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SUMMA RY

The functional aircraft must include its crew members.- The flight
potential of an aircraft can never exceed-that of its crew members.

The present report deals with the relation of human body size to
military aircraft and equipment. It contains the necessary data and
instructional material to guide the designers of aircraft and assocjated
flying equipment in the proper use of anthropometry, as it applies to AAF
flying personnel., The functional man is fully described and the spatial
requirements of his personal equipment are evaluated. Finally, the com-
plete functional man is considered in his air crew position and as an
integral part of the functional aircraft.
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CHAPTER I

INTRODUCTION

‘ From the time the Viright brothers constructed their first airplane and
flew it in 1903, the protlerm of adapting alrcraft desjgn to all the high tech-
nical requirements has met with unlimited attention.” The requirements estab=-
lished by air flow characteristics, by air speeds, altitudes, temperatures, as
well as the other mechanical problems which must be considered, such'as the
size of instruments, the stress of metals and other materials, have ocoupied
almost to the fullest extent the attention of d951gners. ¥ith all due credit
to the highly developed techniques which have been, and continue to be, applied
to aircraft design, it is the purpose of the data presented on the following
pages to try to aid in some degree the consideration of the designers in so far
as the problems presented by human body size are concerned.

The concept of writing specifications on the man which are as definite and
demanding as any of those written on any type of material or equipment otherwise
used in an airplane has been atterpted many times. It is certainly realized by
any sincere designer that his potential airplane is not really complete until a
man actually enters the plane and .éngages it in flight. It should be quite ap-
parent that the operational behaviour of an airplane of unlimited potentialities
is actually no better than the behaviour characteristics imposed upon it by the
physiological capabilities of the human being involved. It has been the exper-
ience of the Army Air Forces during the progress of Torld Var II that many
problems relating to inefficiencies on the part of the flight personnel could
have been eliminated had the designers of the planes been fully cognizant of
some of the 1mn11cat1qns of human blology.

The data dlsaaséed later in this report are not presented in an effort to
try to sell englneers on the idea that an airplane should be considered only from
- the standpoint of the humaen being, but rather that it should be considered as a-
functional unitf; ¢ombining both the aircréft and the human being under flight con-
.-éitions. Therefore, it shall be constantly stated that these dats are actually
specifications and should receive as much attentlon as do those spec1flcatlons re=-
;latlng to any dther type of equlpment. :

One of the most interesting historical facts whioh has been brought to our
attention has been the one of the condition in which the original flights were
made. It will be recalled that these occurred with the pilot flying in what is
tormed the "prone" position, and that our so-called conventional positions for
the pilot now are actually the opposite, historically speaking.. It would be
interesting to speculate upon what progress aircraft would have made had the man
been retained in his original prone status. Recent developments along this line,
which are usually considered radical, are actually a continuation of studies
which the Viright brothers initiated, and we shall gain much information from
flight tests which will be conducted on this position. Aerodynamically it s
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probably the best possible position in which the pilot can be installed in the
airoraft because it permits the minimum thickness to be designed into the plane.

The first Army Air Forces attempt made to write a specification on the hu-
man being for use in airoraft was made about 1926, at which time ¥Mr. Hugh Lipp~-
men constnucted from meager data available a profile scale manikin which was
used up to the time Captain (now Colonel) Harry G. Armstrong prepared date de-
rived from Randolph Field Aviation Cadets in such a manner as to illustrate that
the Medical Corps and Air Corps physical size requirements were permitting accept-
ance of unnecessarily large indifiduals. At that time 6'7" and 250 pounds were
acceptable. It was Armstrong's recommendation that these maximum limits be
dropped to 6'L" and 200 pounds, and that almost as large a population would be ob-

tained inasmuch as only a very small per centage of individuals falls above that

value., It was also Armstrong's recomrmendation that fighter pilot sizes should be
.limited to 70" and 180 pounds, in order to gain as much performance as possible
from fighter aircré&ft. This recommendation was accepted with certain reservations.
For some period the fighter stature was held at 5'8" instead of the 5'10" recom-
mended by Armstrong. This acceptance limit was adequate so long as peacetime
requirements remained. However, with the advent of stepped-up military requires
ments in 1942, such a large number of men was required for pilot training that

a 5'8" limit aoctually prevented full use of the potentials available. The
greatest defect which appeared in this regard was due to the fact that the
fighter-type aircraft available for military use at that time had been designed
around the 5'8" average and, without due regard to this fact, the limits were
stepped up to 5'10" again, irrespective of the abilities of the planes to ac-
commodate these higher statures. '

This situation would not have been too disastrous had the original design
requirements remained in use. That is to say, that these aircraft had been de~
signed to fly not more than % and 1/2 hours. However, it is easily recognizable
that this situation did not remain, inasmuch as long range requirements entered
in and wing tanks and belly tanks were added to these same aircraft to enable
them to fly as much as seven to eleven hours. There could be no modifications
of the cockpit to provide any comfortable conditions for the pilots of the large
stature who would be trained to fly these planes. This situation subsequently
developed into probably the most difficult problem from the humen operational.
standpoint encountered in World War II. The fact that high priorities were
assigned by Army Air Force Headquarters to every aspect of problems relating
to the alleviation of fatigue of pilots is alone sufficient proofsof its im-
portance. Therefore, from the standpoint of operational requiremerdts of the Army

Air Forces, every preliminary design should incorporate to the fullest. extent
the consideration of the size of human beings, and, also, that every considera-
tion should be made in a cockpit design to provide for every eventuality possi-
ble regarding the possible ranges of this aircraft. It will, therefore, be the
purpose of all the discussions to follow to try to instruct the designers in
the best known way to provide adequate functional and comfort installations in
cockpit designs in such a manner that the aircraft will not be limited in its
performance by the poor functioning of the human beings involved.

5.




CHAPTER 1I

THE FUNCTIONAL MAN .

The concept of the functional man is of such a nature as to complicate the . :
entire picturs in the design of aircraft. Historically, the man has been re-
garded too frequently as a constant and a more or less static piece of equipment.
This is probably the factor which has contributed more then anything else to the .,
failures in operational aircraft so far as the performance of the human being is
concerned. Ii will be well to keep in mind the general problems presented in this
concept.

_ First, the "man" is not of a single size. See Figure II, I. In fighter air- =
eraft the stature is allowed to vary from 5'Li" to at least 6', and in some cases
actually exceeds this value. The weight may vary from 120 to 180 pounds. 1In
bombardment type aircraft commissioned officers may vary from 5' to 6'4", and in
weight from 120 to 200 pounds. Enlisted personnel may also vary in this degree. <
Inasmuch as the bombardment-type plane operationally may have to rely upon a
high degree of interchangeability of personnel, it is advisable to design into
every crew position adjustabilities which can accormodate this entire size range.

In addition, funotionally speaking, this "man" may vary in the amounts of
equipment worn, fiom very light clothing, including a small quick-sttachable
parachute, to the large bulky total of the equipment consisting of heavy flying ‘
olothing, emergency survival vests, life rafts, flak suits, and heavy parachutes.

Figure II, 2. This total amount of equipment ray in certain conditions add eas .
much as 117 pounds of weight to the nude weight of the individual. {See Chapter
Vi). Therefore; in weights and balance calculations alone full consideration
must be given to the extreme variabilities which may actually be encountered in
operation of the aircraft,

Next, and of no less importance, is the factor involved in the sgpace re-
quirements of the aircrew as they go through the notions of performing their
duties. Minimum dimensions will avail us nothing if they must be greatly ex-
cosded in the operational requirerents of the individual. Ideally, a men can
pass upright through a cat-walk, but under design requirements the size of the
plane is usually of such a nature as not to permit a very large per centage of
individuals to stand upright in a cat-walk. Therefore, a great majority of the
men must bend over to some degree and increase their cross-sectional dimensions
oonsidexably. Because of this, it will avail us little, if anything, to cut off )
the top of the cait-walk to fall within the allowable limits of khe design and
give no considerstion to an increase in lateral dimensions.

In addition, there are known requirements based upon (&) the length of the .
leg, and (b) the amount of travel which it can obtain in the operation of the R 3
rudder pedals, whioh should be given primary consideration in the location of *
rudder pedals in relation to the feet. It will merely cause us trouble in ‘the 3
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in the long run if we ignore this basic requirement and install rudder pedals at -
a distence determined by other considerations of the aircraft designer.

Finally, and this is one of the most important considerations that should
be held oconstantly in mind by the designers, that from the standpoint of human
efficiency, no airplane should ever be considered as a short-range aircr&ft so
long as there is the remotest possibility that the addition of extra fuel tanks
or the improvement of powsr plants will permit it to exceed the original design
requirements., Because of this factor, every cockpit arrangerent should utilize
the full potentialities for providing the human being with efficiency and comfort
measures. It has been a sad experience in the Air Forces that operational re-
quirements have forced us to add extra fuel tanks to aircraft in order to obtain
groeater range from them after the aircraft have been produced and space limits
have been such in the cockpit that the man has been forced to remain under short
range spatial conditions whereas the aircréft itself has been nermitted to en~
gage in long range operations.

_ Combat reports unaninously supoort this statement and are sufficiently strong
in nature to warrant oonstant attention to this point. The outstanding -exarples

to date have been encountered in fighter type aircraft. &owaver, there are strongﬁ o

indications that the problems will become increas1ngly great in bombardment type: -
planes if adeguate consideration is not given. The tail gun position, for ex-: i
ample, in the B-29 proved this point. The amount of production and modifieation.
tims required to achieve comfort and efficieycy under operational conditions in
airoraft which have not originally had these requirsments designed into them is
enormous and ultimately cost more time than would originally have been requirsd
in modification of the mock-up or ‘the very early production models. Over a
given period, mors airoraft of a type will be available operationally if some
time is invested in the early stages in order to achieve this purpose. -

In addition to the engineering requirements which are imposed by the human
being and which can be adequately met if early consideration is given to them,
there is a strong indication that the actual work of the flight surgeons and the
Medical Corps in general would be reduced considerably if the man received a
greater amount of attention. ’

Ist us begin then with the nude man in the more or less static sense of the
word and develop him throughout the whole range of requirements which have been
established for his use in aircraft. First, the use of the functional man as
such. This is the man sent to the aircraft for installation from & training "
center. He already has certain inherent characteristics in him which can in no .
way whatsoever be modified. He is of a size which may vary, as noted earlier, and
he may have certain potent1allties so far as useful time is concerred upon which .
actual specifications oan and have ‘been written, He must be taken as he stands =
upon "delivery and installed effectively in an airplane. It is the responsibility
‘of the designer and the manufacturer to have provided tolerances. in the plane in
order to insure effloxent installatlon of the equipment. : _ .

9




e can well imagine the difficulties which are encountered in some sub-
assertblies when one iter has been delivered with certain fixtures vhich are
over-sized corpared to their original requirerents., It takes little time in ¢
the ordinary processes to see that this matter is corrected, yet it has been
comion procedure to ignore squally glaring inadequacies and tolerances in con=
ditions involving the man. First, let us hegin with the sub-assenbly of the .
viece of equipment which will be installed in the airplene. As was stated a=-
bove, this sub-assernbly will consist of the nude men clothed with a great var-
iety of the equipment and his ultimate efficient size will bhe determinsd by the
degree to which adequate consideration has been given to the design of the per=-
sonal equipment on him and the location of certain accessory items which are -
appended to him. For example, to take an absurd cass, it would be very inad~
visable to locate all the parachute in a square bundle on the mant's back, and
in addition to locate all the erergency equipient in another square bundde on
his chest because this would limit one of the riost important dimensions involved
in aircraft. Absurd as the exanple is, it has actually been encountered in some
degrece. Therefors, the first section of this report will be directed to instruc-

tions to the desizners of personal equipwent ia techniques by wrich they can ob-
tain rinimur size and, eventually, maximum efficiency of aircrew personnel,

10,
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CHAPTER III

PERSONAL EQUIPMENT

Introduction

Efficient operation of aircraft by Army Air Force flyers is not alone the
oncern of the aircraft designer and engineer. The use of crarped spaces such
.8 gun turrets, catwalks, etc., involves quite as much the design and sizing of
he personal equiprent which a crewman must wear to obtain insulation’from a
ostile environment. Clothing that is needlessly bulky and ill-fitting can make
estricted quarters, which would otherwise be adequate, a straight jacket for
‘he man expected to use them. Likewise, the lack of properly fitting clothing
eads to the wearing of non-standard and make-shift assemblies which may endanger
he crew members! lives through the lack of faniliarity with their use and func=-
iional dependability.

At the out=break of ¥World Var II, the Army Air Forces had no responsibility
n the development and procurement of flying clothing, per se. However, it was
‘ealized at an early stage that such responsibility should be duly assigned to
‘he matdriel agencies, Accordingly, an organization was established to accomp=
dsh this mission, but, since little experience was available upon which to base
roocurement, sizing of flying olothing was left to the individual manufacturer,
tho was reputed to grade sizes of his products according to standards knowvm as
'sornercial practice". Since most suoh manufacturers had experience in the pro-
.uction of civilian olothing for a considerable period of time, it was assumed
jhat standards -of "commercial practice” would also be sufficient standardization

‘or flylng clothing.

Of the items of personal equipment for which the Army Air Forces were re-
sponsible, the standard equipment consisted of the A-9 and B-6 helmets, the B-7
;oggles, and the A-8 oxygen mask. These items were products of individual apgencies
‘esponsible for the development of such items. The uses and needs for these items
rere diverse enough to warrant rore or less restricted development on each indi~-
ridual item, and adrittedly very little was known about heads of Army Air Force
yersonnel who would use this equipment, as well as about the operational ocondi=-
;iong which would determine what was needed.

The only check on whether clothing was actually fitting those for whom it
vas designed was by medns of the stock inventory. This indicated, in a general -
vay, what sizes of garrments were being used up most rapidly, but due to the -com-
aon practice of substituting when the proper size was not available, it could
10t consitute & very accurate cheok. However, sven from these records it was
indicated that sizing was inadequate. In many cases the range of sizes was ob-
viously much greater than the demand, and complementary to this, certain other
sizes were chronically low in stock or not available. Noreover, work on measure-
nent of subjects clothed in wvarious outfits indicated that flying clothing was

11,




bulky and that improper sizing contributed in large measure to this condition.

Thus, one of the major problems was that of size control. If it could be

solved, a long step forward would be taken, particularly toward: . . » PR
a) Adequately fitted men in the greatest possible number. ' ’
b) Simplification of problems of procurement and supply by anticipation .
of requirements based upon a definite knowledge of size coverage. -

Nude anthropometric measurements, already available, were useful; but only
to a limited extent since allowsnce must be made for olothing in ealculating -
' size coverage and some measurerments must be interpolated by use of formulae to
obtain required wvalues. Acocordingly, as a first step, tailors! dimensions were
taken on a large series of fighter pilots and medium, heavy, and very heavy
bombardment crewmen. From the data thus obtained, distribution tables were made
which give not only the ranges of critical dimensions but also the relative N
frequencies of occurrance of each measurement. These tables became the basis
for judgéng the adequacy of size coverage as well as the compilation of prediocted:
proourement schedulings for new types of clotnlng.

-

A"
The following procedure was developed for control of size in flying olothing:
a) Design was made, patterns cut and samples of each size of the garment
- contemplated for standardization were made up under ‘the dlrectlon of
the proouring agency.
b) These sample garments wore then size-tested on infividuals known to
represent the body siges of Army Air Force flyers. ' ~
o) If the samples proved to cover their respectlve size ranges adequate— “
ly, two further steps were taken:
1) Standardization patterns were copied from the master patterns and -
- one set was supplied to each manufacturer of that type of clothing. =«
2) A tentative procurcment scheduling was drawn up from the distri-
bution tables besed upon known size coverage of each size of the
garment, -
d) During production, manufacturers were required to submit at prescribed
intervals items from their production runs, chosen at random by the-
Army Ailr Forces' resident inspector. These items were subjected to
measurement check and comparison with the standards of known size

function.

Thus & knowledge of the range of dimensions within the population to be
fitted came into use., It required the addition of one smaller size in most types’
of clothing, but also made possible the elimination of from two to four larger

slzes,

This general method was applled to each item of flying clothing. Of course,
modifications and changes of techniques were made inoident to the nartlcular
problems presented by different types of equipment. i

£

The same general procedure was also utilized on all head'equipment. Howaver,
N N
A ]
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there was one important difference in this respect. Integration of the equipment
is extremely important. Accordingly, seven head types were developed to aid in .
the joint problem of sizing and integrg%ing tlie various items. During the period
of 1942 through 19LL, following the development of fhe head types, this project
was carried on in conjunction with the agencies already responsible for the equip-
ment, and as of January, 195, there was a complete new set of equipment in oper-
ational use, consisting of the A-11 type helmet which incorporated earphone sock-
ets to hold the earphones, the B-8 goggle, and the A-1l, demand type oxygen mask.
A1l of these separate units, when worn properly, by an individual, added up into

a fairly well integrated unit in such a manner as to cover the face completely.

.See Figure III, 1. This development has succeeded rather well in combating cer-

tain operational situations which gave rise to extreme frostbite on faces which
were not adequately covered. Figure III, 2 shows the same application of this
procedure to the pressure-demand type of oxygen and head equipment.

HELXET SIZING

\

The first procurement of flying helmets by the Army Air Porces in ¥orld iar
II consisted of twg types: the A-=9Q summer flying helmet (wool gabardine); and
the B=-6 winter flying helmet (shearling). These helrets were made according to
specifications, samples were submitted for approval, and manufacturers were re-

--quired to do their own grading to produce the four sizes; small, medium, large,

and extra~large, deemed necessary to cover the range of head size. At the time
no actual information on the range or distribution of head size of Army Air
Foroce flysrs was available, ’

In a relatively short time it becare apparent that the sizing of these hel-
mets was not adequate. Stocks of extra-large and large helmets were chronically
low, and American flyers were using foreign helmets wherever and however they
could be obtained. The reason for this was amply confirmed by a series of forty
each A-9 and B-6 helmets submitted for study of possible modification for ear-
phone receptacles. Of ten helmets labelled extra-large, none could be found
that fitted the larger heads. Only three large helmets could be found in the
ten so labelled. The majority of the helmets fitted small heads. Evidently the
manufacturers in using their own size grading systems were constructing helmets
too small to perform their fumction.

Thus, when plans were laid for the construction of new types of helmets, the
problem presented was two-folds '
a) Determination of the range of head size of Army Air Force flyers and the
distribution of sizes in various groups.
b) So adjusting helmet sizes as to cover the range of head sizes and con-
trolling this adjustment in manufacture to insure proper fit.

At the time there was available a large series of head circumferences cal-
aulated from measurements taken upon the Cadet~-Gunner anthropometric series.

13,
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" The range of head sizes derived therefrom (510 mm. to 620 mm.) could conven-
jently be divided into four sections, Thesge were: snmall, 510-mm. to S5LO rm.;
medium, S41 nn. to 545 mm.; large, 565 mr to 550 mm.; extra=-large, 591 mm. to
620 xm. (Ficure ITI, 3.) This gave each nelmet approxirately the same amount R
of work to do, with the exception of the very small and very larsze extreres, ‘
which amount to only a very snall per centape of thie entire group.

Yhen desipgns had been drawn up and a;proved, manufacturers wers required,
in the first instance, to submit helrets graded as they considered necessary.
These helmets were fitted on heads of known size corresponding in general to the
range of head sizes of Arry Air Force flyers, and en analysis was then made to
determine whether each size of the helmet was adequately covering the desired pore’
tion of the range. In every case several sets of helwmets had to be manufactured
before it became apparent that this was what was being acoomplished.

Once the sigds were established by fitting trials, measurerents of certain
dirensions of the helmets becare standards by wnich f'uture production of that
type and size of helret could be judged without resort to the prolonged methods
of fitting in every ocasc, These standard dimensions and a diagrar illustrating ¢
how the measurerents are taken were printed and distributed for the use of the
Army Air Foroces' resident inspectors in determining whether proper sizes were
being adhered to. Figures I1I1I, L; 111, 5; III, 6; I1I, 7. As a further check
upon- proper sizing, once established, manufacturers were required to submit one
of each size of helmet of & given number of helmets of each size produced for
measurenent and exanination by the procuring agency. In this way, it was nossia«
ble to teke immediate steps to correct faulty manufacturing practice as it af=- "‘"
fected size. '

"

To fulfill the need for some type of size standards, to facilitate inspece <
tion by check measurements, and to provide references for future work in head=
gear sizing, selection of dimensions for the construction of a set of standard
head forms was undertaken., Head circumference was used as the basic measurement
and was divided into the four ranges outlined above. In the case of all head
‘measurerents, an attenpt was made to draw values which represent average occur=
rences in the four ranges. Figures III, 8; ITI, 9; III, 10, Critical dimen=-
sions such as head length, breadth, height, ete., were held to tolerances of
plus or minus one millimeter. The orientation values defining eye vosition,
ear width, ete., were somewhat less rigidly controlled.

With the determination of proper size for helmets and establishment of mether -
ods of inspection, it was possible to provide a prediction for overall procure=-
ment. This was done on the basis of the Cadet-Gunner series with a result of
107% small, L0% medium, LO7 large, and 107 extra-large, for pr@urerent to cover
all groups of flying personnel in the Army Air Forces exclu51ve of ¥omens' Army
Service Pilots and Flying Kurses.

Further surveys were also made of specialized groups suchsas fighter and
photo-reconnaisance, heavy bombardment, etc. These groups were found to vary

16.
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DISTRIBUTION CF HEAD CIRCUMFERENCES FOR HEAD SIZES
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F-F

T-T

R~-P

- L~P

1-E

LVEASUREYEKTS TO 3E TAKENs:

Across forehead stripoing from edge
of earchone socket to edge of other., .

Jortically over top of helmet from -
edge of one earphone socket to
edge of other.

Yiidth of right top panel. keasure
from center of right sean to center
of niddle seam wheres panel joins
forehead stripping.

Same as for R-P.-

Straight line fror ocenter of right

pénel seam where it joins forehead

stripping to top rark of right éar-
prone assenbly.

Sare us.for 7~E. (Measuremsnts tell
if earphone mountings arc installed
at proper angle. )
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TYiL LMN-H-10 HELIET

DESIRED D1KL

One Eightn (1/%)

3ok
ol

ONS LD ACCED TABLE PANGES OF VARILTION

Inch Pile Shearling UESTHED ACCEPTABLE RANGE
LT RIS LONS OF VARIATION
Inches 171 Inches ‘ mm
F-F 12-8/32 311 12-2/32 - 12-1/%2 306~316
a1l -7 13-12/32 340 13-6/32 = 13-9/%2 335-3145
ona R-P 2 L-P 1-20/32 L& 1-26/%2 - 1-%1/%2 L6-"50
R~E & L-E L-17/32 . 115 L-11/%2 -~ 1L-17/32 110-115
F-F 12-22/32 300 12-15/32 - 12-26/32  %17-32]
vedium | 1T 15-2§/52 3Ly7 13-15/%2 - 13-27/52  34,2-353
e B-b & LI-P 2-35/52 55 2-1/32 =~ 2-6/%2 - 51- 594
E-FE & L-E L-17/32 115 h-11/32 - L-17/%2 110-115
F-F 13-3/52 522 - 12-ps/32 - 13-8/32 . 327-337]
Large -7 13-21/32 355 13-25/%2 - Ui-56/32 350~360
~ B-P' & 1-P 2=8/32 5T e-b/32 - 2-11/32 55- 59
R-L & L-E L-17/%2 115 411732 - 417752 110~11§
P-F 13a7/732 33 13-10/32 - 13-23/32 - 338-7L4
Extra- | T-T Uy-12/372 305 U-6/%2 - - 1y-19/32 560-370
Large F-P 2 L-P 2-15/32 62 2-12/32 - 2-17/32 60~ &)
R-L & L-E L-17/32 115 1i-11/32 - L-17/3%2 110-115
" One GQuarter (1/L) ’ ' ‘ - »
- Inek Pile Shearling -
F-F 12-15/52 317 C12-9/%2 - 12-22/32 312322
] T 13-20/32 346 13-14/32 - 13-26/32 3L1-351
Small R~P & L-D 1-31/32 50 1-29/32 = 2-2/32 L5~ 52
R-E & L-E 1-17/%2 115 4-11/%2 - L-17 /32 110-119
| F-F . 13-5/32 33, | 12aY32 - 13-11/32  329-33
vedium | -7 U-1/32 356 13-26/32 - 1i-7/32 351-30
’ E R-P’ & L-P 2-6/%2 .55 2-3/32 - 2-8/%2 53—
R-L & L-E L-17/%2 115 L-11/32 - 4-17/32 0 110-11
F-F 13-11/32 339 13-5/32 - 13-18/32  33L-3L
Large -7 U-11/32  36h U532 = 1i-17/32 359365
Larg R-P & L-P 2-11/32 59 2-g/32 - 2-13/32 - 57- 6
: - R-E & L-E 17732 115 L-11/32 - L-17/32°  110-11
F-F | 13-19/32 345 | 13-13/32 - 13/26/32  3L0-35
tra- -7 14-19/32 370 . Ui-12/32 - 1Wy/25/32 . 365-3%5
gm- R-P & L-F 2-17/32 ol 2-15/32 ~ 2-20/32 62- 6b
ree R-E & L-E 15 L-11/32 -

h-17/32'

L=17/32

. 110-115

Figure 111, '5.
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-
TYPE A-11 HELMET
TYPE A-11 HELMET Desired dimensions and acceptable ranges of variation
—DESIRED ACCEPTABLE RANGE >
DIMENSION OF VARIATION
Inches mm Inches mm
F-F 12 306 11-27/32—12-7/32 301—-311
T-T 13-8/32 337 13-1/32 —13-14/32 332342
Small RP & L-P 1-30/32 49 1-27/32— 2 47— 51
R-E & L-E Should not be permitted to exceed 115 mm., 4-17/32"
) . F-F 12-18/32 320 12-12/32—12-25/32 3156325
Medium T-T 13-17/32 345 13-12/32—13-24/32 340—350
R-P & L-P 2-5/32 55 2-3/32 — 2-8/32 53— 57
R-E & L-E Should not be permitted to exceed 115 mm., 4-17/32"
F-F 12-31/32 330 12-25/32—13-5/32 325~ 335
Large T-T 13-29/32 354 13-23/32—-14-3/32 349359
R-P & L-P 2-11/32 59 2-8/32 — 2-14/32 CBT— 62
R-E & L-E Should not be permitted to exceed 115 mm., 4-17/32" .~
F-F 13-22/32 348 13-15/32—13-28/32 343-—1353
Extra- T-T 14-10/32 364 14-3/32 ——14;16/512 359—1369
large R-P & L-P 2-17/32 64 2-13/32— 2-19/32 61— 66
R-E & L-E Should not be permitted to exceed 115 mm., 4-17:32"
N\
vy
H
™

Fijure III,

20.
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TYPE AN-H-15 HELMET

TYPE AN-H-15 HE

LMET

Desired dimensions and acceptable ranges of variation

21.

* DESIRED ACCEPTABLE RANGE
DIMENSION OF VARIATION
Inches mm Inches mm
F-F 11-23/32 298 11-17/32—11-29/32 293-—303
¥ Small T-T 13 330 12-25/32-—-13-6/32 325-—335
R-P & L-P 1-14/532 37 1-12/32— 1-17/32 35— 39
R-E & L-E Should not exceed 4-17/32 in., 115 mim.
F-F 12-14/32 316 12-7/32 —12-20/32 311—321
Medium T-T 13-12/32 340 13-6/32 —13-18/32 335—345
R-P & L-P 1-23/32 44 1-21/32— 1-31/32 42— 46
. R-E & L-E Should not exceed 4-17/32 in., 115 mm. B
.‘ F.F 12-24/32 324 12-20/32—12-30/32 321320
Large ' T-T 13-25/32 350 13-18/32—13-31/32 345—355
v R-P & L-P 1-28/32 48 1-26/32— 1-31/32 46— 5O
¥ R-E & L-E Should not exceed 4-17/32 in., 115 mm. )
F-F 13-8/32 337 13-2,32 —13-15/32 32342
Extra- T-T 14-5/32 360 13-31/32—14-11/32 3BH—1365
large R-P & L-P 2-4/32 54 2-1/32 — 2-6/32 52— 56
R-E & L-E Should not exceed 4-17/32 in., 115 mm.
1
e
Figure 111, 7.
Y
3
»
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considerably in their reqﬁlrements for various sizes of helmets, but when
pooled, presented totals that to all practical purposes were the lO-hO-hO-IO
ratio initially predicted.

DISTRIBUTION OF HEAD CIRCUNFERENCES
~ for
HEINET SIZES

‘Circumference Aviation Fighter & Total Total Very Heavy WASP Flying

Cadets Photo=Recon. Bombardrent Issue Bombardment Nurses
Pilots Aircrew Aircrew

510-540 mm. Be 66 1.3 10.94 5.98 1.25 35,45 L5.76

(Small) ,

541-565 mm, L3.93 23.76 L1.4L 39.67 30.18  L7.73 L5.77

(vedium) :

566=~590 mm. Lo.00 5L.70 %8.86 Lo. Ly 61.00 15.1,6  8.L4L4

(Large) '

591-620 m. 7.L1 20.18 8.7 9.88 7.5L 1.35  0.00

(Extra large)

Change in the relative proportion of types of aircraft operating at any
given tire, of course, would change the picture of overell procurerent. For
example, note the shift in vpercentages of helret sizes required for Very
Heavy Bombardment at different fields.

Size Salina Great Bend Pratt Total
Small 16 11.2 13.0 12,8
Medium 22,1 1j0.3 38,0 37.5
Large : 31,6 1.6 31.1 37.6
Extra large 18.5 6.8 16.8 12.7

This distribution illustrates how issue size parcentages vary from issue
point to issue point among aircrew manning & particular type of aircraft and

,how total per centages for one type may vary from the picture for overall pro-

curerent.

The problem of earphone receptacles in the helmet and their proper placing

has also been investigated and the basic data regarding the location, size, d4nd

angulation of the ears necessary for any further study along this line are pre-

sented in the following table.

25




MEANS AND RANGES OF MEASUREWENTS
FOR
'DESIGN OF EARPHONE WOUNTINGS

' , Mean (mm) Renge ’ . R

Supra-auricular (head breadth just 152,44 139~16l,
' above ears.) » )
Bi-zygometic (face breadth just in 14,0.90 134-152 R
front of ears.) ' ' '
Bigonial (jaw breadth just below - 114.30 101-126
and in front of esrs.) ' '

Minimun (breadth just below ears.) 122,10 102-143
Bi-mastoid (breadth over mastoids.) 136.50 118-1L8 )
Ear height (maximum length of ear.) 66.70 57-80
Ear breadth 36,90 30-45 -
Ear angle (angle of ear projection from 29.80° 17-39° »

plane lying against zygomatioc
btones and the mastoid process.)

GOGGIES

The anthropometric aspects of the goggle problem are relatively simple.
The most important dimension relating to the face is the bi-ocular, or breadth
between the outside cormers of the eyes. The gogrle can be no smaller than
the largest encountered, 103 um.,; and should be no larger than this, because a
high degree of unnecessary cramping between the goggle and the helmet will -
ocour,

~

The other aspect of the problem, which must follow the first, is that of
obtaining proper size integration between the goggles, helmet, and the oxygen
mask. Figures III, 1 and ITI, 2 illustrate how this was attained during the
work conducted in World Var 1T,

A further discussion of the integration betwsen the goggle and the mask
will be found in the following section.

.



OXYGEN MASKS

To the casual observer, the human face, collectively speaking, is a con=
glomeration of greatly variable features which amalgamate themselves into a
set of topographic mounds and depressions which remain in our memory as the
"face", Because of the extreme complexity and variability of these features,_
there has been little effort made until recently to define the total in a
metric manner so that objective approaches can be used in the development of .
items of equipment whioch come in contact with the face. The basic problem of * -
the project first carried on in the Aero Kedical laboratgry was to attain such
an objective. Consequently, a basic series of 1l5l; Air Force personnel was
measured, and, subsequently, about 1500 were added to this series for gheck :
purposes. The final working data were resolved into sevan head and facé types
which are shown in Figure III, 11. . N : v

So far as the use of an oxygen mask is concerned, there are. certain basioc
patterns which are quite constant regardless of the superficial aspeots of the
mask. These are due to the fundamental structural anatomy of the human face,
Dimensions taken laterally on the face are most comronly on soft tissues, which
are subject to a considerable degree of compressibility. Feasurements taken
vertically on the face encounter bony or carﬁilaglnous structures, which are

"quite definite in their position. An oxygen mask must, therefore, either be

made in sufficient sizes to accommodate the bony projections or shall be suf-
ficiently pliable to do so. The great problem is to determine the proper com=
promise.

