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Aircrew Sitting Geometry in Fighter Aircraft Cockpit
RR Kapur, SV Seshanna, KN Krishnaswamy

Sitlng posture of a pifot is Influenced by the back
lengent angle of the crewseat which In turm effects the
slouch and head orlentation required to keop the line of
gight horizontel. MIL STD-13334 defines the crew soating
geomelry baged on anthropomaetrlc data of USAF pilot
popufation, This paper describes the methods used (o
adopl MIL STD-1333A o sult IAF pllot anthropometrie
daty for establishing seat geomatiy In a fightar alrcraft
cockplt.

Koy words: Eye design poini, seal reference poln,
gaat back angle, seat pan angle.

The Eye Design Peoimt (EDP) is a
relerence point based on eye location that permits

vision envelope required for an aircrall, Il allows
tor postural slouch and forms the datum point
from which aircrew station geometry s
consiructed. The Seal Relerence FPoint (SRP) is
the Intersection of the back tangent line and the
bottom tangent line. The Neutral Seat Relerence
Point  (NSRP) is the SRP with the seat in the
nominal mid position of lthe seal adjustment
range. This seat position will place the 50th
percentile (sitling height) man with his eye at the
EDP'. This fundamental geomelry is depicted in

Fig.1.
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Fig 1. Air Crew Seating Geometry

Hoion:

1. Thigh Tangent Angie shali be o minlmum of 5 and & mavimum of 20°. Far helicoaters, tha minimum ol 107 shall spply.

2 The scat adjustrment shown are for the Sth throug b 85 percentile pilst population,

L Tha vortice| dimonsinn menge rem HSAP 1o breel fulcrum polnt does not inciude vertical sant sdjustment dimensione

4. Dimonminns baned on 117 sest back pngis.

£ "X " m the distenee from Deslgn Eye Point fo weriles! plase of RSAP lor vatious SOA's {Reler naet Tabis)

Ind J Aerospace Med 32(2) December 1388

Courbeay: ML 3TD-13338

77



Since these points form the datum from
where design aspecis ol other cockpit features
are located, it is imperative that these points are
determined o suit the anthropometric
requirements of the wuser population. The
anthropometric dala of the IAF pilot p::-c:p»ulalis-:m2 is
compared subsequently with the USAF gitol
population on which the MIL-STD 1333A° is
based. The correlation factors for relevant
parameters are derived and the tenlative figures
tor the IAF pilol population evolved using those
correlation laclors,

Anthropomelric Data

The relevant anthropometric data of the IAF
and the USAF pilol populations is shown in Table
I. From this table the following are evident:

a. For all percentiles, the Sitting Height(SH)
of the IAF pilet population is about 1.5% less than
their American counterparts.

b. The figures for the Eys Level Height
(ELH) for the IAF pilot population has been
deducted by subtracting 111.0 mm. from the
SH. (The anthropometric data for the 1AF pilot
population is lacking in this regard). The
figure was derived after a rangom
sample survey (n = 47). The mean ELH was
found to be 111.0 mm less than the SH and
Ihe mean ELH to SH ratio was found 1o be
0.87. These figures compare well with similar
data available in literature®. A ratio of 086 is
being used as a mulliplicative ratic by certain
Western aircraft manufacturers.

Factors influencing sitting height

The factors influancing SH are as follows -
a. The seal back angle (SBA) .

b. The seal pan angle (SPA)

c. Contours of the seal surfaces.

d. Clothing and harness.

Thase lactors influence the “normal® sitling
posture ol a person on any given seat. It AVErages
about 25 to 50 mm less than the erect SH, an
effect called the "slump” or "slouch™. The slump
is the net effect of lactors like:

a. The curvature of the spine with the
head balanced over the shoulders.

b. The pelvic lilt / fixation.

c. The SBA which necessilales re-orichtation
ufthaheadml-:aeplmﬁmorsigﬂ
honzontal as depicied in the Fig. 2.

The slouch / slump, a spinal motion, has a
vertical (z) component and a small fore and aft {x)
component. There are a few figures slated by
cerlain autharities 1o c%lantﬂr the z compeonent: 44
mm' ; 25 - 50 mm°. The x componant is a
complex function of statistical variables related to
the above mentioned factors. i is not surprising
therefore, to find data for the fore and aft (x)
component, virtually nonexistent and frequently
validated only on rmd-n—ups.

