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ENMlKE3S3W DIVTSION1
MEATORANDtTM REPORT ON MR gbk 49

Sj UBJECT: Articulated Plastic 'Vanikin Standards. a 4= 5,14N

to WM" ~~~~~~~Contract No .............-..........
Ifxpenditure OrderNo..... .........

SIERIAL NI994 Purchase Order No ...........

SA* Purposee

1. To report the construction or three plastic a afilbis dsuigois
f'br use in size studios in aircraft design anid related 3UbJ*Ct@.

B0 ftotual ?)at&:

1, Two thousand nine hundred anA sizt:'-one Aviation Cadets were
Studied anthropomotr$cally and reported in *;ateriel Comm~and 'MeaioreAdum
RGOft N1O- KXP-i7-49..6*,5.40,, dated October ý, 194,2, subjeots .Atho

Vomtric Date. on Arm~y Air Forces Flying Personnelo." The data obtained
A.fre analyzed a* the basis of total stature range, shown in'Er1hibit A,
which? was divided into equal thirds, Fro'm 'these thr*6 equal diviui ,ons

4.4 Stature,, the 401rresponding populations were tak'en and the total Set
'*t data or. &aoh bub-sories was averaged. Thece three sets .of averages
V"t' then, Utiliked in establishing the diwinsions required for throee
afbitirary mansIkin Standards, termed Type A, ?~ype D,, ýnd Type C. Type A
.ePft'sonte an avirago of the entire series. ?yps B represents an
average of the dimensions obtained in the sub-asfeis; falling into the
short third of the stature range. Type C represents an average9 of tho

*dimaenuionu obtained in theo sub-series falling in.-the long third. The
va.lues of the diunmsions are listed tn Exhibit B, The p-tor3,i
demonretratione of those various -.oarniro-.r~ts arir shown in Exhibit C,
A seals drawing of each of the throe Gizes, in various views, is
given ini Exhibit Ds.

2, Actual porcentages of0• ;?o talw. serien falling ikito the sige
group are, Type D, 17.3; per oontg Ty!oe C, G.!. 'ier oaent, and Type A,,
repressrting the 100 per eent 4istribution.' Vie lack of balance between
Type B and Type-C is due to the fact that celection has occurred whish
cuts off the lower limit of the site distribution somewhat Above the
actual lo.er limit of "nerel site ranges 3o that the entire distriwP
bution curve has its modo mov-ed somewhat toward the lower Uzi'.i. This
laek of balance has oi.1y statistiocd interest'- no practical izporý*aec,
since the original classifioation w~as based upon~ equal thirds off the
range.* The total range obtained was 156 to 198 centimesters; Tyrpe R
fall.s it. a range 156-169 centimeters; and Type C falls in a range

Best va~jjble C PY - No. of Pages - 2



lngineering Division
Memorandm Report No. BNG-..9-695-9
June 5, 1943

3. From the three sets of data described above, specifications
were establfthed6 for const-vucoion of three-dimensional manikins made
of plastic and articulated in such a manner that they might attain
most positions enoounterable in movements of the human body.

4, Mr. 0. W. Borkland, 515 South Laf'in Street, Chicago, fllinels,
was contracted to seult three basic reference statues from whioh the
plastic manikins could be designed.

5. The General Plastics Corporation, 515 South Laflin Street,
Chicago, Illinois, was contraected to construct the manikin.* A photo-
graph of the Type A manikin is shown in Exhibit E. The manlkins B
and C follow this same construetion.

6. Inasmwch a* the plastic mrkins cannot attain full movement
exhibited by the human body, eertain oorrection faators must be utilised
in actual performance of the manikins. Type A must have the total span
corrected by the addition of 2 1/16 inches to obtain the caleulated
value. The anterior arm reach must be corrected by the addition of
2 1/2 inches for the attainment of the caloulated value, Type B must
have the total aran eorreeted by the addition of 2 Inches to obtainI the oaIculated value. The anterior arm roach m-at be corrected by the
addition of 2 7/8 inches. T•ype C must hAve the total span corrected
by the addition of 2 11/16 inehes for the attainmwnt of the caloulate4
value. The anterior arm reaoh must be correoted by the addition of
3 inohs.

C. Oorclusionl,

1. The Aviation Cadet series referred to in paragraph Bi above
has been analysed on the basis of stature range to produce tbfie basei
else standsrds, producing three sets of data representing,

a. An average of the entire population - stature range
156-198 ema. (61.5 inohes to 78 inches).

b. An average of the short 1/3 of the stature range (17.3
per cent of the population)- stature range 156-169 eam.
(61.5 inches to 66.5 inches).

o. An average of the long third of the stature range -
164-199 m. (72.5 inches to 79 inches),

go Three artioulated plastic manikins have been constructed
on the basis of the three sets of specifications derived in para-
graph Cl for the purpose of serving as basic vise references in aw

-2.
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hgzin"r.lg DivisionJ Meaoraad~m Re~port No, ENG-49-695-28
June 5. 19)43

Vma required by airoraft end ai`4raft* rnry designers and =%u-
taoturers, as well as any further needs brought out on olothing and
other related subjeots. Designs of oockpits, turret4, oatwalks, etc.,
=y be studied with bonefit of these manikins, as well as &is* of
olot•nIg, pemshv* harnessoss, eto.