Inasmuch as the vertical dimension of the face from the root of the nose
to the base of the chin is what might correspond to the length of the hand in
gloves and the length of the foot in shoes, it has been taken as a primary ref-
erence line in all the development and assessment of oxygen masks. It will vary
in the white male from 101 to 146 mm.; in the hegro from 112 to 152 mm.; and in
the vwhite female from 96 to 136 mm., Figure III, 12 shows how sub-groups of the
male white and ferale white populations will be distributed on face lengths,
Therefore, in order to obtain the small number of sizes which can be efficiently
used, these basic length dimensions must be considered.

Considering first this variation in length of face, which in the white mala
is about 1-7/8 inches, we can work with a possible total fit variation of only
about 1/2 inch of nasal bone on any one individual., Having only this 1/2 inch
available as an anatomical tolerance perritted us by nature, it is then our

‘problem to deternmine first the pliability of a single oxygen mask in attaining

the maximum degree of behaviour within the total range of 1-7/8 inches. If
pliability is small, the mask must ride up and down on 1/? inch of nasal bons,
and assuming this pliability to rermain constant in any size of mask, it would
require four sizes to cover adequately the 1-7/3 inches.

27,
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Figure II1I, 12.
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However, experience has taught us that four sizes offer almost in geo- .
metrical proportion an increase in the distribution and supvly problem over ' ‘
one size., JIdeally then, the best possible oxygen mask would consist of a N
single size which would work perfectly on 1007 of the individuals. However, "
no oxygen mask developed to date has succeeded in attaining this degree of :
perfection and the best possible compromise which has as yet been arrived at .

£

has been a system of three sizes adapted in such a manner as to fit about 987%
of the personnel.

Since, to date, three sizes of mask have been found to be most satisfact-
ory for general use, the following discussion will be based upon this theory. , -

Referring .solely to the male whits information, it will be seen from the
graph, Figure III, 13, that the extreme ranges are 10l mn. and 146 mm. , giving
us a total of j6 mm. of variation in the face length. This entire range ‘has S
been divided for practicael purposes into three approximately equal thirds, a
short 15 mm., a middle 15 mm., and a long 16 mm. It will be seen that each one
.of these thirds represents slightly over l/é inch, and, as seen above, no mask
utilized to date will tolerate more than 1/2 ineh., Therefore, under the best .=
possible conditions there cannot be more than a middle 12 mm. with a short and
long group of 12 mm. each, giving us a total of 35 rmm. available for three sizes
of maske Under the best conditions, a three size system of oxygen masks can-
then be expected to cover 36/L,6 of the entire range. In order, them, to get
the best possible use out of the three sizes of masks, we must insure that the
medium size of the mask fits first the middle 12 mm. in the entire range, and
that the short or small size fits the next lower 12 mm., and the large size
the next longer 12 mr. Even this approach requires that the small size mask
shall fit everybody falling at its upper fange because if it does not the medium -
must take up this difference and fit faces which are smaller than it was de~ = =»
signed to cover. Similarly, the sameé fact holds for the relationship batween
the mefium and large sizes. Therefore, it is quite often necessary to allow a
certain degree of overlap between small and medium sizes in tolerance and be='
twoen medium and large sizes, which will further reduce the extreme range which'
can be accommodated. Even so, realizing these limitations, if the masks are
properly designed to size requirements, it should still be possible to fit
over 90% of the population involved in these three sizes. Actually, experience
with the A-~1ll; mask has indicated that better than 98% can be fitted, allow1ng
some disocomfort on the very smell and the very large faces. § S

The only possible way seen at present to be able to galn more than the *
1/? inch size tolerance from any one size mask is to design.the mask in such a
manner that it may be permitted to fluctuate to some extent vertically on the
chin. This may be attained in two or more ways. One, by building a very low
chin and allowing it to slide back and forth on the chin, or, two, by building
a mask whioch sits on the frontal aspeect of the chin rather than under it. The
latter case was initially tried on the A-13 oxygen mask and it was found that a

¥
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wide range of tolerance could be obtained. However, the necessity for adding
ohin and cheek protection against flash burn and frostbite ocut down this high
~degree of tolerance somewhat. The final answer to this problem is in the fu-

ture of oxygen mask design. 4 : : ‘ -

So far we have dealt only with the gross problem of size relationships in
masks. There are many others of a more detailed nature which should be given “
in order that they may be considered in any future work along these lines.

First is the very difficult problem of assaying a mask's behaviour in terms of

its relationship to the bony portion of the nose. The lower edge of the nasal
bones usually lies at an angle of about L5 degrees to the horizontal and to

some extent will 1limit the manner in which the nasal portion of the mask may .
be designed. It is highly essential fron the standpoint of comfort that an

oxygen mask does not contact the nose below this lower margin of the nasal bones.
If it does it will easily restriot the nares enough to restrioct respiration. R
This appears on the surface to be a rather simple problem, but the fact that a
constriction of only 1/32 of an inch is sufficient to restrict breathing will
indicate how difficult it is to stay away from this result. Therefore, geo-
metrically speaking, we are working with a triangular area on the nose which is
about 12 mm. long on the short side and 29 mm, long on the base. These two

sides intersect at avproximately right angles and the other side of the triangle
would then be about 31 mm. These dimensions, of course, are average and the
variations involved, particularly on the longer of the two sides referred to,

may go down to as low as 20 mm. on small or medium faces, and will, of course,

be the determining factors in the nasal aspect of the mask itself.

Tied up with this relationship to the nasal bones is the very real opera= ‘
tional problem of compromise with the fit of the goggles over the mask in order
to obtain the maxirum possible visual field, and also to retain the maximumide-
gree of comfort. Operationally speaking, it has been found that the deterrining *
factor on the use of an oxygen mask so far as its relationship with the goggles
is concerned is that related to comfort. If the mask is not comfortable we can
expect trouble. If it is corfortable, the man will tolerate some visual re-
striction. This does not mean, howsver, that we should ignore the attempt to
got as much visual field as possible from the combined pieces of equipment, and
every effort should be made in the development of masks and goggles together
to attain the fullest degree of integration between them.

<

There are certain basic oriteria which can be adhered to in getting first
approximations to the mininum restriction of vision with the maximum degree .
of comfort., The first one is the factor involved in the relationships to the
bony portion of the nose. The second is the minirmum allowable olearance be- N
tween the mask itself and the nose. It certainly should not be below 1/8 inoh,
because any tension on the mask will cause it to "mush" into the face and fur-
ther reduce this difference. Direct contact between the fleshy nose and the
nasal portion of the mask should not be perritted because it will immediately
introduce the factors of nasal restriction again, Using this minimum dimensiom,
the next factor which must be considered is the thickness of the mask, itself, v
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over the nose, which must be as low as.possible, and the angular relationship
of the nasal portion of the mask, which should be as nearly parallel as possible
to the most pronounged nose to be encountered and this can reach as high as

LO mm. angular dimension at the broadest part of the nose.

- Next comes the oonsideration of the physical requirements of the mask as
a piece of eguipnent. As noted above, the ideal number of sizes ig one, but
when it oomes to the physical aspect of the mask in terms of weight the absurd
ideal is that it weigh mnothing, It shall have no bulk.- This, of course, is
an impossiblilty, so the objective, then, is to hold the weight and the bulk
to the lowest practicable minimum, The first factor to .consider in attaining
these objectives is to retain in the design the“smallest possible internal vol-
une which can be tolerated by the face. This sounds easy enough to attain, but
at the present time we must still consider the requirements introduced by the
sizes of the best possible valves and microphone to be 1nstalled in the mask,
and every atterpt to hold the internal volume down is thwarted to some extent by
the addition of the necessary valve systems. Because of the liritations offered
by the valve systems, it therefore becomes necessary to give further consldera-

tion to the posslbllit1es of reduclng the 31zes even lower.

Detailed data on the technlques of measuring the human head will be found
in the appsndices. (Appendlx 2).

FLYING CLOTHING

COVERALL TYPE

Coverall type flylng suits are most usually produced in the summer or other
light forms.,

At the time the program of size check of Army Air Forces® flying clothing
was initiated, production of the AN-S-3la flying coverall was under way. Nater-
ials, details of workmanship, and finished dimensions of these garments were
specified. Manufacturers cut and graded their own patterns submitting one
sample -for approval before beginning production. It was the duty of the Army
Air Force resident representative to check size by use of the dimensions given
in the specification.

A check of items drawn from production runs indicated that manufacturers
had widely varying ideas of what constituted a particular size of garment.
Suits of the same labelled size varied as much as 7 l/L inches in one dimension,
a situation which further complicated problems of procurement and issue. Speci-
fied finished dimensions to be checked by the resident inspectors obviously
were not a satisfactory method of size control. As an expedient to reduce var-
iablllty as much as possible, the make of coverall which showed the fewsst dev-
iations from specified tolerances was selected and tested on & range of body
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sizes to deterrine adequacy of coverare. “hen these points were established,
the patterns used by this manufacturer were copipd and sent to all other man=
ufacturers. ) .

“hen the ¥-1 and L=1 flying suits were projected, the standard procedurse
outlined above was followed. Later comparisons demonstrated that not only .
had variability been reduced considerably, but alsc the small variation present
had been fairly well stabilized in ranufacture,

Sizing procedures conducted on the X-1 and L-1 suits should be applicable
to any other coverall garment designed in the future. Distribution charts, such |
as those shown in Fipgures 11T, 1l; IIT, 15; 11T, 16é; I1I, 17; and IITI, 18 will
do nuch to guide the observer. Care, however, must be taken to check these
charts agrainst any new types of flying populations before they can be utilized
directly. If a -check series shows much deviation from that shown in the charts,
entirely new c-arts nust be nrepared. ' |

THO=PIECE TYPE ~ oo

Two-niece rarments are usually prepared for 1nterred1ate, heavy, ‘and elec=.
trically-heated suits.

Predecessors of the intermediate weight flying clothing were the A-3%, B<3,
and AN¥-J-l} - AN-T-35 ghearling suits. Certain developments of heavy clothing
followed them, but these were never extensively used since the interwediate type
worn over electrically heated clothing served the sare purpose. o

An analysis was first made of this shearling clothing to deterinine how well
it was filling its functional requirements and what changes could be foreseen
as necessery in later clothing of that general type. The following shortcomings
were noted: _

1) A need for one size (3,) smaller than was being manufactured, and the
nanufacture of two sizes (L6 and L8) larger than needed.

2) Design specifications not based on the actual group to be fitted, re-
sulting in sleeves too long and waists too large for the basic measure=-
ment of chest girth, etc.

3) A confusing system of s®ze labelling, with the same label (applying
only to chest girth) found on both the jackets and trousers, thus 1g-
noring the range of waist size found with each chest size.

h) Constructionpl features which increased bulk unneoessar1&y and retarded
functional efficiency.

The first intermediate flying suit (B-10 jacket, A-9 trousers), already in
production when routine size analysis was undertaken, partook of most of the ’
faults outlined above, with the addition that issue experience indicated the “ 4
jacket was running one size too small. For example, the first size specifications
called for & trouser waist only two inches less than the chest girth of the
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individual, This meant that practically every man wearing a jacket whioh fitted
him would find the trousers entirely toq large since the average drop from chest
to waist is six inches, with jacket and trouser always being issued as a unit,
In later specifications the differential was increased to four inches.

With the standardization of the B-15 jacket and A-11 trouser, the inadequa-
cies apparent in sarlier flying suits of this type were eliminated. Size con-
trol was exercised from the design stage onward through the use of preliminary
siz¢ tests and routine check measurements. Both this suit and its successor,
the B-15a, A-lla combination, showed remarkable consisteancy in adherence to
standards despite the large number of manufacturers making them. - These two
types of intermediate suit demonstrate the high degree of stability that can be
obtained by proper supervision and control from design through production.

ELECTRICALLY-HEATED SUITS

The history of the application of sizing techniques and predicted procure-
ment schedulings to electrically heated clothing is the most incomplete and un-
rewarding of any of the projects undertaken on flying clothing. This was
largely due to the fact that electrically heated olothing was a critical item
throughout the wir, and, as such, its designs and procurerents were rushed in
every case. As & result, size evaluation and testing were post facto. However,
several lessons wers learned as to what not to do.

The F-1 electrically heated flying suit, a coverall type garment, did not
come within the jurisdiction of the sizing program since its production was
completed by that time. Iater examination indicated that sizing fron the stand-
point of the design speclflcatlons was faulty.

The F-2 suit was already well in production when the first one was size
tested. However, difficulties had been experienced and modifications made from
the start of production. The first size analysis demonstrated serious faults,
particularly in the trousers, but shortages apparent in supply reports show .
that these had not been satisfactorily dealt with by the time the F-2 was being
replaced by the F-3,

Estlmates of size coverage e&nd predicted procurenent schedullng for the F=-3
suit Were made on the basis of design specifications; no sarples were available
as it was felt that to manufacture them and conduct fitting trials would con=~
sume too much time. ILater, when production had begun and sizing samples were
available, testing revealed that three sizes of jacket and one size of trouser

-could be elirinated.  Veanvwhile, all of the original sizes were being menu-

factured. Further to speed up production, the initial orders placed had all
been for one size. Thus the procurerent scheduling prov1ded after fitting
trials never was followed or even approximeated.

Hot 1ong after issue began, overseas reports indicated serious shortages,
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but, by then, analysis necessary to clarify the diffioculty was blocked by a
number of factors:

1) The F-3 suit had never been produced according to the sizes and per=
centages recommended so that there was no basis for starting such
analysis,

2) No breakdown of the percenteges of sizes in individual shipments to .
overseas theaters was available,

3) Xo data wore available on how the suits were issued or how they were
fitted$ and on a oritiocal item knowledge of this is particularly im=-
pértent since issue may well not follow desired size too closely.

Li) Yo date were available on what was worn under the suits. ¥ork on .
sizing had indicated that a relstively minor increase in the bulk of :
underclothing beyond that recormended for wear could shift percentages
required considerably, >,

Thus, although the recormended procurerent scheduling was supported by an
issue and service test conducted in the zone of the interior, it must remain a
moot question for overseas issue. This history of electrically heated clothing
raises the question of whether any article is ever so critical as to warrant
the disregard of adequate design and size analysis. The speed of initial pro-
duction must be balanced apgainst later delays incident to design changes, shifts
in production, flights lost due to lack of equiovment, etc.

Garments made in two pieces should be tested for size on charts shown in
Figures 111, 19; I1II, 20; III, 21; III, 22; 111, 23; III, 2. Again it should ,‘
be emphasized that these charts are typical, and should not be construed as
representative of any population until after & check series has been measured

and proved, .

<
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STATURE AND CHEST TOTAL BOMBARDMENT

PERCENTAGES

RATIO 6 ENLISTED MEN: 4 OFFICERS
‘CHEST }
STATURE | 32 | 33 | 34 |35 | 36 |37 |38 | 39 | 40 | 41 ) 42 | 43 ]
o | | | T | 1 n 1T
-5 0096 0096 0.192
X 0.09 0.096
5
62 0.096/0.192 [0096|0.192] 0.576
5 |0096{009 0096 , 0.288
63 [0.09 0.096/0,192/0.096/0.096 0096 0.672
5 009§ : 0096 0.192
64 0.192|0.288/0.096/0.096/0.1920.288 0.096 1.248
5 00960096/0.86 0678 - |0096 1.832
65 0 0.192(0.29410.39d0.192 [0096/0.096 1356
5 0476 |0.5840774|1.160(0.5820.096 0096 3766
66 0486|0480 0.770{0.774]0.288/0.096 2894
5 1.058(0.962{1.068/0678(0.192/0.192 4.150
67 0.7741.068|13620.2940486/0.192 0.92 |a368
5 0096{0972 | 1.266(1934 |1.646 | 1.458/058 2|0.870/0.192 9.016
68 048009721646 | 1.544|1.058(0.866]0192 0.096 6.854
5 0.486{1154 [1346[1.8481346/0582/0.0960390 0.096/7.344
69 0.192]0.28405821058 1,742 | 1.058|0.3840.28d0192 [0096 5.880
5 0384{0688| 1.544|3676(2.900]1934|2.024{0.876 0572 14.578
70 |0096 0774(0.572]1.160 |1448|0.8660.5820.192|0.2880.096 6.074
5 0.288 048614481448 1068|0780 0384 0.192[0.192 16,286
71 0.0960.870(0.572| 14 48] 1.068|1.352|0.288,0.09¢ 0.289 6078
5 0.2880.972(1.726| 1.844] 1160 [0.674] 0.28¢ 0096 7.048
72 0.096/0.2860.582|0.384]0.096/0.0960.096 0.096{ 1.734
5 0096/0.192|04800.678/0.582/0.096/0.0960096 2316
73 0.288/0486/0.386/0476 |0.582 0.096/0.288(0.192 2794
5 0.0960.0960.192 0.096/0.096/0096 0672
74 0.0960192 |0.096(0.288 0672
5 0.0960192 |0.0960096 0480
75 0.096 0096
5 0.096 0.096 0.192
76
5 0.096 0.096
038]1.25 |5.88 (1275 |19.51 |23.49]16.24|10.53| 5.20/3.17 |1.15 |0.29]|99.841

4375 P AML
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STATURE AND CHEST TOTAL ISSUE
RATIO | FIGHTER PiLOT:82 TOTAL BOMBARDMENT PERCENTAGES

CHEST
STATURE| 32 | 33 | 34 [ 35 [36 [ 37 |38 .]39 [a0 [ 41 [42 [43 [aa | | T
| 60
5 ' 009 008 017 )
6l 0.09 0.09 *
5
62 009! 0.14|0.09 017 : 0.49
5 |o0.08/0.09 0.09 0.26 .
63 {0.09 0.08/0.17{0.08{0.11 0.08 0.61
5 [o.08 003 008 0.19
64 017 | 0.26/0.15 | 0.12]/0.23|0.26 0.08] - 1.27 .
5 oos| 0.11|0.82] 003 060 0.09 173
65 0.09| 006| 0.18] 0.38 0.93|020] 0.15|008 207
5 047|060| 072] 1.20] 055 0.2 008 _ 374
66 052/056{077| 0.71 | 0.26| 0.09(0.06 2.97 t
5 006| 006 1.08{ 100[ 1.09| 067| 020] 0.24 ‘ 440
67 009.0.88] 110 | 1.33] 0.35/ 0.45 0.17 0.17 460
5 015 | 089 137/ 190 166] 157| 0.58 087|018 917
68 047|099} 1.54| 148 .11 | 0.85/021|0030.09 677
5 003 | 056 123 ] 135 174 128 055 008] 035 008 7.25
6% 020[ 0.26 058 i.21| 1.62] 0.89] 0.35 030 0.17[0.85 6.60
5 0.36| 0.66 140 349 301 108/ 203| 087|056 1420 .
70 |008 070/ 066| 123 153] 08i| 058| 021|029]009 6.8 .
5 026/046| 141] 162] 122] 075! 0.38/ 0.20017 6.47
7i 003| 0.090 78| 065 144 | 095 129] 029|012 |0.26 590
5 026| 092 181 | 182| 114 | 068 032 009 | 032 736
72 003 009 0.36 065| 042| 009| 012 | 009 009 194
5 008| 0.21] 044] 060] 055] 012| 008l0.12 2.20
73 027|044 036| 047| 058| 009| 026|018 265
5 009| oosl o18] | 009]0.09/009 1 0.62
74 | 008|018 | 009027 0.62
5 0.12| 018|009 009 048 .
75 - ' 0.09 003 0.12
5 009 009 0.8 N
76 ‘ ’
5 009 . 009
033]1.37 ] 590]1287]1960[2411 | 1608]10.31]5.28] 3.12| 1.84] 0.26]0.32] 101 29

FE75N  AML Jigure 117, 19, .

2E.




A

STATURE AND CHEST

VERY HEAVY BOMBARDMENT

STATURE CHEST vH

32 | 33 | 34 | 35| 36 |37 {38 [ 39 |40 |41 |42 | 43 | 44 | TOTAL
60.5
6 s . 473
61.5 .
62 473 [473 346
625 473 173
63 173 : 173
635 173 173 | 347 .683
64 473 473 .346
€45 347 347|173 . 867
65 |73 173 [.347 | 520 |.520 A73 1.908
€55 173 [.347 |.694[.520 (347 173 2.254
66 473 1215 (520|347 |.694 (347 520).173 173 4.162
66.5 173 |.520| 173 | 520| €68 {.694 4T3 3.121
67 520| 694|.868(1.041|.520| 520173 [.347 73 4.856
675 (173 173 |1.041[1.041]1041[1.909]. 694 868 6.940
68 -347] .347(1.308(1.041|1.562|1.562.694 | 868 347 8.156¢
68.5 347 sedz.9%1[1.73 u.aoqa.su 694 T3 173 8. 718
69 AT3 1.909| .0642.951|2.25¢ 868[1.041 .64 |.173 10,933
69.5 347 .694] .868/1.041|1.0411.215/ 13808 173] 347|073 |3 47 7834
70 A73| 820/ .520(1.384 1.562| .868{ 1562 .868].173 7.634
70.5 .347{ .520(1.0411.909(/2.0831.215| 694] .73 A73 8.155
T 173[1.562| 1731388 .3471.04!].520] .520].173 5.897
718 73| 694 520 .868| 1.3681368| .347| .347| 347 [ 347 6419
72 A73].347 .694|1.567 520].347 3643
725 a73 520 347347073 |73 1.733
73 347|347 473|173 A73 1213
735 4T3 3at1|a713 693
74 520 347 .867
74.5 ar aAT3 .346
75 473 (073 .346
755
76
765

346/2252/5.375/13.186114.22519.262/17.178(12.837/ 5.897[5.029(2.251 | .667|.692| 99.397

4391G AML Figure 117, 16.
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STATURE AND TORSO

RATIO 4 OFFICERS: 6 ENLISTED MEN
TORSO CIRCUMFERENCE

BOMBARDMENT
PERCENTAGES

ISTATURE] 58 |59 {60 |61 |62 |63 [ 64 ({65166 (67 |68 (69|70 |71 |72 |73
60
5 |ot0 ol 0.2
61 010 0.10
.5
62 |0.11]0.10]0.10[0.10{0.10 oll 0.62
5 |oafolo 0.1l 032
63 010 o.1oz2i 0.1l 053
5 0.11}0.21 032
64 |0.10 0.20/0.21/0.630.11 [0.11 1.36
5 ol 031{0.61{0.20{0.19]0.11 |0.11 1.64
65 0.20 020040043|0.11 134
.5 |ol10 0.50063052(1.02(082 3.59
66 0.10(062/1.01{0.31{0.61/0 11 2.76
5 oli]|o21|071 |11t [051}1.03]021|010 3.99
67 032/021{0.84/1.06/082|062/021 |0.21 429
.5 0.10{ 031{041[125]2 37/1.55/217 1073|019 |0.10 [0.10 9.28
68 020073/071 [1.72]1.59]094/071{010]0.1 6.81
.5 031|1.27[144|134(173]081{0400.11 741
69 041 {041 {163|091{137] 123/ 010/0.21 |0} 608
5 0.11{019] 122[3.25/2.55/254(265| 142|070{0I0 1473
70 010{0.200050[140(172 {163 ]021]|020/0.19 6.15
5 oi|on{oe2 1.0l 1351331089 032|032 6.06
Ti 0.301.23|130/154| 079| 08I 597
5 0191]0.10{031[205/173| 1.63]070[0.10[031 |O.II 723
72 0.20/040{ 059030|0.11 [0.19 179
5 0.11 1041{049| 074|040 o1 2.26
73 0.11|0.11 |0 10|040,068079/040{010|0.11 {0.10 2.90
5 0191030/0.10 010 0.69
74 0.10{010/010 011019 0.0/ 070
5 010 0.29 010 049
75 0.10 0.10
5 0.10 0.10 0.20
76
.5 0.0 010
052062|236|517 1132 15641601]17231455/845|5.15[1.33]0.83070.  [010}10002
43750 AML tigws ITT, 17.




STATURE AND TORSO CIRCUMFERENCE

RATIO IFIGHTER PILOT:9.2 TOTAL BOMBARDMENT PERCENTAGES
TORSO CIRCUMFERENCE

TOTAL ISSUE

STATURE 58 |59 160161 [ 62 |63 164 |65 | 66| 6768|6970 |71 |72 73
60 |
5 Joos] oo 0.9
6l ood | 0.09
5
62 |010/o09]oosjoos0o0s]  [0.10 056
5 |010]0.09 010 0.29
63 oo7joo4/0.10/021] o0 052
5 003 |0l0]0.8 03l
64 |009/003/024]024/056/0.10[0.10 136
5 0.10[0.06{031]055/018]0.8[0.10[0.10 158
65 024 042038 013]0.03 120
5 |009 062055/ 1.11]074]0.03 314
66 0611.04] 044 055/0.10/003 277
5 o.10]02! [oe6 |01 3/088]1.01 |0.24]0.09 422
67 003034/024]096/1.09/090|0640.18| 018 456
5 [003/009042/040]136]237]1.89/203|068| 0.21/009/009 946
68 018/073/073]159] 1.59/1 02| 0670120110 6.73
5 | jo31]127]148[139]169] 073/ 036010 7.33
69 | |013]0401.65 095 133; 113 009021 |010 599
5 | | ,043]025116 318|252|238/2.58]134|067/015 | 14.36
70 | oosjois|0s8]147 |65 ;159 027|021 |0.18 622
5 010/0.10|061|1.08/136 1.53]0.850.34/03! 628
71 | |o34/uu6 [131 141 [078/073] 003 576
.5 | o |oiz] 0adi96 169]1.52[076|015 [028]010|003 7.2
7 | 003  1006/0.27043/060/028|010]0.21 198
5 | lo10]037]046lo71 j036/0.03/013 216
73 | | | |o10/010;0.09/0:35/066,072/040]0.12[0.10]009 273
5 018/0.28009  |009 064|
74 | |oo9|oosjoos| [o10]ois| |o.os| os4
s ] 4[] foiz| 27| | ooyl | | ose
15 N IR N R S (<112 0.2
5 | | 009 009 018
% | SR SRS NIV AR F S 4 . A ]
5 ﬁ 009 009
— [050{063]i8! [542[1139]155016.351686]14.17]8.11 [4.98]144| 086[064]003]009[99.17

H7sM AML
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GHEST AND SLEEVE

HEAVY BOMBARDMENT

RATIO 6 ENLISTED MEN : 4 OFFICERS PERCENTAGES
SLEEVE

CHEST| 28 29 30 31 32 33 34 35 36__ 37
32 |0.21] 0.10 0.0 04l
33 | 019 | 019|041 | 0.20{0.31 .30
34 | 031 | 040|166 | 182 |1.39 | 019 577
35 | 030| 092|2.86| 338|386 | I.18 | 032 12.82
36 | 0.20| 114 | 290| 692| 604 (218 | 020 19.58
37| 0.1 | 1.25| 323| 710| 672|355 098|0.10 23.04
38| 011 | 052|2.08| 482| 492 3.08 082(0.10 16.45
39 o1l | 081 | 276 380| 275| 069|010 1102
40 021 | 063| 112 | 145 | 128 | 030 0.10 5.09
41 032 | 050/ 083 101 | 038 304
42 0.20| 020|041 | 010 | 030 121
43 0.1l 010 | 0.0 30

143 {4.84]15.10 23.93{29.73 15.52| 4.09 | 0.30 | 0.10 100.04

4383 -F. aML
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‘ CHEST AND SLEEVE ~ TOTAL ISSUE
. RATIO | FIGHTER PILOT :9.2 TOTAL -BOMBARDMENT PERCENTAGES
X SLEEVE
CHEST | 28 29 30 31 32 | 33 34 35 36
32 | 0I18 | 0.09 0.09 ' 0.36
"33 | 018 | 021 |-043 | 027 | 034 | 1.43
.| 34 [ 028043 | 179 | 178 | 140 | O.I8 | 5.86
" |35 | 028|095 | 285 | 356 |387 | 115 | 028 | 12.94
|36 |02 |1n |284 697 |594 |2.29 021 | | 1957
37 | 010 | 113 | 326 | 686 | 704 |3.81 | 110 | 003 . 2333
38 | 010 |052 | 194 | 470 | 482 | 3.1 | 083 | 012 16.14
| 39 013 | 079 | 265 | 378 | 264 | 0.67 | 0.09 1075 -
® 40 0.8 | 062 | 1.10 | 157 | 1.25 | 031 |o0us 518
] a 028|049 | 077 | 098 | 039 [006 |009 | 306
42 1 048 | 0.8 | 036 | 0.09 | 031 | : 112
a3 | 0.10 0.09 | 0.09 028
44 003 0.03
133 | 475 |14.98 |2866 | 2989 | 1568| 4.22 | 045 [0.09.|  100.05
. 4383.8-AML

Figurs Tii, Z20C.
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SLEEVE AND CHEST

VERY HEAVY BOMBARDMENT .
SLEEVE )
GHEST| 27 | 28 |20 |30 | 31 | 32 | 33 | 34 |35 | 36 | 37 | 38
32 352| . 352
33 352 528| 704|.176 | 528 176 2.464 S
34 176 | .176| 704|1584/1232/1056| .1 76 5.104
35 | 176|.176].704]1.056|5105|3.6971.936| .528| .1 76 13.554 \
36 176 2.112| 33454577246 4/1.056 13730
37 704(1.584/4577(5.8093697(1.936 .528 18.835
38 .352/1.584(1408|5.633|4 920/2288| 704| 352 17.250
39 176 .88d 880/45773697|1.936/1 232 352 13.730 .
40 528)1.408|1.7601.408] .528 .352 5.984 ‘
41 176|  ].528/1.0561.408 .880 704 176 4.928
a2 528/ .176/1.056/1.176| .352 1762 464
43 176 352 .352 .880
44 | 352/ .176| .176 704
176 |.352 [2816 (8976|2059 amezzroﬂozoa[qme 352| .528] .176 [99.979 .

