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BODY MEASUREMENTS AND CRITICAL DIMENSIONS OF
SINGLE SEAT FIGHTER COCKPIT FOR L A. I.*

BY

SguAapnoN Leapcr MULK RAJ
Cfficer Commanding, No. 3 Aero-Medical Unit

Summary

Anadtempt s made 1o work out the space requirements in a single seat fighter air-
craft for the pilots of 1. A. F.  The method adopted is the same as that adopted by the
R A, E., “ Mock-up Approach ™ which is based on dynamic anthropometry. The mock-
up was obtained from H. A. 1. and was fitted with an adjustable seat and primary contrels.
Trials were carricd out with 20 1. A. F. pilots of varied experisnce and covering the full range
of heights. The final results were obtained by referring the resultant data to the known

___dis_trihutiun of height measurements of a randon sample of 303 1. A, F. pilots. The resulis
‘are compared with those of the R. A. F. * standard " single seat fighter cockpit.

Introduction

We have reached a stage in military aviation in India, where we shall rincreasingly

“depend on indigenous production  for our operational aircraft. 1 so progressing, we must

keep in vicw the larger aim that man must be integrated with the aircraft in such a manner
that the man-machine team operates at peak efficiency. The realisation of the full potential
of this tecam can only be eifected if full consideration is given to factors, which [facilitate
handling of the aircraft and ensure the safety and comfort of the 'operator. Of these
factors one of the most important is the efficient design of the workspace.

The workspace assumes a critical importance in fighter aircraft, as the weight and
size affect both the performance and the economics of flight. The main effort in the design
uf & fighter workspace is therefore focussed on the necessary compromises between human
comfort and efficiency and the optimum space for aircraft performance, It is true that the

* Projuct completed at A, F. 5.A.M. in April 1961,
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aircraft designer must cxercise judgsmant in the choice of design limits. The general rule
the Air Force design of cackpits is that it accommeodates at least 909 of personnel. Accordi
lo Hertzberg', experience shows that the remaining 107 ¢an also manage by accepting sor
extra discamfort, especially the last 2°.

It is generally known and confivmed by sporadic anthropometric  surveys® hal 1
average Indian is smaller than the average Euwropean, The abm of this project is to dete
mine optimum size of a fighter cockpit, which would not only accommodale oue pilots
various body sizes, but would also ensuee them cuse of opevition, safely and comlort.

Stalic Anthropometry

Morant” considers the following body measurements to be of greatest value
vonnection with workspace in aircraft:

a)  Stature - ) Thigh length
&) Siting heigla e} Lee length
) Arm length £ Seat breadth

The measurements rehile to bodies i sBT wttitodes.  Allowance must be made f:
slumping as estimated by Samuzl." Generally, stutic body measurements do not pgive cxa
assessment of the space within which bodies can perfuorm essential movements, and are th
not functional measurenents,

Dynamic Antropometry

The hand and the foot are the specialised utility agents of the limbs, For any positie
of the body, the effective reach of these parts defines the space available [or potential activit
The development of effective workspace calls for aostwdy of the population.

The pilot, who must bs ftted in the sirceall, represents o loge popolation that can b
measured only through samples.  This means thal the dimensions of the extreme deviate
cannot be predicted. The mean, however, may be estimated with reasonable accuracy, an
it is possible to designate individuals who would be included within certain petcenti

rangesh

The labour involved in dynamic measurements precludes studies on large populatic
groups.  According to Dempster® dynamic data on samples of even five large, Hve mediur
and five small subjects selected on the basis of static measurements form a fair Functions
approximation to what would be shown by the whele group. Tn such & manner iR
overall potential range of motion can be defined, and carefully seleeted representatives ar
studied in actual or well designed mock situtions.

The R. A, F, standard fichter cockpit evnlved out of the above considerations. Tl
idea is well summarised by Morant® as the © Mock-up Approach ', Measurements and ob
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fervations of o number of selected subjects seated in a mock-up cockpit were recorded. By
correluting the information collected, the best arrangement possible to accommodate all pilots
cin be inferred. The solution reached can be described completely by drawings of an
imaginary cockpil and there is no need to burden the aircaft designer with any information
reparding body measurements,

The Conditions Regarding Single Seat Fighter Cockpit

Among the more specific conditions accepted the following are the principal ouwes
coneerning cockpit dimensions :—

g} The pilot should have a forward and downward range of vision of 15 below
the horizontal, completely unobstructed.

