BODY MEASUREMENTS IN RELATION TO COCKPIT DESIGN

B, Lade, BLE. Mooksraige,
AT TF

dht MK Boarracmanya, Delencee Selence Lahorntory,

Howould be most expedicnt Lo tike body thissutements ol i crint i designing
minehines of war, [t they have Leen msule withont cetailod revand to the sizes of tholp
oceupanl, then i s desivable that b wly  measurements  ahoull be talken into geeoil i
selecting the muan for particulne duties: =o thar no dlisvamlort or steain 5 experivoeed o Ui
Mapetivns of normal duties and wovements, Maumekar (1) Teom the aoalyeien of |I!l'1l-:'-,-;l[-il|jl;-u:
on 371 normal subijects reprosoading seven different Stales found that for TETE G N FEVTIR TR ol
the subjects the ratic WA was within §6.55 [hy it |":lll‘1'|il-|’.'€l..:|! Hgure given ir}' T b -
(2 bemg  F7.4-03.0  Ibhimsc  Taewnechin (3 from the anelyvsis ol availabln
datn, which he admwits o e pitifully newdeguate™ showed  thol ao ayeragn  Indis
boy @5 abont 64" in heipht at rhe age of 16 years. Taliing wormal geowth eure
imtte comsideration iU quay be sl that overge Indian height i round about 68517, 48
eompared to Ameriean and British figure which i about 682 (4). Tt is obvious frcan
the foregoing facts thut =hape and size of un sveree Todian is dillerens from that of oo
countries and that the cockpit designed and eonstineted i oup conrtry muost talke ulo
eomfideration body measnrements of its occupant.

Orwing to slenrth of adequote inforaalion, data available [fom other e tries

utitised by aireraft designers i this counlry in working  oul  dimensinns  of  codpil

worle arca for vperation of manual coptrol: of airoradt. I wis, thersfore,  [all [l

hasie data must be collected to have & Loowledss o variabion of hody measnromoils
o average populelion m Tndia, which would obviensly help the designer o intpodog

ehangzes in {the dimensions of covknil,

Method and Analvsis

Altvgether twenty body measurements and boaly: weichtz were talien of 691 wirnen)

other than pilote, belonging to local Air Foven Siations, Trefinitions of Lhe HH'.‘-l,,-'I.]l'I"!TI:II_"!'l“

and method adepred are given helow:

Technique of HBodv Measurements
Measuring Doard

This b lwo vertica! wings adjnstod firmiv at right aneles to one armther in e ey
ol the room, vn which seales are macked in § em. inteeval,  The suhjeat adofts a il
powition with his body in eontact with one or both witigs, sccordinge to the patuee of Iy
particular incssarements The tringeralar hlnek s in cottbiel with the hooed. .'1.“,'.;”! ""_!
with the seale ensares that the working smfaee of the Tlock is howimomtal or vertizal gl

ease ey e and the measuremenl resprredd 15 taken (oot Ll g plavie o Lhee o o frg




da

}Hiﬁ vartinnl zero line o the wing joints,  The steol 15 ased in tuking mensuremant of the
_:lubj[!{'-t ponted,  Ttoas 1317 in height, blocks of woods (1 thick) provided ars placed vn
At until it appenrs sy the subject’s thishs wro e nearly as poasilile horkaontal

Definitions of all the Measurements

1. Top head to ioor. The height of the seat is first athjusted by adding to or
reduging the nurbor of pieees 0f wonden Dlocks on it unti the thigls of the subjeot appear to be
e nearly an possible horigontal He sits ¢reel in the cormer with the bock agoinst one wing
Ut the hoard wnd Lis reht side ovehing the other wing. The height fraom Che Hoor when i
el s placed g Lhe sulject s head is noted.

2. Sirting Height, The height of the seat s =ubtracted frou the Bt measure
ment to give the silting height

3 Seat to Floor. [Meight of the stool and height of the picees of wooden block
Cnddded to make thigh appear hovizontal (ench bloek § thick).

; 4 Shoulder to Seat.  Sits erect in the corner ad in (1), wen touching against
Sthiside of the bLody und the fore-arm at right angle and arm with pali stretehed facing
Niwards. The block is placed on the shoulder point. The height noted anegd the seat heicht

' Er:puhh'nmml ta uive Lhis hejgh

5 Elbow to Seat. Suhject in  Lhe =ame position  (4). Height from floor
when the hlock is placed at the lower edue of fore-hand 1= noted and substracted from =pat

ﬁé{gm.,

f, Knee Height. Subject in the spme position_ bluck is placed on the rizht thigh,
the height is poted from the floor to the mid point of the thisl.

=

I E}'e to the top of the Head. H.-.. the i'u’*t'!'n of i[up]'ri'.‘i-:—?!] ruﬂ.'-‘l.~-'IlI'iI:I§;’_I 41"'2:11[‘,
ﬁgh!; from the Jahle of the siter canthus of left evie to the topof the head is measnred.

& Thigh. &ubjert in the sam¢ position. The subject presses his right thigh

nst the wing of the board and zits back into the corner as “hurd™ s possible.  His lower

right leg should be vertical and his legs slightly scperated.  The block i= brought into contact
Sith the most advanced point on the right koee.  Measurement is nuted.  Wid point of the

1l g'h s noted.