4391F AML v
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WAIST AND INSEAM

HEAVY BOMBARDMENT

4383a.amL

‘|u—
\Fi

RATIO 6 ENLISTED MEN:4 OFFIC‘ER'S PERCENTAGES
| INSEAM -

waiST| 27 | 28 |29 | 30 | 31 | 32 | 33 |34 | 35 | 36 | 37 | 38
26 |0.10 010 0.20
27 020/ 0.1 0.10 041
28 0.0 021 |051 |051 149|111 |0.21]|0.47 4.3
29 [0.10| 040|102 | 152 |305|2.54| 211 |067 |0.29 1.70
30 [0.19| 031|134 185429 |599|472| 1.62| 06l 0.10 21.12
3 031|1.23| 339/ 4.99|6.26| 448 1.84] 113 |0.11 2374
32 |011 | 0l | 082| 269] 3.26| 3.88] 489 2.81| 1.01 |al 010| 19.79
33 0il |052| 1.31] 226/ 151 | 1.85| 1.52| 0.0 0.10 9.28
34 0.1l | 040| 060| 103 | 144 | 102 0.10 | 017 4 87
35 019 | 0.1 | 042| 081 | 0.28| 0.58| 028 267
36 030 030| 0.20| 0.10 0.90
37 0.1 | 0.1l 042| 0.1l 075
38 0.11 | on
39 ol 0.10 0.2l

0.50|1.56 | 6.05|12.0820.31|24.96/2077| 9.55/3.76 |0.320.10 |0.10 |100.06

Figure IIfI, 22,




WAIST AND INSEAM

TOTAL ISSUE
RATIO | FIGHTER PILOT :92 TOTAL BOMBARDMENT PERCENTAGES
INSEAM

WAIST| 27 28 29 30 31 32 33 34 35 36 37 38
26 |009 009 003 0.2|
27 0.24| 0.3 0.15 0.52
28 009|021 (058 0.71| 1.71 | 1.23 | 0.27{0.19 499
29 |0.09(036|098| 1.71 | 316| 2.85| 2.22| 0.79|0.27 12.43
30 |0.18 | 0.28| 1.26| 2.03| 4.35| 5.97| 474| 175 | 061 [0.03 |0.09 21.29
] 028| 113 | 3.12| 505 598 | 4.37| 190 | 110 | 010 23.03
32 [0.10| 013]| 077| 2.62| 3.22| 374 | 4.60| 2.80| 095 |0.10 009 | 19.12
33 0.13]| 046|138 [2.11 | 1.56 | 1.88] 1.43|009]0.09 9.13
34 036| 058| 092| 1.38| 101 | 0.25| 0.19 4.69
35 0.18 | 0.10| 040 076 | 02e| 0.57| 0.26/0.03 2.59
36 0.28| 0.31 | 0.18| 0.09 0.86
37 0.10}o0.l0 0.37| 0.10 067
38 0.10 010
39 | 0.10 0.09 0.0

046 |1.37 [ 5.64|i2.12| 20442498 |2062/10.00|3.66|0.35[0.09 [0.09| 99.82

a4383-D- AaML
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INSEAM AND WAIST
VERY HEAVY BOMBARDMENT

- INSEAM
waisT| 26 | 27 |28 |20 |30 | 31 | 32| 33| 34| 35|36 |37 | 38
‘ 26‘- |521 [173 694
27 173|.347{.347/347[.173 1.387
] 28 347.695/52 1 |1565| 869 347|173 473 4690
29 173 | 347|.869(1.0432782|3.130 .869|2260 521|473 12.167
‘ 30 .521|156534783304504313.304 869].173| 18.257
31 :347|.695/1.391{4000/5.217/5217|27841217] 173 21.039
32 173]1731.217 2434 4521 2956/2434] 521 521347 15297
.4 33 .347].521| .869| 869 33042434@.0361 521].173 1.124
" 34 173].173| 3471391 1913 |1565|1043 521 7.126
35 347/ .521| 521 1043 .869/173 3.474
36 521|521 |.o4J 173 347 2.605
37 173173341 473|.173 1.039
38 173 173] a3 519
' 39 AT3 173 346
; 40 473 AT3
: .173 |1.3873.992/8.689(1703 726601206811 512243431386 347 99.76 4
. ) 43910 AMmL Figure T17, 2L,
i : .
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GLOVES

The sizing program as it related to gloves was not completed by the con-
clusion of World War II. Progress is evidenced by the fact that all types of
gloves had besn size tested and procurement schedules dravn up. Likewise, the
mechanical means of adequate inspection of the stretched width of gloves in
the form of an inside caliper, known as a glove-size gauge was developed. By
this device the amount of pressure applied is uniform, assuring a constant
stretch tension in the measurenent of the glove, thus eliminating the variable
factors of strength and skill of the inspector. Figures III, 25 and III, 26. .
But the glove manufacture, itself, is complicated by alternatives which apply
to measurement and cutting:

1) Two types of measurement scale may be used involving the English .

inch and the Paris inch.

2) Two types of hand measurerment may be used, circumference with the

hand flexed and circumference with the hand extended.

3) Two typess of gloves, one in which measurement is taken with the

leather fully stretched and the other in which stretch measurerent
cannot be used (blook or clicker cut gloves).

Combinations of these might also occur; specified finished dimensions in
English rule, leather dimensions in French rule, etc. Add to this a large
number of manufacturers working on relatively small, short time contracts, plus
serious shortage of well trained inspectors and the outlook for efficient size | g
control is dark. ' ‘

4

Hand measurements taken on Army Air Force flyers consisted of a length and

a brezdth dimension. Fand circumference, which is assumed to be the nost im~
portant measurement for glove sgize in a scheme of general issue, was found to
be highly correlated with hand breadth (.9L*.02) meking possible the direct

use of the latter measurement for size scheduling. In size testing both hand
circumference and hand breadth were taken on all subjects, the former used to
assess glove size in relation to hand size, and the latter as an index of how
closely the test series was approximating the range of hand size found in the

large series. Figure III, 27,

n

The earliest work on size testing of gloves indicated serious difficulties
which shall be discussed as they avply to particular types. .

F-2 and F-24A Gloves: Like other electrically heated clothing, these items
were oritical throughout production and the usual difficulty waes experienced
in obtaining samples for use in size analysis. The first size test, performed
on two gloves (sizes 9 and 10), the only ones which could be spared, clearly
deronstrated that the finger circumference dimensions in the size 9 were mueh
too srall even for some size 8 hands., This size anomaly was brought to the
attention of the agencies concerned, and, with the assurance that it would be «

corrected irmediately, a scheduling was provided,

L8, ‘.l'
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Some five months later, no production samples having been received on
this "eritical" item in the meantime, information from issue points proved
that the required change never had been made. It was explained that this
change was to be incorporated in another revision which would result in a new
type of pattern and that production of the new pattern had been delayed. This
experience pointed up the difficulties of inadequate follow-up to insure prompt
remedial action.

At the same time it was learned that the F-2 scheduling had been applied
to procurement of every type of glove being manufactured for the Army Air
Forces, apparently on the naive assunption that a schedule for one glove could
equally well be applied to any other. A new scheduling was provided with the
hope of balancing off with the original production scheduling, and recommenda-
tions were made for revision of the stretched width of the leather shell, How-
ever, within a few months of the end of hostilities in Burope, production re-
ports were far out of line with the recommended schedule,

B-3 and B-3A Gloves: Sige test of the B-3 glove on ninety-three male sub=-
Jects showed that while thirty-eight took a labelled glove size corresponding
to their hand size, fifty-five chose & glove from one to two labelled sizes
larger than their hand size., With this in mind, as a preliminary to size test
and procurement scheduling of B-3A gloves, an extensive examination was con=-
ducted on production size samples to deterrmine the degree of adherence to spec-
ified dirensions. Of forty gloves, representing eight manufacturers, twenty-
two were found whose leather measurements were not within the tolerance for
their labelled size.

On the basis of this examination six pairs of gloves of each size were
drawn from the production run of every manufacturer and similarly examined.
This procedure verified the results of the previous examination, namely, that
the gloves were more frequently outside than within the acceptable tolerance. -

Additional check was made at a specialized depot and steps were taken to tighten

up on inspection requirements.,

During the inspection one set of each tjpe of R-}A glove (PK, Guage, and
Deerskin) was selected for conformence to minimum size in leather measurements.
These were used in a size test which formed the basis for recommended procure-
ment scheduling. Meanwhile specification change for finished stretched width
of the gloves was initiated.

A-11A Gloves: Investigation of this type of glove followed the same lines
as that of the B-%2A. The first inspection showed that twenty-eight out of forty-
four gloves, representing six manufacturers, were outside specified tolerances.
Sirilar production draws were made for further inspectidn and a size test was
conducted on minimum size gloves.

A-OA Gloves: The first size test perforred revealed that (1) the gloves
did not conform to specified measurenents, and (2) in the set examined, the
thumb of the medium size gloves was much too small, Further work at a later
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date on a series of gloves indicated that the specified measurerents still were
not being approximated., The inadequate thumb size was also found in other

gloves of this type and action was initiated to correct it.

D-% and D-3A Cloves: The first size test which employed D=3 gloves gave
a curious distribution of glove size over a range of hand size: Small-0, Yed-
ium=7, Yedium or large (no choice)=6, large=7. At the time this could be at-
tributed to (1) inadequate size grading or (2) a wool insert that was too heavy.
A later test on D=3A gloves with lighter wool inserts placed the blame on the
size grading abetted by the faect that, being a cold weather glove, individuals
preferred a relatively loose fit. This was further supported by the shortages
which had developed in stock as evidenced by the fact that only the large size
glove was being procured for some time before the end of hostilities. An extra--
larze size glove was also tsing considered for procurerent.

" A review of what has been dcne about glove size in relation to hend size
and its rerifications into glove design and function during the war leaves a
feeling that little of basic value has been accomplished. The vroblem was dealt
with as one of covering hands with gloves already standardized and in production
rather then that of first deterrining what the functional and size requirements
of hands were and then setting out to satisfy them. Certainly a serious recon-
sideration of the entire problem is needed before any sizeable glove procure-
rent is made again. Such an evaluation should take into account the following
problems; . .

1) Functional requirerments -- what is the glove intended for, what oper-
ations must be performed with it? Considerations such as these should
vitally influence design.

Size requirerents -- is hand circumference the only measurerent that

need be taken into account in a scherme for general issue; are hand and

finrer length equally important for an efficient glove?

3) 1Issue requirements -- granted & functionally effigient and well-sized
£love, what stepz can be taken to insure that every man is properly
fitted at issue?

L) Inspection requirements -- the development of methods of inspection
that can be ragp 1d1y and gffectively employed by relatively unskilled
individuals to insure correci manufacturing practlse. The glove-size
Fauge is an answer but only one amswer to this problem.

2)
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FOOTGEAR

¥ost Army Air Force footgear have not required individual fittings in
length and width. Fit was generally specified by a range of foot or shoe
size to be covered. This reduced the work in this field to manageable pro=-
portions requiring only a collection of inforration on sizes of shoes worn
for an adquate sample of flyinr vpersowunel, Figures III, 28; I1I, 29; III, 30;
I1I, 31. Foot length and breadth were taken on the Cadet-Gunner anthropo=-
metric series and, later, on those groups measured for analysis of clothing
size distribution, but plots of these dimensions against shoe lengths and
widths worn indicated poor predictebility of shoe size from foot dimensions.
As an example, it was found that feet varying l.l inches in length wore the
same labelled length size of shoe. Vhile this could form the basis for an
interesting study of shoe size in relation to foot size, it had little prac-
tical value for the problem of schedulinr sizes of boots and inserts.

Electrically Heated Footzear: The work of size testing and scheduling
unfortunately repeats the pattern outlined above for electrically heated
clothing. The F-2 insert was scheduled on the basis of design 'specifications
for size coverage alone since, at the time, production was being expédited.
Several months later two independently conducted size tests proved that the
inserts were fitting larger feet than the design specifications call for, and
a rescheduling was necessary. Toward the end of production, routine size
check of manufacturers which had just been initiated picked up a design con-
struction fault which caused the toe of the insert to buckle inward effectively
reducing the size of foot comfortably accommodated. This is again a case in
which early haste in production causcd later delay in procurements and, con-
sequently, issue,

Q-1 Electrically Heated Insert: The primary scheduling of this overshoe
was made on the basis of experimental sarples without wiring installed. These
sarmples were assurad to be exact models of the production inserts., However,
the first size test of actual production inserts revealed that the experimental
samnles were a good half size larger. Change in procurement scheduling was
necessary. This taught & further lesson of procedure in size analysis: never
pernit any item to be used in size test as a basis for procurement scheduling
unless it is & production model or the equivalent. The use of design specifi-
cations and experimental samples for analysis of size coverage both have.proved
to be misleading.

A-=9 Flying Boot: Items of clothing already out of production can also be
of importance for sizing work and should be carefully checked for adequacy be-
fore re-issue as evidenced by the A-9 overshoe. This boot was discontinued be-
fore the program of size analysis wes initiated. However, surpluses of all
sizes were available in stock, and it was thought that these could be issuved
for wear over the high top GI shoe as a lipghter weight substitute for the A-6
and A-6A shearling boot. A light weight boot was desired in the Pacific

~theater.
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SHOE SIZE DISTRIBUTION —FIGHTER PILOTS
IN PERCENTAGES

BREADTH

SIZE AAA | AA A 8 Cc D E EE | EEE FIGHTER
5
5 1/2  |o32 032 064
6 - .28 | 032 160
6 1/2 032 | 192 |1.60 | 032 |064 - 4.80
7 096 | 1.29 |2.89 | 064 5.78
7 12 032|032 | 192 | 7.07 | 9.63
8 064 | 321 |5.14 | 192 | 032 123
8 112 225|740 675|096 1736
9 096 | 084|579 | 514 | 096| 13.49
9 1/2 064|064 | 289|549 | 803| 032 18.01
10 032 | 161 | 353 16l 707
10 1/2 161 | 1.28 | 256|032 577
I | 096 | 064|032 |064 - 2.56
I 172 0.32 032|064| 128
12 032 0.32 | 0.64
12 172
13
13 1/2
14
14 1/2
064 |3.84|11.88|3247/4399 5.76 | 1.28 99 86

4383-C- AML ‘
Figure 111, 2&
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SHOE SIZE DISTRIBUTION — BOMBARDMENT

RATIO 4 HEAVY: | MEDIUM
IN PERCENTAGES

BREADTH | .
size |amafan | A 1B | 6 [0 | E | EE|gee |BOMBARD ’
5 | 0.10 0.0 "
5 12 | 0.1 | 010 |'0.10 031
6 020|072 | 031 | 123 | ,
6 12 lon 010 | 113 | 041 | 0.1 | .86
7 031 | 1.03]2.20| 1.26] 052 5.32 iy
7 172 052| 1.56| 305|041 | 041 5.95
8 0.20| 072 | 3.32| 458 148 | 072 1.02 N
8 1/2 031|199 | 416 | 738 | 113 | 093|011 | 1601 |
9 116 | 189 | 519 | 551 | 167 | 031 1573
9 v2 0.0 0Nl |'178 | 530| 621 | 134 ol 14.95
10 061 | 261 | 334 | 467| 062 | 020 12.05
10 172 | 010 083| 103|243 | 238/ 072 | 0.20 769 .-
" 010 | 031 | 072 | 1.65 | 1.03| 0.40 42
1 172 042 | 051 | 082 | 041 216
12 |on 030|040 | 0.10 0.9
12 172 0.1l 0.0 0.21
13
13 12 ' )
14 .
14 1/2 |0.10 | 0.10
| 0311031 | 4.06|1248/2971 (39479585 | 351 |d.11 | 99.8| '

4383-E-AML
¥Figure III, 29.. -
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‘ SHOE SIZE DISTRIBUTION-TOTAL ISSUE
RATIO IFIGHTER PILOT : 9.2 TOTAL BOMBARDMENT
IN PERCENTAGES
BREADTH
e SIZE AAA | AA A B c D £ EE | EEE
5 B 005 005
. 5 1/2 0.06 |0.21 | 0.05]0.16 - 048
6 0.0 [1.00|0.32 1.42
o 6 1/2 0.06{0.16 [1.01 [ 1.36|0.36{0.38 333
7 064 [1.16 |254|095 |026 5.55
) 7 12 " |o16|042 | 174 | 506|020 |0.20 778
8 0.10]068 | 3.26 |486 |1.70 [0.52 1.12
8 1/2 | 0.6 |2.12 | 578|706 |1.04 {046 |006| 16.68
) 9 .06 |1.26| 549|532 |132 |0.16 14.61
@ 9 12 lo37|038 |2.34| 5.40| 712 | 083 | 006 16.50
. 10 046|211 | 344 314|031 |0.10 9.56
0 112 |005| |o42|132|186|247|052]0.10 674
1l 005|064 | 068|098|0.84|0.20] 3.39
o2 0.37|0.26| 057|052 - 172
12 1006 0.6 | 0.15 | 0.20| 0.2 0.78
2 172 006 005 oAl
. 13
. 13 1/2
. a
. 14 1/2 |005 0.05
. 0.6|048|3.97| 12.19| 3110| 4171| 7.80| 240| 0.06| 99.87
. 4383- AmL Figure JII, 30.
o
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SHOE LENGTH AND WIDTH
VERY HEAVY BOMBARDMENT

WIDTH
LENGTH| AA A B c D E EE | EEE
5 176 176
5 1/2 176 176 352
6 .528 .528
6 1/2 1.408 | .704 | .I176 2.288
7 1584 | 1.408 | 1.408 | .176 4576
7 172 .352| .76 | 2112 | 4577 | .528| .I76 7.921
8 A76 | 176 | 1.408| 3.345| 4,577 | .528| .352 10.562
8 /2| .352| 352 |2.288| 3873 6.514 | 1.408] 704/ 15.491
9 352 | 2.816| 5.809 5.281| 1.232 15.490
9 1/2 528 3.169| 4.753] 6161 704] 704 16.019
10 704! 1.760| 4.049 2992 | 704 10.209
10i72| .76 1.584| 3.345/ 2288| .528| .76 8.097
i .352| .528| .704| .880| 1056| .528 4.048
" o1/2 .704| 352 1056 | .352 2.464
12 176 | .352| .880 .176 1.584
12 172 | 176 176
I3
13 172
i4
14 1/2

1.0S6 | 3.168 |14.961 | 31158 |37.670 | 9.152 | 2.640| .176 | 99.981

43918 AML Figure TII, ‘1.
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The four sizes of A-9 overshoe were examined with a view to adaptation
for this purpose, and it was found that approxinately 83% of men could be
aoccommnodated wearing thée GI shoe under it, If the Q-1 electrically heated
overshoe were worn also, the percent accommodated was reduced to 50, But
this was not all of the story. A serious difficulty arose from the fact that
the A=9 overshoe was never meant to be worn with conventional type foot gear.
Since it was originally built for use with the F-1, and F-2 types of insert,
the sole was constructed with an arch support and raised heel to supply the
features of conventional foot support. When the GI shoe was superimposed upon
this formed sole, the heel of the foot was raised as much as 2 l/h inches above
the floor. In addition, the built-in arch support caused the foot to roll out-
ward to the side. ¥ost subjects objected strenuously to this feeling and said
that they would not want to wear the boot if anything else were available, In
the light of these facts, recommendation was made that the overshoe not be used,
but that if there were a requirement for a lighter boot, it should be developed
for specific size coverages and funotional conditions.

A-6 Shearling Boot: Following the lead of the A-9 overshoe, the A-6 boot
was initially procured in four sizes with no check to deterrine what ranges of
shoe size these accommodated. Thus when wearing of the high top GI shoe for
flizghts became a requirement in most theaters of operations and later still,
when the Q-1 insert was designed to cover this shoe, additional sizes, (XX-L,
XXX~L) had to be procured. Routine size checking of sarples drawn from manu-
facturers' production was dons with GI shoes representing top size for accommo-
dation as indicated on the label. Due to the start on an inadequate number
of sizes, the larger sizes of the boot rerained a critical production item,

SMIARY AND CONCLUSIONS

It cannot be stated definitely how successful the size control program
was from the standpoint of issue, for the means of checking it through on
every item with which it was concerned were not available. In those few cases
where circumstances were favorable and some check was possible (e. g. helmets),"
the results were very enocouraging.

At its inception the program was faced with the task of bringing some umi-
formity into a number of types of clothing badly needed for issue, made accord-.
ing to no standard patterns and therefore not standardized as to size, with the
addition that little was known about the actual size of the men to be fitted.
As a result, the first attempts were of a stop-gap nature, minor changes and
compromises designed to hold to a minimum interference with production. In
some cases this primary obstacle was never successfully hurdled, witness elec=
trically heated clothing and its recurring difficulties.

As new types of clothing were developed and opportunity wes offered for
the application of size techniques from the design stage onward, there was

. evidence of sharply decreasing variability both within a single manufacturer's

production and betwsen manufacturers., This holds out a prospect for more con-
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trolled issue procedure, hence more reliable issue reports which can be re-
applied to procurement schedules.

In the final analysis, it is felt that whatever happened in the size con=-
trol program during the war is of little moment unless mistakes that have been
made and difficulties encountered add up to a body of experience which can and
will be applied in the future. The outline of a method culled from this exper-
ience is presented below, Some of it has already been organized and is func=-
tioning, other phases are suggestive of organization for the more efficient

handling of the problem.

1. Design Control. The function of design is now and should be in the
future an Army Air Yorce responsibility. The present organization has handled
the problem well and might well carry it on in the postwar period whatever the
demands on clothingd,

2. Size Control., This falls into four major divisions:

a) Knowledge of the population to be fitted: This changes from time
to time, and the sauples drawn from it at one period, such as the present with
its greatly oxpanded organization, cannot be applied uncritically to a later
organization perhaps selected on & different basis. The personnel required for
surveys of this type need not be great in nunber or extensively trained. Any
man cavable of being trained to take tailors' measurements and of accurately
recording them cen do the work. A

But only half of the job is done when the survey is completed, for the in-
formation must be put into a useful form. The nost effective way of doing this
is the percentage chart which defines the population in terms of freguencies in
any two dirensions (e. g. chest and sleeve, waist and inseam). Thess charts
are so constructed that the percentages revresent occurrences up to and includ-
ing the number represented. Thus, thirty-six inches in chest equals the per-
centage of individuals with a neasureient ranging from 35.1 up to and including
36 inches, not a distribution ranging from 35.5 to %6.5 inches. This is dic=
tated by the functional design of clothing. A size 36 jacket is made to fit a
man with. a chest circunference of %6 inches as s top, not %5.5 to %5.5 inches.

b) Fitting trials are necessary in this procedure and must be carried
out with a knowledge of the size of the population already available, This can
be supplied by the percentage charts which inform the tester both what range °
of body size he must expect to cover and how he can most effectively spot his
test subjects to cower the range.

Analysis of the fit of a garrent can be accormplished by any individual who
is reasonably observant-and knows what the garment was designed for. This lat=-
tor aspect is very important, for unless the tester is cognizant of such mat-
tors as what is to be worn under an article of clothing, under what conditions
of activity will it be worn, with what other clothing must it be integrated,
otc., he is not ocompetent to conduct a valid size test.

60,
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Fitting trials should always be accomplished upon clothing which represents
the final design stage so that later modifications causing an alteration of fit
are ruled out. If a change is contemplated while & garment is in production,
fitting trials should be conducted irmediately. Experience has amply demonstra-
ted that mere assurances that the change will not affect size are not to be de-
pended upon and that speed of production at any price does not pay in terms of
items available for issue,

¢) Standardization control is essential and may be attained by cutting
standard patterns from a tested master pattern. The system now functioning op-

 erates according to this plan, and the Army Air Forces should never again put

itself in the position of depending upon individual manufacturers' ideas of what
constitutes a size whether specified check measurements for the finished product
are available or not. Thisc old system is corplicated, slopoy, and expensive.

d) Size checks are the final test of the developmental process leading
from design to issue. 'Its functions are best maintained if they are centralized
at the point where steps can be taken most effectively for corrective action.

It has hecome obvious during the war that resident inspectors, if they are hand-
ling a procurement of any size, have more than enough to do if they properly
inspect details of construction and workmanship. To burden them additionally
with the duty of check measurements reduces overall efficiency.

¥hat is needed to maintain an effective size check with respeot to personnel =
required and their functions? This, of course, will vary with the size of the
procurements but will be dlscussed here from the standpoint of the imrmediate
past,

l. At least two individuals should be continually available for the routine
process of check measuremrments, analyzing these, revorting, contacting proper
agencies when corrective action is needed, and, equally importunt, following up
to be sure that such action is taken expeditiously. MNany difficulties encoun~
tered in the past can be directly attributed to a lack in this last field of
activity.

2. At least one person should be available to maintain liaison with other
agencies involved in the entire process from design to issue.

%« At least one person should be available on a part time basis to check
Purchage Orders, Production Reports, etc., to deterrine the relation of procure-

ment and production to schedules, He would also serve as an observer on all
field tests of personal equipment where size function is involved.
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RECCKLENDED PERCELTAGES FCR CIOTHING PROCURELENT AWD ISSUE .

The following recommended procuroment and issue schedulings, an excerpt
from the Personal Equipment Officers' [landbook, are presented as an overall B
picture of the distribution of sizes of Army Air Foroce clothing as prediected .
from the surveys of body size of f lying personnel. These percentazes reprezant
a sampling of the population concerned during World iar IT, and they should not .
be projected intc postwar use unless 2 csreful check survey is done to determine
their validity. They can afford a basiz of comparison witih future issues when
such data are available,

~

Listed below are ths types of flying clothing now in production, and being .
issved. The ranges of dirensions toc bhe accomrodated are suggestive, not maria-
tory. In general, better fits will result if these ranges of measurements are
followsd, but individual ocases will demand sone deviation. )

The predicted percentages for procurement and issue are based on the per-
formance of the items with respsct to the range of body dimensions and clothing
worne. No other consideration enters intc their calculation; therefore, they
are inevitably modified by such factors as stock overages and shortages, the type s
of population to be fitted, issus experience, etc.

rEASURELENTS

Sleeve: Subject raises arm to the side until hori,ontal and bends elbow wit:l o
upper arm and forearm form an angle of about A0°, leasurenent is taken ‘
from the middle of the back, over tie poiniL of the eilbow to the wrikt,
(styloid process of the ulna).

-

b 4
A

i MU BTG

(1‘

Chest: A circumference taken as high a nossid
- Waist: A ciroumference teken at the belt line Jjust sbovs the hip bones.

Inseam: Subject stands erect with feet =zlightly povlsd. Vassursment taken with
end of tape snug in crotch to sole of shos wr:ire it joins the heel. -

_ A cloth tape which has beoen checksd for accuracy mey e uged for measuring.
The tape must not be pulled tight in any of the measurements. '

PERCENTAGE TABLES

The percentage tables presented below are derived from the general percentage -
distribution charts which have been discussed carlier, By testing a garment's
tolerance over a variety of the population, ite fit over carefully defined groups
may be defined by the test, and the tables are then merely the added percentages
which have fallen into one size-fit category. §

»
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Size Stature
Small Short 60.5"-65,5"
# Medium Short : 60,5"=65,5"
Small Regular 66.0"-70.5"
Medium Reguler 66.0m-70,5"
laree Reguler 66,0%-70,5"
‘% Yacdium loug 71.0"-76.5"
leree long ' 71.0"-76.5"

Chest

-1 and I~1 Light Flying Coverall

Predicted Percentages

32"-35"
36"-39"
32"-35"
36"-30"

n_j,j.n

36"-39"
hon_hhn

3,82

6.1,0

14.58

' h?’hl
: 6.62
18.32

’ 3.80

# Men who hawve a chest circumference greater than 39" but stature less
than 66" may teke Medium Short, Medium Regular, or Large Regular, depending
upon fit. ¥en who have = chest circumference less that 36" but stature in excess
of 70.5" may tnke Medium Jong, Small Regular, or Medium Regular.

Belb, A<~1l, and B=15A3:A%11A Intermediate

Jacksts .
Size Chest Sleeve Predicted Percentages
: (Ideal Acoommnodation)
3L ’ 32"-3L" 32.5" 8.0
36 . 35"-36" 32.5" 32.0
38 37"-%8" 32.5" 39.0
Lo . zg".L,o" 33.0" . 16,0
Le Lar-p2n . 3L.0" L.0
Lk - L=l 3h.0" 1.0
Trouser:
Size : Waist Inseam Predicted Percentages
P 26"-28" Entire Range 5.0
- 30 _ 29"-30" Accommodated 35.0
32 ' 31M-3z2" in Bach Size 2.0
3L 33"=3L" ' -14.0
. 36 35"_36" 3.0,
. 38 37"-38" 1.0
" F=3 and F-3A Electric Suit
Jacket: :
Size " Chest . Sleeve Predicted. Percentages .
Small Regular 32"-35" Entire Range 20.0
Medium Regular 36"-39" Sleeve length 66.0
Aocommodated 14.0

large Regular Lon-pin

€3,




F=3 and F-3A Electric Suit Continued : .

Trouser:
Size Viaist ) Inseam Predicted Percentages .
Small Regular 26"-30" 27"-31" 16,0
‘Medium Regular 313" 27"-31" 35.0 R
large Regular 35M".38" Entire Range 5.0 ~
Small Long 26M-30" 32"-36" 23,0 -
Medium long Z1M3 " z2"-36" 21.0
Gloves )
. Size A-11A F-2 B-3 D-3 .
8 - Sm&ll 8«;0‘/’% 8.0% 20.0?% 5-0%
9 - Medium L5.0% L5.0% "35.0% 25.0%
10- large 35.0% - 35.0% 35.0% 75.0%
11- Extra-large 12.0% 12.0% 10,0% . \
A-6 Heaxy Boot
Size Shoe Size Prediocted Perceﬂ.tages
Small Li1/f2 -5 1/2 1.0
Medium 6 =7 10.0
large 71/2 -81/2 35.0 -
BExtra large - 10 L1.0 *
XX~ large 10 1/2 - 11 1/2 12.0
XXX~ large 12 - 13 1.0
Q-1 Oversock Insert
Size ' Shoe Size Predicted Percentages
Small 51/2 -7 8.82
Medium 71/2 -8 1/2 32.98
large - 10 L2.7% *
X~ large 10 1/2 - 21 1/2 14.06 .
XX~ large 12 - 13 l.22
J
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VONEN'S FLYING CLOTHIKG

At the time that the Viomen Army Service Pilot (WASP) organization was acti-
vated and the number of Flight Nurses trained by the School of Air Evacuation
was increasing rapidly, it was decided to obtain basic bedy size data on samples .
drawn from these groups. Standards for selection had already been established
along the lines of height, weight, and age, but the frequencies and distributions
within the groups were not known. MNany problems connected with use of female
personnel in the Army Air Foroes could be anticipated and clothing requirements
were not the least of these, :

It was not known to what extent these female specialists would be employed,
and, rather than wait until that time when the lack of such data had become an
obstacle to the accomplishment of these programs, surveys were undertaken immed-
iately. Head, face, hand, and body measurements were taken on L7 women pilot
trainees and on 152 flying nurses. Helmet and oxygen mask sizes were calculated
from the head and face measurements and made available; see page 25, and Figure
111, 12, page 29, 8ize test of gloves was carried out, using subjects in the
same manner as that outlined for the male population, and percentage charts,
Figures III, 32; III, 3L; III, 3%5; III, %6; 111, 37; III, %38; and III, 39, were
compiled for clothing size testing. Details of clothing size to cover the range
of body size were worked out and communicated to- the responsible agencies. Also
for a period of time two WASP's were assigned to the testlng of various, clothing
outfits under flight conditions.

Later the VASP program was discontinued and the sizes permitted for Flight
Nurses increased alnmost to the limits previously permitted for WASP's. This
fact made the WASP data still applicable. Work was carried on in the sizing of
nurses' uniforms and other clothing, but procurements were small and this never
became a major activity.