) With the seat harness tight, all pilots should be able to reach and use the
controls efficiently during flying,

¢) An ejection seat should be used.

d) If a gyro gunsight is to be installed the pilot should be able to hring
his eves to within & ins. 1o 10 ins. of its reflector.

¢} There should be proper regard for the safety, ease in operation and comfort of
the pilols.

J)  While complying with other conditions, the dimensions of the cockpit should he
made as small as possible to ensure betier performance of the aircraft, *and
also to economise by reducing weight and size of the aircraft.

1t is difficult to interpret such conditions as cuscin handling, safety and comfort,
The three factors are necessarily closely interrelated. 1T an obstruction, such as the gunsight,
is installed close to pilot’s head, his range of vision is restricted and the operation of the air-

“craft becomes more difficult ; he is more likely to be injured in 2 crash landing and suffers

discomfort,

For ease in handling there must be adequate elbow room ; it should be possible to

reach all controls easily.  The controls should have locations dependent on both the relative

frequenicics with which they are used. their relative importance in emergencies and physio-

logical requirements for precision in eperating controls. In designinga standard cockpit

less whstract considerations must come first, and after satisfying the more immediate needs,

i little latitude may be permitted for refinements.

To ensure safety, adequate clearance from the structure of the aircraft during
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ejection, and adequate clearances around him for erash landing, to minimise injury to the
body are of paramount considerations. There should be no ohstructions between  legs.
For this reason a horizontal control stick is better than a vertical one.  The knees should
be aft of the instrument panel for all positions of rudder pedals. 1

It must be borne in mind that tolerances in movements not only depend on body i
factors, but also on the sitting positions (inclination of the seut) and whether the seal harness |
is tight, or loose, or incorrectly positioned. The two relevant measurements, which are
considered for deciding the clearance for ejection path ure thigh length and shoulder
breadth. Possible increases in the eective measurement of these due Lo badly worn harness,
and due to jolting, could affect the safety of the pilot. Also, due o the same reasons, the
advantage of selecting the pilots on account of their body size is much diminished.

Body Measurements of L. A, F. Pilots and some comparisons with those of
R. A. F. and U. S. A. F. Pilots

Standards for Selection. A minimum height limit of 64 ins. is applied in the I. A. F.
for selection of the pilots. There is no upper limit of height.  This is similar to the practice
in the R. A. F. The other measurenment which is taken into consideration at the time al
acceptance is the external leg length. The minimum requirement for this measurement is
laid down as 349 ins.

Data Available. At present, no detailed body measurements are available for 1. A, I
pilots, apart from the above two measurements, which are done at the time of the selection of
the pilots. $ome impertant body measurements were carried out at the Defence Seience
Lahoratory (lver and Bhattacharya) 3 of 691 airmen. From this data, distribution and
correlation of some measurements of greatest value in connection with cockpit workspace,
can be reliably inferred and are given in Tables T and IL

TABLE |

Mean, S. D. and 5. E. of Important Body Measurements
of 691 I. A. F. Personnel

S Body Measurements (in cms) Mueun 8. D. =B

1 Total height (stature) 168.4 FE 0.2

2 Sitting height 87.2 | 0.12
3 Total arm length 82.2 3.5 0.13
4 Forearm length 54.5 il a2
5 Thigh length 58.2 2.5 0.00
a Lzg length 108.64 4.6 .17
s Seat breadth 368 1.5 017
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TABLE 11

Correlation Between Tmportant Body Measurements of
691 1. A. F. Airmen

st: Body Mensurements (1) (2) () (4) (3) (6)
I Total height 10 072 068 038 06 081
2 Sitting height e 1.0 037 0,29 0,40 0,44
a Total arm length 1.0 0.34 0.44 0.47
4 Forearm length 1.0 0.53 0.56
i Thigh length 1.0 0.78
f Leg length - 1.0

sglection, of 503 1. A, I, pilots. The distribution of the total heights is shown in Fig. 1.

in Table 111, —

——

Itean be seen from the Table 11 that there is 4 high correlation between totul height
and sitting height . total height and leg length ; thigh length and leg length,  The correlations
between totil height and arm length, and total height and thigh length are not very high.

Data for the total height and leg lengths were extracted from records, by random

It

15 nlmost symmetrical about the middle height (18.39 at 66 ins — 67 ins.}. The distribution

shows & moderate skew on the shorter side.