* kA~ C
Akpprov.4 ty . P. GAGG3,, Naor, A*C.

Prepared by .FRAXC•..X,,...RAbDlL..2nd.Lt,., A,(;
Coe., Sob. of Avia. Med. (Name)

?be--fi~eoftM7-- *uI4Pg- Ita4.'mg Command J44~ AC.
Cosi. Nauhrville Br., Soh. of Aviao Mod. Approved be'*.. ;-'I#ViRFa.• ... IZ ,o,
c .o,-v.--,o -. of- -.A.ia. Meod. AOing Q,'. Aed---al.L.bersHly
Comm*. Sa. Ana B., Soh. of vis. Mod, Acting
Distritution: i e..

Approved by,,, s,-0.o;- .-. to.'
Chief of Staft, AA)? Mat, Canmind Ch¶fy j6ie~ £Dv4

(.. Central F1"• ( -3-
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Exhibit B.

Values and Distributions for MAanikin Types.

Average W vrg a vrg

l. height 154.3 lbs. 112I= lbs. 240.3 bs. 1A F lbs. 171.7 lbs.

2. Stature 175.3 cm. (69 in.) 156-1.98 cm. 166.5 cm. (65 1/2 in.) 156-169 cm. 186.3 cm. (73 l/

3. Total Span 181.3 cm. (71 1/2 in.) 158-205 cm. 172.9 cm. (68 in.) 158-192 cm. 191.5 cm. (75 1/

Anterior Arm Reach 88.9 cm. (35 in.) 75-103 cm. 85.0 cm. (33 1/2 in.) 75-9h cm. 93.8 eam. (36 7/

:. Span Akimbo 93.9 cm. (37 in.) 81-108 cm. 89.5 cm. (35 1/4 in.) 81-99 co. 99.7 cm. (36 in

6. Bi-acromial 39.3 cm. (15 1/2 in.) 32-46 cm. 38.0 cm. (15 in.) 32-43 cm. 40.6 cm. (16 in

t. Bi-deltoid 45.3 cm. (17 3/4 in.) 39-52 cm. 44.1 cm. (17 1/2 in.) 39-49 cm. 46.5 cm. (it l/

Chest Breadth 28.3 cm. (11 1/4 in.) 22-34 ca. 27.5 cm. (10 5/8 in.) 23-33 cm. 29.2 cm. (Hl 1'

.. Chest Depth 20.3 cm. (8 in.) 16-28 cm. 19.8 ca. (7 5/8 in.) 16-24 cm. 20.9 cm. (8 /fi

1I. Abdominal Depth 20.4 cm. (8 in.) 16-27 cm. 19.8 ca. (7 5/8 in.) 16-25 cm. 21.0 cm. (8 I/L

ll. Bi-iliac 28.4 cm. (11 1/4 in.) 23-34 ca. 27.3 cam. (10 3/4 in.) 23-30 cm. 29.8 cyn. (11 3/

I1. Head Circumference 56.4 cm. (22 1/4 in.) 51-62 ca. 55.8 ca. (22 in.) 53-61 cm. 57.0 am. (22 3/

13. eChest Circumference 90.7 cm. (36 1/4 in.) 78-110 cm. 88.6 cm. (34 7/8 in.) 78-102 cm. 93.2 cm. (36 5/

1L. Upper Arm Circumference 29.1 cam. (1i 1/2 in.) 25-34 cm. 28.4 cam. (11 1/4 in.) 29.9 cm. (11 31

15. Forearm Circumference 24.2 cm. (9 /2 in.) 22-28 cm. 23.7 am. 9 1/3 in.) 2'.8 cm. (9 3
16. Shoulder-Fingertip 75.8 cm. (29 1Y316 in.) 72.5 ca. (28 1/2 in.) 79.0 cm. (1 1)

>
17. i orearm-kingertip 49.5 cm. 19 112 in.) 4 m. 52.1 cm. 202

1i. Hand Length 19.3 5 n. 16-22 cm. in 16-20 m. 20.3 cm.
inHancd 

Breadth g .6 in. 7-10 cm. 8.4 ca. 7-10 cm. 8.9

ca . . -0readt, in. . 6.2 cm.
.fist Breadth, .0 2 ,I in. "2D 1. m

el. 1,rist Thickness cm. 1 5 8 in. .0 cm. 1/Is in.o 6. cm. 2

i2. Snoulder-clbow 3 mk a. 14 2 in. 31-43 ca. 3 .0ca. 13?3 in.) 31-39 am. 39.2 cm.

