
ANTHROPOMETRYAND
GLIDERCOCKPIT

DESIGN
by Dr. Anthony M. Segal, Lasham cliding Society, England

Presentecl at the XXIII OSTIV Congress, tlorliinge, Sweden (1(r93)

ABSTRACT
A rangeof importantmeasu.e

mcnis of thchumanbo.ly, malc
an.i fcnalc, are given h tablc
form It is intendcd that this in-
formaiion h'ill assist glider de
signers in bLlilding saler and
norc comfortablc glidcr cock-
pits.
I INTIIOIIUCTDN

Anihroponrc!.y is dcfincd as

ihccomparaiivc shrdy of ihcsizc
ind proportions of lhe human
body. Most measurements olhLr
mancharactcristicsvaD'accord-
ingtoa Gaussiin distr ibuLion.It
is morc convorient b usc a cu-
mulaii!'c disiributbn, this tiv
ing an intcgraL shape.l curve. A
percenlile valuc is thc fiilurc in-
d icatnlg thc perccnLageof p{\rf lc
Iallint ai or below (or abovc) a

particular yalue.

An)' one individu;rl i!ill havc
different percentile values lor
cach (,f his bodv measuremellts.
Thiscomplicates matters for lhc
glider d€signer. Glidlng ls cir
riccl oui all orer the rv(rrld. Dif
ferentrnccs diffcr in thcirphysi
crl rtc.rsurements (!igurc 1)
(Ref.1).
2. ANTI I IIOP')\1I1'ITY A\D
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AVI TION
Anthropomctry is of importance

in nilitary, commercial and sport-

Inmiliiary aviation it is used n1

the nitial selection of air crerv, nr
deciLling the type of aircraft they
can fly, and h fiiting the complex
clothing an.l air crew ecluipment
assemblies. In a new rype of air
crafi, th€ cockpiiwrrkspacchas to
be ctesiSned; in a curreni alrcraft,
the workspnce may luve io bc rc'
evaluated. Military aircraft havc
special problerns, such as provid-
ing a safe emergencyeje.tbnpaih,
and the nrtrusion ofhea.ls up dis
plays jnk) thc ficlLl olview.

1n commercial aircraft limii.
tions in the antlyopometric .lspects
of clesign consiclerably reduce the
pool ofpotential pilots. A stu.ll, of
the Boenrg 737, 747, 757 an.l ilt
Lockheed Trist.lr \^'as .nrried out
(Rrf. 2). t hc sclcc&)n cri tcrion was
thc funciiNal scakrd eyc hcight.
Consjdernrg .r British populatio1l
of l9 65 y.'ar olds, 13'X, of thc nuL-
population and 73't of thc f(rnale
population would bc ercludcd.

ln tljdrng rhLbs corEidernblc
di scontent has bc.'n !oicedby tnll
and sm.rll pilots concernillg.ock
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pitworkspace and ergonomic desiFl; ileight timiis arc
also a problem. Tall pilots Imve t; st flexed fonvar.l
under the canopy, with the consequeni risk of spinal
shain and nljury. Their tliths,nay be presscd aganrsi
thc lorver edte oI ihc nrslrLrmen t fia ne1. t utl backwar.t
moverncnt of ihe pilot's elbow may be Iimjied by the

28

cockpit stnicturc, thLls .cstrjcting full operii(D of thc

Small pilots, m.rny d \\'hon are $uncn, ha\.e ottrcr
at1ihropomehic problenrs. To reich the coitrots .r1cl
carry out fuli conirol movdncnts, thcy hale t., sir for
warct on thc scnt. This usunlly eniails pla.nrg a large
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nlrmber of cushn)ns bchnrd fie pilot. Tlis seatnrg posi,
tion is unst.ble, and thc pilot nrayalso bepressedbrck
under "gloacling. " With the control.olurnrr fully back,
laieral movementmay be r{rsh icLcd by the pilot's thiShs.
Tll€ field of view isusuallynota proble'nas glidersha!c
cxccllcntorc'piccc canopies, nnd thelrndinE approach
path is stcep.