; The possibility of being able to reduce the size of the cockpit by selecting pilots more
stringently has often been mooted. The form of distribution of body measurements con-
sidercd singly suggests that the space might be reduced considerably if # small percentage, e.p. |
o 2 per cent, of the largest men are excluded. To estimate the practical advantage of doing
50, it i necessary Lowever, to éxamine the ways in which different body measurements are
interrelated.  Erroneous suppositions are often made regarding this matter.  The correlation
between total heights and leg lengths of the above sample of 503 pilots of I A, F. arc piven

P——

Frequency

7
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2 + TR [ 1. 0 J ¥
Height in inches DD O DO ™
O Yoovw Dw O w0~~~
F16. 1 — Histopram showing the distribution of heights of 503 I A. E. pilots
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TABLE 111

Correlation of height and leg Tength (in Inches) in a random sample of 03 1, AR,
pitots.  (Figures in the Table are percentige frequencies.)

Torval HEGHT (1IN INCIIES)

- 63~ b= 65- 66 67— 6B~ 9= T0- 71 72~ M-

63.. 64— K5~ 66 67- 08— 69- - Tl- T2. TI- T
7—33 08 02 1.0
33 06 28 31 06 02 0.2 7.5
E 10—40 22 64 60 4.0 1. 200
2 40—H 04 2.0 48 %0 35 20 04 211
S A4 04 23 51 %0 60 16 08 24.2
o AT, N 04 06 12 34 45 28 1.6 02 14.7
Eo43 04 10 22 25 04 02 .7
'-% A4 45 02 02 10 G6 18 a0
o 4545 02 02 04 0.4 1.2
S 4647 0.2 02
4748 0.2 0.2
48—49 0.2 0.2
14 56 123 143 185 171 137 80 57 20 08 06 10,0

In this sample the range of total heights and leg lengths observed is 62 ins to 74 ins and
17.5 ins. to 49 ins. respectively. By exeluding 1.42,, of the extreme in tota] heights, only | in.
of the range would be cut off at the shorter end and 2 ins, at the hisher end.  The study of
the correlation shows that in spite of a hizh correkilion between heights and leg lengths, one
standard of measurement cannot be laid down for selection of pilots. For instance, applying
a limit on account of one measurement, ¢.g-. height 64 ins., then 2.6%, of the pilots whose leg
lengths are above 39 ins. are lixzble to be exeluded. 1T other body measurcmenls are isolated
and considered for laying down body size standards for sclection, the proportion of the pilots
who are liable to be excluded will be higher still, because e correlation of other measure-
menls, e.g.. sitting heights. thigh lengths with total height is not so high, This congideration
applics equally on the higher limits as well.

In dealing with cockpit space requirements, measurements of pilots only (the users) 4
required to be considered.  Table IV eives comparison of distribution of heights and leg
Jengths of the sample of 503 1 A. It pilots, with these of the U. S, A. F. and the R, A. F.
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TABLE 1V

Comparison of heights and leg lengths of U.S.A.F., R.AF., and LAF. Pilots
(Sample estimates)

HEIGHT (IN INCHES) LEG LENGTH (1N INCIIES)
!';Ir:aln - *}H‘ iiu;g:_ Mean 95", Range
LS.AF. 69, 1 64,1 —T74.5 not available
WAL 69.4 64.4—74.4 43.6 40.0—48.0
LiATF. 66,1 63.0—=73.0 41.1 38.0—45.0

The I.A.F. average pilot is shorter in total height and leg length,  In total height he
iy about 3 ing. and in leg length about 2.5 ins. shorter compared with both U. 8. AL F.
and R. A, F. pilots.

Methods and Trials

Static body measurements give no exact assessment of the space within which bodies
can perform requisite movements, The need is for a method of investigation which will take
into account all the relevant considerations at the same time. The method adopted is on
the lines of the ** Mock-up Approach ™ outlined by Morant and Ruffell Smith e
The method does not guarantee an ideal arrangement for all the sizes of the pilots. Some
of the pitots falling within a certain range of body measurements are liable to be penalised,

The methad consists in recording few body measurements of a selected group of pilots
and then in recording ceriain measurements of reaches aond body actiens, and various other
ohservations, after the subjects are seated in an adjustable mock-up cockpit. By relating all
the information collected, the best arrangements to suit nearly all the pilots could be inferred.
1t is essential to choose pilots as subjects, as only they would understand the various condi-
fions and requirenents.

