ANTHROPOMETRY AND
GLIDER COCKPIT

DESIGN

by Dr. Anthony M. Segal, Lasham Gliding Society, England

Presented at the XXIIT OSTIV Congress, Borlinge, Sweden (1993)

ABSTRACT

Arangeofimportant measure-

ments of the human body, male
and female, are given in table
form. It is intended that this in-
formation will assist glider de-
signers in building safer and
more comfortable glider cock-
pits.
1INTRODUCTION
Anthropometry is defined as
thecomparativestudy of thesize
and proportions of the human
body. Most measurements ofhu-
mancharacteristics vary accord-
ing toa Gaussian distribution. It
1s more convenlent Lo use a cu-
mulative distribution, this giv-
ing an integral shaped curve. A
percentile value is the figure in-
dicating the percenlage of people
falling at or below (or above) a
particular value.

Any one individual will have
different percentile values for
cachofhisbody measurements.
This complicates matters for the
glider designer. Gliding is car-
ried out all over the world. Dif-
ferentraces differ in their physi-
cal measurements (Figure 1)
(Ref. 1}.

2. ANTHROPOMETRY AND
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AVIATION

Anthropometry isofimportance
inmilitary, commercial and sport-
ing aviation.

In military aviation it is used in
the initial selection of air crew, in
deciding the type of aircraft they
can fly, and in fitting the complex
clothing and air crew equipment
assemblies. In a new type of air-
craft, the cockpit workspace hasto
be designed; in a current aircraft,
the workspace may have to be re-
evaluated. Military aircraft have
special problems, such as provid-
ingasaleemergency ejection path,
and the intrusion of heads up dis-
plays into the field of view.

In commercial aircraft limita-
tionsintheanthropometricaspects
of design considerably reduce the
peol of potential pilots. A study of
the Boeing 737, 747, 757 and the
Lockheed Tristar was carried out
(Ref.2). Theselectioncriterion was
the functional scated eye height.
Considering a British population
of 19-65 year olds, 13% of the male
population and 73% of the female
population would be excluded.

In gliding clubs considerable
discontent has been voiced by tall
and small pilots concerning cock-
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pit workspace and ergonomic design; weight limits are
also a problem. Tall pilots have to sit flexed forward
under the canopy, with the consequent risk of spinal
strain and injury. Their thighs may be pressed against
the lower edge of the instrument panel. Full backward
movement of the pilot’s elbow may be limited by the
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cockpit structure, thus restricting full operation of the
airbrake lever.

Small pilots, many of whom are women, have other
anthropometric problems. To reach the controls and
carry out full control movements, they have to sit for-
ward on the seat. This usually entails placing a large
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RAF INSTITUTE OF AVIATION MEDICINE, ROYAL AIRCHAFT ESTABLISHMENT TECHNICAL REPORT 73083, FARNDOROQUGH, U.XK.

HIir BIDELTOID  FOOT HANLY

TABLE 1 - EXTRACT FROM ANTHROPOMETRIC SURVEY OF 2000 MALE RAF ALRCREW 1970/71
PER-  STATURE WEIGHT SITTING SHOULDER FUNCTIONAL BUTTOCK BUTTOCK CROTCI
CENT- HELIGHT HEIGHT AHM
-ILE SITTING HEACH
min kg mim mnm mm
1 1638.0 55.8 ana, 7 £04.73 FRER
2 1651.6 50.4 H71.4 BUY .6 T2
3 16605 59.5 #16.2 614.3 735vE
5 IBF2.7 Hl.5 BH3.4 h21.4 744.6
10 1683.7 64.0 B95.3 AAD. O 7Ha.6
15 1708.6 65.9 903.0 b36.7 763.5
20 172L.1 67.9 909.1 642.0 770.2
25 1732.4 €8.9 914.6 647.1 776.6
30 1741.13 0.0 919.6 651.1 782.0
is 1750.18 T8 924.7 655.5 787.13
40 1758. 4 72.0 928.8 659.5 791.5
45 1766.0 73.4 Y32.6 bR2.6 795.7
50 1774 .8 74.5 936.2 665.6 800.1
33 178L.6 75.4 93Y.h bHH.B BO4.7
60 1789.72 76.9 334.7 67La2 a10.0
65 1796. 4 78.4 047 .4 h75.5 ALS .2
70 1805, 6 79.5 951.7 679.4 AZ0. 1
75 1814.2 81.0 957.3 683.2 825.1
80 1824.4 82.5 962.2 6802 B30 . %
15 1838.5 0d4.4 Y67 . u H93.4 B37.5
94 1854 .3 6.4 973.9 6949.0 B45.9
a5 189 7.3 9.1 GHn . 088 B59.2
97 1H92.H 92.5 GuL. 3 F14.7 ari1
94 1905.0 94.0 390.0 Flgcn A7TH.Q
99 1924.0 96.6 1007.0 727.0Q 889.4
MEAN 1774.4 75.1 936.0 665.7 L0 B
STAND. 62.3 5.8 1.0 26.7 35.8
DEV.
HANGE
MIN:  1514.0 W b B24.0 577.0 678.0
MAX: 2D09.0 109.0 1026.0 754.0 946.0