RECOMMENDED PERCENTAGES FOR WOREN'S FLYING CLOTHING

Restrictions regarding size requirements for nurses in this category have

.been changed to permit sizes up to six feet tall and one hundred and sixty-five

pounds in weight. For this reason two schedules, "light" nurses (up to 135 lbx.)
and "heavy" nurses (up to 165 1lbs." have been determined. )

SUITS: L~1 and K-1

: JACKET SLACKS
Size Might™ % "Heavy"q Size "Light"% "Heavy" %
12 30,0 13,0 2l 22.0 12,0
1N LL.0 Li.o 26 L3.0 , 31,0
16 17.0 28,0 28 28.0 Li.0
18 7.0 1.0 30 . 5.0 13,0
Lo 2.0 2,0 22 2.0 2.0
L2 1.0 2l 1.0
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TS
LT

"Li E,ht " '*;{e El"v':y'ﬁ
Size 1/2 sizes % 1/2 sizes %
20 2.0 1.0 )
20 1/2 8.0 7.0
21 32,0 25.0
21 1/2 Li.o %1.0
22 12.0 26.0 v
22 1/2 ) 8.0
23 1.0 2.0
GLOVES
B-2A A-11A
Size "Light" ¢ "Hoavy" 7 "Light" % "Heavy" 7 ,
ght" % "Heavy" / ight" % eavy" 7 .
6 1/2 22.0 29.0
7 33.0 37.0 29.0 22.0
7 1/2 30.0 23,0 : L47.0 L2.o
8 15.0 11.0 18.0 25,0
8 1/2 6.0 11.0
[
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ARMLENGTH AND CHEST CIRCUMFERENCE WASP

- PERCENTAGES
ARM CHEST un)
LENoTH 30 |31 | 32 (33 |34 |35 36 |37 |38 39 | 40|41 [42°] 43
. 65.5 045 ' 0.45
66.3 045 0.22/0.22|0.22 L
. 67.1 0.22 045(0.22 » 0.89
1679 0.22/022(0.22/090 0.22{022]0.22 222
687 |0.22 0.22[1.12 0.22|0.22|022}045|022 289
¢ | 695 0.90/045|1.12 |1.57{1.12]179 |067 762
703 |022|0.22[1.12[1.57{1.35|247|067]1.12 |045|0.22 9.41
7.0 067|067|1.79 [202|202[0220.22/0.90 8.51
7.9 045|022| 1.35/1.35|269(1.35 |1.12 045022 022| 942
. 72.7 022045157 1.12|1.79 |202|1 57| 045/067 |a22 022 10.30
73.5 045|135(1.57 (291 [1.35]045/045|  |ae7|022 942
. 743 0.67|067|224(1.35(157 |224| 090{045|0.22 o3
75.1 0.22 112{2.02|1.12 {1.351.35[1.12|0.6 7045|022 9.64
75.9 045/090(090|1.35(135/022|067 584
76.7 0.22|045|045(1.12 [0.67/0.90 045 4.26
77.5 0.22|045(0.22(0.22/0.90/045 090 - |o22 3.58
783 045|067/0.22 0.22 1.56
79.1 0.22/0.67(022 ' i
. 79.9 045(0.22 022 022 (N
. 807 0.22| [o.22] - 044
v ~ ls1.5 ' 0.22 0.22
044|2.23/469)12.10/1660]19.501770|1209(7.16 | 4.25 2.231.10 0.22(100.31
b, 4391C AML Jigure I1T, 32.
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ARK; LENGTH AND CHEST  FLYING NURSES

PERCENTAGES g
Al
N
ARM CHEST i |
LENS™ 30 | 34 2J 33 | 34 | 35 | 36 137 (38|39 |40 41 |42 |43
4 T e S e
655 | | o6l s ! | 0.66 | v
663 | | s . lose | f 263
POt R B N 7 3 .
67.1 f.:se Spse J,_N_g,, B (O S : '-98% 4
67.9 % 10 6€! 1.32 066 : L 2.64.
L | R S — ,
687 | | {o.eezssoes 13213z ose | - 7.25
- + - - ., ? A»‘ —
69.5 T 97 132 066! ose | . b 5.93 '
-t - 1 | \ : H
703 T 066 |97 395| 97 132 oss’oss 132 C L1251
7VOL 0t 132 ‘329263 066066 - ( ; 856
71.9 |.97,|32 263132 oes 132 066 | | 9.88
— NI SEPUU ﬁ . ' i R ,_L_.___’
2.7 066|132 |97 263329 97 1.97 | ? 13,8
735 1.32 395329(63066 | 1185
- -+ .- . f 4+ e -
743 I 97| 87 066 J . 4.60 .
R {- PO P . . B .. 4 ———— :
751 . roesnsz 132 132 132 - 5.94
75.9 oeeoss 132
6.7 197 066132 066 |  ael
7.5 | 066 : . 0.66
— - . . | S R -"FA
78.3 | 0.66 066066066 1 284
79.1 . | | o ,
F—- e e i . | ' ‘L AAAAAAA —t
79.9 | ‘ b o | o : .
ke ) o L : SN S
80.7 L oee| 1 | | 00.66. .
81.5 I , | )( L ' 00.66 "
|| |razpegmiopsegieaqiasdreszedse 96.79
45913 AML Figure IIT, 33, 4
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| WAIST HEIGHT AND WAIST WASP
. ' . PERCENTAGES

. , waist| - WAIST (iN)
Moy |23 [24 |25 |26 |27 [ 28|29 |30 |31 |32 33 [34 |35 |36
91.9
. 92.9
93,9
94.9 [023/023|045/068023 1.82
s less| | |o900ss 0.23 1.58
‘ 96.9 | |023]090/045 023|023 ' 204
_ 97.9 |068|0.23/0.90]1.80/0.90 023 : 474
. | 989 135/1.13 [0.90 9;?9 | |oas|o.23 4.96
999 0.90|068|1.35/068|0.68068|023| 5.20
100.9 |023/090]2.03|2.93|088 |0.68 NN 745
101.9 [045/1,35/248|248(2.25/1.80/0.23045/0.23|a23 11.95
102.9 {0.23(045(248|248{1.13 |0.90{068/0.23 023] 88!
‘.L 103.9 1.35/180(1.58/2.93/045/1.13 |0.68/023 | 023 10.38
104.9 1.35|068|225[1.58( 1.35/090| 045 045 | 901
105.9 023(045/203(135{293/a23(0.23/0.23 7.68
’ 106.9 0.230.23/1.58]180 | 2.03/1.13 |068|0.23/ 023 8.14
107.9 0.23/1.13|023/0.90(045| 023|023 3.40
108.9 0.90/1.80/068|1.35/068/ 045/045| | 631
109.9 0.23/023|158/068 0.23 2.95
110.9 045|0.23|0.45/068/023 2.04)
1n .9 0.23 0.23 ' : 0.46
2.9 0.23 ' 0.23
3.9
] 114.9
. 115.9 - |0.23]0.23 B 046
‘ : 6.9 023 0.23
117.9 023 1 023
) 1.82[9.0316922458]1829|14 66{7.25|4.09/1.83] 160 100.07]
>, 4391 AML Figure 111, 3L
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WAIST HEIGHT AND WAIST  FLYING NURSES

PERGENTAGES
o B T
MEouy 23 |24 25 26 27 28 |29 30 [3i [32 |33 ]34]35] 36 | .
91.9 j 056! L 1 0.66
925 e 0 L] 0.66
939 . toss | | ) 066
949 132/086!  loee 066 330 )
959 |066 “132 - eee | R 264
96.9/0.66 159 066:066! } 397 .,
97.9 066|2.651.32 231 066|066 9.26
989 066/066 357 132/ 1.32. 7.93
99.9 066 0,65?3_97? »‘99i|.99§ 9.27 \
100.9/066|0.66/0.66/ 066, 199265066 794 ‘
101.9 1.32/1.991 32| 1.32/0.66 066 727
1029 1.32[1.32/397/265/1.99/0.66 11.91
1039  |19912.65331(1.99/199 : 1193
1049 0.66/0.66|331 |265. J 066 - 7.94
105.9 A E , 3.96
106.9 066066 |066 77; o 108 -
107.9 oceloed  loss| | | | 198 )
108.9 066 |oe6 | 132
109.9 132(0.66/1.99 0.66 463
10.9 | '
1.9
112.9 ’
113.9 066 0.66
114.9 |
115.9 T .
116.9 B N .
"re | I | o .
|- [132]925B52290922511390 1 9826 4) 068 99.87
4391H  AML Tigure T, A5, -
R
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WAIST HEIGHT AND HiP CIRCUMFERENCE WASP
PERCENTAGES

HIP CIRCUMFERENCGE (N

32|33 36|37 | 38|39 41 |42 a3
0.22|044/022{022 154|

022|022 |044 022 154

022022067 197

1.551.33 {067 0.22 487

067|022 (177 [1.33 487

067/089(0.89/0.89/044]0.22] [a22 5.1

L 15501770133 , 775

022 155 [1.77]244{177 0.89/0.22/0.22{022 73

022 133] 089]067|200[200{0.22/022|  |044 843

1.33(2.00| 133 [1.55 111 |0a4]04a 10.42

044]2.221.33 |200|111 |044|067]04 887

i 022(089] 177/ 089]266] 089 044 776

|oa4|0aa| 155]177 111|022 067 753

o2z 111 |os7 0.22/044/0.44 377

- 022[1.11|0.89/089/083/089| |oe7 6.00

~ loss| i1 |0oss| [022|022]022 3.10

0.22|067|044044|a22 022 243

T lozz| Jozz| 044

022 044

022 022|022 066

0.22

022/0.22 10.19]15.7419.52|16.41/14637.09(2.65| 4.20 0.66 99 47

43%1E AML

7.
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WAIST HEIGHT AND HIP CIRGUMFERENCE  FLYING NURSES
FERCENTAGES ' N

S HIP GIRCUMFERENGE UR) )
HELCHT 51 |32]33 (34 35 3637|3039 40 |4t |42 |43 4445
919 066 0.66
92.9 066 ' 0-66 . v
93.9 068 0.66
94.3 0.66,0660.63/065|0.65 ' 3.30 -
' 859 I sy 1.97
| 963 1L [v32joes]i32j06s | 3.96
97.9 2.63/3.29 1 97066 855
968.9 i32 066|395/ 157 7.90 '
99.9 056|066, 1.97|1.57|397]1.32 9.87
100.9 v " lo66!395l1.97 132 7.90
101.9 197 197132 132 658
1029 1 lior]ose|zerlze dlociazd o 11.84
028 | | loeg 32¢/305/325| 06 .85
11049 | oss! |13z1erloesi2es]  |oes 7.90
1059 ‘ 1 Joss u‘.g_'rv‘b._sﬁgo.ealo.ss 46l -
1069 132 l 1.32) :
107.9 osclosel 132 | 264
1058 ! 06€ 066 132
109.8 ’ 06€ 197 132,066 46l
0.9 | '
Hi. s
1nz.e
3.9 066 066 .
1149
15.9 i
1169 ’
12e .
|| |oses132 |593i4a206d0435318|5.27| 396 9876 \ 4

ADPIA AML

Figur’e IIjg 57& ' »
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The data and percentages presented represent only tentative data. Any
new female clothing will necessarily entail much more complete data. Data
collected on WAC and Murse Corps will probably be more valuable for initial
design, inasmuch as they will offer much more detailed information concern-
ing the shoulders and bust.

3.



FLAK CLOTHING

Plak-protective olothing, designed to protect vital regions of the flyer's = |
body sgainst swell, low-velocity missiles, consists of helmets and body armor
(flst suits). Anthropometric participation in the design and development of )
flak helmets originated in connection with the integration of personal equipment .
and turrets, and is therefore outlined in the section on turrets,

The chief problems posed by body armor have been those of integration with
other items of personal eguipment, rather than with airplane or turret design,
probably because flak suits combine simplicity of design with a minimum of bulk.
They add weight to the flyer -- a weight whioch, in the face of adverse flak con-
ditions, he has been more than willing to tolerate, but aggravate problems of
cramping and constriction to a relat1vely small degree. The first anthropometriec s
project on flak suits was to secure adoption of & tad en the front of the vest,
to serve as an attachment for the oxygen mask hose clip, for which no provision
had oreviously existed. A second project began early in 19LL with a verbal re-
quest from the Air Surgeon to investigate possibilities of improving coverage in \
the ermpit region, where flak wounds had resulted in a number of casualties,

Trials of flak suits over the flyer's complete set of personal equipment --
heavy clothing, life vest, emergency kit, and parachute -- showed that not only
the arrpit region, but considerable areas along the sides, varying in extent
with the flyer's size, were left unprotected when front and back portions of the

suit failed to meet. ‘
_ In cooperation with Bris. Gen. ¥. C. fGrow, originator of Army Air Force

bedy armor, and with British manufacturers, experimental side pieces were de- e

vised, combet tested in the 8th Air Force, and proved successful. However, .

Headquarters, Army Alr Forces, decided that no more weight could be added to ex-
isting armor,-and.the 31de extensions were therefore not standardized.

Toward the end of the Var, a new nodel of flak sult,“aubstltutlng aluminum
for Hadfield steel plates and providing a greater area of protection for less
weight, was developed by the Ordnance Department. The necessity for considering
all the flyer's personal equipment in its design was pointed out by the Aero
Fedical and Personal Equipment Laboratories, and the version finally standard-
ized furnished adequate coverage for a large man in full gear. Although the
possibility of producing different sizes of body armor, to provide for differ-

- ences in flyer's body sizes, seemed attractive from time to time, it was never
seriously contemplated, for two main reasons: (1)} the inordinate complications’
in production and distribution that different sizes would entail; and (2) as
shown by the T-Li6 flak suit, enough coverage could be designed into the suit to
accormodate large flyers and not inconvenience small ones.

Administratively, the Ordnance Departrent was responsible for the design -
and manufacture of flak-protective equipment for the entire var, while the in= .
formal advisory role of the Air Technical Service Comrand as far as desizn and
integration with other flying equiprent were concerned ultirately evolved into

7L



an official board, with a.representative of the Personal Equiprent laboratory
(as the responsible azency of the Engineering Division) as ohairman, and rep-
resentatives of the Aero hedical laboratory, Armament laboratory, and the Ord-
nanoce Offioe, Air Technical Service Corrand, as rerbers, This Board processsd

"~ Unsatisfactory Reports on body armor design, new ideas, and experimontal out~

fits, and forwarded recomrendations to the Ordnance Department.
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PARACHUTES

The part played by Anthropometry in design, development, and supvly of para-
chutes is two~-folds (1) distribution of body sizes, and (2) distribution of .
body weights.

The harness can be greatly improved if provision can be made for adequate ad=~
justments to acoommodate the various flyer's body sizes, and could be further im=-
proved if actual sizing oould be introduced into harnesses. During Vorld Var II,
sr.all steps were teken in this regerd and appeared promising. A table, Figure ITI
32, to show the distribution of statures and waists, could serve well to predict,
with the clothing faotors known, the sizing system for harness, just as the tables,
mentionad esarlier served for oclothing size distributions.

Since various size parachutes act in proportion to thes weights of the men
which they must support, a proportion distribution of the weights selected for
best behaviour of the sizes of parachutes could easily bu prepared and provided. »

The final ‘role of the anthronologist in the consideration of the parachute,

as in all other items of equipment, is one of insuring prover integration of all
the equipment, and should be constantly the same for every developrental engineer.

“

-
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STATURE AND WAIST
TOTAL ISSUE

STATURE WAIST

27 (28 {29 |30 |31 |32 |33 {34 [35] 36|37 [38]39 |40
60
s 008 [ 008
6!l 008 016 0.24
5
62 008 | 016 0.24
s 0.16 [0.16 0.32
63 (008 0080.16{016 [0.16 [0.16 003 | 0.83
5 008 003 e 008 0.19
64 0.03 |0.11 0_03 B - 016 0.33
5 :0.08 0.16 |0.18 | 0.32 | 032 1.06
6s 003|031 |068 | 0.96 034|032 016 |16 | 2.96
s 008 003|036/ 074 044|047 016 2.28
66 003/ 0.24!032 | 0.23 |032]0.39 ' 1.53
5| 023! 0as 7] |.92AI|.04 121036011 |008| 747
67 003 | 032 087 083 | 042 028|028 | 016 008 327
s 0.26 . 0.61 | 063129 |1.07|074 |028|0.24 5.12
e 003 os?»aﬁira.zs 0se|o71 |0.52] 024 ' 478
5 1003 (021 142 |289/341 [263] 1.8 [060]0.32]0.16 |0.16 13.44
6 019 042|103 149 |150] 052|066 aoe |aoe 008| .03
s 0.36 068 066 | 2.68] Laz] 1.36|0.52 023 | 008 7.97
70 | 010 0.65  1.42|2.2212.08 |087[0.91 [0.24[016 8.65
s 0.32 074 | 1.75 |2.34 242 [ 245[ 133 | 031]0.11 |o.16 .93
TR "0.20. 099|1.40 | 1L30| 113 | 0.28/0.24]0.16 | 0.08 0.08 5.94
'S 003 |0a8 | 087|145 038 016|028 |0.08 018 4.06
2 . 019 |042]0.768 | 189 [0.94] 016 [0.50 [0.19 | 016 5.23
s 0.11|049 |0ss (065 |0.11 [003[0.11 |016 2.21
73 | 008 | 008|076 | 016|016 |016 |003 143
s ! 0.16 [ 018|046 |0.32| 049 0.18 : s
74 "loos |oos | 016|032 024 |0.16 |0.08 . 112
s 024019 a43
7s ‘
s 008 0.08
76 oos| | Joos| 0.16
) 0.08 0.08

0.49 |1.87 [ 7.67]16.21/2499]208415.39/ 6.76 [ 3.65]|1.37 |0.96 | 024/ 008 [008] 100.30

4420 AML "




CHAPTER IV ot

AIRCREW POSITIONING




PRINCIPIES OF COCKPIT SEATING

Stick Type Control

Seating in eircraft has never been given the serious consideration it
deserves because human adaptability has always been taken for granted. This
is understandable, in view of the fact that, until very recently, human
beings have never been required to fly for long periods of time., A fighter
type aircraft, aacording to the definition contained in the Handbook of
Instructions for Airoraft Designers, is a single-place aircraft with a’ range
of approximately two hours. The demands of global warfare imposed upon us
ere such that fighter airplanes must have a range far in excess of two hours,
and as long as war embraces the great distances that it does, and until the
speed of all aircraft increases to the extent where tims intervals decrease,
this condition will remain. :

It is reasonable to assume that, before a pilot or any individual can be
made comfortable and efficient over a long perlod of time, certain mechanical
provisions must be made,

Some effort has been made to develop seats which are to function in a
comfortable manner through the means of contouring, but individual variations
in the respective posteriors of human beings are sufficient in degree as to
render this method unsuccessful for any extended period of time. Very likely,
it will turn out that in addition to a range of contours, it will be necessary
to cover the seat with some sort of resilient material which will compensate
for any slight variations from that particular size.

In order to study the fundamentals of comfortable cockpit seating, there

 was made available to the Air Technical Service Command, through the courtesy

of. the Murray Corporatlon of America, the so-called Universal Test Seat, which
is a piece of laboratory apparatus designed by & group of automotive engineers
at the University of Xichigan for studying seating requirements in automobiles.
The original was loaned this Command by the Nurray Corporation, and a copy was

made of it, incorporating certain modifications which were adapted to the study

of seating in aircraft.

The device consists of an adjustable chair, Figure IV, 1, mounted on a
screw jack so that it may be adjusted vertically. 1Included in its construction
are five adjustments: first, an adjustment for varying the seat depth, that
is the distance from the front edge of the seat to a point of intersection be-
tween the seat and the back; second, one for varying the angle between the
seat portion and the horizontal; third, one for varying the angle between the
back of the seat and the vertical; fourth, one for varying the fore and aft
position of the chair; and fifth, an adjustment for varying the height of the
back with relation to the seat portion. There are appropriate scales which
indicate the amount and degrese of each adjustment. The seating surface con-
sists of a light fabric, a thin cushioning pad, and a series of cylindrical
coil springs. In the seat portion there are L2 of these springs, esch one of
which is acted upon by 9 square inches of seating area. In the back there are
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L9 sprinzs, each similarly representing 9 square inches of seating area. From
the center point of attachment of each spring to the seating area there is at-
tached a nylon cord which is let down through guides to & chart. This chart

is calibrated in inches and serves as a means of recording the amount of com-
pression of any individual spring. This is done by means of a white mark

placed on each string at a point calibrated as zerc on the chart when no one

is sitting on the seat. Also incorporated in the seat are adjustments for vary=-
ing ‘the amount of spring compress1on in any tier of 7 springs.

~ For the purposes of studying seatlng in aircraft, it was found to be ad-
visable to establish some sort of relationship between this chair and an air-
piane cockpit. This was done by means of constructing & set of aircraft con-
trols which were mounted in front of the test seat. A considerable adjustment
was incorporated in the ocontrolis to the extent that there were [, inches fore
end aft in the rudder pedals and there were 13 inches fore and aft and L, inches

vertically in the ocontrol column. In addition; fore and aft adjustment was

added through the seat adjustment.

Still another pisce of equipment was used in conjunction with the above
epparatus. This was a stationary pre-flight trainer designated as the Bein-
dorf Trainer, Model B, which is a device for visually simulating flight on the
ground. It consists, essentially, of a sphere on which is painted landscape,
horizon, and sky.

A battery of lights whose rays reflect over the top of the sphere and
transmit by -a magnifying lens the reflection of the surface to a translucent
screen facing the operator is utilized. A system of pulleys and cables is con-
nected to the control column and rudder pedals of the cockpit on one end, and
to three small electric motors on the other. Each of thess motors rides freely
on a universal, its orientation being controlled by the afore-mentioned cables.
There is a flat disc of plastic on the shaft of each motor on which the sphere
rests. When the controls are in a neutral position, the sphere rests on the
center point ¢f rotation of each of these bearing discs and thus does not re-
volve to shift their point of contpct on the sphere from the control axis, and
thus causes the freely floating sphere to rotate 1n a direction determined by
the coordinated movement of the controls.

In this particular experiment, the Beindorf Trainer served the purpose

" of maintaining the subject in a working attitude; that is to say, a state

wherein he was going through essentially the same movements as a pilot is when
flying ah airplane. It is important to maintain such a state during investi-
gations of this sort, since the purpose involved is to study pilot seating with
the end of determining a basic design of adjustment for airoraft seats. Pilot
seste are working seats, and should be designed for the spescific job. A seat
should promote both pilot comfort and efficiency., That the two are intirately
oorrslated there is little doubt. : :

It must be realized and appreciated what a diffioult problem it is, in the
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absence of reliable objective means of measuring efficiency, to determine what
form of seat and what angle of seat, also what arrangement of controls, are
the most oonducive to comfort and efficiency. In view of this, experienced
pilots should always be used as subjects.

The general conception in the past of the structural arrengement of a
cockpit has been of such a nature as to permit the use of certain items of
standard eguipment located according to the desires of the manufacturer and/br
the rosponsible Army Air Forces personnel without due regard to the fact that
structures in cockpits have certain functions which they should perform, and
which they will not perform if they are renoved from- certain relationghips with
othsr portions of the equipment. For example, there has been in use for some
time a standard specified bucket-=type seat which manufacturers have been asked
to instell in the various fighter type aircraft. This seat is very specifically
defined, and a point in space is also defined so as to lie in a mid=line posi-
tion 2" in front of the back and 5" above the bottom of the seat. Nanufacturers
heve been required to define the cockpit from this point. This is easily done,
and it so appears on all inboard profile drawings of the cockpit,

If used as defined, and if properly installed in the eircraft cockpit, this
reference point is a valuable instrument. However, there has bsen little regard
paid to the construction and use of items of personal equipment with which the
pilot must operationally be concerned, and the functional end product is a great
variety of levels at which the pilot is held seated on his personal equipment,
all of which, except for the simple seat-type parachute and back pad, will con-
tribute more or less to a mal-function of the pilot and his cockpit in flight.
For exarple, the 5 and 2 inch distences are based upon the use of the seat type
perachute and back pad. If for some reason or other the pilot is forced to use
the seat typs parachute, the one-ran life raft, and a cushion, he may be raised
as much asg 5" above the original reference point. If then, a cockpit has been
defined in such a manner as to locate the horizontal line of vision a vertical
distance of }0-1/?" above the reference point, as originally defined, and the
canopy has been designed and installed with the required 8" arc above the hori-.
zontal line of vision, the pilot has been perritted to be raised not more than
2" above the vision line, because he must maintain at least 6" for his head,

He has, therefore, been forcad to sit 5" higher than designed, but has available
only 2" upward in whioch he may move and, as a resuit, is forced to crouch or
slump in such a manner as to shorten hinself effectively a total of 3" in the
vertical dimension, which amounts to & required 10% deorease from his normel
gitting posgition. Add to this an insufficient amount of vertical adjustment in
the seat originally, and another 1-1/2" may be added to those 3", amounting to
Li-1/2% required slump, in a tall man.

Another aspect of the seat installation has been to require the back angle
to lie 13~1/2 degrees from the vertiocel intersecting the reference point. This
angle is added to a seat angle to provide an included angle of 101 degrees,
which then permits the seat itself to lie 2-3/2 degress from the horizontal,

If then, the rudder pedals are located in suoch & manner as to bring them closer
to the referance point in the fore and aft dimension than the pilot normally

82.

@

-




requires, the knees, of course, are lifted higher and the thighs atterpt to

rest upon the seat level at a greater angle, which will permit a vector of

weight forces to result on & very small area of the gluteal muscles lying over

the ischial tuberosities. The pilot in a very short while becomes unduly

oramped in his legs and sore over the area upon which he is forced to sit, and
attempts to slide the buttock area backward on the seat in an effort to gain a
greater area of weight support over the thighs or at worst to obtain a different
area of weight support. Since he has already been forced to crouch to foreshorten
his sitting height and since he attempts to move backwards in the seat to allev-
iate his leg cramping, his sitting position then results in an accentuated
crouched attitude. This is felt to be the deciding factor in the so-called fight-
ing attitude of the fighter pilot.

‘Combat pilots interviewed on this matter will supvort these observations.
One man was able, in the A-36, to fly in his cruise condition with his chin rest-
ing on his hand which held the control column, peering over the top of the cow-
ling.

Another factor which has been important in the mal-function of cockpits has
been the indiscriminate deviation from the 13-1/? degree angle of the back of
the seat. Although the Handbook of Instructions for Aireraft Desioners states
specifically that the control colwin at neutral stell be 19-1/8 inches in front
of the reference point, the deviation in the angle of the back in some cases
has been sufficient to move the shoulders far enough back to require a man to
reagch forward to hold the colurm at neutral. In addition, this shifting-back
of the angle forces a greater strain upon the neck muscles in holding the head
in a normal horizontal position looking forward. Further complications of this
arrangement have been poor considerations of the throttle handle. By design,
the throttle is installed in such a way that the mid-point of the quadrant is
held at the same 19-1/8 inches distance as the control column, but the normal
oruise position of the throttle handle may be enough forward of the mid-quad-
rant position to require, again, a reaching of the pilot. It therefores becomss
important that a consideration be civen to cockpits as functional assemblies
of equiprent, including the man.

Finally, before embarking upon the variable requirerents of the cockpit,
there should bs some discussion of the method of installation of the seat itself.
It has been the corron pnractise in fighter type aircraft to install the seat
on slide tubes which lie at or about the 13-1/2 degrees from the vertical. It
has been found geometrically that a seat mounted in this manner and being raised
from its neutral position 3-1/2“ will be moved posteriorly .9 inch, and also
will be moved anteriorly if lowered the same amount. This is completely con-
trary to the proper utilization of the varisbles in the sizes of men. A seat
is raised to perrit a shorter man to maintain visual requireronts and certeinly
he should not be moved aft from the rudder pedals: the same holds for the ac-
commodation of the taller man in the reverse direction. Should the seat be in-
stalled in such a manner as to be adjustable directly vertical, there would cer-
tainly be an inproverent over the present condition. Buty theoretically speak-
ing, it would still be necessary to design the entire cockpit uvon this basis
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in suoh & mamner that the shortest man, 5'L", permitted to use the cockpit,

could reach all the necessary oontrols, and the situation would be increasing- .
ly-difficult for any statures above the 5'L" as we get nearsr the 6'1" to 6'2"
presently encountersd among fighter persomnel.

One of the primary considerations of a cockpit appears to be, from experi-
mentel evidonce, & vertical dimension from the horizontal line of vision to the
lower level upon which the heels rest in flight ettitudes. / deviation 6v & .
varietion in this dimension of no more than one inoh is suffizient to change the
entire funchional bohaviour of the cockpit essembly. 4n indiscriminate design
applicetior of this distance will, if sufficient, be drestic enough in many
eanger t¢ 1init the performance of the airoraft far more than & minor modification,
suck ag rodzinc or lowering the canopy or some other deviation, because of the |
fact the? ¥h~ strustural relationships will introduce fatiguscend strain fectors
as w1 er “¢" tolerance factors upon the pilot which will drastically cut down
hls prolertial performence. T+ 1s felt that this analysis has explained to a ’
greatm degroe then any other the failure of contemporary fighter eircraft to
perfore fully their desipn functions.

There ere cortain limits to the dimension from the horizontal line of vi~ ‘ .
gionn te the floor psyond which it is inpractical to go. A valus of less than
ZER aprears to be completely out of the picture because of the depth required
below the men for personal ecuipment, and any velues above L3% become incresse
ingly bad bscsuse the mar is bocoming rore end more vertically ersct until he
mey reach thc absurd oondition of standing in the cockpit. It is for us to con-
sidor, then. the functional relationships applicable to cockpits whose distances

frow the horizontal line of vision to the flcor vary between 35 and L3 inches. “'
There are certain experimental limitations which have not as yet been duly - .
investigatod eand will lie in the future before the picture can be completes, v

Tne relationship of the height of the rudder bar from the floor, of the
brake psdai from the floor, and the angular relationships of théir movements
te the eireraft sand to the human body have not been fully explained. Another
fastor iz tho mechanical effiociency which is at present involved in the length
of the contra? eolumn and its pivot point in relation to the control surfaces,
Tould 14 b pessible, for exarple, tec reduce the length of the control dolumn
and fte motior and still obtain, by human forces or by boost, enough mecheanical
adwvantage tc control the surfeces in high performrance aircraft? Is it advisable,
an? ocertainiv it is indicated, from the standpoint of its relationship to the
men to radues the fore and aft motion of the control colurm bslow the recommended ¢
1879 Ae preosently done at 18", if the neutral position of the control column
iz held at 10%, an average man sitting in the standard cockpit and restreined by
shoulder hernese finde it impossible to reach full forward on the column. A .
dictance of 10% forward of the reference point has been found experimentally to
be the most comfortable one. and at the seme time, it has been establiched that
the "belusm cannot be moved farther than O" aft of this position in ite full aft .
pasitior because of the size of the man interfering with it. 1Inasmuch as the
men eannot reach full forward. the column cannot be moved from its neutral posi-
tion and we oan use no more than 9" aft travel, it then becomes necessary to
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limit the forward travel of the column to no more than 6" which will reduce
the total travel of the column to 15" at the raximum. Theré has been a
tendency in some designs to try to maintain the full 18" with a differential
fore and aft distance and yet to meintain the aft column position in relation
to the man which results in placing the neutral position of the column some
distance forward of the 19" required, and service reports have indicated that
this has failed because of undue strain being placed upon the arms and neck

. in reaching for neutral.

In view of the ahbove, since there is no fore and aft adjustability incor-
porated in the control column, its neutral position must be carefully defined.
¥%ith this reference established, the seat should then be installed in such a
manner as to incorporate & vertical adjustment which would permit it to go
forward as it goes upward, and to go aft as it comes downward, to provide for
the variations in arm lengths. If we permit the rudder pedals to stay as they
are at present with L" of adjustment, it would then become necessary to design
into the seat & 3" fore and aft adjustment in conjunction with the vertical
adjustment. In effect then, the seat would be permitted to move along the dia-
monal of & rectangle 7" on the verticel side and 3" on the horizontal side, the
diaronal of which would lie at 67 desrees from the horizontal. Even this would
not permit full sccommodation for the extreme dishsrmonies in sitting heishts and
statures, but would do far better than the standard condition. In order to get
full accommodation, the seat should be free to move anywhere within the 7 by 3
inch rectangle, rather than just along its diagonal.

In analyzing some of the German Luftwaffe dats, it was found that Germaen
designers were asked to incorporate 6.3" vertical adjustment in the seat with a
diaronal adjustment at 75 degrees. (Figure IV, 2.) A rudder adjustment of 6.3
inches was also requested which would follow a line at L5 degress from the hori-
zontal. This was possible because pedal stirrups were expected (Figure IV, 3.)
which would hold the feet independent of floor heel rests. However, there is a
basic fallacy in the use of heel rests in rudder controls; namely, that such an
arrangement forces fine rudder control to be obtained by movement of the entire
leg, and thus becomes extremely tiresome after a relatively short period of time.

Cockpit discussions to follow are based on experimental tests which were
conducted on a series with vertical distances between the horizontal lines of
vision and the heel rests of 35 through L5" at 2 inch intervals. (A distance of
39 1/L" was selected in place of 39" in the study on cockpits with stick type
control because that value is standard for pursuit aircraft.) For the morent,
disregarding the funotion of seating as 'such, we may look at the dirmensional
requirements established for the wvarious types of cockpits with the Stlck type
control, which is most commonly used in flphters.

At the 35" stape, Figures IV, L, and IV, 5, the pilot's eys is lying 35"
vertically from his heel. The foot rests on the standard aircraft are 5" from
the rudder pedal, and are thus used., The ocontrol column and the throttle in
oruise positions lie 19" forward of a seat reference point. The referencs point
referred to will be defined below, The pilot actually sits L~7/8" from
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GERMAN AIR FORCE
Arrangement of Pilot's Sest, Controls, and
Instrumont Panel in the Cookpit
All dimensions given in inches, toleranse about :21, {f oot stated.
Bedy 815083 ~=ne~== 63"; Ry eseeee .

15710 236
_J__ ) Abdominal freedom for .
I S, )

distension

Baok freedom from
. pressures 2"

lateral movement of
oontrol ocolumm 13.8%
30.3 Pedal adjustment 7.1"
'

l Meagurements a, b, o, and
L others are for the single

i Sitting breadth o

soat,

TO—————-I'I3 i

4
] ~—>2767{)< 352 — -
336 ® g

’ Pilot position

It is sufficient, when the adjustments are provided, for the seat and

rudder pedal to be determined by the eize of the pilot before flight.

However, there must usually be & basis of variable adjustability during

flight, If it is possible without diffioulty, both ad justments ocan be

about 7.9%, whereby the adjustment of the seat is 3/5 coarse on the

gromd, and 2/5 fine during flight, '

1) AG, P, B, oontrol column is available,

2) Drawing tolerance $1°,

3) Don't inoreass, boosuse that will materially inorsase the burden
wider high acoeleration,

L) Avoid working parts on the instrument panel, in order to allow maxi-
mun acoomrodatien of vision, and proteot the man agsinet injury,
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NORMAL MEASUREMENTS FOR THE.PI LOT'S
SEAT IN FIGHTER AIRCRAFT’
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the heel rest level, which is 1/8" less than the level of the rudder pedal. The .
rudder pedal, itself, is 36-3/8" forward of the reference point.