Variations in body size of the pilots remain 2 constant fuctor, and the dimensional
features arrived at from the results of the trizls help in sccuring uniformity in eritical
features, e.g., relative position of seat and rudder pedals, and their relative adjustment. The
results, however, would not be able to define the sives and shapes of the cockpils of varicud
aircraft, which would have to be examined individually for cach aireraft at all ils stages of
development namely at design, mock-up and prototype.

The Mock-up

A mock-up was obtained from H.A.T. lor purposes of the trials.  Alter suitable modili-
gations, it was used for working oul various key dimensions for body reaches, as for rudder
pedals, control column, escape clearance from the instrument panel, cig,




26 MULK RAJ

The various fittings in it were first removed, because they could not serve the pUrpose
of trials, us they were at fixed positions and dimensions. A seat, which could be adjusted
fore and aft, and vertically, and with the angles of the punand hack-rest adjustable was
constructed and fitted. A stick type of control column, with enough play fore and aft, and
sideways to suit all ranges of arm length, was fitted. The horizontal distance between its
neutral position and the seal reference point was made adjustable. A set of rudder pedals,
whose horizontal distance from seat reference point could be altersd and fixed, was fitted
in, The pedals were of * foot print ' type and their vertical distance from floor could be
changed. The pedals had a range of movement of 4 ins. fore and aft of their neutral
position. The pedal angles to the horizontal could be adjusted  berween 507 and 65°, A
throttle control with adjustable height and horizontal distance, was fitied.  The instrument
pancl was fitted on a ruiling so that its distance from eyes could be altered. The upper
border could be allered by attaching exira picces, and by an incorporated vertical adjustment
in the panel 1o ensure standard vision below the horizontal for all heights of the pilots, seated
at various ranges of seat adjustment. The lower limit of the panel was estimated, giving a
clearance of 5 cms. ubove the kne¢s. Figures 2 and 3 help, to some extent; to illustrate the
layout,

General Cockpit and Layout
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Adjustable Rudder Pedals
Subjects

Twenty subjects were dealt with,  The group was chosen in such a way that not only
extremies of sizcs were represenied, but also it represented pilots of various and varied
experience. Of these four were test pilots and one an engineer pilot. Four of them represented
short extrames, five tall extremes and the rest represented various range of heights in between.
The random height subjects were given the first series of trizls and the extreme heights the
second series.

Some relevant body measurements were recorded for each subject. The measure-
ments were taken by following the standard techniques which have been applicd in the R.ALF.
by Morant™. The measurements were averall projective ones of parts of the body taken, when
the subjects adopted certain specificd and stiff attitudes.  They provide a frame of references,
but they do not give any appreciation of the rangss of movements required when 2 pilot
operates an aireraft. Certain correlations of results are worked out against the most relevant
of the body measurements, and go to prove this. This will be discussed later in ihe
paper. The ranges of movements, within tolerable limils, are assessed in mock-up trials.
Table V shows the distribution of various important measurements of these subjecls,
The ranges for heights and leg lengths of these 20 subjects compared well with Tanges
of the same measurements of the 503 1. A. F. pilots mentioned carlier.
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TABLE V
Body Measurements (in cms) of Random, Short and Tall
Sample of I.-A. I, Pilots
RANDOM SHORT TALL
Mean Range Mecan  Range Mean  Range

. Total height o 1718 164,5-176.2 160.6° 159.9-161.3 1850 182.1-187.9

2. Sitting height e 12903 1222213250 123.2 120.4-1250 1412 138.40-144.8

3. Eye height sitting Ao 1165 109.8-121.4 1118 110.0-114.0 129.5 124.5-132.7
4. Shoulder height o 998 93510401 935 92.7- 942 102 10571125

3. LClbow-rest height w. 603 0638 09.1 62.5 59.8- 656 730D 68.6- 77.5

6. Patella height -- 218 483 346 485 47.0- 493 562 54.9- 57.5

7. Bi-deltoid diameter e 4T3 420- 521 463 427 49.1 488 458 521

8. Total arm length R | P 74.2- 806 T34 TA5- 752 848 B2.1- 860
9. Max, arm reach from

wall - 902 H4.1- 915 B33 B0D- B16 960 92.9- 913
10. Forearm length o 4T3 45.9- 504 448  44.0- 456 504 49.6- 52.1
11, Functional reach . 8O0 77.5- 823 747 725 TiS B4 B3I E- 002
12. Leg length ..o 1103 10L.6-115.6 993  9R.5-100.3 120.2 115.0-124.5
13, Thigh length .. 00T 56,0- 643 530 5324- 577 610 G6l.8- 657
14, Ioot length v 2020 20.5--29.3 260 R253-220 290 27.6. 209
I3, Hand breadth at meta-
carpals 8.7 7.7- 90 8.5 T.7- B8 up 8.3 9.4