Two rcccnt fatal accjdents ll1 the United Knrgdun
involvecl short femalepilots. Bothaccidentshadconsid
crable i n th ro pometric aspects ln theil ..rusa inn (ltcr. 3).
3. MIi SURtIMENTS

Thc follo$ing measurements r\'.'re uscd. The tcst
subjects were LiBhtly clothed, so allolvance shoLrld be
made for flyntg cl)ihing. The descripilons of th-" rca-
surcmcnts arc taken from the RAI:studv (ltef.-1)j lhc
tiSAF study nray djffer jn detaii (Ref. 5).

lldtus Stindnrg erect head fncnrg forwakl. Measure
nl€nt fronl floor to daiun probc at lai1cx.
W( iqht. Sianding on spflng scales.

i_lr]lg-bgB! i rl| f.rF' I \ ll l! 'd I 'rr r I Ir' ,'1
.rnd shoulders r.'lnxed, back clcar of rc.r s.rll. tlbows
hcld lithllv n8alnst sj(]es with han.ls on nrid thighs.
Mensurernent frorn floor h) datlrm probe ai lertex.
Siiting heighi .lerived b) suirtraciion of stod heiglrt
f rom this measuremclit.
Sh)uldcr hciqlrt sjttinq. Siltifg erect with qh.ril,l,,r\
rel.lxed, brck clcar of rc.rr l\ill. Iilborvs hcld lighiL,v
ng.lxrst si.lcs t!ith liands on mid-thighs. Me.sLremerlt
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from floor io.laiLimprobc at 90mm ma.k on left shout
der. Shordder heiBht derivcd by slrbtraciion of stool
heighi from this mrasurcment.
Functional arm rerch. Sitting ercct with back and bot
tocks firn{y against perspcx panel, equal pressurc of
shoulders aBahri pancl (mon jtored f rom mirror). Anns
exiended horizontall)' wiih forefxlter ard thumb of-
posed, thLrmb nr I 

jnc $ ith extended arnls. Measurcmcnt
fron cnd wall b datum probe at tip of lcft thlrnrb.
Buttock-kncc lcngth. Sitting er€ct r{'ith back and but,
tocksfirn vaBainstcn.1$all,thighsparallelk)rears,all
nnd feetfldion flqrr. Knceblockplacedvertically on lcft
knce aSijnst patella. Me.rsur.rcnis from end wall k)
datLIn probe nt knee block dalunr face.
Buttrrck+ccl lcnsth. Siltlng on rig floor, back b cnd
wall. With both legs straight, buttocks pushcd back k)
$,.rll as far as possible. Measurement from end rlall to
Itecl block in ljght cont.rct witlt lefi heel, using scale
along rig fl(xtr.
Crotch heirht. Standing erect, back k) rear rrall, le€t
npproxtrnntelv I 50nlnr.rp.rri. Ddtum f rcbepLrced fir]nly
nrb pcrincum s iihoutacconrmoddinrg utpcr thigh, or
butk)cks. Meas!renleni frorr fl(x). to dillrm probe.
rl r.br., dtlr..rllr ' :-..irruL!t\itl k'..,,ro.prl,.,
M.asurcment $ rih daium l.rces of cilipcr in light con
taci with bLrttocks ltt wi.lcsi point.
llr!gl_r:!r:ihlglr b, ca(1 rh,!t!!l_rg (Sh,d)' of tISA Ii s!mcn).
Subjc.i sits crcct, thighs parallel Jltd conrpl(tcly sup-



!41::l Li rFA.r
fFrcxt-p^1.RsoF-F-: tsi, kEroRr No sRL rR-7o 5 (re72)

nB kq

1 r5r1.6 45.25
a t5.13.7 46.40

L9 1556.? 50.02
20 r563. r 5r.30
25 t574.2 52.11
30 rs3?.3 53.,13
35 r595.€ 54. r,!
40 r60d.o ss.3?

r0 r 6l s.7 5?. 19

65 r643.7 60.02
70 1652.3 6r.ot
15 r66t.6 62 21
30 r6?2-o 6f,'5?
35 r633.S 65.13
90 1699,O 67,35

91 t116 ) ) 3.57

:],]t,. ] J73. o
376.9
182.1

27 4.6 1?r.0
399,t 230,7 r75.6
n03.o

165,0 4|.16.2

?:]7'5 l so.9
ar6.3 239-0 132,1

111.6
/,20. n

243.:l r90. r
250.3 19r.0

drr.3 1a2.r 152-t; 19J.9
4t9.7

453.3 ?59 3 200.5
44\.4 d 65.5 26t.t 2A3.A

502 s 2)1.5 220.5

| .ce Table l

portcd by the sitthg surface. Witir a beanr caliper,
mcaslre the maxi un horizontal ciistance across the
thighs.

