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Female anthropometry - Perceived problems in aviation
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Selecting women for exising cockpits is
tmportant for safe and effective flying.
Lrgononic parameters of 140 women
candidates of Indian Air Force (IALF) for
wircrew and ground duties were studied
and compared with those of their mule
conrlerparts and with other uir forces, The
Ysth percentile INL women and USAF
warmen shows significant difference in
viriouy anthropometric parameters, The
deramedicel implicaiions as faras aircrew
selection, compatibility with existing
aireraft cockpit and protective flving
clothing assemblies are discussed.
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vman performance resulls on the

“interaclion ol variables” such as

the task, the vavironmenl, the
individual amd =0 on, smungstwhich geadar
is another one to ke now considered. For
the present we do not have ¢nough
infisrmation o determine whether or not the
gender variable is relevant with the piloting
task. At one time only men could become
operalional pilets in the Tndian Air Force
(IAF). This policy was based more on
traditional and social practice thap on any
seientific basis, The changing role for

&Li]

waonmen within most societies have caused
mihitiry planners o consider an expanded
occupational ptential for women in the
military.

The decision (o recruit women in the ITAF
ralses certain questivns ahont their physical
and physiplogieal performances at the
aircrafl contrals. There are also cerlain
relevanl aspects related to anthropometric
considerations which require to be
investigated in arder o pela sound seienlific
approach lor lulure projects.

Material and Method.

Static anthropometric measuremenls worg
taken for 140 femals candidates who were
sclected 1o join LAL The age group of all
these female subjects were between 19 to
23 years. Using a portable anthropometer,
specific measurements of body dimensions
were carricd out by standard leehniques [1].
Basud on their anthropometric dimensions,
their compatibility to various cockpits were
studicd and limiations delermined.

Skin lold thickness from four body sites,
i.e. biceps, triceps, subscapular and anterior
superior (liac sping, were measured using
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skin calipers and percentape body 1ol was
ealculated by the methmd of Durnin
Woomersely. [2]

Four anthropometric dimensions were
seleetd as criticol for entry. They were
stature, sitting height, leg length and thigh
length, Accommodalion assessmonls were
based on aircraflt requirements [or head
cleamnce, leg reach and clearnnee. Weighl
measurciments were lso carried out o study
the correlation belween body {at percenlage
and body weight,

Results

Anthropomeltric erileria that must be
salisfied for current TAF aircrew are Hstod
in Tahle L

Table |

Anthropometrie Criteria fur Fitness

Tatametar Mo imum Yilue haximon Value

fom) [em)

Heipht162.5 -

Sitting Heigh RLE Gy 1)
Leg Lenpth LA i) 200
1hiﬂl:| Length =% &4 00

The anthropumetric parameters hused on the
analysis of data perlaining to 14U women
candidates for aircrew and ground duty
compared with thatof percentile population
of Indian Pilots af 1AF are presented in
‘Table 11.
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Tahle 1l

Iercentile distribution of
Anthropometric Data
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PATE (M M0 1hda 17140 | 1614
LAKTEY 140 51N Il 2 0,5
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Leg Lenyth
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Tl Length

Ak M) 00 552 Sd fi2.0
IAF{F) Lty TLA A T
Weight

LAK (M) Rl 46.3 S5 TI-8
LA (F) 140 438 S48 1 f7.8
Functinnal Arm

Hezch

LAF (M) 2030 762 41.4 L
IAF(F) 140 B33 740 B0L8

BEP ; Pilop Percentile Population

From this Table il is seen that S0th pereentile
Indinn female falls below the aircrew enlry
stamdards in stature. Comparing Indian male
pilot populalion to female candidates, 1t s
seen that 5Uth percentile TAF male pilots
approximately correspand to 95th percentile
fempale candidates in silting height and
functional arm reach. The 5th percentile
IAF male pilats correspond to Sith
percentile fomule candidates in leg length,
Sceing these Tables it is reasunable to
conclude that over half the female pilot
population will be excluded from airerow
selection,

A7




Female Anthropomerry - P i el Bandopadinay
Mo Tormitl loswes Lol Tor thigh fength was
delermined in TAF, as no problems worne
crvisaged within the normal TAF male
mrcrew size mnge. Similardy, lunctional arm
reach was nol considered o critival criterion
[ar atrerew selection. 1 however lower limit
of thigh fength and functional arm reach are
considercd, then o greates percenlige of
female population will be excluded rom
ST TEW Ly,

The weight and mean percentage body ot
(PEF) of Indian lemale candidates is
comparcd wilth that of USAF female and
mule trainees in Tahle L It s noticed that
body fat conwent 18 higher i women for «
lower weight resulting in lower lean body
HEDS

Table 11

Percentage body fat of IAT Females
and USAF females and males,

Wariahles Number Weprht (Kl PRiF =)
Tl 17 4.3 3.1 213
USAF (19 ap 57.7 IR
L5 AL M) e %7 14.0

Discussion

Ty ensure accommedation of pilots in
aircralt crew stations, aircnow are selected
on the hasis of specific anthropometric
slandards. The mosl common scleciion
criteria are minimum and maximum
acceplahle limils for several anthmopometric
dimensions. Selected crew, whether male
or fermale must be able o operate all TAF
aircralts. It mustbe rememboered thal eritical
traaning aireraft must be fMown belore
1111“-']1']5', ot Lo othuer Ly pLs.

il

Thas evident [tom the resoll that clea
diflerences exist between male and lemale
physical  moasurcoments, Applying
anripopomelric criteris lormale and Temnle
population vieldal acceptance ligures of
Y5th and SUth percentile respectively [3].
Females being shorter than males
cxpericne fewer incompatibility problems
with headd cleamnee, however they undergo
#omch larger rejection than males do dug
tw their substandard sitting height and leg
length. ln Cunadian Forces, the reason tor
mediedl msjection of lenvle comdikes iy
mainly anthropometey [4).