16, Elbow span at rest - 109 B40- 782 631 648 06 9.6 63.1- Ti7
17. Total weight {in [bs)) ... 153 114-158 137 124157 173 [58- [90

Table I of heights and lez lengthsof the 503 I. A, F. pilots shows that 7

Particulars of the Trials

fall in the height range shorter than 64 ins., 847 fall in the ranze of 64 ins.~70 ing. and G
in the range of above 70 ins.* Insubjcets for trials the range of short pilots was 62.9 ins—63,5
ins. i.e., shorter than 64 ins. and range for the tall pilots 72.1 ins,~74.0 ins. i.e. taller than 70 s,
The range of heights in the random sample of the subjects was observed Lo be 64.8 ins-69.4
ins. i.e., 64 ins.—70 ins. When calculating the final results. weighted averages of the leey
dimensions were worked oul on the basis of the percentage distributions in the 503 pilots
sample and not those of the subjects in the trials,

In determining the critical dimensions of the cockpit, the sim was to determiine an

arrangement, i possible, which would mean that all pilots would be equally well
accommodated.
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Fixed Parameters—A number of points regarding dimensions could be settled belore
(he systematic trinls were staried.  As changes in pan and back angles of the seat would
influence  dimensions of the cockpit, these were fixed.  The angles fixed were the includeel
angle of the seat at 100" and the included angle of the ejection at 7°. The angle of the pan
to horizontal was fixed at 74", 1lorizontal adjustment of the seat was not used, as it would
not be incorporated in a fighter airerall.  The seat height for various subjects were fixed in
such a way that the pilot would get 15° vision below the horizontl,  The instrument
panel was lixed at the distance worked out in accordance with the standard R, A F.
cockpit,  The problem of dimensions was tackled keeping the pyvro punsipht out of
aecount,

Good first approximation could also be obtained for certain other dimensions.
Feor all the subjects 3 or 4 settings were tried by raising the seat heights by intervals
of two inches, with the harness tight at  each position. The instrument panel at each
position was adjusted in the vertical plane to give standard vision below horizon over the
upper edge of the instrument panel. This helped the pilot to decide his best position.  Ha
wis then tried again in his best position. All the adjustable parts were so adjusted as to
give the pilot the best arrangement which depended mostly on his subjective feelings.
The following measurements and observations were recorded for each subject whilst he
was tightly harnessed in the seat.
@) The best setting for the rudder pedals as regards its angle to the horizontal, its
hieight above the floor, its distance from the seat reference point most suited [or
operational ease and comfort. The lower limit of the instrument panel was
judged 1o provide 5 cms. clearance for the knees. The knee anples were
measured for the neotral, and the extreme positions of operation. The knes angles
adopted by the subjects, served as good rough guides to cross check the scceptance
of the comfort position in the various settings of the seat heights, tried by each
individual and based on his subjective feelings.

b) The horizontal distance between the neutral position of the control column and (he
seat reference point was measured. The length of the control column (vertical
distance) piving the upper limit of the grip from the heel level, and the forward

" limits of travel which he preferred were recorded.

¢) 'The heights of the throttle above heel level and its reaches were measured,

d) Eye distances to the top and to the lower edge of the instrument panel were
estimated.

¢} The vertical width of the panel, and the height of lower edge above heel level
wercalso measured.  The upper edge, asstated above, was fixed to provide
aleguale below horizontal vision.
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The first series of trials were carried out with 11 subjects.  Average dimensions were

!

worked out from the first scries, and also the ranges of pedal adjustment, and travel of control

:\\_';fif_:a{}-ﬁ.!._-———-ﬁ

14.5cms

— Swal.@06 e

]

T T i R ST s e s e g e T i me s Erohite T ockoit for T.A.F

R—



Rmmmgnded Dimensiﬂ-nﬂ l]}f S{nglﬁ Seat F‘Lgh]ﬂ' Cﬂﬁkpﬁ :rﬂl' :LAF

SINGLE SEAT FIGHTER COCKPIT 3l

column and of the throttle control. In the second series of trials, with short and tall pilots, the
average dimensions and ranges arrived at in the first scries were ried and final results were
obtained regarding dimensions and adjustabilities. In reaching the final results, due weightage
was given for the tall subjects to the extent that it would not prejudice the reaches of the
short samples 60 as to aflect their safety of operation, The final results are in terms of
measurements of structures withoul any reference to body measurements.