Bj:tl!!J brP.,Jrh'. h.uldFr l-.eidtl,) si nELr". l $ rrh
shoulders relaxed,back clearofrear wall. Elbows treld
lightly aSanlst sides with hands on mid thighs. Light
pressure exertedbyright deltojd againstpcrspex panel
such ihat a circlc of approximatety 30nrm cljameter of
the skin over the muscle is in contact with the perspex
(monitored from mirror). Measuremcnt fromerd $'a11

to.latum probe atnuxirnum prominence ofleft ddbid

EgsllslglL Sitthg crect wiihleft foot in footbox, heel
againstback face and inner side of foot aqajnst sl.le of
box. Measurencnt fromback face ofbox i; datlrm face
ofslide in light contact with tip oflongcsl toe.
IT.rnd 1-rrcrlr. I lhor irneprtiD l- pt' r.. (lbo$ hri\r
length.
(Elbow finSertip lerrSth. Standing €rect, back n) cnd
wall. Left rrpper arm horizontal u ith elbow bu.hinil
end wall. Left forearm horizontal ancl parallel to rcar
wall with hand and fingers ouisiretctred in inle $,ith
forearm.Measurencntfrom cndwallto datumprobeat
tip ofiong€st fingcr of Icft hand.)
(trlbo$-lvrist lenSth. Sianding erect, elbow iouching
end wall. Left forearm llori,ontal, parallel to rear $rail

anct rotated so that back of hand fnccs rcar will lvith
lvristmark upPernrost. Mersurencnt f.onr end l{'all to
daium probe at $,rist mark.)
'1. APPI-ICATIOT,\ ()I DATA

The classic stu.ly of 2000 m.rle RAlr air cr{rr, (Ref. '1)
provides the a ntlrropornc Lric daii forTnble L. Ihis !v.s
a joint studlrby thc lt,\f Insiihrte ofAviatj.D Me.1ici11€
and the Royal lircraft F.st.bljshment, firnborough,
FnSland.

An interestnrg conrparaiive stuclr r\'ns carried out bv
thc Armv Personnel Rcsearch Establlshmerli,
Iarnborough. This comp.rred ihe anthroponretric char
acterjstjcs ofCuardsincn (chosen particularly for thcir
hejght), Royil Armo.cd Corps servicemen, and Infan
trymen. These figurcs wcrc lhen compared wiih ihc
above RAl,.rir crew fhdings (Rcf. 7).

Considering "St.rture," ihc fr)l1(N jng tnblervasdrawn

I'O]'ULA ON I i0
(:,)nlr ,!

It,\NCu

" It is clear ihatby usinS the upper fig!res fro the lL,\f
an crew study, a glidercockpitiLould f itta11 lnrgepilois.

TECHNICAL SAABING



EXTRACT FROM ANfIINOPOMEIRlC SURVEY OF
17 FEMALE RAF AIFCAEN, 1993.
RAI INSlITUIE OF AVIATTON MEOICINE,
.ARNBOROUGH, UK. UNPUI]LISHED DATA,

SUDJECT CROACH BUTTMK DIFFERENCE
NU AER 

']EIGHT 
HEE]-

I,ENGTN

SURVEY OF USAF IIOMoN {NON_AIRCREU),
r968, REpORT NO. Ar'1RL-TR-?O-5 (rg?21.

(USAF)
!ER- {USAF) I RAF) iRAF) ESTIMATED

CENT- CRO'TCH DIFFERENCE MEAN DUT'TOCK

-ILE IIEIGI]I IIEASURED DII'FER€NCE HIEL

r3
15
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r2
6
16
tl
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MLTAN 161,5 7027,O 265.5

1 657. s
2 66?.4

5 641 .3
:lo 694 - 4
15 7O3..1 245.0
20 71o.7
25 /17.O 267.0
30 722,A 290.4
35 728,3
40 733.5
45 739.6 )',t6.O
50 'l43.7 247 ,O
55 748.9 3()3-0
60 754.1 ?.45.O
65 ?59.6 256.0
70 765,5 2ar. O

75 77\.9 251 . O
ao 779 -t 246_O

90 798.r 250- 0
95 a13. a 303 - O

97 a23.9
9A a3t.3 226.O

265.5 q23.O
265.5 932.5
265.5 938.5

26t.5 959.9
265.s 968.9
265.5 976.2
265.5 942.5
2 6s.5 98 8.3
265.5 993.4
265.5 99 9.0
265-5 lOO4,l
265.5 1009.2
?_65- 5 1014.4
265.5 rO19.6
265.5 1025- l
265.5 1031,O
265.5 1037.4
265.5 rO44.6
265,5 1053.0
265.5 1063.6
265.5 1079-3
26s.s 1089.4
265.5 1096. B

