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Backache in Chetak Crew
and Suggested Ergonomic
Improvements in Aircraft
Seat Design

RANDHIR SINGH

High incidence of backache problem al-
ready established in a field survey in rotary
wing aircrew has been studied in detail in
Chetak crew. Ergonomic survey of QFli
and test pilots vis-a-vis Chetak aircraft crew
station geometry has been conducted highlight-
ing the ergonomic deficiencies causing mal-
posture of aircrew in flying environment, A
practical solution te the problem is evelved by
suggesting ergonomic improvement in aircrow
seat design. Air trial of modified crew seat are
found satisfactory. A few recommandations
are also put forward to minimise the incidence
of backache amongst Chetak crew.

%IGH incldence of backache amongst the

heoalthy aircrew of rotary wing aircraft has bean
established during an earlier Neld sludy in IAF,
Vibration enviranment in helicopter |15 an accepted
compromize in aircraft design with main and tail ro-
tars as sources of vibration, However, in addilion
to the vibrations, faulty ergonomic design of aircrew
station geometry, layout and mismatching aircrew !

equipment are considered other important contribu-
tory factars in this problem. In fact a lot of research
work Is in progress to improve the halicoptar cockpil
tachnology in terms of advanced contrals/ displays
to improve vision inside/outside the cochkpit and
comfortable crew station geometry™™, The chetak
aircraft dasign technology is two to three decades
old and hence has a poor ergonomic layout, A da-
tailed ergonomic survey of the chetak cockpit vis-a-
vis pilots during flying situations has been ceonduct:
ad, The study has reveslad some salient ergonomic

daficiencies contributing to the problam of backache,
A Tew comprehensive design modifications in
aircraw station geemetry have heen suggested as
practical remedial measures and a few recommenda-
tions are made to minimise the incidence of
backachs,
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Erdonomic survey

Thig survey covared healthy QF] and lest pilois
with flying experience varying from 500-3CC0 hrs on
the type: The aircrew were free to give unbiased
opinien;eriticism on flying restraints, aircratt cockoit
anvironmenl, health standards and zeromedical
aguipment, high lighting tolal magnituds of the pro-
blam, its actiology and the likely remedial measures.
After a datalled briefing and recording of anthropo-
metric measurements, each aircrew was asked to
strap in the aircralt seal and adjust himssif to his
oplimal position in relation lo conlfrols. A delailed
dialogue on various faclors leading lo backeache in
relatlan to cockpit layout® and ergonomic measure-
ments, L.a., change In posture, position of upper
lower limbs in relation to controls in different fiight
profiles was conducled.

Observations

Fig 1 shows the position of aircrew in the seat
during Aying, . All aircrew irraspeclive of their an-
thropometric measuremaents adjusted the seat in
forward position mainly to have favourable knese
angle 5o as to support a constant pressure in the
right rudder because of tail rolar. All aircrew leaned
Torward to have a pr'npe‘r_- vision putsida the cockpit
and ensure beltar hand grip to the cyclic by having
thigh support to tha right elbow, The cyclic is sligh-
tly-atm higher leval particularly to short statured
pilots, Dueto lack ol lumbar support, the spinal
curvature Is disturbed, i.e., thers is flexion at neck
and thorecic area and normal lumbar lordosis is
neutralizsed, Hance large portion of the torse is il
supported by sest back. Thiz posiure further under-

-goes change during collectlve lever operation which

islocated over floor, on the leltside of the saat
Hence there s lorsion (lateral rotation) effect on
the already flexed spine. The rudder pedals have no

-adjustment range except a clip-cn adjustment which

Increases its height by £.5cms. The alrcrew operate
the cantral keaping their hesls on the cockpit floor,
hence this adjustment is considered inadsquats,
Majority of aircrew maintain a knee angle around
85° - 1257, which in turn causes slight dorsiflexion
al the ankles. Thase angles are adegquate for rudder
operation but cause fatigue in prolonged sortiss.