Resulis

The results of various eritical dimensions of a fighter cockpit, reached in the trials
are diagrammatically shown in Fig. 4. The size of the cockpit, as expected, from the static
body mensurements of an Indian pilot is shorter in all the dimensions than the standard
R.AF or U.S.AF,. fighter cockpit. The measurements were recorded by a team which
congistedl of one officer and an assistant, the records were taken and analysed by 4 qualified
statistician.  The final results as stated carlier were obtained by relating all the information
gollected and referring to the known distribution of body measurements of the sample of
503 I.AE, pilots, along with comparative figures of the R.ALF. standard fighter cockpit.

Vertieal Dimensions—The various vertical dimensions worked out are:

#)  Yertical distance between the heel level und the eye datum is 20.7 cms. (35.7 inw).
The R.AF. figure for the same dimension is 39,23 ins.

h)  The height of the seat reference point (SM) above the level of heel point works out
loo the average of 15.7 cms. The R.A.F. cockpit figure is 7.2 in. (18 cms).

¢) The instrument panel was placed at a fixed distance, as worked out in the R.ALK.
fizhter cockpit, of 26.3 inches from the seat reference point at its most forward
position.  The hezight of the upper edge of the instrument panel from the heel
level is 76.7 ems, providing the pilot with vision 13° below the horizontal. The
average vertical width of the panegl is 38 cms. (fig. 3). With this width the lallest
subject had 3.5 ems of leg clearance from the lower edge of the panel.
From the above ficures the lower edzoe of the panel caleulates to be 387 cms,
above the heel level. The distance of the lower edge above the seal reference
point, with the seat fixed at the top position, 7e. 2 inches higher than
the mid position, would be 13.0 cms. The comparative figure for the R.AF
cockpit with vertical srick is 6.3 inches (seat top 3 inches above the middle
position.)

Rudder Pedals. The horizontal distance of the rudder pedals at the heel point from
the seat reference point (seat at its middle position) is 77.0 cms, and the distance between the
seat reference point to the foot middle point works to an average of 856 c¢ms. The com-
parative distance for the R. A.F. fighter cockpit, seat reference point to the heel point, is 34.5
jnches (87.6 cms.). Our runge of adjustability of the rudder pedal to accommodate pilots of
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all sizes, seated at different seat heights to get the proper line of vision, is 22 cms.  The range
of rudder pedal adjustability in a standard fighter (R.ALF.) cockpit is 11 ins. The range of
to and fro movements of rudder pedals from their neutral position was taken us 4 ins.  the
same @3 In the R.ALF. cockpit.

Control Column.  The vertical height of the control column measured to the upper
point of the grip from the floor (heel level) is 54.6 cms. The neutral point of the contral eolumn
from the seat reference point is 44.8 ems. The 1L.8.A.F. figure for the same distance is 19 in,
{45.2 cms).  Dirzct R.ALF, figures for these distances are not available.  The forward reach
of stick rom its neutral position is: 12,8 ems, in our trials.

Throrile Contral.  The distance from the seal reference point to the throttle is 34.0 cm.
{closed position —easy reach). The height of the grip above the floor is 44.7 em.  These.
measurements are nit critical and the R.AF. figures are not available.

Variaus Angles. The angle, made by the foot pedals to the horizontal, averages to
0= The fizure for the R. A. I'. fighter cockpit is 57°. The subjects also accepted 7° to ¥
of flare out of the pedals from the vertical. The various knee angles adopted by various
subjects at the neutral position of the rudder average 118° for random samples, 117" for the
short and 107" for the tall subjects. The figures for the subjects in the R. A. F. cockpit
trizls range from 108" to 118 showing that the human comfort angles at knees for both
the populations are the same,

Correlation Tables. Certain correlation of the key dimensions were worked out with
the most related body measurements. They are given in Tables Nos. VI, YIT and VI11.
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TABLE VI

Correlation between total height, sitting height and cockpit size (in inches)