KMEE HFEEL HEIGHT DREADTH BREADTH LENGTH LENGTH
LENGTH LENGTH SI1ITTING

e mm mm R mm i mm
547,06 974.5 758.0 323.7 418.7 238.5 168.7
554 .6 TR9. 6 769.0 328.3 423.5 241.5 171.2
557.9 997.9 bedr ot | 3321 426.08 244.0 172.7
563.9 t007.1  785.0 337.1 431.7 246.9 174.8
573.4 1021.9% 798.6 J43.5 439.3 250.2 178B.7
583.5 1035.0 BO7.7 348.0 443.0 25340 LBO.Y
583.9 104%.2 R17.5 351.4 447.8 255.1 18B2.8
588.0 1054.1 821.7 354.3 451.4 257.0 1B4.2
592.4 1062.1 830.5 3456.8 453.8 258.8 185.5
596.6 1069.5 B36.1 359.5 457 .1 260.4 106.8
599.9 1075.8 B42.5 A62.5 459.56 261.8 1A8.1
603.3 1082.5 847 .3 apd. B 461.9 263.3 182.5
606.5 1087.9 B53.4 167.0 464 .8 264,9 190.6
609.7 10394_.H 857.9 169.6 467.5 266.5% 191.6
613.6 1100.5 B62.9 371.8 470.2 268.5 193.3
617.4 1109.1 868.4 374.5 4a73.7 270.1 194.5
621.3 1115.8 873.7 377.6 476.3 271.8 195.8
625.7 1125.3 880.3 0.3 479.3 273.6 197.4
629.9 1134.9 HHB.0 383.9 182.8 275.7 199.2
634.7 1143.8 896.1 38R, 1 486.7 278.0 200.9
641 .4 1155.2 906.2 393.2 491.9 200.9 20Q3.5
652.4 1173.1 926.8 400.3 499 .7 285.4  206.9
658. % 11861 9362 406.1 G054 2p9.1 209.3
663.48 1200.7  948.0 409.5 S09.8 291.0 211.8
671.7 1214.7  §960.0 414.7 913.7 296.5 215.6
b7 .6 LOB9.9  #53.5 36H.3 465.8 265.9 191.4

26.9 51.4 43.0 19.5 20.48 12.1 9.8
515.0 BRAG .0 700.4 310.0 396.0 219.0 157.0
693.0 1276.0 1011.0 436.0 h47.0 309.0 229.0

number of cushions behind the pilot. This seating posi-
tion is unstable, and the pilot may also be pressed back
under “g-loading.” With the control column fully back,
lateral movementmay berestricted by the pilot’s thighs,
The field of view isusually nota problem as gliders have
excellent one-piece canopies, and the landing approach
path is steep.

Two recent falal accidents in the United Kingdom
involved shortfemale pilots. Both accidents had consid-
erable anthropometric aspectsin their causation (Ref. 3).
3. MEASUREMENTS

The following measurements were used. The test
subjects were lightly clothed, so allowance should be
made for flying clothing. The descriptions of the mea-
surements are taken from the RAL" study (Ref. 4); the
USAF study may differ in detail (Ref. 5).

Stature. Standing erect head facing forward. Measure-
ment from floor to datum probe at vertex.

Weighl. Standing on spring scales.

sitting height. Sitting erect with head forward facing
and shoulders relaxed, back clear of rear wall. Elbows
held lightly against sides with hands on mid-thighs.
Measurement from floor to datum probe at vertex.
Sitting height derived by subtraction of slool height
from this measurement,

Shoulder height sitting. Sitting erect with shoulders
relaxed, back clear of rear wall. Elbows held lightly

against sides with hands on mid-thighs. Meagurement
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from floor to datum probe at 90mm mark on left shoul-
der. Shoulder height derived by subtraction of stool
height [rom this measurement.