The main rzason for such acute knee angles is the
thigh support to the right elbow. Some of the air-
crew with long leg langth keep tie left foot over the
laft rudder for resting.

Fig. 1. Pifo! seated i ariginal crew seal In fiying

position (a) Seal back (b} Pifot's torsa separated
from seal back.

The survey covered 21 h salthy instructora/
test pilots all in Medical Category AIGI| except for
3 cases who were in A2G1 due to scoliosis, spinal
njury during ejection and prolapsed [V disc L5-SI
optd respectively with average age 31,8 yrs (26-38
yrs) and flying experience as givan in Table I,

_ Table |
Flying experience of subjects

AT Type Hrs flown Mo. af pilots ta Qe
Aloustis [1] 1154 o0 g95.2
{Chatak)

Cheestah 437 5 239
Ml 4 868 5 23.9
8 491 5 2348
TPT 167 3 14.2
Fighters

{other A'c) 206 15 (11) 7.4
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Incidence ot backache was 1009%,. Most of tham
experienced backache after a total flving experienca
of 200 hrs and more. Distribution of bazkache was
{a) Low back 82% Mid back 32.8", and neck 167,
with radiatien o upper limbs in 157,. Some= cases
reported the symptoms at more than one place.

Magnitude of pain ; Mostly it was mild discam-
fort lo sliffness of back leading to annoyance and
Irritability of aircrew.

Onset of pain : Usually started after 14 -2 hrs
after flying, came on andoff during flying without any
relation with type of flying. Howavar all cases re-
ported its onset in prolonged sorties.  In 677, cases
pain persisted after the sortie,

Effect on performance : Aircrew agreed that
there was qualitative deterioration in flying perform-
ance but could not attribute quantitative deteriaral-
lon leading fo any incidence or accident, There
was generalised fatigue with slifiness of back,
leading to uneasiness in seat which caused general
annoyance and irritability/hasty action lowering effi-
ciency. Only one aircrew abandoned sorlie because
of pain {he happened to be the case of spinal
abnormality - prolapsed 1V dis optd).

Relief of pain: The aircrew emperically found
out that reclining to the seat back, and shift in seat
pan, handing over the controls to copllot or switching
over autopilot {wherever applicable) relleved the
back strain during flying. Aflter the sorlie, pain got
ralisved by rest and sleep. Few cases felt the need of
spinal exarcise. Mo subject had to resert lo

drugs

Ergonomic features of aircrew station geome-
try as contributing towards backache were reported
by 95.2% cases.

i) Seat back’angle 7095
ii} Seat back cushion 95.2%,

lii} Seat pan cushion 337
{(mostly short pilots)

{a) Seatdesign

iv) Lack of seat adjusiment
up/down 40%;,

|

(B) Mainly short pilots felt inadequacy in reach

for cyclic tor which they had te adjust seat in fully
forward position to raise thigh support for lhe right
elbow. 607 cases considered those problems to

ba mainly due to (a) forward shift in the seal with a

slight twist at bottom with right fool on ruddar pedal
to counter a constant pressure of tail rotar and (b) l
canstant supportto right elbow because of too
high location of eyclic grip.

(c} Inadequate/faulty aeromedical equipment ©
Meajority of alrcrew felt that heayy bonedome with
innar helmet add up to backache particularly In neck
area, In addition they have to use, O, mask only
far R/T purposes and this type of combination |s
cumbersome and leads to annovance. In high
altitude sorties O, mask though presant is ol no use
as the aircrew use O, hose directly having no suit-
able O, connector,

(d) in high allitude sorlies and during winter,
lack of heating in the cockpit and localised chilling
effect leads to rigidity and muscle spasm causing
backache.

{e) Lack of head rest was pointed out by 334,
crew as cause of neck strain.