Sl No. Total height (Xy) Sitting height (X3) Cockpit size (X3)
.Ir“"_— 67.2 B 51.8 | : 353
2 67.8 50.3 34.7
3 67.4 51.0 35.7
i 0.4 5.6 358
5 (8.4 51.3 37.0
6 (4.8 48.1 354
7 (8.3 514 370
8 67.3 51.0 M2
9 68.1 51.8 17.4
10 H8.9 522 5.4
11 66.3 49,7 ii4
12 6i3.5 49.2 332
13 63.0 47.4 3.0
14 £2.9 48.2 iz
15 632 458.0 355
16 72.3 343 368
17 72.3 553 355
13 721 354 385
9 74.0 5.8 9.0
20 738 57.0 8.5
Mean 68.05 51.6 3575
5D 34 23 1.9
Correlation coefficicnt — between X X3 = + 0.81
X2 X3 = + 077
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TABLE V1l TABLE VLI
Correlation between leg length and Correlation between total arm length
S.R.P. to heel point and control column distance
(Figs. in cms.) (Figs. in ems.)
SL Leg length  S.R.P. 1o heel SL Tolal arm  Control column
Mo. X1 point X3 Mo fenth distanee
1 101.6 70.9 | 8.7 474
2 115.5 42.3 2 7.0 48.3
3 110.5 74.5 3 76.7 S51.0
4 111.0 71.0 4 800 41.5
5 109.3 79.2 5 79.5 40.0
6 108.0 17.4 B 74.2 L
7 48.6 753 fi 79.5 449.0
E 100.3 74.0 8 50.0 37.0
9 88.6 121 9 80.5 45.5
10 5.8 T7.0 0 T4 47.7
11 122.5 88.0 11 77.5 431.5
12 1151 81.3 12 T2.6 arg
13 121.0 89.3 13 T5:2 44.0
14 124.5 80.5 14 73.7 40,9
15 118.1 R4 15 724 43.7
16 6.9 459
Mean 1103 7925 17 82.0 44.8
15 84.1 44.2.
5.D. 564 8.0 19 86,4 449 8
20 £4.3 45.0
Correlation coeflicient = + 0.91
Mean TH.88 44.69
5., .51 4.03

Carrelation coefficient = -+ 1,33
(not significant)

The tables show that there iz a hich correlation between total height and sitting
height with the vertical size of the cockpit, the distance between heel point to horizontal
line of vision. There is also high correlation between leg length and the rudder pedal
reaches. But, in spite of these high correlations, it would not be possible ta work out these
dimensions from the static body measurements.  The correlation between leg length, thigh
length and the knce angles adopted, alse the comclation hetween arm lengths and the
distance of ncutral point of control column  from the seat reference point are not significant.
‘Thus the comfortable rgaches for thg arm would not depend on the arm leneths entirely,
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Adjustability

‘I'he range of distances from the seat reference point to the floor for all subjects, to
provide them with the proper vision below the horizontal, is 11 to 19 cms. A total vertical
adjustment of 10 cms, which is 2 cms more than the above range, would cover all the sizes of
the pilots. Therefore, the recommended vertical adjustment of the seat is 5 ems. above and
below the seat middle point, which is 15.7 ems above the floor.

The distances of the neutral positions of the rudder pedals from the seat reference
point [or all subjects varied from 71 cms to 89.5 cms, a range of 18.5cms. To this should
be added another 3.2 cms, caused by horizontal displacement of the scat when moving from
the bottom to the top position at an inclination of 174*.  The total adjustment of the rudder
pedals for all pilots and for all seat positions would therefore be 21.7cms.  Therefore a range
of adjustability of 11 ems on cach side of the neutral position of the rudder pedals would
suffice for all our pilois,

FiG. 6

Izems.
4 0 I I A 0 S I B A

S T — Seat at top position
& M — Seat at middle position
5 B —Seat at bottom position

1.2 ¢ms. is horizontal displacement of seat from its bottom to the top position, with seat back
and also the vertical line of adjustment of the pan 173" inclined away from the vertical, the
total vertical adjustment of the seat being 10 ems.

Distance from Normal Eye Line to the Inner Surface of the Canopy

Normally in a fighter aircraft the minimum clearance allowed between the inner sur-
face of the canopy and the pressure helmet, with visor in up paosition, is 7.5 ems. The average
vertical distance amongst our subjects between the cye and top of the head is 11.0 cms and
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wllowing For 6-7 cms increase in distance from the head to the top of the helmet, the distance
between normal eye levels and the inside of canopy surface will then be 26.1 cms.

