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a definitely related Gov: - -..cni procurement operation, the U.S,
Government thersby i - ... responsibility, nor any obligation
whatsoever; and the fac: - © ¢ Government may have formulated
furnished, or in any wez - siied the said drawings, specifications
or other data is not iv Le »opurded by implication or otherwise as
in any manner licensing the holder or any other person or corpora
tion, or conveying any rights or permission to manufacture, use or
sell any patented invention that may in any way be related thereto.’
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Q A, Purpose: . . '.

1. To report the construction of three rlestic mamfkins dolignod:
for use in size studies inr sircraft design and relstod subjeots.

Contract No, emesveszerees
Expenditure Order No 695‘ :
Purchase Order No.

g0

B. Pactual Data;

-}y  Two thousand nine hundred and sixtr-one Aviation Cadets wers
studied anthropomstrically and reported in Xateriel Command Hemdrandum
Roport No. BAFP-i=[,0=645«40, dated Ootober 5, 19,2, aubjoctv . "inthro-
pometric Date on Zrmy Alir Forces Flying Persomnel.,” The data obtained
~fere analyzed od the besis of total stature range, shown in Exhidbit A,
which was divided into egual thirds., From these three equal divisioms

$£a-etuturo, the gorresponding populations wers taen and the total sot
Of data or déaoh Bubeseries was averaged. Thece three sets of averages
wers then utililed in establishing the dimensions required for three
arbitrary manilin standards, termed Type A, Type B, and Type C. Type 4
vepresents an average of the entire series. Type B represents an
average of the dimsnsions obtained in the sub-series fulling into the
short third of the stature rengs. Typs C represents an average of the
dimensions obtained in the sub-geries falling in. the long third, The
velues of the dimensions ere listed in Bxhibit ‘B, The pistogranhio
demonstratione of those various wodsurements are shown in Exhibit C,
A seale drawing of each of the thrac siges, in various views, is
given in Bxhibit L.

2. Actusl peroentages of tho toval series falling into the size
group sres Type B, 17.% per oonty Tyne C, G,ly 7or cert; and Type A,
representing the 100 per cent distribution, The lack of balance betmon
Type B and Type C is due to the {aot that selection has oocurred whieh
outs off tne lower limit of the size distribution somewhat above the
actuel lower limit of genersl size rangee so that the entire distrie
bution curve has its mode muved somewhat toward the lower 1lizit., This
laoic of balance has oniy stetistloal interest - mo practieal impertance,
since the originsl claessificastion wes based upon equal thirds of the
range. The total range obtained was 156 to 1G3 eentimeters; Type B
falis ir @ rengs 156-165 centimeters; and Type C falls in a range

13;-198 centimeters, .
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3. PFrom the three sets of date deseribsd sbove, specifications
were“establiBhe?® for corstruc¥ion of three-dimensional menikins mede
of plastie snd articulated in such a mamner that they might attain
most positions encounterable in movements of the humar bedy.

Ly Mre Go W, Borkland, 515 South Laflin Street, Chiosgo, Illinols, -
was oontraoted to soulvt three basic refersnce statues from which the
plastic manikines oould be designed.

5. The General Plastics Corporation, 515 South lLaflin Street,
Chicazo, Illinois, was eontracted to esonstruct the menikins, A photo-
graph of the Type A manikin is shown in Exhibit E. The manikins B
and C follow this same construstion.

6. Inasmich as the plastic manikins oanrot attain full mevement
exhibited by the humar body, certain correction fastors must be utilised
in aotual performence of the manikins. Type A must have the total span
correotsad by the sddition of 2 1/16 inches to obtain the caleulated
velue, The axterior arm reach must be sorrected by the addition of
2 1/2 inoches for the sttaimment of the caloulated value, Type B must
i have the totel avan eorrected by the addition of 2 inches to obtain
‘ the cezlculated velue. The snterior arm reach must be eorrected by the

B Y N W

) sddition of 2 7/8 inches. Type C rust have the total span corrected

! by the addition of 2 11/16 inehes for the atteirment of the caloulated
vealus. The anterior arm reach must be corrected by the addition of

1. 3 5/& inohes.