{f) In case of armed version of the alrcraft, air-
crow had apprehension on protective measures
against the ground fire,

Physiological considerations

The paper does not deal with sxplanalions as g
the pathology of spinal allment in chetak crows but
rather a gractical solution to the problem. How-
ever, a brief physiclogical consideration will not be
oul of place lo high light the need of basic research
on vertebral column changes under vibralion anvir-
onment. The strangth of the vertebiral column as.a.
whaole is maintained by the fallowing to sustain con-
stant loads |t normal erect posture Is maintained,

a) Articular process which |ocks the spinal
cojumn

b} Cemmon anterlor/posteriar ligament making
a sheath and equilibrating spinal movements
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¢} Intar vertebral ligaments betwsen trasnverse
splnous process which restrain movements
at articular surface.

d} Para vertebral muscles which act in opposi=
tion to the passive movemenis (they can
tolerate a preasure of more than one ton).

The backache of mild rating (back straln, stiff-
ness) is basically {atigue of spinal muscles and
llgamentous support causing symptomalology with-
out mueh Tmmediate residual effect and bony
changes. The basic cause is vibralion effect on the
disturbed spinal posture. 207 of the weight be'ng
home nermally by posterior columns (articular pro-
cess) ls also transferred to the anterior end of the
vertebral column in malposture. The biomechanical
characteristics of Inter votebral discs during vibra-
tlon forces maintain the spinal shape by absorbing
and distributing the force over laminae of annular
fibrosus which is wel suited bocause of elasticity to
dissipate energy. It is, quite resistant to tforces
axerted on horizonal plane but Its struclure permits
moderate lateral inflection (intervertebral angulation)
thus a compromise |s achieved between spinal
stabllity and flexibility', Anterior periarachidial
ligament is more resistant than posterior and press-
ureon Intra articular surfaces in |V disc Increase
by factor ot 1.2 - 2.5 times to 0.7 kgicm® in normal
bending, Hence a residuzl| base pressure in nuclaus
pulposus exists due to turgescence ; elasticity of
perlyertelral ligament and tone of periarachidial
muscles, Physiclogical stress seems to offer no
sarioys threat to their healthy condition, The ex-
tansibility of ligamenta fava and inler spinous
ligaments decreasas in apprecizble fashicn until
adolescence but subseguently there is no further
decrease,

Aetiology of backachs

The main factors responsiblz for backache In
healthy aircrew in chetak aircraft assessed during
the study are summarised below :

fa) Spinal malposture

th) Improper R/T, 02 mask and heavy headgsar
assembly
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(a)

(b)

{c)

(d)

{c) Lack of specific exercises/rest in beiwcen
the sortie

(d) Vertebral anomalies

(e} Miscellaneous

Malposiure : The spinal posture is disturbed, i.e.,
normal curvatures of spine are affected lazding
to generalised flexion at cervical/thoracic area
and neutralising lumbar curve with shght left
lateral rotation of spine. Spinal malpostire
under vibration environment is considered major
factar of backache. The vibrations will remain
a major sida effect in rotary wing aircraft but
thess should nol exceed the laid limits and
transmission of thesa accelerations to crew
through thair tie down chain system should not
aexceed | 1g al frequencies 22H%, O0.1mm
double amplitude atfrequencies batween 22 and
86 Hz and 1.5g at frequencies above 86 Hz"
Malposture of spine causes mare proessure on
ventral parts of the vertebral discs and fatigue
of post ligament and perivertabral muscles is
produced,  Pathophysiological changes ie
spondylitis, myogelosis may set in after prolong-
ad exposures which need to be Investigated,

The aircrew are roquired to fly with an innar
outer helmel for head protection. The equip-
ment in use weighs around 1ka. Thecotg
of head In upright seated person is 2ems in-
front of atlanto oceipital joint and hence a
tendency for neck flexlon. Pilot [s already
moved forward with no support in cervical area,
head flaxed forward and has to retroflex neck to
see outside the cockpit. Under vibrations, the
neck muscles get fatigued unless thera is a
head rest or other visual aids to the piletto
maintain his vision cutside the cockplt,

Lack of specific exercise particularly forneck
and frunk muscles lowers the muscle threshold
to fatigus.