Q. Elbow-Seat 23.0 cm. 91 6in. 2.5cm. 87 in.) 23.6 cm.

214. Bi_-enicondylar Elbows 42. c. 16 /2 irn. 32-4 cM. 4. cm. 16 /8 n. 32-51 cm. 0.2 cm. 17 11

29. Bi-trochanteric .7 14 i3- cm. cm. 13 1/2 in. 31-39 cm. 7.2 cm. 14 2,

2b. Thigh Circumference 52.3 cm. 20 5/ in.) c. 51.1cam. 2018 in.) 5.8 cm. 21 1,

27. Calf Circumference 35.5 cm. ic. cm. 1 in. 28-42 cm. 36 cm.

2c. Xiphoid Height 125.0 c. I93/1 in)lb c. Is / n 132.b) cm. 525

2y. Lower Rib Height 112.0cm. 18 in.) 106:1 cm. Is 7/ in. 119.0 cm. 6

30. Umbilicus Height 104.8 cm. s 1 316 in. 99. cm. 39 /16 in.) 31.4 cm.
1. lliac Crest Height 14: cm. ls1 3/16 in.) 99.6 mc. 39 3/6 in )a. 3

32. P~ubic Height 91ccm. 35 in.) 6.6 CM. 33 34 in.5 I1 c. 33
3 Crotch Height 82.2 cm. 3 ' in. 7 c. :1 16 in.) Is cm. 94 m
3 Sitting Height 96 n2.1 in2 8

gý 9. cm. 63-1in.1 m. I* cm A ,ýi. 3-94 90.43.T-ink Height 5. cm. 3 in. -69 am. am. 22 in, 2)m 2 cm. 2re

36. Buttock-Knee e,. cm. 2- cm. 22 in 5 cm. 3.3 cm: 21 m

37. Patella Height - Sitting 55.3 cm. in. 46-65 cm. 52.3 cA. 20 5/ in. 6-57 cm. •9.2 cm. 231

3ý. ,atella Height aStanding m. 20 •. in. -9m.1 cm. 19 3 8 in.) 55.0 cm. 21 1

39. Knee Breadth c 7 in.) 16-29 c. 1966 cm. 71 in.) 16-22 cm: 19.9 cm. 77

0. Foot Length 2 c in 22-1 cm. 2.6 cm. 10 16 in.) 22-29 26.1 c.:

,I. Foot Breadth 9. cm. 3 8-12 ca. cm. 3 in.) 1? cm. 10.2 cm. in

L2. External Malleolus (Ankle) Height 7.5 3 in.) 7.1 cm: 231 16 in.) 8.0cm: 31V

L3. Internal Malleolus (Ankle) Height 7 cm. 33/8 in.) cm. 3 1 in.) 9.3cm. 3 5
4 l hn. Ankle Breadth 7.6 cm 3 in 72 cm. 3 in.) 7.9 cm. 31

L.AkeTikes96cm. 116 in.) 9.3 cm. 11 6 in.) 11%0 cm. 1

46. Nasion-Menton 12.3 cm. 7 in.) 10-15 cm. 12.0 cm. 3 in.) 10-14 cm. 12.6 cm.

L7. 3quatting Diagonal* 84.5 cm. 33 / in.) 71-102 ca. 81.8 cm. 32 1/8 in.) 75-99 cm. 88.2 cm. 3I 3

*The subject sits on a six-inch block, as near the edge as comfortable, with the heels drawn bat the base of the block.

leans forward at the hips and clasps his hands at the knees. The dimension extends from the maximum curvature of the

back near the shoulders to the tip of the longest toe. -5-
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Engineering Division
Memorandum Report No. PMO-49-695-28
Jne 5, 1943 l 4 0i 0C

Exhibit D

A.A.F. TYPE A.
Scale Reduction
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Exhibit D - Cont'd.

A.A.F TYPE A.
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A.A.F. TYPE A.
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A.A.F. TYPE A.
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A.A.F. TYPE A.
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Engineering Division
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A.A.F. TYPE B.
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A.A.F. TYPE B.
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A.A.F. TYPE B.
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A.A.F. TYPE B.
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A.A.F. TYPE C.
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A.A.F. TYPE C.

-21-



Engineering Division
Memorandum Report No. EN-49-695-28
June 5,, 194ý31 1+ 9

Exhibit D - Oont 'd.

A.A.F. TYPE C.
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A.A.F. TYPE C.
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A.A.F. TYPE C.
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EngiLneering Di vision
Memorandum Report No. ENG-L 49-695-28 Exhibit E.
June 5, 1943

Stanziing and Sitting Views3, JManikan A.A.F. Type A -Standing Views.
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Sitting View.
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