Discussion ' x

The mock-up trials with a selected group of subjects from the community of oper-
ators, and referring the results to the anthropometric data of the same community, showed
that it is possible to work out the dimensions of an aircraft cockpit, which would be suitable
for all our pilots. The space worked out will give them satisfactory conditions as regards
case in operation, safety and comfort. The conditions to be satisfied in fighter aircralt
in India are supposed, for the purposes of the project, to be the same as in the R.ALF., numely
adequate vision below horizontal, erash clearance for bad landing, escape and the minimum,
size of the cockpit.  Our dimensions are worked out around the lixed parameters of seat
angles, distance between the instrument panel and the seat reference point, and 15° vision
below the horizontal. So any change in these would maodify the dimensions accordingly,

The key dimensions for other types of aircralt could be worked out by similar
methods.  The factors, which would modify these dimensions in other types of aircraft, are
the diferent seat angles, the distance to the instrument panel from the seat which would be
different if no seat ejection is used, and the requirements of the degree of vision helow the
horizontal. The relation between the various dimensions is complex and an alleration in
one would affect the other, for example, if no ejection seat is used the distance lg the instro-
ment panel would be less, which would mean that either the vertical width of the panel
should deerease, or the rudder pedals should be lowered to keep the adequate clearance for
the legs. The latter would mean alteration in vertical size of the cockpil. So, if due to
certain reasons the standard dimensions cannot be adhered to, it would be imperative (o
examine the workspace of thal aircrafl during its developmental stages to ensure the pilot
cificiency and safely in operation of that aircraft.

The results of the project show that all our dimensions are smaller, although in close
asreement. to that of thestandard R.AF. cockpit.  This conforms to the average size of our
pilots. ‘The ranges of adjustability ef the seat and rudder pedals are also smaller, and within
these all sizes of our pilots can be sccommodated satisfactorily. This smaller size of the
cockpit would obviously result in acrodynamic advantage.

The pilots whe acted as subjects in the project did not possess their Full flying
clothing equipment and were tested in their working dress. The allowance for Oying with
modern flying clothing can be worked out ssparately and would not materially alter the
critical dimensions.

The knee angles which were adopted by the various subjects varied between 107'-
118 for the neutral position of the rudder, for easy reach and comfortable operation.
These fipures are very close to those adapted for R.AF. fighter cockpit trials with 29 pilots
(108"-118%. As the knee angles would be adopted on subjective comfort, it can be stated
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the results obtained would be reliable only i reaches of the subject could be measured
accurately,  These measurements were taken from the calibrations which were repeatedly
checked during the trials.

The correlation coefficlents of key dimensions against corresponding body measure-
ments (Tables Y1, V11 and VI11) indicate the close relationship between some of them.
Correlation is very significant between the total height/sitting height and the cockpit,
and similurly between leg length and rudder pedal reaches. From this relationship it
is obvious that @ rough estimate of cockpit dimensions could be evolved from static
anthropometry, but actual distances suitable to all pilots cannot be caleulated.

Standurds for Selection. A study of the distribution of heights (fig. 1) of 303 [ A, F,
pilots shows a skew on the shorter side and more so is the distribution of leg lengths
(Table 111}, We have Jakd down height standards for entry of pilots in 1. A. F. for the lower
limits (64 ins.) but none for the higher, although the percentage above 72 ins. in height is
only 1.4 (Table 111).  Assumiing that our sample is fairly representative of the population of
our serving pilots or persons who are desirous of joining the 1. A. F. as pilots, it is felt that
the rejection rate, due to our standards for minimum height, could be high. If, at any time,
there is 4 requirement that cockpit space puts a still lower premium on the weight and size
ol a fighter aircraft, to improve its asrodynamic properties, a still smaller cockpit could be a
possibility provided a small percentage of population (1.49)) at highest height range is
barred for fiphter flying. This cockpit would still be suitable for 98.6% of the pilots of
L A.F. sz revealed by the present investizations.

Recommendations

The following recommendations ars made :—

dY In this project sccondary contrels and the layout of various instrumenis
and consoles have not bheen considered, and the problem of dimensions has
been worked oul keeping the gyro gunsight out of account. A further project
should be undertaken with a cockpit made to the dimensions and adjustabilities
worked out in this project, and with other adjustable arrangements so that the
layout of various consoles. the maximum practical instrument arca and the
logical layout of the secondary controls could be worked out,  This is important,
because of the increased complexity of modern aircraflt. Also, the effect of
installation of the gvro gunsight on the dimensions worked out could be studied.
The project recommended may also help in working out the standard workspace
reguirements for other tvpes of aircralt.

f) A revision of physical standirds, as Far as the height and leg length, are concerncd
for pileds at the time of entry should be considered after anthropometric data of
Indian population s available.
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