Veriehral anomalies : In this series, only 3 alr-
crew had history of spinal abnormality. Their
casas wera raviewed and had positive findings.
4 long term survey may indicate early onset ef
spondylytic changes if any,
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{2) Miscelfaneous: Exposure to cold air leads to
chilling affect particularly in winter season and
sometimes even in warm conditions, after evap-
oration of sweat. This was reportad by some
pilots as leading lo rigidity and tendernsess of
the local muscles. There is definite [ack of
warm air in pedal area of the aircrait,

Remedial measures

As the major factor contributing to backache in
Chetak aircraft Is the malposture ot the crows due to
ergonomic design deficiencies of seal and conlrols,
the following modifications are suggesied lo imnrove
the posture and cemfort during fight situations.

Aircrew seat modification

The configuration of seat design has been
modified only by changing the cushions rather than
any structural change keeping in view the lime, cost
and weight considseralions (Fig 2) The following
changes in its configuration are affected :—

a)

(b)
(c)

{di

Fig' ® Modiffed crew seaf mounled in Chelak
Hzticapier. (o) H=ad rest (b) Seaf back cashion
{e} Lumbear pad (o} Seal coshiion

{a)

{c)

Fig. 3. Pifet in madified seal in fiying position.
() Seal baek (b) Lumbar pad

Seat back cushion ; The seat back cushion has
been designed and fabricated so that seat back
inclinalion angle is reduced from 106° to 96"
and height of this cushion is increasad by
approx. 15cms ensufing proper appasition of
tha whele torse of the pilot as shawn in Fig 2.
The cushion is contoured in lhe centra to sujt
the contour of human spine;

Adjustabfe lumbar pad 1 An adjustable lumbar
pad Is also provided over the lower part of saat
back cushion The pad can be adjusted up and
down with the help of valero fastensers and
retaing ils position fo maintain lumbar curye
and hence supparis the lower back,

Seaipan cushion : This cushion has been
redesignad to reduce the seat pan Inclination
from horizontal fram 168" to B for proper contact
of the thigh with the cushion. The materal
uscd is such that it gets fully compressed with
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40 kg welght henceis unlikely to add any amolifi-
calion of forces during impactcrash landings.

{(d) Provision of head rest : A small adjustable
headrest is provided owver the upper edge of
seal back cushion which supporis the haad.
The head rest can be adjusted up and down
within a range of 10cms. The head rest position
is such that in routine flights, aircrew can fly
keeping head resting againsl s contour with-
oul affecting his vislon inside or outside the
cockpit. The head rest width is such that it
does net project beyond dimansions of the
helmet and hence does not interfare with vision
of ather crew/passengers in the cockpit,

Up/Down seat adjustment mechanism

B criss cross meconanism has been Introduced
in the same seat which aftect 15 cms up/down
adjugtment while fore-afl adjustment of the seat s
also retalned. This range will accommodate 100
percantile of |AF aircrew maintaining the vision

oulsida/insids the cockpit for all pilots to the same
reterence point. The adjustment is casy. Pilot after
strapping himself in the seat can adjust his seat
up and down by operating the lsver provided on
left side of the seal pan. For upward adjustment
he is to operate the lever and lift himself in the
saat, The air jacks of the mechanism will automati-
cally lift the seat to desired position, Similar proven
mechanisny is available in HPT-32 aircraft. Hence
crashworthiness of the mechanism is not in deubt,
It also raises the thigh level for good slbow
support to the right elbow and hence improves
cyclic grip. The general Teatures of modified seat
compared ta original seat is given in table 1L

Trials

The modified seat has been subjectad ta alr
trials covering 45 hra of Mying by differant test pilots,
The comfart rating carrelating the different fealures
of the modified Ve original seat is tabulated In table
I,

Table ||
Comparison of modified and original crew seat parameters Alaustte 11|
(Chetak) Aircraft