G« Qorclusions,

1, The Aviation Cadet series referred to in paregrapk Bl above
has been analysed on the basis of stature range to produse three basis
- sise standerds, produsing three sets of data representing:

P a, An averspe of the entire population = staturs range
' 156-198 em, (61.5 inches to 78 inches),

be An average of the short 1/3 of the stature range (17.3
per oant of the population)- stature range 156-149 em.
(61,5 inches to 66,5 inches),

8¢ An average of the long third of the stature renge -
184-198 om. (72.5 inches to 78 inches).

R, Three artioculated plastic manikins have been construoted

on the basis of the three sets of specifications derived in para-
graph C1 for the purpose of serving as basic sisze referencges in any

-2
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way required by eiroraft and aird3raft™wWetessery designers and manu-
facturers, as well as any further needs brought out on olothing snd

other related subjeets. Designs of cockplits, turrets, catwalks, eto.,

may be studied with benefit of these manikins, as well as sise of -
olothing, pareshute harnesses, ote.
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snpineering Division
yemorandum Report No. ENG-Ly-69

vaur 5, 1903

1. Weight
Z¢. Stature

3. Total Span

. anterior Arm Heach
t, Span Akimbo

6. Bi-acromial

7. Bi-deltoid

_« Chest Breadth

7. Chest Depth

10, Abdominal Depth

11, Bi-iliac

12, Head Circumference

13. chest Circumference

1. Upper Arm Circumference
15. Forearm Circumference
16. Shoulder-Fingertip

17. torearm-ringertip

1¢. Hand Length

9. Hand Breadth

. hWrist Breadth

¢l. urist Thickness

¢2, Snoulder-Elbow

¢<3. Elbow-Seat

2l;. Bi-epicondylar Elbows
¢5. Bi-trochanteric

26, Thigh Circumference

27. Call Circumference

2t.. Xiphoid Height

¢7. Lower Rib Height

30. Umbilicus Height

gl. l1liac Crest Height

2. rubic Height

;}. Crotch Helight

4. Sitting He
35, Trunk Heigh
Buttock-~£nee

Patella Height - Sitting
ratella Hei
Knee Breadt
Foot Length
Foot Breadth
External lMalleolus
Internal Malleolus
Ankle Breadth

Anxle Thickness
Yasion-lenton

. 3quatting Diagonal®
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*The subject sits on a six-inch block, as near the

i+ leans forward at the hips and clasps his hands at the knees.
back near the shoulders to the tip of the longest toe.

Exhibit B.

Values and Distributions for Manikin Types.

Iype A
Average
1lbs.
cm. (&9 in.)
cm. (711 1/2 in.)
cm. (35 in.)
em, (37 in.)
cm. (15 1/2 in.)
cm. (17 3/L in.)
cm. (11 /L in.)
cm, (8 in.)
cm. (8 in.)
cm. (11 1/k in.)
em. (22 1/k in.)
cm. (36 1/L in,)
cm. (11 1/2 in.)
em, (9 1/2 in.)
cm. (29 13/16 in.)
cm., 19 1/2 in,)
7 5/8 in.
@ BIRE:
cm. 1 ng in.
cm. 1 1/2 in,
em, 9 1/16 in.§
cm,. %ﬁ /z)ih.
cm.
cm, 20 %73 in.)
o j5712 in,)
cm., n,
cm. hﬁ 1/8 in,)
cm. L1 3/16 in.
cm. Ll 3/16 in.
Py ;3;2 1%)1
cm. n.
cm, g i/? %n.
cm. n,.
peny 23 9/8 in.
cm, 2 3/% in,
em, 20 3/86 in,
o, Tor /21'{;1))
P 7/8 1n.}
S en. 3 in,)
cm. '3 3/8 in,)
cm. 3 in.i
e, Eﬁ %Zé 6 1n.)
Ne
cm, 33 1/b4 in.)

e
110~
156-198 cm.
158-205

75-103
81-108

3246
39-52
22=-3k
16-28
16-27
23-3L
51-62

78-110

25-3l
22-28

16-22
7-10
3143

32-54
7

Q.
pLimt

83-10
3-693

19=70
Lé6-65

16-29

%%

10-1%
71-102

lbs,

cm.
cm.
cme.
cme.
cm.
cm.,
cm.
Cm.
CR.,
ca.
Ch.
ch,
cm.

cm.
cm.

cm.
cm.
cm.
CR.

cm,
cm.
cm.,
cm.

cm,
Cnl.
cm,

cm,
cl,

Ave e
1,0.3 1bs.