0. Total Leg. Subject in the smne position with hiz back, shoulder and buttocks
ufinst oie wing of the board. both legs being fully extended over another stool kept at the
o feipht belore him and falt verticel, He is asked to sit a2 hand as possible and even
: Behon doing this his lumber egion of contael will waunlly be near theupper edge of the sacrnm
Tl_ﬁ'-".d- b mot on the luttocks.  The hloek 1= brought into contact with thi planter aspect of the
[ the gl foat
el y
'E'}J:I;.]u;- 11, Heel on the Floor with Leg Extended. Subject sitting in the same position

from b befone, the stool is removed, =t retehied lerr i kept on the floor and the foot ot right sogle
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with leg with the knee completely extenderd. ‘This pesultasd in shight  Torwnpd pven
of the pelvie.  Thin was done to get the effective legr lengrth

1. Fore-arnt, Subject cita back “harl ut the sorier, clght areaee pressed af Hf_p_
hoard, arm along the wet plane of the body, fore-arm it right angle with the palm fasing
inward, finger stretehed, Wook placed against  farther amost polat ol the bip o
finger,

12, Arm. Suhject samoe frceab bt hamnil completoly  steotelisd ot _
angle to the budy and pressed aweaist the board podig open Teing imward, Iaek plicud
| b 3 1

against Lhe Gp of rhe midedle finee
13. Chest. Subject in the samp position block placed ot the nipple level,

14. J‘;hllllﬂh‘ﬂ. "‘I'..]lj"'.'l it the zame '|'|n-.j!j||r|_ bilesels r||,'|.;;,ur] nt th uruhi!iml Towal,

|
! ||,' 16. Head, Width betwesn twn temporal rewion hy the halp of arrkbrespom atan
| II or block.

|

. 18, Shoulder. Subject maintaine the same position as for sillinge lusighit "-'i-'JﬁJI

l his shoulder preszed with lwck against the board, The block is bronght iu contact with th,‘a

outer surface of the left acm over the deltoid, Thix was found one of the least asorate of

| 1| the body measnremcnl, luck of precision i determining it being due to slight differens
[ 1 posture which is difficult to contrel,

T
{ 7. Elbows. Subject maintaining (he same posture as for shoulder with his o
| } armm at right angle to the budy, the hloekis brousht into contact with the must adl waneed pif
i, o= & o k
N | al the left elbow

I5. Seat-maximum below Hips. Subject presses his right thich  against

i wing of the board aud sits beek into the corner as “hard™ as possible. His lower leg shy
.'r, be vertical and slightly separated. Bock pluced acainst the lell thivh,

9. Span Akimbo. Subjeet stunds with the back Pressed  againet the o
wing of the board.  Elbuws are stretehed gul snd at right angle Lo the hody preseing agal
, the hoard. palme over (he breast plate.  Subiject acljnata his position U his left olbow Lo

Ii I| the other board.  Block is brought in contact with the advanced poanit of the right anele,

| 20 Maximum ,"'-irrrm. Satne ]Jr_n.-'ih-':-n hnth hands are strotched f‘l'l_"'Sui.llg ug.ﬂj_-"
| the binard at right angle to the body, with his palm faciue ok, Measnremant Teoin figen
; . F " 0
| to tinger Lip.

| 21. Weight.
For purpases of stotistivs) analyas of the duatw, subjeats Love been e

into {ive Buale gproups. The numes of the State groups with the number of subjects belong

e eich ona of them o meen helow,
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ed into Five State-Groups.
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124,20

14,93

.67 Slightly higher than

RV ETATE

injah-Lielhi group is significently kigher than




State Group Number of subjects
l’.nngn.l. Bilie el Assnim HE |
Bombay and Medbya P'eardesh (CF.) i
Punjah nnd Tefhi 195
Mudras, TravaneoreCochin and Mysore
Mt Fradesh (178}

Totul

Prom the point. of view of stature each Stale gronp wis arpproserd to e homoge

Woie. Turpose of this gronping was 1o fed whetlher Lhere i5 any  signifioant differenee be
Ameen the groups so far as the hody mensurements are coneerned. Beeause in case ol hetro.
; among groups o dimensionu] limit based on the results of pooled data will be mis-
o I that case the Test & Amtion will be to ealculale sny 957, upper anel ower limiks

el Seate group separately and take the lowest of the lower liniits and highest of the higher

g 05 the preliminary dimensionol limits for design. Uhe finul Lmite will be
ined after proper trials and  technical comsiderations.  As the prosemt analysis

ntended for fixing up the preliminary limits we shall give Hmite as indicatod above in the

Tesult of statistical analysiz of Lhe data are given in Table T,
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TABLE 111

Limits for Different Body Measurements

Body messurement {om.) Lavwer limit Upper limit

Top af head Lo Hoor 1175 .44 135,07
sitting height s0.41 04,34
Sent to floor e i 15,47
mhotlder 1 sl &3. 14 14, 86
 Blliow to seat 15, 0% a5, (2
ot height: 1070 .78
Fyu to top of hyeud 811 13,61
Thizh oo 6 3. 41
Totul leg 05.15 IR
el on Hoor with leg cxtended 84.17 FOx). 24
1'rieet urmy 48,07 01 i

8 Total prm 7056 Oy, i
| [thest 14,60 25 U8
. Ahdomen 19.4:4 26,76
i Head 503 MY

Shoolder 37.70 40,45
T brwes 26.97 48 .33

Seat maimum below hips. 32.87 400, 85
Span akimbo 98.74 115.04
- Maximmm span 1535.30 18500
Body weight (Ths.} %1.29 156 50

slon
niay be mentionei, that stalic body measurements cau seldom be trusted to give |
answers to the problem of determining the hest dimensions of work space. |
iple, arm reach iucreases as 4 is moved from 00 to 105+ from the mid-sagital plane
Yiely ot the shoulder leve] and [ decreased when the arm i raised or lowered at
gle; Similarly, distance of rudder pedals from the seat reference point and 2 rauge
aments can be better appreciated in a trial than from stalie messurements of leg len-
gy particular positicn. Experimental frial ma “mock -up’” cockpit hiving the lay out
for standardisation purpose is cssential before any decision is reached regarding

dimension.
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