.7 3.2 4,0 6.0 4.2
BR +0.9 +4.0(7) +1.4(53) +1.7 +2.9(7) +2.0(3)
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( )} Values indicate vibration frequencies where maxipum and minimus
values were noted.
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Mean difference of force in various operalions

Table VI.

in comparison to no vibration values (n
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RHO - Ripght Hand Operatiom
LHO — Left Hand Operation
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Tables IV and V compare the mean
values of rTudder pedal and hand opera-
tions for subjects under experiménzal
conditions of 5D, CC, FGC and FCC+BR.

Table Y1 compares the performance
un hand pull and push, and rudder pedal
operations with and without vibration.

Mecussion

Mean values of vibration transmi-
spion at shoulder and thigh levels were

paximum between 5 Lo 6 Hz. Shoulder
lewel transmission (maximum) was more
than Lhe thigh level transmission (ma-

¥imum)}. Shoulder level maximum trans-
mission was more fer SPD  condirion
whareae thipgh Jlevel maximum transmi-
sslon was not wmuch affected by expe-

rimental conditions.

For rudder pedal operation, maximum
and minimum wvalues were found to be
between Jsand 7 Hz whereas stalistical-
ly significant performance change was
seen In the case of FGC+BR Dbetween J to
& Hz. In case of hand pull operalion,
there is statistical significance on
performance  change in the case aof
FGC+BE at 7 Hz (LHO). For the push ope-

rations, statistical significance is
geen in SO and CC at 3,5 and 7 Hz
(LHO) .

Comparing Tables TT to ¥, it 1is
seen that frequencies of maximum vib-
ration transmission are mot necessa-
rily the freguencies of maximum or
minimun performance on rudder pedal and
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hand operated controls. It is further
noted that hand pull and push opera-
tinns are affected by vibration bet-

ween 3 to 7 Hz at 0.5 G amplitude.

However, the changes brought about by
vibration are neither comsistent nor
uniformly significant. Same is the
case with hand-push operation. In the
case of rudder pedal operalion Dbetween
5 to 6 Hz significant change in the

Ffor the condition
other experimental
slpgnificant

performance ls seen
FGO+BR  whereas for
conditions no consistently
cffects are observed.

vibraction ctranami-
gsion maximum has been observed in
the frequency range 5 to 6 Hz although
magnitude of wvibratlon transmissibi-
lity found is small.

In our study,

It has been reported (6,7,13,14)
that perceptual motor tasks in which
reaction time measure wak Laken as the
indicant of performance, low frequency

vibration did increase the response
time. Performance on tracking tasks
involving hand and foot operation
(6,10,14) has been shown Lo suffer

under Jlow freguency vibration, fthe
greatest decrement being at frequen-
cies from 3 to 10 Hz, A relationship
between whole body resonance in 7 axis
and performance has been reported
{7). In the present study, the effects
of vibration were felt by all sub-
jects though without any quantitative
reflection of the same on performance
aspects. If one takes time element asz
a quantitative messure for completion
of & given task there may be some rela-
tionship. The time frame to be taken is

debatahle sinece it bas been shown
that there is no emperical support
31



to the notion that performance dete-
riorates’ over time as an effect of
vibration (4,7).

Subjects perhaps maintain  their
performance through compensatory mea-
sures though at a physiclogical cost
(1}, Thus 4t is more appropriate to
carry out thorough biomechanical and
physiological studies to bring out the
effect of vibration on any kind of
tasic.
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