Funclional arm reach. Sitting erect with back and but-
tocks firmly against perspex panel; equal pressure of
shoulders against panel (monitored from mirror). Arms
extended horizontally with forefinger and thumb op-
posed, thumb inline with extended arms. Measurement
from end wall to datum probe at tip of left thumb.
Buttock-knee length. Sitting erect with back and bul-
tocks firmly againstend wall, thighs parallel to rear wall
and feet flat on floor. Knee block placed vertically onleft
knee against patella. Measurements from end wall to
datum probe at knee block datum face.

Buttock-heel length. Sitting on rig floor, back to end
wall. With both legs straight, buttocks pushed back to
wall as far as possible. Measurement from end wall to
heel block in light contact with left heel, using scale
along rig floor,

Crotch heightl. Standing erect, back to rear wall, feet
approximately 150mmapart. Datum probe placed firmly
into perineum withoutaccom modating upperthigh, or
buttocks. Measurement from floor to datum pmb-e_
Hip breadth, sitting. Sitting erect with knees together.
Measurement with datum faces of caliper in light con-
tact with buttocks at widest point. '
Thigh-to-thigh breadth, sittine (Study of USAT women).
Subject sits crect, thighs parallel and completely sup-

29




TABLE 2 - EXTHACT FROM ANTHROPOMETRIC SURVEY OF 1905 USAF WOMEN (NON-ALRCREW), 1963. _
AEROSPACE MEDICAL RESEARCH LABORATORY, WRIGHT-PATERSON AFH, USA, HEPORT MO. AMRL-TR-70-5 (1972)
PER STATURE WEIGHT SITTING  SHOULDER FUNCTIONAL BUTTOCK BUTTOCK  CROTCH  THIGH  BIDELTO1ID FOOT IIANI)\
CENT- HELGHT HETGHT AHM KNEE HEEL HEIGHT BHEADTH  BHEADTH LENGTH LENGTH
“TLE SITTING REACH LENGTH LENGTH SITTING
mn kg nin mim mm mm m mm nm min _m e
1 1495.2 43.71 76,9 522.7 652.7 517.5 e 65h7.5 321.1 3I66.T 8}?.3 164.b
2 1505.2 44,54 793.4 528.13 661.8 523.3 667.0 328.1 373.0 2.7.8 16?.8
£ 1512.6 45.25 797.8 532.0 660, 0 L2271 (73.0 33%.6 376.9 Z19.5 167.2
5 1523.7 46,40 BO4.13 537.3 66,7 532.4 6H1.3 33B.4 a82.2 2219 I?U,O
10 1542.8  4H.47 Bl4_ 8 545.8 6907 540.8 694.4 347.1 399.; 225.3 lfl.Q
15 1556.7 50.02 a22.3 551.0 F00. 4 H46.7 703.4 353.0 395.3 228.6 1;4.0
20 1568.1 S51.30 a2p.3 556.7 FOB.1 551.5 70,7 a57.8 399.4 230.7 1!?.6
25 1578.2 52.44 Bi3.7 561.1 714.8 e 1p 717.0 3R2.0 403.0 232.7 I?JJ
30 1587.3 53.48 B30.5 565.0 720.8 359.6 72%.8 A65.0 406.2 234.4 178.4
35 1595.8 54.44 B43.0 368.7 T2H_2 963.2 720.3 369.4 a09.2 236.0 179.6
40 1604,.0 55,37 naz.2 X, 2 731.5 566.6 733.5 37z.8 412.2 237.5 180.9
45 1611.9 56,28 051 .4 575.6 736.5 570.0 74B. 6 A76.3 414.8 239.Q 182.1
50 1619.7 57.19 855.5 579.1 41 .5 573.4 T43.7 A7907 417.6 240.5 1B3.3
55 1627.6 580,10 859. 6 S82.6 746G.4 B/G.8 74R0.9 383.3 420.4 241.9 181.5
B0 1635. 45 59.04 B63.0 S06.1 Zaliid 58(0.3 7h4.1 3861 423.3 243.4 18B5.8
65 1643.7 00.02 HoB.1 589.8 796.4 SR4.0 759.6 394.4 426.3 244.9 1B7.1
70 1652.3 61.07 A72.7 5327 ol.7 5R7.8 Y65.5 395.0 429.6 246.6 188.5
75 1661.6 62.23 BI7.0 a297.9 767 .4 H92.1 771.9 3949.6 4331 E?U.J 190.1
80 1672.0 63.57 BH3. 1 602.6 773.8 596.8 779.1 405.0 437.2 250,3 191.8
BS 1683.9 65.18 889 .4 6081 781 .1} 602.2 78T.5 411.3 442.1 ¥52.6 193.9
20 1609.0  67.35 B97. 13 615.0 T 5 609.1 ua.l 419.7 440. 5 Z295.5%  196.5
85 1721.5 70.93 QM. 9 A5 .2 BO4_. 5 612.1 H13.8 432.6 A58 .8 ZH9.H 200.5
7 1736.2 73.57 Ylb.4 631.7 8:13.9 625.4 A23.9 441.4 465.5 2@2‘? 203.0
Gn 1747.2 ?5.70 yz21.9 636.3 B20.9 £29.8 831.3 441.0 470.8 264.9 204.8
99 1764.8 79.47 n30.5 643.6 B3Z.5 636.6 H42:5 458.6 479.5 268.3 207.6
MEAN 1621.0Q 57.73 HAG. 0O 580.0 T41.3 574.13 T45.0 381.9 418.7 2407 183.8
STARHD. 6.0 7.52 .7 26.6 38.8 26.3 40.3 4.6 23.1 11.3 2.6
DEV.
RANGE
MLIN:  1442.5 37.46 752.5 507.5 bt h a82.5 6U2.5 287.5 34705 207.5 A52.5
MAX : 18632.5 91.94 967.5 672.5 H72.5 6675 aaz2.5 S02.5 714 27705 220.5
* sop Table 3 for approximatlon