The reference point is not exmctly the sarme as that defined previously, but
.s a point defined in relation to the actual position of the men end a functional .
cushion and back pillow supporting him. It is derived by the intersections of
two lines, one tangent to the buttock at an angle fror: the horizontal determined |
by the position of the cushion, and second, the line tangent to the back in the
thoracic rezion and determined in angle by the position of <he back pillow. It
will in effect mostly duplicate the presently defined reference point used by

desizners ... has a different function inasrmuch as it is defined with respect to
the posii’on of the man, rather than with respect to a position in reference to
a seat. (% is then a dynamio point which will vary in position with any varia-

tion in < »uipment back of and below the man, and is considered to be more useable
from the functional standpoint of the man than the other point is from the static
concept of the seat in the present discussion. However, if a dynamic concept of"
the other point were introduced rather than its present static one, it is felt
that the points would be nearly identical.

The reference point, as used in this discussion, lies ;" above the heel rest «
level in the 35" cockpit. An arm rest, if instaelled, would lie 10-1/8" from the
surface upon which the man is seated, and a true distance from this surface to a
line dravsi through the eye and perpendicular to the posterior line tangent to
the back will measure 30-3/8", The length of the line from the eye perpendicular
to the beck line measures 10-1/8"; a vertical distance from the eye to the sur-
fece upen which the men is seated is 31", The wain considerations which should .
be given to the 35" cookpit are those to be determined from the required or ex- "
pected performance of the conterplated aircraft. It is known, for examrple, that
& man in this seri-reclining position will have a higher tolerance to accelera-
tion forces than he would in & more nearly upright position. Therefore, a rel- *
atively higher performance of the men and the airplane combination could be ex-
pected. On the other hand, in high performance aircraft, requirements at pre-
sont state thet a down-vision angle of 11 and 12 deprees at 500 and 600 m. p. h.
respectively is required, and it is at this 35" stage that the man's knees will
be neerest to the horizontal line of vision. Therefore, the distance between
the knee snd the down-vision angle line will be at a minimum and careful consid=
eration must be given to the size of the instruments installed directly in front
of the pilot or else the instrument panel will interfere with the knee action.
Further, any gunsights installed at this cockpit level should require a bare
minimun of crouching-forward by the pilot for his use because it will be extreme=-
ly difficult for such crouching to occur due to the fact that the pilot is in ¢

the semi-reclining position. .

¢

-

Further consideration should be given to the fact that the pilot is seated *
at a moser position only L=7/8" from the floor. At present, the personal equip-
ment, inoluding the one~-man life raft and cushion will measure at least 5", and
may go to 10", and thus a well should be provided beneath the seat to psrmit
down adjustment. In other worde, the seat at full-down adjustment will permit .
the men to be only 1-3/8" above the floor. The well would then have to be 9"
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deep below the heel rest, in order to permit full acoommodation of pilot statures.

- By full accommodation we mean the ability of a cookpit's functional struc-
ture to permit the pilot's eys, regardless of his stature, to be maintained at
the horizontal line of wision. It is well enough to say that this is an unim-
portant requirement inasmuch as the man may well ride the aircraft with his eye
above the desired line of vision. However, a start must be made somewhere in
setting requirements for the dimensions of aircraft cookpits, and if such a prac-
tige is maintained as to define a canopy 8" above the horizontal line of vision
in the design, and if such a practise also incorporates gunsights on the hori-
zontal line of vision and in caleulating down-vision angles, it is not unreason-
able to expeot the cockpit to provide for the pilot's eye on this line of vision. -
It should also be pleasing to the asrodynamics engineers to be able to depend
upon a fixed position of & pilot's head in an aircraft in such a manner that
unsatisfactory reports will not be following up production stages of an aircraft
which will require that canopies be raised in order to permit a higher degree of
head movement. There is no fighter at the present time which has incorporated
in its cockpit a method of adjustment by whioch the pilot's eys stays no higher
than the design line of vision.

It will also be noticed in referring to the drawings that the boots worn
by the manikin extend below the heel rest level, and beyond the rudder position.
This will indicate that cockpits whioh require heavy clothing will also have to
be slightly larger to accommodate it.

In the 37" stage, Figures IV, 6; 1V, 7, the pilot sits 8" from the floor,
with the reference point 7-1/Li" from the heel rest level. At 3-1/2" down ad-
justment the pilot sits L=1/2" from the Lieel level, with the reference point
at 3-3/Li". Considering again the fact that at least 5" of personal equipment
may be under the man, we must again consider the provision of a well under the
seat at least 2" desp. The rudder pedals are 35-3/4" in front of the reference
points; the arm rest is 9-1/h" above the surface upon which the man is sitting;
the distance from the surface of the seat to the eye perpendicular to the back
line is 29-3/8"; the eye~back line distance is 9-3/L"; and the vertical distance
from the eye to the reference point is 29-3/L". The ressons for the variations
in these dimensions will be discussed later.

The 39-1/h" cockpit, Figures IV, 8; IV, 9, has raised the man to 9-3/3" from
the':heel level with a reference point of 8-3/L", and with a 3-1/2" down adjust=-
ment the reference point will be 5-1/4" from the heel rest lsvel, Therefors,
we have finally reached a cockpit level which will permit 5", but no more, of
personal eguipment under the man without requiring some welling of the floor.
Rudder pedals are 35-1/2" from the reference point; arm rest is at 8—3/8";
seat-to~-eye distance is 30-1/3"; eys-to-back line 9-3/8"; and the vertical dis-
tance from the eye to the seat 30-1/2". )

The L1" cockpit, Figures IV, 10; IV, 11, holds the men 10-1/8" from the heel

rest, and the reference point 9-1/2", permitting 6" of space betwsen the point
arfd the floor at seat full down. The reference point-pedal distance is 35-1/8";
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Figure ﬁ, 7.

IDLINE SECTION OF SEAT CONTOURING (4)
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orm rest height is 9-3/8"; seat-to-eye, 31-1/L"; and eyc<to-back line 9-3/L%, .
with the vertiocal eye-to-seat, 51“1/g2e
Tae L3" cookpit, Figures IV, 12; IV, 13, at first may eppear to be in ean .

¢rbrems position, inasmuch as it hes raised the man 11=7/8" from the heel level,
Witk the refersnce point 11-1/2" high, giving us a full 8" 4o work with after
the seet is et full-down edjustment. Reference pointepedrl distence has droppad
tc 3h=-3/L%: srm rest height to O%; seet-to-eye distance ¥ 31<3/L4"; eye=-to=back
ta §-5/87; aud the verticel scet-to-sye to 31-1/2". Cenisary to the statement
wede on . 35% cockpit, the L3" lew¥el now gives tho noximum disgtence botween
the hori uwtel line of vision and the knees. It hes been found in experimsntal
deeigne sockpits utilizing tho A-1 gunsight that this lsvel is required for .
proper whilizetion of the gunsight, the 11 degrees down-vision angle, and somo
inctiveent panel above the kneceos. This example serves well to hllustrate the

feot thet one instrument mey be the deciding factor of what cockpit cen bs so= .
Tee for & design, end in this particular case it must be roallzed that the

A-L sight is & high performance sight, and the 11 degrees a high performencs
wrndition, vasroas the L3" cockpit from the standpoint of the men is e low pere

Tormoroe position.

-

fertein other dimensions are valuable for coneideration. One in particu=
lar should be montioned, and that is the distance betwsen the most aft position
of the ocoptrol column and the beck sufface upon which the man rests. At the
35% level there is aveilable a distence of 15-1/8", whereas in progressing up-
wvards in the levels, this distsnce : decrsases exactly 2" to 1%-1/8",

Bafore prooseding to a discussion of the relative merits of the different
levels of the cockpits thers should be some consideration given to the man and
the structure which we term a seat and which provides the function which we

term sesting. ‘

Involved in the dimensional relationships of the cockpits discussed above
are two very important factors which should be cleariy understood in order to
give s full consideration to the gensrel principles of cockpit sesating. The
moet importent factor is the function of the anatomy of the man as he is bsing
pisced ivto what is called a seated position. Tt is easy enough to understend
the methed by which a knee joint, for example, moves as it ocours only through
8 given plane. It is much more difficudt, however, to understand the highly
involved mechanism through which the vertebral column may be comfortably placed

ac¢jacent to s supporting surface and be supported in a seated menner, «
There are twenty~five separate and distinct bones in the human vertebral ¢
column. A common conception of the function of the twenty-four individual .

jointe ie thet they may operate independently of each other. If this were so,
it would be much easier to obtain a variety of seating postures. However,
this s not so. The main areas in which the vertebral colurn may be flexed or
extonded sre the lumbar or lower back areas and the cervical or neck areas. .
The vertebrae supporting the ribs move only a slight emount relative to the
ontire movement of the vertebral colurm., This may be tested for informational
purposes simply by standing erect and then bending over as if to touch the toes.
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It will be noted that some flexing occurs at the hip joint, a great deal of
flexing occurs in the lower back region, and practically no flexing ocours in
the thoracic region, Normally, in an erect posture, the column viewed from -
the side is in what is oalled a sigmoid shape, with the cervical vertebrae
curved forward, the thoracic vertebras curved backward, and the lumbar verte=
brae curved forward., This posture, the normal one, will change in a seated

or flexed position only in the lumbar region so far as comfort conditions are
conoerned. Inasmuch as the thoracic wvertebras do not change their positions,
they must be held in such a manner that the cervical wvertebrae above them will
8till retain the head in its normal horizontal position in order to maintain

a comfortable position. Therefore, the fundamental factor in maintaining a com-
fortable seated position, so far as the back is concerned, is to flex the lum-
bar region within its allowable limits in such a'manner as to retain the thorac-
ioc and cervical regions in their normal vertical allignment. So far as the
gluteal and thigh regions are concerned, the angular deflection is relatively
simple, and comfort appears to be entirely dependent upon the maintenance of

the largest possible surface area for the support of the weight concerned.

Therefore, the fundamental requirement for comfortable seating is the
proper application of mechanical forces to the bony body structures in such a
manner as not to displace them bsyond their normal comfortable angular iimits.
The second fundamental requirement is dependent upon the first, and is, in
effect, the proper determination and use of the mechanical forces which are ap-
plied by means of pillows, cushions, etc., to the human body. The following
discussion of seating will be based on the assumption, through experimental
test data, that seating mechanics have been properly applied to the human body,
and that the dimensional relationships of the cockpit are those which will best
fit the human body itself in the variety of seating which will be within the
tolerable comfort limits of the skeletal system.

In the 35" cockpit the lower leg is flexed on the thigh at an angle of
about 110 degrees. The thizh has been flexed on the trunk at an angle of
about 80 degrees. Because of this degree of flexion, the cushion support sys-
tem must be maintained at an angle of approximately 9O degrees from the hori-
zontal, This 9 degrees from the horizontal is not readily interpreted as a
surface contact to the thigh and buttock region but rather as a base line angle
which supports the resilient system which provides a differential weight sup-
port with the highest value lying over the ischial tuberosities and decreasing
values in all directions from these two points. The vertebral column itself
will show the greatest amount of ocurvature in the lumbar region, and this is
demonstrated by the fact that the seat-to-eye distance at this ‘levelhis rela-
tively low. Even though the lumbar region itself has probably been forced into
the greatest amount of flexure possible, the thoracic region is still maine
tained in such a position that the upper thoracic vertsbrae will provide proper
allignment for the cervical or neck vertebras to maintain the head in its nor-
mal horizontal, and camfortable, position. In every case on the experimental
tests, the upper thoracic durvature has been determined to continue upward in
such a manner if extended as to intersect the horizontal line of vision at

© very nearly 90 degress, which proves that the head must be maintained in its

normal position if ocomfort is to be maintained,

’
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As the cockpit levels are increased the degree of flexion of the lower
leg from the thigh incresses little, and in the L3% cockpit the anpgle of the

thigh and the lowsr leg has rﬂduced to 108 degrees, but this decreese is - .
related to the angular rel~tionshin ot the thigh and the trmink which has

increased to 98 degrees In other words, therc has been described an avc at

the knee Jioint which hd° started from 1%9 36" level and has proceded upward .

and forward in such a manner ar to retain the required amcurnt of leg motion

for the feet upon the pedals, and the trunk has been 1lifted vertically and has

been supported mere erectly on the thigh. 1In going through this process, the

angle necessary for the sipport cushion under the thighs has decreased from 9
desrees &t the %5% level 1o such an extent that the seat-to~eye distance has .
now reachoed thb grestest value encountered,

Heference to the profile ds avings will show that the distance from the .
krnes to the hordzental line of vision will indicate the arc movement through
which the knee has progressad, Tt 9pp"ar" further that the greatest flexion of the
trunk occurs at the 57“ Jevel, with some streightening occuring below &t the
5% levol, evparontlr due to uh» rise of the thighs and a resulting reduction

PR

-
of compression in the abdomingl region,

8 s have indicated that the 37% to /1% levels
reauire the least change in eccommedation cf the pilof, whereas below and above
these values the changes renvired are increased in value,

Further enalyses of the cockpit
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PTLOT SEATTING TV COCKPTITS WITH WHEEL-TYPE CONTROL:

The problems encountered in pilot seating in cockpits where the wheel
type control is used, which is predominantly in bombers, are ‘essentially the
same as those in st:ck—uwpe control airplanes (predominantly fighters), inso-
far as the same iype of work, generally, is performed in each case and thus the
pilot requires virtually the same positioning. The differences which do exist,
however, are all in favor of the bomber pilot, for they are differerces in
degree cof restriction in position to which the respective pilots are held.
Bomber cockpits are usually larger than [{ighter cockpits, thus permititing more
arm and leg freedom and the incorporation of some back angle adjustment in
the seat. Since scanning is not so constant an occupation for the bomber pilot
as it is for the fighter pilot, the design Horizontal Line of Vision fails to
be as restrictive a dimension for the former, i.e., the bomber rilot is
relatively more free to select vertical seat ddjustmcn+ within the preseribed
renge of adjustability which will meet his comfort requirements without any
detrimental sacrifice of vis 3ibility, with the exception of down-vision require-

ment over the nose.

Studies on bomber pilct seating, for which returnee bomber pilots exclusively
were vsed &s subjects, have not only substantiated the above premises but have
gone a step further and have revealed certain other differences in seating require-
ments between fighter and bomber pilots. The hombher pilet prefers a sesoh wit 5h &
greater back angle, for example, dee, perhaps, to the fact that in the absence of

‘the almost constant alertness for enemy action and positioning to the gunsight

to which the fighter pilot is necessarily subjected, he can fly in a more relaxed
sitting attitude. Bomber pilots tend to he taller and heavier than fighter
pilots, a difference which is reflected in the seat angle which they require for
comfort and in the seat and back contours which they establish. The latter is
strikingly apparent when direct comparisons are made (Cp. Fig's IV, 6 and LV, M:
iV, & and IV, 16; IV, 10 and IV, 18; and IV, 12 and IV 20). )

Despite the fact that the bomber pilot is not tied down too severely to the"
design horizontal line of vision, it was felt to be advisable to use the distance
between the cockpit floor level (point of heel rest) and the horizontal line of
vision as the fundamental dimension for cockpit design in order to have some one
independent variable from which to work. First of 211, this dimension ic the
nost easily controlled; s econdly, it is so fundamentally a determining factor in -
aircraft design; and, thirdly it has definite limits which derend upon the normal
range of stature of flying personnel. Since the comfort reouirements as stated
sbove for aircraft with the stick-type control show that a value of 35 inches for
the heel-to~horizontal line of vision dimension represents nearly the absoclute
minimum at which the average AAF pilot can be accommodated in comfort, ard a
value of ;3 inches represents nearly the maximum, a rangs of values &t two-inch,
intervals from 37 inches to L5 inches was chosen for the studycon wheel control
aircraft. The shift in range by a two inch increase was made for two reasons, -
first because of the generally larger size of bomber pilots, and seoondly hecause

these aircraft may require higher eye levels for down-vision,

-105;
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: The results of studies on pilot seating in bombardment type aircraft are

in theory practically ldentical to those demonstrated and discussed in the .
preceding chapuer on fighter pilot seating (stick-type control), each dimen-
sion being dependent upon the cockpit level and varying in the same direction

in both cases. There is one factor which enters into the latter study, howsver,.
which was of relatively minor importance in the fighter series, and that is the
height of the control column, The wheel type control found currently in

bombers introduces the problem here., It has been found to be the case in many
bombers that the pilot either can not pull the wheel full back without practi-
cally forcing it into his lap or abdomen or, once back, does not have suffic~ .,
ient clearance between himself and the wheel to obtain full aileron control.
This is indeed a difficult problem to solve to the complete satisfaction of all
individuals because of the impracticability of incorporating any adjustability |
in the wheel to compensate for the fore-aft and vertical adjustability which '
is so practicahle and desirable in the seat. It is believed that considerable
improvement could be obtained through the uss of a wheel which moves fore and
aft in a straight line, rather than describing an arc, the straight line being
perhaps pitched et epproximstely a five degrea angle to ths horizontal so that
23 the wheel moves back, it moves up. The cockplt drawings included herein
show the most desirsbls position for the wheoel which moves through an arc, has
a chord of nine inches betwesn its neutral and aftermost positlons, has a _
chord of six inches batween its neutral and forswardmost positions and has a

wheel radius of 7-1/l; inches.

Seating and position requirements which have been determined for aircraft
with the whesel-type control, when compared with the position requirements for
aircraft witn the stick-type conirol show essentially no difference in require- .
ments for the basic dimensions beyond the realm of experimental error, except = °
for those dimensions which are determined in part or in whole by the type of
aileron-elevator control used, i.e., stick or wheel, It has been deemed feas-
ible, therefore, to combine the values for both into a set of requirements which
are common to both types of aircraft, except for those dimensions determined
by the elevator-aileron control (Cf. Fig. IV, 2l}). Hence, the two types of
aircraft are not differentiated according to function as fighter or bomber, but
according to the control dolumn, since it is the latter and not the former which

determines the pilot position requirementg.

In summary, it should be stated that the results of experiments indicate ‘
that a cockpit should not be a random assortment of controls, seats, and di-~ .
should be considered as a highly detailed functional ,

mensions, but, rather,
system which, in order to work properly, must be carefully considered by the
[ ]

designer in any approaches he may make to an aircraft performance problem.
Zxperimental data also indicate that with proper application of the data ob~
tained it should be possible to maintain the pilot in an efficient and comfort-
able condition for a period of not less than eight hours, and possibly for a

period as great as twelve to sixteen hours.,
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HUMAN DIMENSIONAL REQUIREMENTS N AIRCRAFT COCKPITS
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THE CENTER OF GRAVITY OF THE SEATED FIGHTER PILOT

As the performance of aircraft reaches higher and higher levels, and as the .
consideration of the safety of the orew merits more and more attention, it be-
comes highly important that some consideration be given to the definitlon of the
location of the center of gravity of the pilot. This is particularly true in .
high~performance fighters. If the structure of the seat is to be properly fabri=-
cated so as to gain the mazinum strength to protect the men, it must incorporate
the engineering features associated with the location of the man's CG.

By placing a series of individuals into the seated attitude which is main-
tained by fishter pilots in their craft, Figures IV, 25; 1V, 26, and then by the
simple method of balancinz the body in two different positions, with the verticals

through the points of balance intersescting, this center of gravity may be at-
tained. It may be done photographically as shown in the figures, with the two
negatives superimposed so as to produce a perranent record of the man's position,

-
A

Inasmuch as a mock-up is recuired to hold the ran in position, a correction «
formula is used to eliminate the mock-un factor itself.
{A) Distance Seat,

to Seat-plus-l'an,, _ Vieight of Kan (Vi)

g g
{B) Distance Seat-plus-raqog to Fang, “eight of Seat(rs)
Po= s L
Vi x & :

4

The final location of the center of gravity of the ran is then A + B distance
from the center of gravity of the seat-plus-man.

The everage position of the CG is 11.40 inches vertically from the back of
the seat and 10,146 inches vertically from the seat itself. The range in position
from the back of the seat wes found to be from 11.05 to 12.7L inches, and the
renge from the seat itself, 8.90 to 12.42 inches, showing a fairly constant po-
sition in the relative horizontal, but a variation vertically tied in with stat-
ure variation. The lower values vertically correspond to lowsr statures. The
averege position is based on a stature of 69.l4 inches and a body weight of 163
poutds with light clothing, .

No consideretion has been given to the effects on the center of gravity due s
to personal equipment, since the respective CG's of items of equipment can be de- ,
termined indipendently and the final position of the center of gravity of the
entire system calculdted,
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- BODY SIZE CONSIDERATIONS FOR EJECTION SEATS

In fighter-type aircraft, and possitly in certain type of heavier planes,
it must be kept in mind that speeds in excess of three hundred and fifty miles
per hour render emergency.escape very dangerous, and consideration must be given
to the provision of ejection of the man under some form of power other than his
own. The Germans attained this by providing & charge of powder which would e-
ject both the seat and the man, following which the man could release the seat
and proceed throurh the ordinary parachute maneuvers.

Attempts have been made to modify existing aircraft in such a manner as to
incorporate installation of an ejection-type seat, but it has been found extrenre=-
ly difficult to gain fully satisfactory means., Therefore, the designer should
make every effort to incorporate the full installation for his aircraft before the

mock-up stage is reached.

The primary requisite for the consideration of the human body as it relates
to the cockpit is the degree of assurance which can be guaranteed for the posi-
tioning of the body in the seat. A definite example will serve to demonstrate
this point.

In the type of seat figured, it will be seen that the toes of the feet serve
to define the maximum requirement. - The position of the instep in relation to the
hip will also define the extent of rddius through which the thigh must go to at-
tain a fixed position. It may be that lower dirmensional requirements might be
attained if pans rather than stirrups could be provided, perhaps holding the toes
down and back from their present position. However, the degree to which this
could be attained will be determined by the clearances offered when the seat is
at full-down adjustment. 1In addition, if there is & possibility that the feet
might slip off the stirrups, the thighs might very well be describing a radius as
the Imees pass the windshield, and thereby present a maxirum dimensional require-
ment of about 28 inches, even with the feet falling farther back.

There are certain aerodynaric requirements which must be considered if devia-
tions from the 13° angle used by the Germans on.this particular seat are indi-
cated. They went to great length to design the head rest in such a manner as to
protect the face ,in the slip-stream, &ahd it will be seen from the figures that the
relative position of this head rest will change from a position somewhat in line
with the top of the head of a tall man, down to a position about level with his
éars if the angle of ejection is dropved back to 30° from the vertical. 'If the
ejection angle should be this great, the head rest must be elongated and this e-
longation may require such an increase in the sitting position of the seat struc-
ture, at 13°, that it will be too leong to fit under the canopy of the aircraft.

If ejection at anzles in excess of 13° is considered, the man must be moved
from the 13° back to the ejection angle, requiring time. If he is not moved back,
but stays at the 13° while ejection is occurring, then the difference in angles
may be sufficient to apply transverse "g" to the man's head and produce instability

-19-




in amounts great enougrh to break the neck. 4 srall difference may be inconse-

quential, but extrere care should be taken to insure this before full installa-
tion is considered. -

Frontal areas must also be considered in relation to the angles of ejection
and the trajectories which must be rnaintained to clear the rudder., Figure IV, 27.
The total frontal area drops from 5.0 sq. ft. at 13° down to L;.5 sq. ft. at 30°,
so may offer some adtantare to compensate for the lower trajectery inherent in e-

jection at the 30° angle.

3

Finally, in consideration of frontal areas, it is absolutely imperative that
no less than 25 inches be provided laterally for clearances at the shoulders and

elbows.

120 ®
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HUMAN DIMENSIONAL REQUIREMENTS
FOR CATAPULT EJECTION INGERMAN TYPE CATAPULT SEAT

(AERO MED.LABORATORY)
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ELBOW BREADTH-22"

SCALE : /8
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Figﬁré 'I V, 0.




HUMAN DIMENSIONAL REQUIREMENTS FOR GATAPULT EJECTION
INGERMAN TYPE EJECTION SEAT
(AERO MED. LABORATORY)
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HUMAN DIMENSIONAL REQUIREMENTS .

FOR CATAPULT EJECTION IN GERMAN TYPE CATAPULT SEAT .
= - 124 R
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HUMAN DIMENSIONAL REQUIREMENTS FOR CATAPULT E JECTION
INGERMAN TYPE EJECTION SEAT

(AERO MED. LARORATORY)
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HUMAN DIMENSIONAL REQUIREMENTS FOR CATAPULT EJECTION IN GERMAN TYPE SEAT
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PRONE - POSITION

Lot

The. first airplane flight in history was made in the prone position. Since
that time considerabls research work has been done in various countries on the
operational possibilities of such a use of the pilot. There are meny disadvan-
tages which nay or may not be outweighed by the advantages.

From the poor standpoint, the position represents a radical departure from
that to which the modern pilot has been trained. Tt offers a frontal field of
vision which is somevhat lower in angle than that encountered in the modern atti=-
"tude. There has been some doubt as to whether this field is adequate enough for
modern combat conditions -and techniques. However, with higher performances to be
expeoted in new interceptor aircraft, with radar pick-up, and possibly with radar
controlled guns, the pilott&visial field, so far as combat is concerned, ray be-
come less and less important,

Beyond these two disadvantageous factars, there are several on thre credit side
which should be given consideration.

First, the pilot is in a position which is actually normal, psychologically,
for flicht attitudes, contrary to his previous training. Second, this position
enables the ran to withstabd*"g" forces possibly as hirh as 15, and perhaps even
 higher, Lertalnly he cannot stand this value in any position approaching the up~
right posture. “Thirdly, there ars certain advanteres which should be considered
from crash safety aspects, inasmuch &s the glide anzle of a powerless aircraft,
under control, would give the man an effective "»" somewhat transverse to the
long axis of the vody. Finally, the variation from the r.odern visual fields may
or ray not be of vreat importance, as mentioned above,

Because of these long time considerations, it is worthwhile to recorcé the
data which have been derived from studies on the prone pdésition. First, the tol-
erances to provide for various statures can actually be more easily accommodated
in this type of installation than in the conventioral one. The. adjustrents re-
quired arse those located ir the foot pedals, which will au+onatha11v deterrine
the stature of pilot to be accomrodated, Tf, for examnle, &" of pedal adjustrent
are Lnstalled, right avay it is known that a A" variation in stature may be uti-
-llzed;' Ve"ght considerations, however, may limit this consideration from the
lateral aspsct. Figure IV, 27, shows the adjustrent required in the zenersal as-
pect and Figure IV, 38, shows how visual fields will vary with different amounts
of chest rises and body sizés. The ‘Usual amount of attention which shou:ld be
given to body size will easily accorrodate adequate rances of body sizes,

Another consideration from the comfort standpoint is that related to the
normal position which the fwet ettain while the nilot is ]vinf in & nearly hori-
zontel plane. The positiorn Is stovn in Tilrure 1V, 29, and the aversre resting
anrle is 21° back of the V’"tjc 1y with tolel dorsillaxiorn 54¢ forverd ¢f the
restine anzle, and dorsiertsnsion 21¢ <ft,
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AREAS NOT AVAILABLE TO VISION
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Finally, there sho.ld be sore consideration siven the teclmigue of apvroaching
the pilot's "bed"., The leps may very well be held in the plane parallel to the
line of flirht, but the thorex, of the trunk, should be lifted about 109, Figure
IV, 37, and a greater degree of comfort will he attained for the head ana neck if
a comparatively sharp rise, wrich is adjustable, is provided in the u-per chest
rezion, In addition, the bed should he sufficiently cushioned and contoured so as
to prevent body contact with resistant surfaces in the areas of the clavicle, the
anterior superior iliasc. spine, and the patellae. There should also bes sore pro-
vision for some lower legz suprort when the foot is 1lifted hich enourh to ~ain free
rotion on the pedals. The toes should be irstalled in stirruns on the pedals.

The problem related to holding the head in a relatively fixed position for
sore period of tire, vwhich prohably should not ezceed two rours, is wuch nore com-
plicated. 1In the first place, every offort should be rade to nrevent contant be-
tween the head support end the bearded portion of the face, because this soon re-
sults in considerabls irritation to the skin. From a purely phrsical stand»noint,
the support should not be dependent in any dezree upon a chin rest. This is due
to the fact that the head itself, acting free on the neck joints, will weich ap-
proxirately 15 pounds, and this weight, multiplied by the "g" forces which can be
tolerated in this position would result in as tieh as 180 pounds of head weirht
resting uvon the chin. If the nilot were unfortunate enourh not to have a good
"bite" with his teeth at the time of the onset of accelerative forces, it is prob-
able that he could break off the condyles of the mandible.

The harness rmust be desirned in such a mamner that the weight of the head
regularly and under "z" forces will be supported over a broad surface of the fore-
head. This has been found to be quite satisfactory under experimental conditions.
Another factor of grsat importance is the ability of the pilot to be able to nove
his head, to be able to utilize &s much visual field as possible, and techniques
have been developed which will actually perrit greater head motion in this posi-
tion under forces ms high as 12 "g" than can be obtained in the usual position
under forces not exceeding L "z". This obtained by the sirple introduction into.
the system of the head harnsss of a counter weight and cable system which will
permit the head to remain free under-any "z" forces applied. The rreat problem
here is to force the head down under very hizh forces in order to prevent black-
out of the pilot.

It has also been found that considerable force can be exerted on the indi-
vidual control motions, indicating that there is no undue disadvantage in this
position so far as control loads are concerned. Subsecuent testing has indicated
that these forces can be applied throughout the acceleration rances which can be
tolerated by man,
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BOMBAIDIER-NAVIGATOR SEATING

With the growing interest in high-speed, jet-propelled, bombardment
sircraft, incorporating relatively small crews of three men, the bombar-
dier-navigator position has become increasingly important. This crew men-
ber will be occupied the entire flight time and all the arrangements for
his activities should be designed to provide him with the greatest possible

efficlency.

In order to maintain a logical perspective concerning the required ap-
rangements, it should be remembered that the time of the individual will be
apportloned as to give not more than ten per cent.of the time to use of the
bombing mechanisms. The remainder will be spent on navigation. However, since
the mein objective of the mission must be accomplished by the actual. bombing,
it is almost &s importent to provide efficient arrangmment for use of peri-
scopes,; ete., as it is {o provide such for nevigating. Iinally, a single
seating avrangement must be provided since all the duties are accomplished by
a single man, This letter helps in meny respects because 1t benefits the
gpatial requiremsnts,

Inasmuch as the nose sections of the types of aircraft under discussion
are oulte small, every efforl must be made to reduce the size of the equipment
required to be clese to the man to the smallest size possible.

Under esperiments)l mock-up conditions it was found that a radar set which
had 6.3 eu. ft. could ncot possibly be broken down, sufficiently to be placed in
conjunction with the operator. However, another set, which had only 1.1 cu.
ft., very e2sily adapted jtself to the limited space requirements,

Two alternste positions of the man may be used. The first, a directly
fore-and-aft. placement of the chair, with a 90° swivel for the navigating posi-
tion, and the sccond, a diagonal position of the chair, with a swivel needed
only for emergency clearance of the man to the escape hatch., In the second
alternate position; the man is placed in a normal working position at the
navigating table, and useg the periscope and radarscope by looking diagonally
over the left shoulder, This position is much the casier to use so long as
a minimum of manual controls is placed on the 'scopes.

The radarscope may be permitted to swivel to either side of the periscope
and will bs equelly practical. It should be placed about 39" from the floor

level.,

The chair should be made to provide for use of the back-type parachute -
and might have armrests to improve comfort, although the navigating table will

provide considerable support.

Attention should be paid to placing switches and other manual controls
gso that they move in a direction corresponding with that of the hand and wrist.

136,
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ANTHROPOMETRY IN THE DESIGN OF AIRCRAFT GUN-TURRETS

r.General Background

Introduction:

The problem of fitting gunners into aircraft gun-turrets was the major
stimulus to the inception of the entire AAF anthropometric project. The tur-
ret investigation has determined the selection of subjects and measurements
in the initial body size survey and has embodied the first application of the
data collected in that survey, It has required continuous study from the
receipt of the first British turrets at Wright Field in 1940 to the present
time (September, 19.5), with the existence of several current problems indi-
cating strongly that advice on gunners' accommodations will be required as
long as research in aircraft armament is conducted.