Crew seat Pilots seated
Itam Original _ Modified posture values
| i Min Max
Length of seal (cms) i5 75 +100
Width of seat [, ) 35 38 38 Sitting Ht 81.5 96.5
Seat backrest angle (dagres) 108 88 4 Leg langth 99 125
Haight of seat reference
point (ems) o5 23.5 48
Width of backrest (cms) 35 18 oD Thigh length 66
Knee angle 100° 140°—150°
Thickness of lumbar support NIl 1.5—2 {5—2
fcms) adjustable
Helght of lumbar support {oms)  N/A 18 18 Trunk thigh
Length of backrest (cms) Sz 70 70 angls 107" a0°
Length of fop of headrast (cms) N/A an a4 Elbow angle o0°
Headrast rack angla (dagraes) N/A a6 94
Head headrest clerance {cms) MA Mil Mil
Helght of headrest (cms) N/A 20 o4
Width of headrest (cms) MN/A 14 22
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Tabie
Comparison of comfort rating with different features of Chetak seat

I

Wodified seat

Original seat

Seated

The study reveals that incidence of backache is
high amongst chetak crews for which the actiology
is also apparent. Suitable modifications of the
aircrew station geometry are suggested to improve
the seated posture of aircrew during flying and
provide him more comfort Radiological assessmant
has not been done; hence correlation of backache
on pathological basis is not dons., A practical
approach to the problem is put forward with
followlng recommendations

{a) Maodifications In seat configuration should be
implemented and introduced in the aircraft at

the earliest,

{b) Provision of a light weight Integrated helmet
with double visor having a provision of boom
mike and/or proper O. mask conneclor facility
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(c)

id)

(e}

Seat Comments Seated Post exposure  Total Post exposure  Total
feature
Seat pan Too hard OK Comfortable Sat — 0K
Too soft
Increase thigh suppaort
Too narrow Sat
Wrong shape Meaods
hallowing
Back rest Lumbar support Sal Lnsat
Produces backache Unsat
Supports shoulder
level Sat h
Head rest Too high Adjustable OK Sat Unsat
Too low
MNeeds one Yas
Ganeral Comforlable - - Sat :
Uncomfortable - — Unsat
Rest less A=
Sat—Satisfactory Unsat—Unsatisfactory
Conclusion and Recommendations be made. Light weight helmets avallable

weighing approx, 500 - 800 gms may be procu-
red ar could be made Indigenously if the
technical know is available. For armed verslon
4 bullet procf helmet is recommended. This
aleng with head rest will reduce the fatigue of
neck muscles fo quite an axtent.

Teo aveid chiling effect, relocation of hot air
fzed pipes may be neaded particularly for winter
season. Adequate winter clothing like a winter
flying jacket may be introduced for helicopter
pilots.

Alrcrew room may be provided with well cushi-
onzd hard hoard in addition to easy chairs for
rezting between the sorties,

Suspension/bar exercises and spinal exerc|ses
ara recommended to tone up the neck and back
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muscles. For regular axercises, well squipped
Gymrooms near the living out accommaodation
will go a long way to keep the aircrew healthy.

Cycle grip may be provided with adjustment up/
down or additional 'L* shaped levar for adeguate
veach and grip for all pilots.

Rudder pedal may neesd modification in the
form of foot supporl so that pilot can rest his
feet in the receptacle or the conirol should be
trimmed lo reduce the constant physical pres-
sure on the right root.

Routine x-ray of spine prior to anroliment may
pe re-instituted for comparison laler on say
atter 1000 hrs flying. A long term survey of
hellcopter aircraw may be needed to assess il
affacts of vibration on spine it any, i®e., bony
changes. myogelosis, tanderness of dorsal
Processes and paraesthesia etc.

The design constrainis us governed by military
ctandards and specification regarding Aircrow
stulion geometry and vision Inside the cockpit
shoultd not be compromised In the aircraft
dasian.
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