ported by the sitting surface. With a beam caliper, and rotated so that back of hand faces rear wall with
measure the maximum horizontal distance across the wrist mark uppermost. Measurement from end wall to
thighs. datum probe at wrist mark.)
Bi-deltoid breadth (shoulderbreadth). Sitting erect with 4. APPLICATION OF DATA
shoulders relaxed, back clear of rear wall. Elbows held The classic study of 2000 male RAF air crew (Ref. 4)
lightly against sides with hands on mid-thighs. Light provides the anthropometric data for Table 1. This was
pressure exerted by right deltoid against perspex panel ajoint study by the RAF Institute of Aviation Medicine
such that a circle of approximately 30mm diameter of and the Royal Aircrafl Fstablishment, Farnborough,
the skin over the muscle is in contact with the perspex England.
(monitored from mirror). Measurement from end wall An interesting comparative study was carried out by
to datum probe at maximum prominence of left deltoid the Army Personnel Rescarch Establishment,
muscle. Farnborough. This compared the anthropometric char-
Foot length. Sitting erect with left foot in foot box, heel acleristics of Guardsmen (chosen particularly for their
against back face and inner side of foot against side of height), Royal Armored Corps servicemen, and Infan-
box. Measurement from back face of box to datum face trymen. These figures were then compared with the
of slide in light contact with tip of longest toe. above RAF air crew findings (Ref. 7).
Hand length. Elbow-fingertip length less elbow-wrist Considering “Stature,” the following table was drawn
length. up.
(Elbow-fingertip length. Standing erect, back to end
wall. Left upper arm horizontal with elbow touching PERCENTILE RANGE
end wall. Left forearm horizontal and parallel to rear Sl T i B

3 : s T . Cuardsmen 17060 17850 19440 170,60 - 197.20 cm.,
wall with hand and fingers outstretched in iine with L o 16605 17747 18998 151,40 - 200,90 cm.
forearm. Measurement from end wallto datum probeat RAC [A2.10 17388  185.50 155.30 - 196,00 cm
tip of iongest finger of left hand.) [nfantry ALAL 173,03 18540 15360 - 193,60 ¢m,
(Llbow-wrist length. Standing erect, elbow touching * Itis clear that by using the upper figures from the RAF
end wall. Left forearm horizontal, parallel to rear wall aircrew study, a glidercockpitwould fittall large pilots.
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TABLE 3
EXTRACT FROM ANTHROPOMETRIC SURVEY OF
17 FEMALE RAF AIRCREW, 15993.
RAF INSTITUTE OF AVIATION MEDICINE,
FARNBOROUGH, UK. UNPUBLIGHED DATA.
SUBJECT CROTCH BUTTOCK DIFFERENCE
NUMBER HEIGHT HEEL
LENGTH
mm mm mm
7 700 945 245
13 717 B4 267
15 720 1010 290
10 738 1014 276
17 742 289 247
12 746 1049 Jos
4] 751 996 245
16 760 1016 256
11 762 1046 284
& 708 1049 281
5 772 1023 251
B T3 1056 283
1 776 1036 260
14 779 1025 246
2 796 1046 250
3 813 LLl6 303
9 434 1060 226
MEAN 761.5 1027.0 265.5