26s.5 r 103.0

i3e

741

772

413
434

984

1O,19

1046

1023

1036

LO4 6

to60

245
267
290

247
303
245

244
2n1
251

260

254
303

The USAr study of ncD-a ir crel{. womenproriclcd the
anthropomctric Llata forTabl€ 2 (Ref.5). Althoughsome
of tlrc ncasurement technlues differcd slightly from
th(rsc uscd in thc Rn Fstudy, theresults arccomparable.
In the female table, ihigh br{:ndih sittinJt was used, as
agninst the male study in which hip breadth sittintr{ as
consi.lere.t to be the sLliiable m!:asurenreni.

It rvill be noted that in thc f(:nrale studybuitock heel
length rvas not recor.tcd. Crot.h heitht rvas recorded,
prcsumably for thepurposeof mcasuring forunifor]ns.
KnolvledB€ of b u ttock heel leng th is cssen iia I for estab
lishtrg theposition of ihc nrd.lcr pcdals in ihe cockpit.
lr( Ill-' r.. .lp.i tn.rl ll'.,,l..dl s.r,. .r r'.r, , . re\

Astud)'of lTfemalclt^lraircrc$, Irasbeen carriedorLt
by theRAI Instituteof r\virtion Mcdicine, FarnboroLrgh
(Ref. 6). l havc becn kindly allowed to Lrse Lr publislled
ditr from this sirid]. T,lble 3 shoHs thc differcnce
beLwccn thc bu itock- hrcl ldrg th a11.1 the crotcti heigh t of
thc subjccts. Thcsc ciifference figrLres ]r.rve thc bcen
pla.cd.gainsi the comparable fiturcs for crotch hejght
from thc USAF female stud]. It is clear thai thc differ
cncc figures rre of ranclom vatue .rs the], go down ihe
perceniile tablc.I havc therefore taken ihe mearr \'.rllre
for the difference, 265.5mm. I hart addcd this to the
r s \l . r,i.\l iqlrl m,,. u., r,- l roobr.rr' I' rppr..i
mate buttock heel lentth. I considcr this \':rlue is suffi
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cientiy accurah for the present study.
* By usnrg the lo$er figures from thc USAF female
stud],, the cockpjt would fit short wunen and shori

The special value of somc of the m€asLrremenis is as

$!1!lgj\lyqqhL Self evident.
!ittLL hF.sl,l. H-,*l-r ,r-Jur tl.F, ,rJnv ql .,(Jn.c
must be made for ihc piloi's semi reclnnrg posiiion,
,rnd the resultint forward flexior of the pjlot'shead.
5h,'.r'dHr lrpr-hr -illire. I,t,L,l . h 'r rhe I1o'r,orL.r rl"

Iur!lr.r,,, rn -.-,11 ll FndrJ, r,rJlcd.o,rtro-s{ILr
the instrumentpanel are within rcich.
!ulln,l lr,erlprHrh llr.,,.l.br, F. ll,rD.^'riu ., la.
kncc nr relation to the instrunrcnt panel.
Bull.' I l,eel I, nsth I hi. delerrnLe- ll,e n.,, u! u' rl(
rLrctder pcdals.
Crot,lrhei*'t ln. ud,.ir ll,r--lud\ .e.,. lfr,, LLr..t€
the female buiiol:kJreel lentth. Ofpossjbleuse in esiab
lishnrg thc position of iire 5th scat hnrness sirap
H.p br Jdlh -rllr"L llri-tr bre.,dih .i 'c. 

jl- d€ho-o
breadth. Thcse measuremenis .leiermine the width of
the cockpit.
lo^r I'nqll, llr.. {i\,. rlrp.r/p ird L," trI L,t tlrL

ll!!lllc]]gj\ This helps deiermine thesize rrf thc lund



5.CONCLUSiONS
There is a traditional English song that goes as fol,

lowsr
"Bless 'cm all, Bless 'em all,
The long and the short and the tall."

Itistobehopedthatthenextgenerationof gliderswill
have cockpits that will enable long, short and tall pilots
to glidc in safety, comfort andjoy.

An anttropometdc study of an actual 8lider pilot
population would €nable the measurements given in
this paper to be validated for tlat population.
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