The gravity and persistence of the gunner's problem are readily under-
stood when the origin and function of gun-turrets are examined, Aircraft arma-
. ment is divided into two classes, fixed and flexible guns, Fixed guns, used
chiefly for offensive purposes, are aimed by aiming the entire airplane, as in
fighter planes or in those "attack" planes (combined fighter-bombers) which
have forward-firing guns. They involve no problem of human accommodation,
although the body of the airplane in which they are installed may; and are thus
of no present concern., Flexible guns, on the other hand, chiefly defensive
armament in bombers, are aimed in various directions from inside the airplane.
They include hand-held guns, locally-controlled gun-turrets, and remotely con-
trolled guns and turrets. Hand-held guns, which appeared first, are no longer
contemplated for installation in new airplanes, according to the 9th Edition of
the Handbook, They may be placed anywhere in the airplane, nose, waist, and
tail positions being the most common. They do present problems in accommodating
gunners, but for the most part the difficulties involve human dimensions only
remotely if at all, and have never been as acute as those of local-control tur-
rets. For these reasons, gunners' provisions in crew stations involving hand-
held guns havé not been extensively studied. Two cases will illustrate the types
of difficulty encountered. (1) In the early B-17, the left and right waist
windows were opposite one another (Fig. IV, LU), causing intsrference between
the two gunners in scanning for enemy planes, and in operating the guns. 1In
later models, the interference was eliminated by "staggering" the windows
(Fig. IV, l1). (2) In the B-2l the windows were not staggered, although the
gun mounts were (Fig. IV, L42). In the later phases of the War, only one waist
gunner was used since fighter opposition was markedly decreased. His chief com-
plaint, judging from U.R.'s and questionnaires, was the lack of a comfortable
seat for scanning on both sides of the airplane.

Local-control turrels and sighting stations then, the latter operating
remote armament, are most critical for the gunner. As & result of the earlier
development of local-control turrets, much the greater proportion of anthropo-
metric analysis of turrets during the War has been in that direction. To
anticipate somewhat, one of the principles derived from the study of turrets is
that any apparatus for humen use must provide for the man in its design. The
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‘ gunner using remotely controlled armament should not, in theory, be cramped

for space, since he is in effect sitting in the airplane itself and not 4in

.a separate protuberance. Nevertheless, neglect of the principle just men-
tioned has led to anthropological difficulties which will be considered later
in the present discussion.

Definition:

Turrets are defined as "those self-contained power operated gun positions
wherein the gunner sitting within the structure controls the position of the
.guns by menipulating the control handles while tracking the target with the aid
of a computing sight. In all locally controlled turrets, the gunner is sheltered
within the turret and moves with the guns in azimuth only or azisuth and eleva~
tion together.” (Hamdbook, 9th Edition, Ch. 21) Power turrets evolved from
hand-held guns through the intermediate stage of a hand-operated turret.  The
British were the first to produce and use operationally on a large scale turrets
which were complete units, containing electrically or hydrawlically operated
guns, a computing gunsight, and a gunner plus his personal equipment. The
effectiveness of such armament is obvious compared to that of hand-held gums or
turrets which the gunner had to push arcund against the airstream while peering
through a simple ring-and-bead sight. As seen even at the end of the first
World War, the increasing speed of aircraft involved wind forces that the
gunner could not handle with reliablility and which therefore required power
operation. ‘

'Turfet Evolution:

A

rd

But the advantages conferred by power operation and computing gunsights,
‘such as completely controllable tracking rates and automatic calculation of the
many factors required to hit a rapidly moving target from a moving gun platform,
are accompanied by inconvenience to the gunner. Heavy guns and supporting
structure, gunsight, ammunition, and sources of power, all occupy space and
weight, not to mention the gunner and his personal equipment. Space and weight
are always at' a premium in aircraft. The basic difficulty has been that, until
the latest stages of the War, turrets were an unwelcome afterthought to airplane
designers. The primary function of an airplane was conceived to be flight, and
the realization came only after costly experience that, in the words of the
Handbook, "The efficiency with which a military aircraft can carry out its
mission is dependent to a large degree upon the character of the armament instal-
lation. . . . Where the armament requirements have been subordinated at the time
of initial design, it has been impossible to make satisfactory provisions later."
’ With space rigidly limited by the dimensions of the plane to which the
turrets were added, and with his equipment increasing in bulk and complexity,
the gunner himself was an unwelcome afterthought to turret designers, and one
of the purposes of the present discussion is to outline the steps by which his
importance has become recognized.

When early British turrets were brought to Wright Field for examination,
most of the American engineers who tried them found them too small for their

.comfortable and efficient operation, This might have led anthropologists to
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speculate on possibie size differences between British and American aircrew
(some differences have been found, chiefly that AAF aircrew are broader and
heavier), were it not for the fact that later British turrets afforded gun- R
ners' accommodations superior to those of early American models. As in other
agpaets of aircraft and turret development, each new designer has had to

learn for himseif. Not only did the RAF learn the leason of the gunner's .
importance earlier in point of time than the AAF, since the British turret
development began sooner, but extraneous circumstances combined to maintain

this advantage. The use of .30 celiber machine guns requires much less sup-
porting structure than the hesvier, farther-ranging, and more destructive .50
calibers; and the Britd sh emp]oymﬂnt ol heavy bombers on short-range, low- R
eititude; night missions meant that aerodynamic cleanness and weight considera-
tione could be compromised in the gunner's favor. The AAF's tactice enjoined

the opposite policy. .

Body Size Survey:

st e et e e

Ther demerar ?Pﬁ* fhc severs Limitation imposed by esrly turrets on gun-
el et Ton vounld restrict the size and hence the mumber of
verent. 4 Gel, Benson g8 esrly as 190, In Feb. 1911
nd af the Anthropology Departrment at Barverd University
- British and fmerican turvet modelis, to give a pre-
e Grosultehility, and to draw up a list of body measure-
pente dnpertant in wrret denlgr Dr. Hooton climbed into the various turrets,
ghaerving tiose dimcngiecng vhich seemed to be ceritical fer fit or important in
view of iha gunnerta position and requlred movements. His findings emphasized
the edviscbilily of a generel survey of ARF flyers, both cadets (who become
pilobe, co-pllots, horberdiera, and navigators) and gunners, who would occupy
the twrrcte and most other gun positione. Not only were those body measure-
mente necassnry which were applicable to the particular turrets observed, but
standai anthropometric measurements wore desirable to cope with future turret
designz. In addition, such measvrements have in fact; been found to afford
reazoneble pradictions of those special dimensions qubqeouently required. And
sinte the leu& of the body size survey would be enhanced by its applicability
to aviation metoriel other than turrets, measurements dictated by turret problem
plue othars chozen for general utility were pelected. Only the former are of

present concern,

205k kviation Cedets and 58l gunners at two of the three Air Corps recep-
tion centers for each category were included in the survey.

The measurements were reduced to percentile veluves, from 5 through 95,

"as the most practical elshoration of statistics™ for the purpose. In addition,
correlation scatiergrams were drawn up between the generally taken measurements
of stature, weight, and sitting height and those of importance in the turret
problem (such as buttock-knee length, kmee height, butiock breadth; anterior \
arm reach; shoulder breadth, ahbdominal depth, breadth across kneas and elbows),-
end among various pairs of the speciel turret dimensione. The description of
the meagurements, percentile distribution of each; and the usaful correlation

tebles are presented in Appendix 3.
V2. L _
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The Problem

Armed with percentile distributions and correlation tables of body
dimensions of AAF flyers, the anthropologist can attack the turret problem
directly. By the time the body size survey had been completed and the data
reduced in September 19,2, there were several standard turrets in production
and in service, desplte acknowledged shortcomings, since considerations of
perfection cannot be allowed to hinder production of & vital item. By posi-~
tion in the plane, there were thrse uppers (Bendix; Martin, and Sperry); 1
tail (Consolidated); and 2 lowers (Bendix indirect, Sperry-Briggs ball).
Subsequently, the Bendix lower was discarded, and two alternate tail turrets
for the B-2L, the Emerson (also used in the nose position) and Motor Products,
becams standard.

Turrets generally place the gunner in one of three postures: standing,
as in the Sperry upper turret (in B-17 airplane}); more or less on his sacrum,
with legs bent, as in ball turrets (in B-17, later in B-2l and B-32 zirplenes);
and sitting, as in all others. This variety of types, the resuli of different
requirements of turret weight, size,; and shaps imposed by different airplames,
is likewlse reflected in the diversity of internsl arrangements affecting the
gunner and consequently the anthropologist. The gunsight may move or remain
fixed as the gunner tracks an enemy plane through it; his legs or bis herd, or
both, may be cramped, or neither of these, but his elbows; he may or may not be
able to wear a parachute or body armor; his seat may or may not be adjustable
to bring his eye to the gunsight level.

The problem common to all turrets, however, is four-fold: (1) to evalu-
ate existing turrets in terms of percentages of AAF flyers accommodated and
the quality of accommodation afforded. If all AAF flyers are not accommodated,
(2) to establish size limits for selecting gunners for training, It seems
obvious that a flyer should not be given an intensive preparation, only to find
that he cannot fit into the turret for which he has been trained; but it has
occurred. (3) To ascertain the nature and cause of any difficulties encoun-
‘tered, and to attempt to remedy them. The chief focus of interest will inevitably
be installations within the turret which may be modified without materially
slowing production, since major redesign may hardly be feasible in view of the
pressure for production, and, to a lesser extent, the fixed dimensions and
design imposed by the ‘airplane housing the turret. After the first three
problems have been met, the experience gained should be used in a fourth dirsc-
tion, which is (};) to set up criteria for new designs.

3.




Procedure

The problem has now been presented, as well as the tools for its )
solution. The nexi step is to outline the procedure followed, It appears
simple to measure a turret, locate the measurements in the percentile distri-
butionz of flyers' body measurements, and thereby estimate the percentsge of
flyers accommodated by the turret. Infhct, it was thought at first that the
distribution tables could be shown to turret designers; the technical words
explained, and that the anthropologists' task would be thereby accomplished.
However, it soon became apparent that the applied anthropologist has only
begun when he has measured hls subjects and completed his s tatistical analysis. h
One of the moot consistent exporiences of the entire AAF project has been
that enthroporatric dete will notl be applied correctly - not that they cannot -
except by or under the directicn of anthropologists. <,

Crothing Tncromantss

. nede pubjerts hed boen measured, whereas bombardment N
¥ ; Ao of combal equipment. Thls made it necessary to
tue Lncrewesto eddad by verious combinfstions of clothing and personal
o The tare iy 3o &Ahﬁh@ outiits worn at the tims wore hesvy winter
cling (Fig. IV, AR v esridest electrically hest@svit, Typa F-l
(lrra kV Ly The shonrlisg vwos considerably bulkier. As subsequent outfits,
such &= the F-2 electric suvit (Flg. IV, 45) were developed, thelr increments \
wore edded, uwntil the following teble wss completed (Fig. IV, Lb). '

U(«“w-:ﬂ“mzﬁm ‘?)uﬂ ()f C} dtical Turveth D:.mc“noion&

A o Y RIS T o AT PO AP
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An even more scrious conaidoration than clothing bulk in preventing im-
wediate appidestion of the flyers! body size percentiles to turrets is that
pore mesouramsnt of turret dimensiones is ineufficlent. Not only are movements
even mox: 1ikely to hemper ezf",\cLenrs than cramped querters alone, but the
_sedection of gignificant tuwrret diwensionn le inpurativco An almost infinite
moeher of tirrel dimensions could b measured, only e few of which might be.
eritical. In feet, turret imvestigetions by the Aero Medical Leborstory ante-
dating &n*hropumeJxlﬁ enalyele dld include meny irrelevent measurements which
appeared logical 4o teke but which proved useless. The only way to ascertain
the eritieal pointes is to heve men simulate the gunner's actions inm each turret,

Sslactionﬂﬁﬁ subjactsz

Lecordingly, severel officers and enlisted men, measured according to the .
original body size survey blank, erc selected to typify the range of body size
in Ay flyers -~ of &1l flyers, it should be noted, not gunners alone, since
combat exporience has demonstrated the need for interchangeability of all crew .
positions. In an emsrgency, eny crew member may have to fill another's posi- A
tion. Dimensions of & typical group ectuslly used in early turret amalyses
ere given inm Figure IV, ﬁT. These half-dozen subjects are dressed in s tendard
{fiying gear, and their difficulides in operating each turret are noted. When
&ny troubles, either of static fit or of required movements; are due to their

lLll} .
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AMOUNTS ADDED TO NUDE DIMENSIONS BY TYPICAL CLOTHING OUTFITS

— Lo oY o B 2
D ']
o £
m @
%] Q -~ L8} 0~
5 = =g
2 ok g nk ,
S o i = i .
£ FE-] (5] < E
o O O (ST}
B oo O o - 2
e k- 8 BT =
g’ﬂ O —~ [SRFE] v
L= © o o [ ]
O ~ = ~ 3
Seles &1 & = A
weight.l..ll.'..'....... 20.0 lé.o m.o 15.5 Pounds
Staturéescceeccnsscenees 19 1.8 1.9 1.2 Inches .
Tmnk Height.......&.... '6 .5 l7 .5 "
Sitting Heighteeeeeeoess o6 6 b 5 "
Head Height....veeeevecee 2 2 o2 2 " .
Sitting Height Minus il
Head Height....coeeee ol A A A "
Buttock-Knee....oconeees 5 L 1.1 .3 "
Patella Heighte.iiecoes. 1.8 1.6 2.2 1.9 "
TOtal Span.l‘.l‘..."... .h .2 O'O O.o " -
Span AKimbO...esecoseees o8 L 0.0 0.0 "
Anterior Arm Reach...... i .2 0.0 0.0 n
Shoulder-Elbow Height... o3 5 ] 5 "
Biacromial.“.........l. 103 .h .8 .2 "
Bideltoid.......‘.‘..." ‘7 .5 .8 .2 "
CheSt Bmadth.o...'o-o-a- .6 .Ll» 06 05 "
Elbow Breadth.eeeeeee.es Lol 2.y L.7 2.9 n
CheSt DeptthDOIQOOOOQOO lo)-‘» 07 107 .7 "
Abdominal Depth....ceees 1.l i 2.2 .8 " .
Bi_iliactcuoﬁcuoo.ocooa. 1.3 .l'» 201 .8 " »
BitrochanteriCieeceeesoe 1.7 5 2.5 b n
Kl’lee Bl‘eadth.....-...... 2‘5 2.5 2.1 lco n
Squatting Diagonal...... 2.9 1.0 cee cee "
Hand Length..cceeceneees 3 WA ol 2 "
Hand Breadth.....‘...... Ob .2 .3 .2 "
Foot LengthS.eieerencaes 247 2.7 2.7 2.7 n
Foot BreadthS.cecessecey 142 o7 9 .9 "
Calf Circumferenc€...... 6.0 1.6 3.9 1.8 "
Chest Circumference..... 9.1 L.k 6.8 3.4 "
Head Length.eeeeeeeosess ol oy L A "
Head Bl‘eadth..........¢. oL‘ -b» DLI» QLL " ‘
Head Circumference...... 1.7 1.7 1.7 1.7 " .

1 B-3 jacket, A-3 trousers, B-Bhelmet, A-9 gloves, £i~6 boots
2 F-1 suit, B-5 helmet, A-6 gloves, A-9 boots
3 gJ-lpr jacket, ST-9#trousers, B-6 helmet, A-O gloves, A-6 boots

I, PA-17-LI*jacket, PA-17-MIxtrousers, B-6 Helmet, PA-17-DI% gloves, 4-6 boot, S
A-L; coverall .
5 Measurements; A-6 boot, medium; 12.8" long, 5.0" wide: A-6, large; 13.5" long,
5.3 wide: 4-9, large; 13.2" long, /17" wide. .

sManufacturers' numbers; Themas Quilt Factories, Denver; General. Tlectric
Co., Bridgeport, Conn.
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physical dimensions, the turret dimension involved is measured; and from the
percentiles in the flyers' series between which the turret becomes unsatis-
factory to the subjects, there is obtained an approximation to the percentage
of flyers who will be accommodated and hence to the upper 1imit of that human
dimension to use in selecting gunners for that turret, Since the Training
Command can hardly be expected to take such esoteric measurements of gunners
as appear in the Anthropological Survey, the correlation tables are consulted
to translate all the special measurements into the routinely taken height and
- weight. The correlation between height and length dimensions on the one hand,
and between weight and breadths and girths on the other is high enough, for
AAF flyers, that the height and weight can serve as rule-of-thumb approxima-
tions to the others.

Anthropometric Analysis:

Anthropometric analysis, it became apparent from a preliminary inspec-
tion 'of turrets, comprehends four aspects of gunners' accommodations, all
closely inter-related, but more conveniently evaluated separately: comfort,
efficiency, vision, and safety. A brief discussion of each, with examples
occurring in specific turrets, will be presented, followed by an illustration
of the entire procedure of anthropometric analysis to (a) the Sperry turret and
(b) a comparison of three alternative turrets for the tail position of the B-2L

airplane,

(1) Comfort includes the purely metrical and relatively static adapta-
tions of the gunner to his space and to his equipment, as well as general fact-
ors like thermal adequacy, ventilation, noise levels, freedom from drafts, and
the 1ike., Spatial adjustment, in turn, consists of vertical, lateral, and
anterior-posterior (in engineering terms, fore-end-aft) accommodatinn. The
following are typical examples of deficient provisions for the gunner's comfort.

a. Shoulder Breadth in Bendix prer Turret

The Bendix upper turret (Type A-L, Model N; installed in the B-25
airplane) illustrated in Fig. IV, L8 has as a major structural com-
ponent a '"box casting" of frame in the shape of a sector 20 inches
across its greatest breadth (at the azimuth ring, the arc of the
sector) and 19 inches across the gunner's shoulders. Shoulder breadth
in AAF flyers averages 18 inches, to which shearling clothing adds
0.7 inches and the F-1 electrically heated suit, 0.5 inches. Further-
more, flying clothing of any type pushes the gunner forward to the -
portion of the box casting narrower than 19 inches. Nude shoulder
breadth, it will be recalled, is measured with the elbows held tightly
to the sides, whereas the shoulder position involved in operating the
Bendix turret control handles adds from 1/2 to 1 inch to shoulder

breadth. From such calculations, confirmed by the difficulties
experienced by selection subjects, it is estimeted thst at least 50%
of AAF fiyerc in light flying clothing (thet is, & coverall over shirt
and trouserz) cannot fit the turret at ell, or cemnot rotate the con-
trol handles fully in esszimuth. In heavy clothin, virtually 1007 are
discommodod .
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This difficulty has always hampered the Bendix upper, When
the anthropometric findings were discussed with Bendix Engineers,
the latter acknowledged the deficiency, but stated that no remedy
was possible, inasmuch as the turret diameter is determined by the

narrow fuselage of the B-25, .

b. Knee Height in Consolidated Teil Turret

In the Consolidated tail turret (Fig. IV, L9) for the B-2l, air-
plane, a serious vertical constriction is imposed on the knee by the
relatively short distance, 21-1/L inches, from the foot firing pedals
(on which the foot rests), when depressed, to a stiffening frame
above. Nude knee height - from floor to top of knee, in sitting posi- .
tion, with lower leg at right angle to thigh - averages 22 inches in
cadets and 21.5 in gunners. The floor slopes upward aft of the foot
pedal, enabling the knee to be lowered only slightly by advancing the o
foot. With severe constriction, as felt by individuals with long
lower legs, the foot cannot be advanced at all, causing an acute angle
at the knee, extremely fatiguing and dangerous because of the likeliness
of impeding the circulation of blood. Some constriction was felt even
in light clothing by subjects of average knee height., With the addition -
of 1.8 inches to knee height by the shearling A-6 boot combination (the
F-1 electric suit plus A-9 boot adds 1.6 inches), only about 15% of AAF
flyers were accommodated and at least 50% seriously discommoded.

, later models of the turret ameliorated the difficulty by having the
floor continue aft without sloping, but production of the turret was
discontinued before major modifications were introduced.

¢. Draft in Ball Turret X

In June, 1943, the following report from the &th Air Force was
received by the Aero Medical Lab: "It has been noticed by gunners in
this (ball turret) position that the lower part of the outside of the
leg is subject to direct blasts of cold air, especially if the turret
is turned so the firing is in a lateral direction, Consequently,.uncom-
fortably cold feet is a common experience - It is probable that this
is due to the direct current from a space 1/6 to 1/2 an inch wide around
the shell ejecting chute. No known reason why this opening could not
be closed.®

The report was brought to the attention of the Armament Unit, Pro-
duction Section, and the turret examined in conjunction with a repre- -
sentative of that office. It was decided that the condition could be ]
corrected by attaching a strip of felt between the ejection chute and
the opening for the chute in the turret casting. The Briggs Company
agreed to incorporate the change in production turrets.

»

(2) Efficiency implies convenience in operation and includes such considera-
tions as placement and construction of controls, instruments, gunsights, guns
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(for in-flight servicing), and other equipment which the gunner must mani-

pulate.

Most of the application of the anthropometric percentiles has been

in the evaluation of gunners' comfort and efficiency. Fatigue tests, to be
described later, were attempted in order to obtain a direct comparison of

a gunner's efficiency with various turret arrangements, but the attempt
failed because the numerous variables could not be controlled. The following
are examples of anthropometric concern with efficiency in turrets:

a. Range Pedal in Ball Turret (Figs. IV, 50 & IV, 51)

In the early models of the Sperry-Briggs ball turret, the range
pedal, which feeds data to the computing gunsight on tgrget distance
was operated by pushing downward against a strong spring with the
left heel. The pedal was located 22 inches forward of the seat back
and l; to 5 inches toward the gunner from the ammunition box in front.
In ordinary clothing, neither the shortest subject (buttock-knee length
21.ly inches, 2nd percentile of cadets and 8th of gunners) nor the tal-
lest (buttock-knee length 2.6 inches, 83rd percentile of cadets and
93rd of gunners) could operate the range-finder satisfactorily, whereas
intermediate subjects could. A short thigh made the lower .leg pueh
at an acute angle instead of straight down, a s required by the pedal;
with the result that the gunner had insufficient strength and length
of leg to utilize the lower third of the pedal's excursion. A long
thigh, on the other hand, involved the gunner in obstructions at the
knee and toe with the ammunition box.

Inasmuch as the intermediate subjects, who could operate the
pedal, ranged from the 35th - 53rd percentiles to the 73rd - 85th
(of cadets and gunners, respectively), it could be concluded that
roughly the middle third of the AAF flying population was accommo-
dated wearing light clothing and shoes.

However, combat gunners almost always wore heavy winter flying
boots, (Type A-6). Wearing both medium and large sizes (and since the
A-6 boot is worn over shoes, the larger boots are to be expected), no
subject could operate the pedal. Rotating the turret to place the

- gunner on his back helped only slightly. The two subjects with the

longest thighs could not even place their heels in the pedal stirrup.
As for those who could, the lower edge of the armunition case pressing
down on the foot depressed the pedal permanently, so’ that it could be
operated only through the upper fourth of its range.

Several remedies for this intolerable condition were attempted.
Special felt boots were designed for the gunner; the ammnition boxes
were taken outside the turret, then replaced; a toe-operated pedal
was devised and tested; but the only real solution came late in the
War, with the adoption of a hand-operated range-finder.

b. Gun-Charging Handle in Sperry Upper (Fig. IV, 52)

This handle would not permit passage of & hand wearing standard
15l,.
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Figure IV, 91
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flying glove, since the manufacturers had not been aware of the gun-
ner's combat equipment. Once the gloves were demonstrated, the nar-
row handle was replaced first by a larger leather thong and later by
a ball and cord.

c. Head and Face Cramping in Sperry Upper (Fig. 1V, %2, & IV, 53)

Trials on 8 selected subjects, wearing various clothing assemblies,
demonstrated that in any high-altitude clothing (including the electric-

ally heated suit) even without parachute, it was excessively difficult or

impossible to wear any type of oxygen mask. The following dimensions
show dramatically the inadequacy of the clearance provided:

Back of turret to sight when horizontal: 12 inches.

Back of turret to sight at 30° elevation: 6.5 inches,

Average AAF flyer, back to head to forehead: 8 inches.
Average AAF flyer, back of head to tip of nose: 9 inches.
Average AAF flyer, back of head to tip of A-10 oxygen mask:
11.5 inches.

(6) Clearances esteblished by Aero Medical Laboratory and accepted
by Armament Laboratory: _

PN N o~
LW N
e e e e s

(a) Minimum from any structure behind head to any in front of
faces 20 inches.
(b) Minimum of this 20 inches behind head: L - 5 inches.

Since all gunners had to assume the same position for sighting, all
were discommoded.

During elevation of the guns and gunsight, the latter would hit the

gunner's oxygen mask and pinch his mask tubing. To be sure, the gunner's
head and mask were at an angle to the back of the turret during sighting,

leaving barely enough room with extremely careful, slow movements.
Turning of the head for scanning, even with the guns horizontal, had to
be dcne similarly. But combat conditions certainly do not permit such
movenents,

This anthropometric evaluation was confirmed by complaints from
both European and Pacific Theaters. The requirement that all bombard-
ment aircrew wear steel helmets for flak protection - quite impossible
in the early Sperry upper - enhanced the need for providing more room
for the gunner's head and face.

The anthropometric report advocated three remedies all of which
were adopted: (1) relocating an obstructive switch on the gunsight;
(2) bulging out the turret dome behind the gunner's head; and (3)
moving the whole sight assembly away from the gunner,

(3) vision is obviously a paramount consideration in turret design. Since
the gunner must scan wide areas, apprehend his target, and then track it (that
is, follow it through his gunsight while adjusting the sight reticles for dis-
tance and size of the enemy plane) with both airplanes maneuvering at high
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speeds. ' Since the turret also serves as look-nut for the entire airplane, it
is imperative to minimize obstructions to the gunner's vision not only through
the sighting vanel, but also around the entire turret. The gumer should be .
able to scan by moving his head about within the turret, since continuous
movement of the turret for scanning shortens the life of the electrical system
and burdens turret maintenance facilities, in addition to slowing the airplane .
when the guns project into the airstream. One of the two major criticisms of

all early Americzn turrets by a British observer was that "the entire subject

of the scanning field in each turret had been given too little consideration.m

Not only was visibility evaluated in routine anthropometric examinations
of gunner's accommodations, but specisl studies were made comparing the field
of vision afforded by verious turrets end recommending specific improvements.

The fcllowing are e few examples of detficient visibility in turrets, some
of which were later corrected:;

a. Sighting Difficulty in the Sperry Upper .

The earliest Sperry turret domes (Figure IV, 53) consisted of a
number of panes of plexiglass, joined by metal strips running hori-
zontally and vertically. In combat and during fatigue tests con-
ducted by the hAero Medical Laborztory, the target was frequently lost
in the blind spots caused by these obstructions. The horizontal ribs
were worse hazards than the vertical, since the latier might be
partially seen around, due to the spacing of eyes and by lateral move-
ments of the head. .

When these difficulties were pointed out, subsequent domes elimin-
ated first the horizontal and later most of the troublesome vertical
ribs, with the result that late models have greatly improved visibility.

b. Scanning difficulties in Martin Upper

One of the few faults of a generally successful turret has been a
blocking of the gunner's lateral vision by the gun and a severe reduc-
tion in downward field of vision by his position, sitting low in the
turret. As an RAF observer pointed out in 19/2, the chief defect of the
turret was that the gunner could not see anything not diving on him. .
Unfortunately, the construction of the turret bas prevented remedial
action, although it is possible that, had the importance of vision been

recognized from the beginning a satisfactory design might have been .
adopted.
c. Comparison of Vision in Consolidated and Fmerson Tail Turrets. .

A

Vision, both for scanning and sighting, was unsatisfactory in the
Consolidated turret (Figs. IV, 54 & IV, 55). For scanning, the gunner
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PRINCIPAL STRUGTURES OF THE CONSOLIDATED TAIL TURRET

® 0
®

FRONT WINDOW ,BULLET-PROOF GLASS

TOP GENTER WINDOW, PLEXIGLASS

SIDE BULKHEAD WINDOW

TURRET OUTER SHELL

AMMUNITION BELT

METAL CONSTRUGTION (BETWEEN TOP WINDOW AND

OACRCIOROJO)

SIDE BULKHEAD WINDOW)
(6 METAL BAND, TOP OF GLASS WINDOW
(®) METAL BAND, EDGE OF PLEXIGLASS OUTER HOOD

4533E-A M L FIGURE I¥, 54
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VISIBILITY FROM CONSOLIDATED TAIL TURRET,

ANTERIOR HEMISPHERE
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FOR KEY SEE FIGURE I¥, 54. THE PROJEGTION IS SIMILAR TO

THAT OF A HESMSPHERE MAP PROJECTION. THE CENTER OF THE

SPHERE IS THE POSITION OF THE GUNNERS EYE.
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sat low in the turret, bringing his eye very little above the beginn-
ing of the transparent surface and limiting down vision; the turret
dome consisted of plexiglass panels jointed by metal strips; and the
total field of vision was reduced by side bulkheads and other ob-
structions. As for sighting, targets became lost in a horizontal
metal band at the top of the sighting panel (exactly as in the Sperry
upper turret noted above), and the field of vision fell considerably
short of the field of fire of the guns, -

These shortcomings were pointed out to the Armament laboratory,
but before they could be corrected, production of the Consolidated
turret ceased. The Emerson turret, which replaced it, avoided the
_previous errors, and as a result had excellent visibility (Figs. IV,
56 & IV, 57),

(L) safety includes armor protection, ease of entrance and exit, and pos-
sibilities for emergency escape. All crew members require armor protection in
some form from flak and if possible from bullets. "Flak suits® (armor vests)
may be worn; armor plate or bullet-proof glass may be provided; or crew stations
may be designed to utilize heavy construction of the airplane as protection.
Ease of entrance may be critical if the gunner must assume his poesition quickly,
as, for example, to replace a wounded man; ease of exit is vital at all times,
especially to aid another crew member and to escape when the airplane is
seriously damaged. Escape in case of ditching or crash landing, which requires
openings on top of the airplane, is for the most part a problem not peculiar to
turrets, since most turret gunners are instructed to assume other stations when

~ a crashing landing or ditching is imminent (approximately 90% of ditchings allow

ample time for the crew to be warned and to assume ditching stations). However,
some turret gunners, notably in the B-29 tail, routinely remain in their turrets,
as might others if direct escape were possible. As for parachute escape, it is
ironic that tail and ball turrets, the best positions in the airplane for direct
escape ~ since the flyer will not hit any portion of the airplane - afford inade-
quate provisions or none at all for so doing. The accelerative forces encountered
in spinning airplanes make movement so difficult that immediate escape is unques-
tionably superior to arrangements where the gunner must leave his turret and
make his way to an escape hatch. .

The following are presented as examples of anthropometric concern with -
safety provisions in turrets: ‘

a. Armor Protection

(1) Location of armor plate in Bendix upper. In July, 1943, the

Aero Medical Laboratory was requested by SOEE gEndix and the Armament

. Unit, Production Division, to advise concerning a proposed installa-
tion of armor plate within the box casting, between the central control
column and the gunner., Anthropometric findings were that at least 508
of AAF flyers in light clothing and virtually 100% in heavy, clothing
either could not fit into the turret at all or could not oﬁ!rate it
efficiently; that wearing of an oxygen mask was precarious; that no
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standard parachute could be worn in the turret; that flak suits

and helmets were becoming required for wear in combat; and that .
armor plate in the proposed position would enhance all the above .
difficulties. It was accordingly advised that the proposed loca-

tion was not feasible, and an alternative location (along the turret .

ring, below the sighting panel) recommended which would provide sub-
stantially equivalent protection without interfering with vision or
aggravating the already serious cramping within the turret. This
recommendation was adopted. :

b. Steel Helmets for Turret Wear

Although the anthropometric study of steel helmets for turret
wear resulted in fitting the former to the dimensions of the latter,
it illustrates the problems of integration into which the study of
gunner's accommodations ramifies, When steel helmets for aircrew
became required for combat wear, data obtained by the Aero Medical
Laboratory on head sige of AAF flyers, turret clearances, and tests -
-of two proposed helmet models in the principal turrets aided in the
decision to standardize two helmets: one for aircrew in general and
" a smaller one for use in turrets and other cramped quarters. This
study will be discussed in more detail later.

(2) pifficulty of entrance and exit

a. Difficulty in entry in Martin and ®"Martin Junior" turrets.