166.5 cm.
172,9 cm.
85.0 cm.
89.5 cn.
38.0 em.
Mcl Cml.,
27.5 cm.
19.8 cm.
19.8 cm.
27.3 cnm,
55.8 cm.
88.6 om.
28.L4 em,
23.7 cm.
cn‘
°m.
cm.
cm.
cm.
cm.
cn‘
m.
em,
cm,
cm’
CM.
cn.
cm,
cm.
cm,
cm.
cm,
cm,
m.
cm,
cm,
cm.
cm.
co.
cm,
cm,
en,
em,
.3 ecnm.
12.0 cm,
81.8 cm,
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(65 1/2 in.)
(68 in.)

(33 1/2 in,)
(35 1/l in.)
(15 in.)

(17 1/2 in.)
(10 5/8 in.)
(7 5/8 in.)
(7 5/8 in.)
(10 3/h in.)
(22 in.)

(34 7/8 in.)
(11 1/4 im.)
29 1/3 in.)
28 1/2 in.)

18 5&13 in.)
1/4 in.
; 17k in.

3716 in.
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6 in,)

in.)
2°1/8 in,)
edge as comfortable, with the heels drawn 8 at the base of the block.
The dimension extends from the maximum curvature of the

llg%¥§§ 1bs.

156-169
158-192

75-9h
81-99
32-43
39-49
23-33
16-24
16-25
23-30
53-61

78-102

16-20
7-10
31-39

32-51
31-3%

2842

83-94
2

:
6-57
16-22
iE

10-14
75-99

cm.
cm.
cm,
ca.
CH.
cm.
cm.
cm.
cm.
cm.,
cm,
cm,

cm.
cm.

cm,

Ccm.
Cle

cm,

cm,
cm.
cm.
cm,

Cm.
cm.
chm,

cm.
cm'

Average
171.7 lbs.
186.3 cm. (713 1/
171.5 om. (7% 1/
93,6 em. (36 1/
99.7 cm. (36 in
LO.6 cm, (16 in
6.5 cm. 1€ 1/
29.2 em. (n i
20.9 cm. 6 l/ﬁ
21.0 cm. (8 1/4
29.8 cm, (11 3/
57.0 cm, (22 3/
93.2 cm. (36 s/
29.9 em, (11 3/
24,8 cm, &9 3/L
79.0 cm. 31y
52.1 em. 20 2,
20.3 cm. 8 in,
6.9 cm. 3 172
6.2 cm. 2 1/
L.3 cm. 13
39.2 cm. 15
23.6 cm, 9 1/
3.2 em. 17 1
37.2 cm. (1 2,
3.8 cm. 21 1,
36.3 cm, 1L 1
132.6 cm. Ez e
119.0 om, 6 ;
11l.4 cm. hB 4
11&.2 cm. 3 {
9,6 cm, 37 3,
BZ. em, gg 3,
92. cm, 3 i1
.8 cm,
23.3 cm. 2h %
£9.2 em. 231
g5.0 cm, 211
13.9 cn, 7 7{5
28.1 cn, tl.,
10.2 cm. in
8,0 cm. 3 %/
9.3 cm, 3¢/
7.9 cm. 3 1é
1n.0 cm. 31
12.6 em. € in
88.2 em. 3L 3
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.A.F. TYPE C.
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AAF. TYPE C.
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AAF.TYPE C.
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Standing and Sitting Views, Manikan A.A.F. Type A - Standing Views,
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