SURVEY OF USAF WOMEN {NON-AIRCREW),

1968. REPORT NQ. AMRL-TR-70-5 (1972).
(USAF)
PER- (USAF) { RAF) {RAF) ESTIMATED
CENT- CROTCH DLFFERENCE MEAN BUTTOCK
-ILE HEIGHT MEASURLED D1FFERENCE HEEL
LENGTH
men mm mm mm
1 657.5 265.5 923.0
2 667.0 265.5 932.5
3 673.0 265.5 93B.5
5 681.3 265.5 946.8
10 694._4 265.5 959.9
15 703.4 245.0 265.5 968.9
20 710.7 265.5 976.2
25 72170 267.0 265.5 aB2.5
3o 722.8 290.0 265.5 9B8.3
35 728.3 265.5 993.8
40 733.5 265.5 995.0
45 73B.6 276.0 265.5 1004.1
50 743.7 247.0 265.5 1009.2
55 748B.9 303.0 265.56 1014.4
60 754.1 245.0 265.5 1019.6
65 759.6 256.0 265.5 102581
70 765.5 281.0 265.5 1031.0
75 771.9 251.0 265.5 1037.4
80 779.1 246.0 265.5 1044.6
85 787.5 265.5 1053.0
S0 798.1 250.0 265.5 1063.6
95 813.8 303.0 265.5 1079.3
9 823.9 265.5 1089.4
98 831.3 226.0 265.5 1096.4
99 B42.5 265.5 1108.0

The USAF study of non-air crew women provided the
anthropometric data for Table 2 (Ref. 5). Although some
of the measurement techniques differed slightly from
those used in the RAFstudy, the results are comparable.
In the female table, thigh breadth sitling was used, as
against the male study in which hip breadth sitting was
considered to be the suitable measurement.

It will be noted that in the female study buttock-heel
length was not recorded. Crotch height was recorded,
presumably for the purpose of measuring for uniforms.
Knowledge of buttock-heel length is essential for estab-
lishing the position of the tudd(*r pedals in the cockpit.
It w 1[| be recalled that this study was of a non-air crew
population.

Astudy ol 17 female RAF aircrew has been carried out
by the RAF Institute of Aviation Medicine, Farnborough
(Ref. 6). Lhave been kindly allowed to use unpublished
data from this study. Table 3 shows the difference
between thebuttock-heel length and the crotch height of
the subjects. These difference figures have then been
placed against the Lompamblc figures for crotch height
from the USAF female study. It is clear that the differ-
ence figures are of random value as they go down the
percentile table. I have therefore taken the mean value
for the difference, 265.5mm. I have added this to the
USAT croteh height measurement to obtain anapproxi-
mate buttock-heel length. I consider this value is suffi-
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ciently accurate for the present study.
* By using the lower figures from the USAF female
study, the cockpit would fit short women and short
men.

The special value of some of the measurements is as
follows.
Stature and weight. Self evident.
Sitting height. Height under the canopy. Allowance
must be made for the pilot’s semi-reclining position,
and the resulting forward flexion of the pilot’s head.
Shoulder height sittine. [stablishing the position of the
shoulder straps.
Functional arm reach. The hand operated controls and
the instrument panel are within reach.
Buttock-knee length. This establishes the position of the
knee in relation to the instrument panel.
Buttock-heel length. This determines the position of the
rudder pedals.
Crotch height. Included in this study so as Lo calculate
the female buttock-heel length. Of possible use in estab-
lishing the position of the 5th seat harness strap.
Hip breadth sitting. Thigh breadth sitting. Bi-deltoid
breadth. These measurements determine the width of
the cockpit.
Foot length. This gives the size and position of the
rudder pedals.
[Hand length. This helps determine the size of the hand
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operated controls.
5. CONCLUSIONS

There is a traditional English song that goes as fol-

lows:
“Bless ‘em all, Bless ‘em all,
The long and the short and the tall.”

Itistobe hoped that the next generation of gliders will
have cockpits that will enable long, short and tall pilots
to glide in safety, comfort and joy.

An anthropometric study of an actual glider pilot
population would enable the measurements given in
this paper to be validated for that population.
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