In the absence of any available data of our
own in this regard, mathematical estimations were

Table -1 Anthropometric data of the IAF and the USAF Pilot Ppopulations

Pilot Percentile Population
Haight USAF IAF
{men) 1% 2%  50%  97%  58% 1% 2%  50%  97%  98%
Sitting 8357 8433 9144 9728 9804 (8230 8270 8890 9500 9560
Eye Level 7239 7315 8001 8585 8661 (7120 7160 7780 8390 8450
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Fig 2. Head re-arientation with different seat back angles

resoried 10. Two assumplions were made for the
mathemalical estimations al this stage :

a. The amount of slouch is greater for
higher percenliles and less for smaller
percentiles, and the cormelation is
linear. In other words a constant
{multiplicative factor) could be used to
express slouch as a funclion of ELH.

b. Slouch is maximum in an erect posture
(SBA = ") and nil when horizontal
[SBA = 80'). It therelore conforms lo
a Cosine relationship.

Logical as it may seem. the factor of
reorientation of head for keeping the line of sight
horizontal has not been considered. Therefore,
such assumptions could possibly be applicable for
limited seat back angles only. MIL-STD 1333A
specifies for a range of 107 10 15" of SBA only.

Since the MIL-STD 1333A defines ELH after
laking slouch into account, the "mulliplicative factor™
for the amournt of slouch catered for in the MIL-STD
was cakulated. The findings were, that for a SBA of
13" as shown in the MIL-5TD drawing, the vertical
(z) component was 31 mm for the 50th percentile
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USAF aircrew. This works oul 1o a mulliplicalive
tactor of 0.03395 or 3.395% of tha ELH.

If the same muitiplicative factor is tfransposed
for the 1AF pilot population, the slouch for the 1st,
50th and 98ih percentiles works out to 27.9, 30.2°
and J32.9mm respeclively for the wvedical (z)
component. As regards the x component, we took a
standard figure of 330mm (as given in the MIL-STD
drawing) as the perpendicular distance belween the
EDP and the back tangent line. -The calculated
ofiset between the NSRP and the EDP was found
to be very close o whal is given in the MIL-STD,
The figures are given at Table Il

Table- 1l  Comparison of calculated
vs MIL-STD figures of offset
for SBA of 10 to 15.
SBA Calculated MIL-STD 1333A
(deg) {mm} {mm)
10 197.8 195.5
1" 1B4.4 180.3
12 1706 167.6
13 156.9 154.9
14 143.2 139.7
15 129.2 127.0
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In the absence ol any values greater than
the SBA of 15" in any quoted reference,
extrapolation of our mathodology was done for a
SBA ol upto 21°. Such extrapolation was
necessitated by the fact that current generation
aircraft use SBA much greater than 15Tor criteria
like comtort and enhancemeant of G lolerance. The
values of various paramelers for the IAF pilot
population for 18 and 217 SBA are annolated in
Table 11,

Table - i 50 ™ percentile values of various

parameters for the IAF piiot
population for 18" and 21° SBA
SBA (187) SEA(217)
DM 759.4 mm 763.6 mm
MH 100.5 mm 60.6 mm
B 7.54° 454

DM is the aye level haight, MR is the distance batweon NSRP
and the perpendicular pmjection fom the EDP o the
harizantal Ene through NSRF and 0 is Back Tangant Angle

These figures were validaled on an aclual
wooden mock-up of a fighter cockpit and it was
found that the EDP could be reached from the
designed SHP even by extreme percentile
subjects with no discomiori.

. 4

Conclusions

Though the end juslifies the means of
“reverse engineering” to derive a working modeal,
we realised the handicap of non-availability of
specific data in this regard. Currenl generation
aircraft like the F-16 (Eagle) and the Mirage 2000
use SBAs much greater than whal is catered for
in the MIL-STD. With the factor of reorientation of
head required to keep the line of sighl horizonlal
with higher SBAs, exirapolations may nol be
appropriate. Specific dala needs to be generated
to take care of the influence of the various faclors
on the sitting posture.
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