The Martin upper turret (for B-2l, and B-26 airplanes, later
used in the B-32) posed a formidable problem of entry to an un-
aided gunner wearing heavy clothing and a seat parachute. Exit
was easy, since the entire seat could be unlatched and swing down.
The entrance was restricted anteriorly by a metal foot rest and
ammunition boxes, and posteriorly by the seat, which hung down;
the presence of gun handles above enjoined slow, careful head move- .
ment; nor were handles or straps provided to help the gunrier pull
himself up and retain his position while reaching underneath him-
self to secure the seat,

The Martin "Junior", for the A-30 airplane, was the same turret
with only two modlfications, both of which enhanced the gunner's
difficulty on entrance: a reduction of 5 inches in over-all dia- .
meter and a fixing of the foot bar, originally ad1dstab1e, 6.5
inches below the seat level,. thereby: reduc1ng the opening avail-
able for entry, -

These difficulties, later confirmed by combat reports, were
pointed out and specific recommendations made for correction. .
Entrance grips were eventually added. Although the shortcomings
of the Martin "Junior" were acknowledged by the manufacturers, pro- .
duction requirements precluded redesign.

xy

b. Impeded exit in Emerson tail turret. Insufficient foot space
was one of the few defects in the Emerson nose ‘and tail turret for
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(3)

the B-2} airplane. The difficulty of wearing heavy flying boots,
Type A-6, was pointed out - in respect to spatial accommodation
rather than to ease of exit, however - in two Memorandum Reports,
in 19,2 and early 1943, and in a trip to the manufacturer's plant
in March 19,3. Although the condition was acknowledged to be
undesirable, it was stated that the need for fitting mechanical
items into a limited space precluded modification.

In 194l an 8th Air Force gunner was interviewed who reported
that he had tried to leave the turret rapidly in an emergency,
but could not, his-foot catching in each of six attempts to free
himself. He wore a small shoe, size 7, with a medium-size A-6
boot. Luckily, the emergency passed, or the gunner might have gone
down with the plane,

¢. Difficult entry and exit in Emerson nose and tail ball., At

the end of the War, in keeping with the trend - to be discussed
later - toward smaller turrets, a small ball turret was built by
Emerson for the nose and tail of the B-32 airplane. Not only were
inadequate hand-holds provided, but A-6 boots invariably became
caught under a transverse bar. The excessive difficulty of entry
and exit encountered at such a late stage in turret development
indicates once more that eternal vigilance is the price of gunners'
safety. ’

Emergency Escape from Turrets

a, Tail turrets. No standard AAF tail turrets except the B-29 tail
sighting station permits direct escape, whereas the RAF expressly
stipulates (in the British equivalent of the AAF Handbook) that

"the door of tail turrets shall be capable of being opened when on
the beam (i.e., full to side) to facilitate the escape by parachute
of the tail gunner.® (Ministry of Aircraft Production, Air Publica-
tion 970, par. 57). Anthropometric reports have continually recom-
mended the adaption of similar safety measures for AAF turrets, but

© with little success. Provision for direct escape was incorporated

x &

in experimental models of the Motor Products tail turret but deleted.
from the production model.

b. Ball turret. Although the ball turret was an excellent position
from which to leave the plane by parachute escape, early models
virtually precluded the wearing of a parachute, since any bulk under
or behind any but the smallest gunner pushed his head far beyond

the gunsight and made sighting impossible. Moreover, the turret

was so crowded that there was little or no space to stow or to
attach a chest parachute,

Anthropometric recommendations were to drop the turret seat
or to bulge out the door behind the gunner's back. Both sugges-
tions were tested experimentally, and the former was adopted, with
the result that direct parachute escape became generally feasible.
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Now that the chronological and analytical stages of the anthropometry
of turrets have been discussed at some length, the entire procedure as applied
to one turret, the Sperry upper, and to a comparison of three competing turrets,

will now be presented.

-
"
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LOCAL CONTROL

Gunners' Accommodations in the Sperry
Upper Turret, Type A-1l

The Sperry upper turret (Figs. IV, 52, & IV, 53), used with great suc-
cess throughout the war in the B-17, was a sturdy, rugged turret in which the
gunner stood upright while sighting., In later models, a seat and foot-rests
'supplanted a webbing strap seat and stirrups for standing. The turret origi-
nated in 1940 as a stop-gap, interestingly enough, until the Sperry Gyroscope
Company could perfect a remote-control armament system. This was never done
in the B-17.

Principles Derived from Study of Sperry Upper Turret

What general principles, both for anthropologist and for turret designer,
can be drawn from experiences gained on this turret? Preoccupation with fit-
ting the turret into the airplane on the one hand, and devising ever better (and
bigger!) gunsights and fitting them into turrets on the other, had left no room,

.either in the designer's mind or in the turret, for the gunner. The defects
reported in the anthropometric evaluation were obvious to anyone who attempted

to operate the turret as a combat gunner would. No elaborate statistics were
required to realize that the gunner was intolerably cramped; indeed, since the
eye of each gunner had to reach the same level for sighting, the chief fault
of the turret, head and face restriction, affected all sizes of gunner equally,

When impaired combat efficiency dictated changes in the turret in the
gunner's interest, it was relatively minor modifications rather than a thorough
redesign that improved the gunner's lot. Had the designers been acquainted
with the gunner's problems from the beginning, losses in efficiency, time, and
production need never have occurred,

(1) Obviously, consideration of the gunner as a fector in turret design
is the kernel of the whole problem. All else is but refinement; once grasped,
this is the principle whence all blessings, in the form of satisfactory gun-
ners' accommodations, flow. And the gunner's needs are indeed modest, com-
pared with the complex mechanical and aerodynamic problems successfully solved
in turrets,

(2) Moreover, it is necessary to consider the gunner early in design;
because once production begins, the patitern is virtually frozen and is extremely
difficult from a design point of view. Thus some simple changes, like moving
the roller brackets 2 inches apart, were never &accomplished, while others
equally simple, like moving the microphone from the pedestal to the hand grips,
or eliminating the ribs from the turret dome, or moving the sight forward 3
inches, took months to accomplish after the turret was in production,

(3) A principle which has wide applications in the whole turret project

.can be stated thus: Production schedules are not an excuse for slighting
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design. Although it is undoubtedly easier to preach than to practice this
precept, especially in wartime, it has generally been true that "cutting cor-
ners® does not pay. Possibly the origin of the Sperry upper as & stop-gap
turret, pending development of central station armament, contributed to a .
feeling that painstsking design or prompt remedy of acknowledged defects were

not urgent. But the turret lasted for the entire war, and its total effective-
ness would have been far greater had early models accommodated the gunner as “
well as did the later. A similar situation occurred in the case of the Bendix
upper, when deletion of the oxygen system from the B-25 airplane was suggested

as a reason disregarding oxygen mask provisions. As predicted by the Aero

Medical Laboratory in advocating more room for the wearing of an oxygen mask,

the oxygen system was later restored to the B-25, The point is this: while .
improvements and modifications will always be required in turrets, armament
designers will not have to compromise mechanical perfection in later models if

they have first accommodated the gunner, .

(4) The vital necessity, in evaluating gunners' accormodations, of con-
sidering the gunner &s wearing all his combat gear and performing all his
required movements is clearly demonstrated, as is the need for integration
between airplane, turret, and equipment designers, It is not far from the -
truth to say that no turret presents a problem to most individuals dressed in
shirt amd trousers — the usual equipment worn in factory inspections. But
when bulky clothing, oxygen masks, flak suits and helmets, and parachutes are
worn, as they must be in combat, ard when the gunner must perform certain opera-
tions in the turret, then his problems become acute. Then, too, do differences
in gunners® body sizes become critical. Manufacturers should always be fur-
nished by the AAF with complete outfits of personal and accessory equipment
. kept constantly up to date, and should be familiarized with operational pro-
cedures in the airplanes for which thelr turret is designed.

(5) Specific features and installations of the Sperry turret, rather
than its over-a2ll dimensions, have caused its difficulties, many of which were
remedied without increasing the dimensions of the turret or eliminating any
equipment. It is true that it was necessary to increase the size of the turret
dome to provide more head room, and that the restrictions on elbow movement
were not corrected; but it is by no means certain that these were inevitable
features of the turret, dictated by its dimensions and location in the B-17.

(6) Anthropometrically, several points are worthy of notice.

(a) Breaking down gunners' accommodations into comfort, efficiency,
vision, and safety, and subdividing the spatial analysis still further, .
in terms of lateral, vertical, and fore-and-aft restrictions, enables
evaluations and suggestions to be made that have a much better chance
of acceptance than would general aspersions on gunners' comfort. By
this procedure minor changes which can be incorporated without hamper-
ing production can be isolated and followed up. o

(b) The subjects used to test turret accommodations should be selected
as physically representative of the flyers likely to man the turret.
Body size criteria for the selection of all aircrew and of turret
gunners change from time to time; whereas the general requirement for
interchangeability of crew memgﬁaf is likely to remazin. Accordingly,




the subjects chosen should represent a wide range == 5th to 95th,
or 10th to 90th percentiles — of the existent flying population.
It is an ultimate goal of the anthropometric project that neither
turrets nor any other crew position need impose size limitations
on operating personnel, Until that time, the anthropologist will
have to keep informed on the physical composition of the flying
population, current directives for aircrew selection, and design
and performance specifications of airplanes and turrets.

(c) The striking concurrence of laboratory assessment with inde-
pendent combat reports is another indication of the soundness of the
analytical procedure. Combat performance is the ultimate proof of
the turret pudding,

(d) Elaborate use of statistics is unnecessary. Averages and approxi-
mate percentages have been sufficient for the purpose, which is
esgsentially to buttress common sense; to indicate the mlative urgency
of various suggested improvements; and to serve as a general gulde in
the selection of gunners to operate the turret.,

(e) The terminology employed should be engineering rather than anthro-
pometric. Thus, dimensions should be denoted "knee height® and

- nghoulder breadth" rather than "patella height® and "bideltoid dia-

meter," and expressed in inches rather than in centimeters. Even when
carefully defined, technical anthropological language has been found
to interpose.a serious barrier to the acceptance of the gunner's place
in turret design. :



A Comparison of Gunners' Accommodations in

Three Tail Turrets for the B-24

Another example of the application of the anthropometric procedure
detailed above is afforded by the comparison of gunners! accommodations in +
the three tail turrets for the B-2l: the Consolidated (Fig. IV, L9), earliest
of all, and its two successors, the Motor Products and the Emerson (Figs. IV,
56, and IV, 57). The Emerson was later used in the B-2l nose as well as in
the tail position., Each turret had been analyzed individuvally, and the com-
parison allowed certain general conclusions to be drawn which were later incor- .
porated in Technical Note L9-2, sumarizing the findings of the entire anthro-

pometric turret study.

As inspected in January 19/;3, the Emerson turret embodied two anthropo-
metric suggestions made to Emerson representatives while the turret was still
experimental. These were (1) increasec amplitude of adjustment in the turret's
compensating sight-and-seat mechanism (which maintains a constant distance
between the two at all elevations of the guns) to accommodate the range of sit-
ting heights of AALF flyers; and (2) a reshaping of the upper rear cross member
of the turret frame so that it no longer hit the back of the gumner's head. The
Motor Products model was a first attempt to replace the admittedly unsatisfactory
Consolidated turret, while retaining many of its features to facilitate pro-~
duction and installation. later versions of the Motor Products turret, as

.

finally standardized, afforded much better accommodations for the gunner; and, _.
like the Emerson, incorporated anthropometric suggestions made directly to the
designer. A large man wearing heavy clothing plus seat parachute could operate

the later turret comfortably, and his field of vision was good. .

Examination of the comparison of the three turrets confirms all the prin-
ciples outlined above for the Sperry upper turret. Especially are two points
clear: (1) the Consolidated turret, recognized as unsatisfactory from the
beginning, had a long life with very few modifications, because it was the first
and for a long time the only tail turret the AAF had. As in the case of all
turrets, once production has begun, and especially if replacement is contem-
plated, even imperative changes may never be made. (2) The diversity of solu-
tions of the B-2l tail turret problem, especially the fact that each of the
three turrets has its own virtues and defects, demonstrates dramatically the
truth of the proposition that particular (and, if caught early enough in the .
turret's evolution, often rearrangeable)installations, rather than over-all
turret dimensions, are the source of the gunner's difficultieg.

¢y



. Selection of Gunners

v percentages of ALF flyers accommodated by each, and the scatter diagrams
afforded ressomeble approximetions to the upper limfts of helght and weight
. of gummers who could operate the turret effficiently.

Thus, for exanple, the Martin wpper turret imposed a range of
myde sitting hefghtis betwsen 35 and 37.% inches on gunmers wesring
‘winter flying clothing (efther shesrling or electrically heated suits),
such range occurring between 65 and 72.& inches in stature. In the
same turret, the mude breadth scross the elbows should nmot have exceeded
1%.% inches, if shearling was to be worm, or 17.% with the electrically
heated suit, In the former case, theewaﬁghﬁml@ﬁeb@lw]&&i pounds ;
: in the latter, below 18% pounds.

bgeim, the gummer im the Sperry upper should not exceed TO inches
or 165 pounds; nor showld the gmmer fim the Bendix upper exceed 150
- © pounds im wefght. Two gum staztioms — mot twerets — which would
accomodate tall gmmers were the B-17 amd B-2& tail positioms, but
both imposed limttstioms om wefght well below 1£0 pounds.

These limits were put to use in Jamery 1943, when the Office of the Air
Surgeon, responsible for estabilishimg physical criteria for aircrew selectiom,
y requested the opiniom of the Aerw Medical Laboratory om & proposed change of
. the upper limits om gpmmers*® beight and weight. from 70 inches amd I70 pounds to
73 inches amd 180 pounds. The fero Medical Leboratory recommended that the
' proposed change mot be adopted, inasmuch as it was wirtually impessible for
T individuals 72 inches inm hedght and IS0 pounds in wedght to operate existing tur—
rets —— upper, bell, or tail-- confortably ami efficiently under combat com—
ditions - that is, wearing heavy winter flyimg clothing and exygem masks, even
without perachuotes — for seversl continmuouws howrs. In fact, gread difficulty
was experienced by imdividvals at the existing upper limits. Although some
gbﬁmamtgmmsahmmﬁmh&smdlmpmmmtﬁ%ﬁmm&wm
few to warrant the trziming of lsrge numbers whe would not. And although
redesigns of current turrets were in prospect and might accommodate Iarger
individuales im the future, the equipment actually fn service and in production
at a given time is the proper basis for selecting gunmers.

. combat experiemre had proved the necessity for interchangeshle gumers. If
gumers were to be zbhle to operate any of several torrets, large individeals
" should not be selected and traimed, evem thouwgh they might fit one or two
existing turrets,
‘ It was therefore comcluded thet changing the criteris of selectlion would

. imcrease not the supply of gnmmers, tmt the mmber of misfits; and that the
best way to incresse the supply of gunmers wes to redesign the turrets.

. Wum,mmmmwmmmmmmm@mmmm
mmmmmmlmmwmwmmmmmmmmmﬁwmmm
stamdsrd. 173.




Visits to Turret Plants

A1l standard turrets and several experimental models were thus analyzea,
but the writing of reports and discussions with manufacturers' representatives
on current and even experimental models, it became apparent, could do little .
more than modify minor details of finished products. By the time a turret
has reached even the experimentzl stage, its design has virtually crystal-
lized. Major changes, though demonstrably desirable, cannot be effected
because of the interrelationships between the component parts of a complex
machine. The time to effect changes is before the wooden mock-up, or even .
before the blue-print stage,

As stated above, designers should have the gunner in ‘mind constantly .
as an integral part of the turret; and their concept should be functional, in
the sense that both gunner and turret will be the final product as it enters
combat

In thorough agreement with this point of view, the Armament Laboratory
considered that the results of the anthropological study could be brought:
home to mamufacturers best by personal visits to each turret manufacturer, in
which the anthropologist could discuss in detail the analysis of each turret
and demonstrate the difficulties encountered. 1In all, visits were made to
nine plants in 1943. A complete kit of personzl equipment was demonstrated,
and, as might have been suspected from turret arrangements, proved to be a
revelation to most manufacturers, who had had 1little conception of the amount
or nature of the gunner's elaborate gear. For example, the gun-charging handle
in the Sperry upper turret would not permit passage of a hand wearing standard
flying gloves. A larger leather handle was immediately substituted, to be
shortly replaced by a ball and cord device much easier to grasp. Arrangements
were made for supplying personal equipment kits to all manufacturers for
experimental design purposes. Moreover, a few employees typical of AAF gun-
ners were selected and measured, and their measurements located in the AAF body
size series. Thus, design engineers were shown the practical use of the per-
centile distributions and were furnished with living examples who could be
dressed in the newly-supplied flying equipment and whose difficulties could be
translated into percentages of AAF flyers discommoded. Interestingly enough,
the Norge Company had already been using an employee as a subject, but on
measurement he proved to be small, falling well below the AAF average. A
larger subject was therefore selected and measured.

In addition to furthering consideration for the gunner indesigners' minds,
mock-ups of turrets under development at each plant were analyzed by the usual
procedure, except that one subject approximating the average’ AAF height and
weight (which are 69.2 inches and 15l pounds) was used. As a result of these
analyses and discussions on the spot, many suggestions were put into effect in 2
the mock-ups while there was still time, L.

These anthropological visits to turret manufacturers were then to the
mutual advantage of the AAF and to the manufacturers, in letting each know
the other's interests and problems. The manufacturers received indoctrination
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in a point of view, were shown and supplied with equipment necessary for
satisfactory design, were furnished subjects located in the AAF series, and
received comments on the adequacy of gunners' provisions in their turrets,
as derived from laboratory analyses, combat reports, and questionnaires.

In turn, the AAF anthropologist recieved valuable suggestions for improving
the utility of his contributions. For example, & simpler and more easily
understood presentation than the original body size percentile memorandum

‘report was almost universally desired. Accordingly a simplified presentation,

in graphic form, containing clothing increments and eliminating the technical
terminology, details, and correlation tables, was subsequently prepared and
distributed to all turret manufacturers. A few pages are presented in the
Appendices. : :
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Improvement of Production Turrets and Criteria for New Designs. .

»

The turret problem confronting the anthropologist, it will be recalled, .
is four-fold: evaluation of gunners! accommodations in production turrets,
establishment of physical criteria for gunners to operate them, improvement
of production turrets, and the formulation of human standards for new designs. .
The first two have been discussed in some detail, while the third task has
been mentioned from time to time in connection with specific turrets.

In general, data on the adequacy of gunners' accommodations, as obtained
from -a variety of sources - anthropometric examinations, questionnaires devised
by the Aero Medical Laboratory and answered by combat gunners, overseas reports,
Unsatisfactory Reports, and interviews with gunners — were analyzed and brought
to the attention of armament engineers at Wright Field and in the industry,
with detailed suggestions for remedy of unsatisfactory conditions. Wany of te
recommended modifjcations were incorporated during the course of production,
resulting in significant improvement in later models.

L]

*
L5

Ne standardized procedure can he set for every case, but diligence in
gathering information and perseverance in rfollowing up recommendations are pre-
scribed for the anthropologist undertaking to improve production turrets.
Wartime experience has shown that written reports, especially on projects
initiated by the Aero Medical Laboratory, are much more likely to be effected
when supplemented by personal contact. The trips to turret menufacturers served \
such a function and by disclosing the type of data and presentation reguired by “
the industry, led directly into the fourth and most important function of the
anthropometric turret project; namely, the establishment of guiding principles
for future design. These principles are embodied in two reports, one on head .
and eye movements in sighting and the other on gunners' accommodations in local-
, control turrets: .

(3

Sighting Movements in Turret Design

At the request of the Glenn L. Martin Company, a study was undertaken on
head znd eyc movements in sighting. In all turrets, the gunner's normal eye
position is fixed by the location of the gunsight, with seats and other supports
being adjustable vertically to bring the eye of gunners of different sitting
heights into line with the gunsight. But the location and type of movement of
the gunsight, as well as the design of the turret sighting panel d etermined .
thereby, should be based on the normal position and movements of the gunner's
head and eyes in sighting! Precise knowledge of the latter was lacking, with r
several misconceptions current, such as that when the gunner is looking straight .
ahead at various angles above and below the horizon, his earhole describes a
circular course; and that the ear-hole is the pivot about which head and eyes
rotate. As a result of the absence of exact Information, insufficient space
was allowed for the head in most turrets, and gunsight movement during eleva-
tion and depression of the guns was frequently fatiguing to follow,

ty

AAF Technical Report No. 4990, dated 17 August 1943, *Eye Hovement in
Sighting as Related to Design of Turret Sighting Panels,®™ supplies the required

»
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‘data and integrztes it with gunsight movement and sighting panel shape, the
relationship between which had been worked out on therceticzl optical grounds
bv the Armament Laboratory in Technical Report No. L887, dated E Februvary 19L3,
*"The Design of Turret Sighting Panels." The two Technical Reports should
always be read together and are presented (the former in full, but only the
relevant portion of the latter) in Chapter VII. The theoretical equations con-
*tained three unknown factors which prevented their practical utiliaation: (1)
gunsight movement bessed on the gunner's sighting operztions; (2) location of one
focus of the ellipse considered to be the best panel shape optlcallv- and (3)
location on the ellipse of a point determined by the gumnner's head height.
Technical Report L4990 defines all three unknowns and corrects the misconcep-
~tions mentioned above. .

Technical Report 990 has been distributed through the srmament Laboratoryfv
. #in turret and glass manufacturers, and its principles have been incorporated
into actual turrets - constituting, for example, the basis of gunsight move-
ment and sighting panel shape in the Martin experimental "streamlined® turrets
for the B-32 airplane.

Gunners' Accormodations in Turret Design

An Engineering Division Technical Note is a publication designed to

acquaint industry with the AAF's version of good manufacturing practice. It

comprises desirable and attainable features rather than mandatory specifica-
. tions and is thus eminently suitable for conveying human requirenents to turret
.designers. Requirements for gunners' comfort, efficiency, vision, and safety

derived from the anthropometric study of turrets are summed up in simple
engineering terms in Technical Note [,9-2, dated 8 January 19l),, "Gunners Provisions
Jn Local-Control Turrets."

4

Technical Note [j9-2 has been distributed through the Armament Laboratory
to all turret manufacturers, and no major revisions have been indicated by
developments since it was published. The last sentence should be deleted, inas-
much as more detailed dimensions have been established for catwalks and escape
hatches. Subsequent experience with central fire control armament has demon-
strated that as far as the gunnert's needs are concerned, there is no essential
difference between local-and remote-control turrets, and that the title might
well be changed to "Gunners'! Provisions in Turrets."

(4
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TURRET ANTHROPOMETRY FROYM 194}, TO THE END OF THE WAR ‘

With the publication and distribution of Technical Note h9~2, early -in T
194);, the major portion of the turret study was finished. For four original
problems had been met,; a standardized analytical procedure had been devised,
and subsequent activity has consisted of its application to particular pro- -
blems. In the opinion of the Armsment Laboratory, "The anthropometric studies
were a success because several specific adverse conditions were improved on
production turrets... (and) much needed attention was drewm to the necessity
for comfort of gunners." One manifestation of this successful indoctrination
of armament engineers has been the development of the split gunsight in which
the bulky computing apparatus is placed outside the turret and connected by
cables to the small optical portion within a much more efficient arrangement
for the gunner. The body size distributions of AAF flyers are now included -
in specifications for all new turrets, and Aero Medical lLaboratory representa-
tives are routinely requested to inspect drawings, wooden mock-ups, and pre-
production versions of experimental turret models. Host gratifying of all has
been the enthusiastic reception by combat gunners of turrets or features of -
turrets in which anthropology has played a part.

It remains to outline the main trends in turret development and in the
anthropometric turret study since the completion of its first phase, and to
derive general principles and conclusions from the whole project. Subsequent
turret evolution has been along two distinct lines, local control turrets and 5,
central station fire control, to be discussed in turn.

LOCAL CONTROL TURRETS . +

From the limited anthropometric point of view-and, for proper perspective,
it should be borne in mind that enthropometry has been a very minor censidera-
tion in the evolution of aircraft armament as a whole ---, the recent history
of local control turret design has been anti-climactic. Under the pressure of
combat needs, and against the desires of both the Aero Medical and the Armament
. laboratories, the whittling away of the gunner's hard won gains was accelerating
by the end of hostilities. The pendulum was swinging from arming the bomber for
defense, to increasing its speed for offense; and from consideration of the crew,
including gunners, to emphasis on airplene performance.

In addition, the fact that bombers were being downed by anti-aircraft
rather than fighter planes worked against the gunner, since turrets were of no .
avail against {lak, and the temptation was strong to eliminate them or reduce '
their size and weight. Against this policy little headway was made by the .
argument that so long as gunners are retained, their welfare should not be
compromised.

¢y

Armor deletion. The most common method for reducing turret weight was to
delete armor protection, including bullet-proof glass, Armor plate was re-
moved from the Martin upper; the Sperry upper substituted a "swiss-cheese" ,
pedestal of light metal for the heavy plate protecting the one crew member of
the B-17 who could not wear a flak suit; a version of the Motor Products tail .
turret (made by the Southern Aircraft Corporaticn) eliminating armor protection
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was standardized; and two nose and tail ball turrets, the Emerson (Fig. IV,
L3) for the B-2 and the Sperry for the B-32, were adopted, with markedly
reduced armor protection. Gunners thus subjected to increased flak with
decreased protection reacted strongly. Sperry turret gunners would amass

as marny flak suits as they could lay hands on, and would stand on them, more
than offsetting the intended weight saving!

Size reduction, Over-all turret size and the room available to the gunner
were also reduced. The Martin "midget" turret had not been adopted in 19.3,
but in 1944 and 1945 the two nose-and-tail ball turrets mentioned above, of
which that for the B-2l, especially constricts the gunner, superseded the far
roomier Emerson nose-and-tail turret. Even more radical attiempts to reduce
turret size in the interest of airplane speed were the proposed Martin "stream-
lined” and later "flush® turrets for the B-32.

. Turret prospects. It is likely that the local-control turret as seen
during the second World War has passed its prime. Refinement and application
of existing principles can be expected during the operational life of conven-
tional bombers, both experimental and in production, but future high-speed
aircraft will probably incorporate remote-control armament. However, as will
be shown in the next section, this emphatically does not mean that gunners'
accommodations may be ignored or slighted. Looking still farther ahead, guided
missiles may eventually supplant piloted eircraft; but even in this case, a
man must still do the guiding and must be provided with efficient working con-
ditions., o
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REMOTE-CONTROL TURRETS

The essential difference between local and remote control turrets is
that in the latter, the gunner does not move with his guns, in either azimuth
or elevation, but operates the sight and other controls from a sepzrate sta-
tion. Central fire control was developed as the culmination of convergent
trends in aircraft and armament evolution during the late 1930's. Aircraft
designers were working toward aerodynamic streamlining and cabin pressuriza-
tion, whereas armament engineers desired a reduction in gunners, a mors com-
plete coverage of fire around the airplane (by locating the guns outboard),
and the employment of several guns on one target,

Bendix lower. The first remote-control turret to achieve large-scale
vroduction was the Bendix lower, indirect-sighting turret; used for a time in
the B-25. Figure IV, 58 illustrates the gunner's chest rest, against which
he leaned while sighting through the periscope,

From the very beginning, the turret had numerous defects; for example,
the periscopic sight had too restricted a cone of vision, the gunner was uncom-
fortable, could not maintain the kneeling position when the plane was taking
evasive action, and had no indication of the direction in which his guns were

firing,

£t least one attempt was made to salvage the turret. At the request of
the Armament Laboratory, an enthropometric exasmination was made in 192 and indi-
cated that a redesign would be feasible., Within the existing dimensions of the
turret and gunsight, a gunner of average size could operate the turret com-
fortably while rotating, thereby keeping oriented in relation to his guns. The
minor changes in seat, gunsight, and other structure necessary to effect. the
redesign were outlined and seemed rezsonable to the Armament Laboratory, but
the project was cancelled for other reasons. Waist guns shortly thereafter
replaced the Bendix lower in the B-25.

Central Station Fire Control in the B-29, The General Electric central
fire control system in the B-29 consists of a top, midline sighting station
between two side sighting stations in & single cabin compartment, plus a tail
gunner in a separately pressurized compartment. Gunners' accormodations were
first inspected anthropometrically in May 19LL, at the request of the Armament
Iaboratory, in an early production version of the B-29, Attempts had been made
in 1943 to incorporate the anthropometric findings on local-control turrets into
. sighting stations as well, but armament engineers felt that inasmuch as the gun-
ner was operating within the airplane cabin, the principles of local-control
turret accommodations did not apply. The effects of slighting the gunner in
initial design became apparent when unsatisfactory reports were received on all
four sighting stations from gunners in training.

As originally constructed, the top sighting station (Fig. IV, 59) had no
vertical adjustment to bring the eye og gunners of dilferent heights to the

‘gunsight level — a fairly elementary consideration which had long been
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accepted for a local-control turret and for most other aircrew stations

as well., Moreover, the gunner could not wear a back parachute, and his
» head and face were severely cramped. Gunners' provisions in the side sight-

’ ing stations (Fig. IV,60) were as bad as or worse than those encountered
In any previous turret: the gunner had insufficient room for scanning,

» sighting, or wearing a flak suit, and had to remove his safety belt to assume
his operating position. Several gunners were lost because they were not wear-
ing safety belts when their sighting blisters blew out. And despite the
stipulations in the AAF Handbook and Technical Note L9-2 concerning inter-
changeability and the ready removal of casualties from turrets, the B-29 tail

. gun compartment prevented access to the gunner by another crewman.

All of the above shortcomings were pointed out by the Aero Medical Labora-

« tory and acknowledged by the Armament Laboratory, which had constructed a -
mock-up of an improved side station. But except for a minor change in the top
station (the addition of 2 1/2 inches of vertical adjustment, where 6 were
needed), the exigencies of production in May and Jure 19l); prevented any modifica-
tions whatsoever,

n68o" inspection of the B-29. In July, 19&&, the Engineering Acceptance

- ("689") Inspection of the B-29 was held at Wright Field. Airplanes had been

produced and crews had been. training in them for months before the ins@ectibn,

so that the scope of the Board's powers was limited. Again the Aero Medical

lLaboratory submitted its recommendations and received concurrence. In addition,
‘ a special presentation of the same data was made to the Production Engineering -

Section, responsible for introducing modifications.into production airplanes,
and again concurrence was received. But despite this general recognition of
the inadequacy of gunners accommodations, production requirements once more
proved to be an insuperable obstacle to immediate correction.