Crurarcraltcockpits are genemlly designed
o secommenkile men rather than women,
The range of body size thal can be
accommodated hy modern ircralts is
linsited by many factors, Current standards
which exclude the smallest 5% of male
populition would exclude approximalely
0% ol female population. Exlending the
design range would accommuodate a greater
perceniage olwomen. A range of 3330 cms
waould be required to accommadate all but
the shorlest 39 ol womon and all but tallest
5% of men [3]. This would increase cosl
Bulcostof cquipment/airem it modification
would depend on syslem being moditied.
The issue is nol simply one of gender.
Womun dre not simply proportionately
smaller than men Although 50th percentile
woman approximately corresponds lo Sth
percentile mamn, in stature she will probably
have larger hips and chest depths and
smaller hands, Female hip circumlerence
i often proportionately larger than torso
length or chest girth, Women also have
shorter anm length than men ofsame height

lhe lower weight and lower © ol Goof
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females michl oot be compatibie with
¢jectinn seats. For example the seat ol '1-38
will tend 1o rotile Fackwards when ejecling
a erew member weighing less than 63 kg,
Gragg in his wehnical reporton eechon seat
li:!il'il'lﬂ.‘. foor ferales had said women might
e ensily sustain spinal injuries when
using stndard cjection seats 6] Howeser
no injury has been reported in USAL among
women on ejection seat trainer [ 7],

Current standards do nol always represent
what b5 actually required to nect the
specilivatiins ol operational airciafis,
Adreralls viry widely with respect 1o what
sizes are accommodaled. For example a
recenl Canadinng study demonsirated that
9465 of temales and only 61% ol males it
adequately in the CT - 33 Silver Star [8],
This was beeause many males hud
inadequate head clearance. Ry comparison
only 19% of Canadian males and 10% ol
females fit in the CH - 136 Kioma, nnd this
i due do insulficient leg lenpth | 5], Tl is clear
that an investimlion of the anthropomelry
limitation [orindivideal aircralt s required
to determine the acceptable limits for
individuals at lower end of aircrow entry
standards.

Anotherproblem in integraling women inio
the pilot foree is personal and protective
equipment, Increasing the number of sizes
al the smaller end of sealecan only partially
solvis the problem. The smallestsize helmel
now available may not it snugly and may
sit higher on the female head vausing
instubility during +Gy acceleration and
ejection. Differing lacial dimensions can
cause difficulty with mask or goggle suals.
G suits are mapufactured for those with
stature of 1625 cms, which is the minimum
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height acceptable lor entry into LAF, This
vitlue corresponds to approximately 50th
pereentile fe male value.

I s helieved that strength will also play an
important mle. One of Gen. Hap Amald’s
arigingl concern wis that women nuight not
he capable ol strenelh regquired (o
manipulate Might controls in airerall stch
as B-1719]. But Licqueline Cochrn argues
that notonly s muscular sieength becoming
lessosimd fess o a factor in piloding ol our
planes, but selected women in large: numbers
are available who have sullicient sivze and
strength for those lisks [ 7], Few studies have
been performed simulating actual aviation
environment. The FAA studicd Lhe ability
of women 1o mect current steength limils of
aireralt controls inrealistic Tight simulator.
Out of 24 women, 19 were able o maintain
the required 150 Ibs of rudder pressure for
30 speonds required for controls of civil
aircraft [10]. However, a 1981 study ol
strength of 61 male and 61 fomale
volunteers meeting USALY height and
weight criteria for pilot demonstrated that
female srm strength was much less than that
of males amd vften below military design
criteria. But leg strength was usually
sullicient to meet the necessary criterid, Men
2nd women ohtained similar benefils from
strength training programmes [11)-

This great dillerence in strength of males is
accounted by males” greater lean body mass

Tt is nosticed that hody Tt content is higher
in women for 4 Jower weight resulting in
lower lean body muss. Male female strength
differences may become of less operational
significance in cockpits of modern fly by
wire aircralt, Studies have demonstraled that
gender free standards can be developed [ 12],

30
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Concelusion

To olfer female aircrew a seleclive carcer
on account of size would be discriminating
agsinst their male counterparts, [t has always
been possible for waivers 10 be grantad to
sircrew with excellent potential but who are
vulside one ur more .'1nt]u:![mmr,-tri1.'
limittions. The other alternative is o send
women through the approprinie distinelive
training for jels, helicopters or Iransport
hasedd on their antrhopometric Hmitations
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