Modification of sighting stations. . But as combat operations succeeded
training, the number and intensity of adverse reports increased until modifica-
tion of all four stations became imperative, These changes were based on
anthropometric advice. In February 19,5, the top station was redesigned, allow-
ing the gunner to wear a back parachute, removing some obstructions to his head
and face, and incorporating a 6-~inch vertical seat adjustment. In March, the
side sighting stations were completely modirfied to provide more room for the -
gunner, thereby enabling him to sight and scan more efficiently and to wear his
safety belt at all times. Figure IV,60illustrates features of the anthropo-
metric analysis of the modification mock-up. And finally, the tail gun posi-

. tion was revised to permit the rescue of a disabled gunner. Figures 1V,61 &

IV, 62 illustrate essential features of the redesign. '

Summary. Thus, all four of the B-29 sighting stations were eventually
modified to remedy defects warned against on anthropological grounds at an
-early stage, obvious when pointed out, sources of serious inefficiency in

* training and combat, yet easy to correct from a design s tandpoint at any time.
After the original mistake had been made in ignoring the gunner, both by fail-
v ing to specify detailed requirements for gunners' provisions in the Handbook
* and by neglecting tc acquaint the airplane designer with the gunner's combat
. operations and equipment, production requirements precluded any effective
remedy until nine to twelve months later, after needless loss in lives and
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combat efficiency had been suffered. As occurred regularly in the case of
local-control turrets, anthropological findings in the laboratory were sub-
stantiated by gunners' experience in the field. It is worthy of mention that
the anthropometry of sighting stations, unlike that of local-control turrets,
was rarely mensurational at all. General consideration of the flyert's welfare,
amenable to rough-and-ready anthropometric approximation or to common sense
alone, was sufficient in most instancds without detailed analysis of human

dimensions,

Theory of B-29 Sighting Station Deficiencies

" A theory as to the reason for the troubled course of the B-29 sighting
stations may be that, by a semantic confusion frequently encountered in human
behavior, the engineers responsible for the development of central station fire
control identified label with actuality; that is, since the armament was desig-
nated as "remotely" and not "locally" controlled, since the gunners were opera-
ting in so-called "sighting stations" inside the body of the airplane rather
than in "turrets" or excrescences protruding from the airplane, no special
attention need be paid the gunner. But the gunner in fact must still wear
bulky gear and operate complex equipment in a restricted space. He must still
be fitted into a functional arrangement providing for his comfort, efficiency,

vision, and safety.
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Conclusions

The principles which can be derived from the foregoing account of gunners! .o
accommodations in B-29 remotepcontrol turrets are precisely those which apply
to local-control turrets. The term applied to the gunner's station-whether it .
is characterized as local-control turret, remote-control turret, sighting sta-
tion, or gun position - is immaterial. For all,

(1) CONSIDER THE GUNNFR, The prime requisite is awareness of the

gunner as a vital factor.in designy to be ignored only at great peril, .
(2) CONSIDER HIM EARLY., It is as true for remote-control as for

local-control turrets that the earlier the gunner and his gear are considered, .

the better will be his accommodations in the finished product. The modifica- *

tions eventually installed in all four B-29 sighting stations were easy to

effect at any time for an engineering standpoint, but once the design was
crystallized, pressure for quantity production delayed their adoption for

precious months, KEven after the initial oversight had been made in not ac- -
quainting airplane and armament manufacturers with the gunner's problems,

there was still time to rectify the design during the Mock~Up Inspection. There
might even, in terms of the feared immediate production delay versus the pro-

duction delay inevitable in any case when the modifications finally became manda-
tory plus the efficiency gained in the interim, have been time at the Engineer-

ing Acceptance ("6£9") Inspection,

(3) THE GUNNER IS FUNCTIONAL. The gunner who is thus to be kept in
mind as much as a gunsight or a mechanical drive or an ammnition feed is a ’
functional, dynamic entity, -involving not only a variable range of static body
dimensions and bulky combat gear, but a definite pattern of operations. The
airplane or armament designer should strive to make the performance of these
operations as easy and efficient as possible. The gunner's field of vision,
especially in a scanning or sighting station, should be as large and unob-
structed as possible. Whatever his duties, he must be kept comfortable, since
- fatigue reduces efficiency, and, if continued over & period of time, may render
him unavailable for combat as surely as enemy action. And finally, provision
should be made for his safety; his operating space should allow him to wear
flak suit and parachute, to be accessible to other crew members, to have a good
chance for .emergency escape, and to be protected from the stresses of take-off,

landing, crash landing, and ditching.

.

(L) FUNCTIONAL GUNNERS VARY IN SIZE.

(5) TEST GUNNERS' ACCOMMODLTIONS WITH SUBJECTS REPRESENTATIVE OF AAF
FLYE% . !

ty

(6) EVALUATE GUNMERS' ACCOMMODATIONS IN COMPLETE, FUNCTIONAL TURRETS.
It cannot be too often repeated that complete combat equipment should bhe tried,
on subject of different sizes, representing known percentiles of the AAF range,
and in sighting stations complete with all their accessories - the latter in
wooden facsimile, if not otherwise available, This was the procedure ultimately '.

a
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. followed in modifying the B-29 sighting stationsj; it is the test to which
training and combat operations subject the sighting station or turret; and
it should be standard practice from the very beginning on all turrets. If
at all possible, gunners themselves, prefersbly with combat experience, ‘
should serve as advisors to Inspection Boards.

(7) PARTICULAR INSTALLATIONS, NOT OVLRALL DIMENSIONS, CAUSE THE
DIFFICULTIES, This principle of the local-control turret studies was amply
confirmed by the B-29 sighting stations., Without increasing the dimensions
of the B-29 or deleting any equipment, the troublesome features were remedied
by rearrangement and revision of existing installations,

Finally, and most important of all, (&) ALL FLYERS REQUIRE FSSEN-
TIALLY STMILLR ACCOMMODATIONS, Turrets are but one type of crew station, and
gunners but one type of aircrew, All flyers require adequate confort, efficien-
cy, vision, and, safety; and all obtain them by essentially similar design
accommodations for other bomber crew stations, passageways, escape hatches, and
fighter cockpits are assessed by the same criteria as that of gunners' accormo-
dations in turrets. Both aircraft designer and anthropologist can therefore
apply the principles here presented, derived from the study of aircraft gun-
turrets, to the design and evaluation of any aircraft space in or through which
a man must operate,
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Investigations Incidental to the Turret Study.

The turret study touched on a number of related topics, and a brief
account of some of these side excursions will indicate the ramifications of
any project involving the human factor in aircratt, as well as the central
position of the anthropologist in integrating diverse items of equipment.

1+ Questionnaires for combat gunners. Early in the War, when infor-
mation on turret performance from the gunner's standpoint was needed, question.
naires were devised for several turrets, based on difficulties encountered in
anthropometric inspections. Although the questionnaires were never widely
distributed, those that were filled out by gunners in Alaska confirmed the
anthropometric reports and were therefore valuable in convincing service and
manufacturing agencies that such evaluations were more than laboratory specu-
lation. Information obtained from using activities is vital to the successful
development of any item, and the questionnaire is one method of obtaining such
information,

2. Fatigue and performance tests in turrets. At an early stage of the
anthropometric study of turrets, it was hoped that objective measurement and
comparison of gunners' performance in different turrets might permit gunners'
accommodations in those turrets to be ranked in order of excellence and might
indicate the optimal arrangement of the gunner's working space. This hope
proved naive in view of the complexity of fatigue research, and the project
proved to be unnecessary in that even clear-cut results would have accomplished
little or nothing more than the relatively crude anthropometric analyses.

Several subjects were actually tested, in three turrets (Sperry upper,
Martin upper, and Briggs ball), by means of a beam of light projected erratical
1y onto a screen, and picked up and scored by a photo-electric cell mounted
between the two turret guns. (One attempt to measure flicker fusion freéquency
as an index fatigue of subjects just after operating turrets in flight failed
signally because of uncontrollable elements in the test situation). "It immedi
ately became apparent that such familiar bugaboos of fatigue testing as train-
ing and variability of subjects, effect of learning, and standardization of tes
conditions could not be adequately controlled with the time and resources avail
able. To take only one example, the test was set up in one corner of a large
hangar, and at certain times of the morning the sun would shine directly into
the gunner's eyes, completely nullifying the run. To equate the training of
subjects (trained gummers not being available) and to reach a base line per-
formance of each would have taken more time than the results seemed to warrant,

Quite apart from the testing difficulties, even clear-cut differences in
performance could only indicate where to search for causes, Possibly relocatio
or redesign of one feature of a turret might alter its performance markedly, a
possibility requiring considerable time to establish and leaving still unde-
termined the relative merits of fundamental turret layout. And it is unlikely
that features of turrets which would make any considerable difference would
escape notice in the routine anthropometric inspection. Thus, performance
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tests could only supplement information obtained with infinitely less pains from
other sources, And finally, basic turret arrangements (such as standing vs.
sitting vs. kneeling vs. the ball turret position) were largely fixed by air-
plane design and dimensions, nor were choices between alternative turrets for

a given position usually made on the basis of gumners' provisions, It was
therefore decided that, although fatigue studies might be valuable over a long
period, the immediate end of improving gunners' provisions in turrets could be
better accomplished by other means.

3. Ball turret rescue tool. In May 194, a former ball turret gunner
in the 8th AIr Force pointed out to the Aero Medical Laboratory a serious con-
dition which had resulted in two deaths to his knowledge. A clutch release
handle was provided by means of which crew members inside the airplane could
rotate the turret so that the turret doors could be opened inside the plane and
a disabled gunner rescued. However, when the turret was stopped at an angle of
80° -~ 85° below the horizontal, the handle could not reach the clutch shaft to
disengage the turret, due to interference by the turret ring. In the two cases
cited, one gunner had become anoxic and the other wounded when their turrets
were at the inaccessible angle of depression, and they could not be reached.
The informant had re-designed the tool to work at all turret positions,

The’Aéro_Mediéal Laboratory verified this situation by testing several
turrets, and brought it to the attention of the Armament laboratory. The
revised handle, with minor modifications, was immediately put into production.

L. = Steel helmets for aircrew. This project is an interesting epitome
of the entire AAF anthropomeiric undertaking. The high percentage of casual-
ties due to head wounds from low-velocity fragments led, in 1943, to-the require-
ment that all bombardment crews wear steel helmets. Brig. Gen. Malcolm C. Grow,
then Surgeon of the &th Air Force, designed a light steel helmet to stop such
fragments, based on AAF Head Type V. At the same time, the Ordnance Department
in this country modified the standard infantry helmet to fit over flying head-
gear. The latier helmet afforded more protection than the former, but was
larger, and the problem was whether one or two helmet types should be standard-
ized, : :

Data on head size and turret clearances gathered during the anthropometric
turret study showed that the Ordnance helmet (later the M-3)could not be worn
in most turrets, whereas the Grow helmet (later the M-l) could, thus assisting -
in the decision to standardize two types. Other data, similarly gathered, were
utilized (1) to determine procurement percentages of the two helmets; (2) in
modifying the M-3 helmet, standardized for turret wear, to fit the entire range
of head size in ALF flyers; and (3) in the design of a new, smaller helmet
(later the M-5) by the Ordnance Department.

5. Parachutes for turret wear. Efforts by the Aero Medical Laboratory
to co-ordinate turret and parachute design constitute another chapter in the
integration of diverse equipment affecting the flyer. Despite the fact that
parachute wear was mandatory, most turret gunners were for a long time unable
to wear them. This fact was obvious from the earliest anthropometric inspec-
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tions, and was amply confirmed later from other sources. Both turret and
parachute cesigners were informed of the gravity of this problem, and pro-
gress was made along both lines.

In the PBriggs ball turret, as mentioned above, the seat was lowered to
allow a parachute to be worn. Chutes could also be worn in later versions
of the Sperry upper and in the newer Mctor Products and Emerson turrets. .

As regards parachutes, experimental versions of thin back chutes (B-8)
and seat chutes (Switlik 22 - and 2|, - foot nylon and "rip-stop" models) were
tested for suitability in turrets. Memorandum Report No. ENG-1,9-695-32I,
dated 22 November 1943, subject: "Switlik 2~-Foot Seat-Type Parachute — .
Suitability for Wear in Turrets" indicates the procedure. Recommendations
such as to provide straps from catching on projections and pulling loose, were
made and adopted. Eventually the Personal Equipment Laborgtory took over the .
size lesting in alrcrew stations as well as the design of new types of para- '
chutes, and developments toward the end of the War were promising.

Rl
P
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Manikins

———

A fundamental aspect of good saircraft design should be a continuous
treatment of the functional man as an item of equipment. To a designer, the
aircraft will exist almost from the time he makes his first preliminary draw-
ing. Consequently, it is vitally necessary to have true scale representation
of the functional man for incorporation in all drawings he prepares. This
should be common practice, regardless of the scale with which he is working.
Also, the dynamic aspect of the man, his degree of movement, and his varlatlon
in size must be well known.

In order to aid designers in this respect, a profile manikin, jointed,
and to 1/30th scale, Figure IV, 63, has been prepared, showing the man wearing
heavy flying clothing. No personal equipment, such as parachute, life raft,
energency vests, and flak suits, is included, but dimensions are readily avail-
able and must be utilized in relation to the operational mission intended for
the aircraft. The worst possible condition, that is, the most equipment ever
to be required, must be provided for,

The man im represented in three sizes, mlled Types A, B, and C, in order
to give a practical coverage of personnel expected to occupy crew positions.
Type A, average, is 5 feet 9, b.lnches tall in the nude, and weighs 15); pounds.
Type B is short, 5 feet 5.5 inches, and weighs 140 pounds. Type C, 6 feet 1.5
inches and 172 pounds, is the tall man. Cockpits and other crew positions
adequately accommodating this range of statures and weights will then be known
to accommodate about 90% of flying personnel under current selection standards.
Other dimensions are shown in Figure IV, 6.

. The adjustabilities of seats and controls pmeniously;dssczihed wil] insure :
accommodation of 100% of flying personnel.

Clothing dimensions added to the nude values may quickly be obtained by
reference to Figure IV, L6.

By use of photographic enlargement of the 1/30th scale proflles, any
larger scale can easily be obtained.

Finally, for check purposes at the mock-up stage, full-scale, three
dimensional manikins should be used to-establish the degree of accommodation
of the crew accommodations. Figures IV, 66, IV, 67, and IV, 68,

For reference use, manikins of female pilots, WASP!s, were also prepared
and are available. Figures IV, 69 and IV, 70.

~ For informational purposes, Figure IV, 71 shows manikin data as used by
the GQerman Air Force,
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Figure IV, 67
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GERMAN AIR FORCE MANIKIN

fo—g —ete-
£
K
i
=
!ody Sise length Measurements in Inches i

b o [} ] 4 ['4 h 1 k 1 m n o

63 0 33,4 9.1 11,9 2l 13.8 17.1 33.4 5.5 29.2 11.8 11.8 2,0 7.9
68,9  35.4 10,0 13,2 27.0 15.3 18.7 37.L 5.9 30.9 13,0 12.8 2.4 8.7 -

7.9 38,4 11.0 1.6 29.5 16.9 20.2 Ll.k4 6.3 33.8 1.1 13.8 2.8 9.4

BREADTH AND DEPTH DIMENSIONS (Total Dimensions with Winter Clothing)

Trunk  Arm breadth, measured from elbow to elbow, arms at

sides, arm flexed. 23.6
sitting bre t? (eitting). 15.7
Chest depth (3) (eitting). ; .. 11.8
. Abdominal depth (eitting). ) 11.8
Hand Hand breadth, measured across l:nuokh. without
Hand thiockness.
Index finger thiokness. ' 1.0
Leg Thigh breadth (measured in middle, cltun;). . 7.9
Thigh thickness (measured in middle, sitting). 7.1
. Xnee bresdth (flexed). 5.9
Poot Boot breadth: 5.1
. Boot! thlolmou. measured nt hun ylnhnx of 1st
toe. 3.1
1) Given as the dhonulon of the winter glove.
2) Given as the dimension with felt over boot,
3) Without oxygen equipment and back-type parachuts.

Sreadth and thiokness. rounded off to higher value; they are therefore
approximations without exactness,
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Figure IV, 70.
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CHAPTER V

Emergency Exits

To an aircraft designer an emergency exit is somewhat of an unnecessary
evil, inasmuch as it is to a great extent a passive addition to the airplane -
and will inhibit the full strength fulfillments of the structures. Any aper-
ture which must be left in the skin of the airplane will result in some loss
of stressing. However, there are certain safety conditions so far as the
crew ies concerned which must be fulfilled in order to gain in the long run the
full operational measures. The old theory thet a man who getq away and lives .
to fight another day is still a good man is one which still is as important as
it ever was. The operational record of escaped aircrew members who have ve= = - ,
entered combat has been remarkable, and is proof in itself that good emergency W
exits are important features in all combat planes, Therefore, it is felt that
a good deal of study can be made on the functional qualities of emergency exits
and objective methods derived for 1nst1tut1ng the necessary compromises between
the actual size of the opening required, the factors involved, and the strengths ..
of structures of the plane. 4 consideraﬁle amount of work hds been done by the . = .
indirect method of interviewing crew menbers who have successfully balled out
of aircraft or who have successfully survived ditching of planes. Most of these
records contain in them certain points which emphasize the importance of exits
which are adequate in size and in performance. A very high percentage of reports
has indicated that time and time again the mechanism involved in jettisoning
the door has failed, and that this has resulted in loss of lives. Unfortunately,
all of these data are derived from men who have survived bail-out and who must ,
serve as circumstantial evidence to indicate that some of their fellow crewmen .
failed completely to escape from the aircraft. Many other corments have re- . -
lated the fact that men actually had to be pushed and pried through openings
which were obviously too small. ,

The methods by which objective data can be obtained regarding the essential
- size requirement of emergency exits are relatively simple in the first stages.

One method is by construction of mock-ups of various sizes, shapes, and posi-
_tions. .By the simple process of having men actually pass through these apertures
with the maximmm amount of personal equipment and body size actually encountered
under operational conditions, we may learn much about the requirements, Experi-

ments have been conducted in this manner, and have indicated that minimum sizes
’ can be established without regard to the various other complicated factors, such .

as slipstreams, adjacent projections from the aircraft, and the cramped quarters
which are commonly encountered inside the airplane. This method in itself is
quite incomplete, but it has served to establish the fact that there are, at the -
present time, apertures in aircraft through which it is well nigh impossible to
pass, under the most ideal conditions, This, in itself, should be conclusive
proof that the emergency exits. should be made not smaller than the following
sizes:

ty

Openings located in the side of an aircraft should not be less than 31" in
a vertical dimension, and 20" in the horizontal dimension. An opening located
in the bottom of the plane should not be less than 29" in the fore-and-aft ‘.

~
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dimension, and 20" in the lateral dimension. Openings designed for bail-out
procedures should never be located in the upper half of the airplane. Every
attempt to do this has resulted in increased hazards on the part of crew
members during aircraft failure in flight, because of the high incidence of
impact with wing and/or tail structures. Some installations have gone so far
as to require that the man must bail-out into the area of the propellor and
have been installed on the assumption that the engine could be stopped and the
propellor feathered. Installations of exits in the upper half of the aircraft
should be confined entirely to the requirement of ditching and crash landing
escape, The minimum dimensions for these openings under the most ideal con-
ditions are 18" diameter or 18" square. - In every case access to the openings
must be readily available by means of steps or otherwise, (Figure Vv, 1).

One of the most encouraging features which has been considered for

emergency exit openings has been the design and installation of the other
items of equipment which must project through the skin of the aircraft in such
a manner as to be jettisonable. This would apply to gun turrets, radar instal-
lations, and photographic eqnipment, many of which require ‘openings which are .
at least adequate in size so far as bail-out or ditching requirements are con- AR
- cemed. Astrodomes, in particular, if properly designed and installed; can

easily be used for ditching requirements and are particularly advantageous :

because they'are frequently available toa large pronortion of the crew. :

_ A con31derab1e-number of other-factors -hich are not directly deslgned as
emergency exits is still worth consideration, inasmuch as they effect the }
functions of the exits. For example, an exit of more than zdequate sigze is

'still completely worthless if the crew members are prohibited from reaching

it by the random installation of other pieces of equipment along the pathway

a man must use in proceeding from his crew position to the exit. Furthermore,

even on the assumption of well planned internal installation of equipment,

many seemingly minor factors may still enter into the eventual problem. Admlt—

tedly, in a construction process of many of the pieces of equipment the fact

that small bolts may project 1/2" beyond their required distances appears to

be a very small space consideration, but this half inch may determine whether :

or not a man under emergency conditions wili reach his exit because under

hurried conditions the snagging of clothing, of parachute harnesses, or even

of the ripcord handle, may hamper progress of the man to such an extent that =
he never succeeds in reaching the hatch in time. In the installation of the g
opening, these smell projections are multiplied tremendously'ln thelr importance’ o
to the proper achievement of bailout. -

- Another consideration which should be kept in mind in bail-out procedure,

~ from the design standpoint, is a common-sense realization that & man cannot
clear large vertical distances without the help of handholds or footholds.

These factors are readily analyzed in the early mock-up stages of any airplane
and a little foresight on the part of the designer, the construction men, and
the military authorities would do much in preventing the future loss of lives.
One of the most important considerations from the standpoint of necessary hand-
holds and footholds should be that involved in the part played by acceleration
forces during bail-out procedures. It seems hard to realize at first that it
is impossible for a man to raise himself out of a seat when as little as three
"G"'s are being applied to him, but this is an actual fact. The further instal-
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MINIMAL SIZES AND OPTIMAL SHAPES
FOR ESCAPE HATCHES .

|

3‘“

20"

4

SIDE HATCH

FULL EQUIPMENT INCLUDES"'FLYING CLOTHES,EMERGENCY.(C-1) VEST LIFE VEST
AND CHEST, BACK OR SEAT'TYPE PARAGHUTES

- 2" J

BELLY HATCH

. FULL EQUIPMENT |NCLUDES—FLYING CLOTHES ,EMERGENCY (C-1)VEST, LIFE VEST
AND CHEST,BACK OR SEAT-TYPE PARACGHUTE.

TOP DITCHING HATCHES
FULL EQUIPMENT INCLUDES~FLYING CLOTHES,EMERGENCY (C-1) VEST, LIFE VEST
AND DINGHY. : :

AERO MEDICAL LAB.

3456

Figure V, 1.
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lation of recessed handholds will aid the man in being able to extricate
himgelf from such awkward situations,

Further consideration along this line should be a full realization that
there are certain requirements for proper storage space of miscellaneous loose
equipment. An item which weighs no more than twenty pounds is extremely diffi-
cult to handle under the influence of three "G"'s, or even less, because the
movements of the man himself have become extremely limited, and it can readily

- be imagined what difficulties & man would have in trying to displace odd ob-

Jects along his path of egress.

It has been the experience of the Army Air Forces, during the past years,
that the application of common sense to the analysis of these problems will
solve mogt, if not all, of them.
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CGATWALKS

Catwalks are passageways installed in heavy aircraft to permit and to
facilitate movement of personnel throughout the airplane. With an intent
to facilitate movement, it is highly desirable that the structures be so -
placed that the personnel may move about with the least possible restric-
tion. This holds especially for men.who are wearing heavy equipment, in-
cluding a parachute,

There are two dimensional requirements which must be met; first, for
maximum structural strength it must be trapezoidal in shape; and secondly,
it must be large enough in cross-section to permit the easy transgress of
any person wearing full flying equipment and falling into the size range of .
Air Corps Flying personnel,

Experimental tests conducted by means of mock~up, Figure V, 2, have
indicated that minimum dimensions for such a trapezoid are sixty-three inches A
in height, twenty-two inches on the top side, and twelve inches at the
bottom.
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CHAPTER VI

Crew Weights

In Chapter II, The Functional Man, there was a discussion of the
factors involved in the increase in size due to the addition of personal
eouipment, and to required motions of the body. 1In addition, there is
another factor related to the man and his equipment which is important in
the consideration of weights and balances in aircraft. This is the increase
in weight due to the addition of equipment.

Nude body weights in aircrew are ordinarily limited as follows{

a, Fighter pilots, 120 to 180 pounds.

b. Commissioned bombardment aircrew, 120 to 200 pounds .
c. Gunners, 120 to 170 pounds.

d. Other non-commissioned aircrew, 120 to 200 pounds,

The common practice in listing of crew weights has been to give 200
pounds total, based originally on & top of 180 pounds nude, plus 20 pounds of
parachute. Personal equipment became so complex durjng the war that the fol-
lowing weights were posslble for different crew positions, due to equipment
alone.

Low altitude fighter, 71 pounds, 4 ounces.

High altitude fighter, 82 pounds, 9 ounces.

. Medium and heavy bombardment, 117 pounds, 6 ounces.
. Very Heavy bombardment, 108 pounds, 15 ounces.

RO oW

It should be apparent from these figures that much closer attention
should be paid to total crew weights in the operstional aircraft. The design
purpose of the aircraft should be clearly defined and the individual crew
welghts possible for the various positions calculated on that basis, rather
than using a,rounded value of 200 pounds.

Subsequent to the above calculations, the AAF issued instructions that
bomber crews would be figured at 250 pounds, exclusive of flak suits and one-
man life rafts, and fighter, at 230 pounds,

A breaskdown of the personal equipment weights for the various types of
aircraft is as follows:

Heavy Bombardment

: 1bs. oz.

1. Electric suit: For high altitude temperature below O°F..

Heavy underwear, G, I. uniform, F-3 suit, B-15, A-11 suit,

heavy socks, electric insert, A-6 boot, F-2 glove, AN-H-16

shearling helmet, belt, suSpenders, connect:ng cord, bail-

out bottle H-2, and oxygen mask., 29 6
2. For pilot, co-pilot all fighter personnel; (on seat):

B-& parachute, B~5 cushion, C-1 emergency vest, 36
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For all flight personnel over water: B-L life vest, l-man
raft.

Belt, holster, pistol, clip, 7 rounds.

Flak, helmet and suit. ' "

Very Heavy Bombardment

Intermediate Suit: For moderate altitude or heated cabins:
Temperature 1L° to 50°F. Cotton underwear, G. I. uniform,
B-15, A-11 suit, light wool sock, service shoes, A-6 boot,

A-11A glove, A-11A helmet, suspenders, belt, oxygen mask,

H-2 bailout bottle, electric goggles.

For pilot, co-pilot, all fighter personnel: (on seat):
B-& parachute, B-5 cushion, C-1 emergency vest.

For all flight personnel over water: B-lL life vest, l-man

‘raft.

Belt, holster, pistol, clip, 7 rounds.
Flak, helmet and suit,

Low Altitude Fighter

Light suit: for low altitudes, heated cabins, temperature
50§ to 86°F, Cotton underwear, G. I. wool uniform, AN-S-31
gabardine coverall, cushion sole socks, service shoe, B-3A
glove, AN-H-15 helmet, belt, -

For -fighter personnel: (on seat): B-8 parachute, B-5
cushion, C-1 emergency vest, : ;

For all flight personnel over water: B-l life vest, l-man
raft. = :

Belt, Holster, pistol, clip, 7 rounds.

High Altitude Fighter

Intermediate suit: for temperature 1,° to S0°F. Cotton
underwear, G. I, uniform, B-15, A-1ll suit, light wool sock,
service shoes, A-6 boot, A-1lh glove, A-11A helmet, sus-
penders, belt, oxygen mask, H-2 bailout bottle, electric
goggles, ’

For fighter personnel: (on seat): B-& parachute, B-5

- cushion, C-1 emergency vest,

For all flight personnel over water: B-l; 1life vest, l-man
raft.
Belt, holster, pistol, clip, 7 rounds.
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The average nude crew weight is about 15); pounds and could be used as
a generalization for rounding off weights, but should not be used as a
fixed figure, regardless of crews, inasmuch as the individual crew will .
not be loaded as average weights all the time. "An ajrcraft does not fly

on the average!"
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CHAPTER VII

Moverient of the Head and Eye in Sighting

Tests were made to determine the arc of movement of the head in fol-
lowing with the eyes a series of points at various angles above and below
the horizontal, extending from directly above to directly below the subject.
No turning to the side was involved. The total arc covered by the series of
points is 180°, and nine fixation objects were used, at 22 1/2° intervals,
as shown in figure VII, 1.

The subject was instructed to look at the various points in succession,
at each stage holding his head in whatever way seemed most comfortable and
natural. A record was made of the position of the eye and of the ear-hole
at each stage. There is some erratic variation due to individual preference
in moving the head more and the eyes less, and vice versa, to obtain a given
angle of vision, but all subjects followed the same general pattern. The
diagram in Figure VII, 2 represents the average of twenty-one subjects.

Adjustment for looking at points near the horizontal plane and up to
about L5° above is made largely by movement of the head on the neck. Move-
ment of the entire neck becomes more conspicuous as the latitude of the move-
ment increases. The subjects are not allowed to bend the trunk forward,
though there is an inclination to do this in looking down.

- The requirements for an adequzte sight mounting are that the sight shall
move and turn in such a way that the axis of the sight shall always be aligned
with the position which the eye normally occupies when looking in the direction
. in which the sight is aimed. When the guns are aimed L5° upward from the hori-
zontal, for instance, the eye in its normal position for looking up at L5°
should be in the correct position for holding the target in the center of the
sight. In addition, *he distance between sight and eye should remain fairly
constant, : : .

The head movement cannot be fitted into any simple geometric formula, so
that some deviations from the experimentally determined angles of sight and
eye positions will be necessary in order to fit a mechanical system of sight
movement to the normal system of head and eye movement. It is important that
any deviations shall be made in the right direction.

In stage 1 of Figure VII, 2 (looking directly upward), head, neck and eye
movement are all very nearly at maximum, and no liberties should be taken
with the position of the sight. The worst possible error is to have the sight
too far torward at the time when it is aimed directly upward; this necessitates
tipping back of the head while the neck is held straight. Since many of the
neck muscles extend all the way from the back of the head down to shoulder
level, and act on the head and neck simultaneously, this is a very difficult
position to maintain.

In stages 2, 3, and 4 (from 67° to 22° upward), the sight movement will
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give fair satisfaction if the line of sight passes from one-half to one
inch back of the eye points A2, A%, and Ali. Accommodation can be made by
increasing the angle of the head and decreasing the angle of the eye.

The horizontal (stage 5) is taken zs point of reference. Adjustment
to this must be made by adjustment of the seat; the sight positions for
other stages should be correct when the position for stage five is correct.

In stages 7, &, and 9, particularly the latter, the sight action may be
as if points A7, AY% and A9 were one-half to one inch further forward, since
bending of the trunk, not allowed in the experimental arrangement, may be
brought into play. The subjects showed an inclination at stage 9 to lean
away from the shoulder rest, although in a moving airplane they would sacri-
fice some stability by doing so.

The distance between sight and eye can be varied if necessary in order
to satisfy the other conditions better, The distance of the sight is less
critical than the proper position of the sight at various sighting angles.

The movement and rotation of the sight cannot be reduced to any system
with a single exis of rotation. A compound system can be devised, however,
by which the sight will travel in an arc which keeps it at a constant dis-
tance from the eye and at the same time facing in the correct direction at
each point of its arcj; making use where necessary of the possible compromises
outlined above. One such system is illustrated in Figure VII, 3 to give an

approximate fit for a sight moving through an arc of 180°, If a range of less
than this angle were to be used, other systems could be devised to give an even

better fit over a smaller range of angular motion,

It she 1d be noted that when looking directly upward, the average subject

tips his head back until the back of the head is two and one-fourth inches
behind the plane of the back-rest. An additional inch should be allowed for

larger heads.
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DIAGRAM ILLUSTRATING TYPE
OF MECHANISM POSSIBLE FOR
ALIGNING GUN-SIGHT WITH EYE

POSITIONS.

CENTER OF ARC OF A
POINT EQU!-DISTANT

FROM EYE IN DIRECTION
OF SIGHT. : SMALL ARROWS INDICATE

ODIFFERENCE BETWEEN
IDEAL AND ACTUAL EYE

POSITIONS.

CENTER OF
(SIMPLIFIED) ARC
OF EYE MOVEMENT.

\

— SHOULDER REST

7 SCALE 3
4533C-A N L “JGURE 3

4 Figure VII, 3
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The Design of Turret Sighting Panels

A turret sighting panel should be designed so that the deviation of the .
line of sight through the panel is zero or is constant for all angles of ele-
vation and azimuth of the sight. If this is not done then an error in sight-
ing is introduced as the guns are elevated or rotated. If the deviation is -
constant and the guns are harmonized with the sight while the panel is in po- B
sition then there will be no error when the guns are moved. In order to elim- '
inate the error introduced by a movement of the sight line in azimuth a cylin-
drical type panel which is flat in azimuth should be used.

The next problem is to determine the curvature of the panel which would
give a constant deviation of the sight line for all angles of elevation of the
sight. There are .several methods of accomplishing this, o

The first method is to construct the sighting panel using a series of flat
plates, However, the seams formed by Joining the plates together create blind
areas which are very objectionable. . “

A second method is to make the sighting panel a true cylinder so that the
axis of the cylinder coincides with the elevation axis of the sight. This can
be done only if the sight moves in a true arc about a point when the angle of
elevation is changed. In this case the angle of incidence of the sight line on
the spherical section of the cylinder would be constant for all angles of ele-
vation and, therefore, the deviation of this sight line would be constant.
However, in most installations this would result in a very high dome as the
sight usually pivots about a point near the gunner's ears and the radius of .
the cylinder would have to be long enough to allow clearances for the ammuni- .

tion feeds, ketc.

A third method is to make an elliptical panel with one focus at the point
F, (see Fig VIT, L). This point should be on the horizontal line of sight in
such a position that the lines of sight at various angles of elevation pass
through or QEar it. Experiments have shown that when the line of sight at
a given angle of elevation crosses the horizontal sight line as much as 1-1/2
inches from Fq the error introduced is of the order of a few mils. Therefore,
when designing a sighting panel for an upper turret it is particularly desir-
able that the line ot sight for angles of elevation from 0° to L0O° cposs the

horizontal sight line within ¢ 0.25" of "F;, The next step is to measure a .
distance "h", along the line of sight at maximum depression, long enough to

enable the panel to fit into a dome with a knovn base diameter. This diameter N
is fixed by the diameter of the turret. When selecting the distance "h" con- .

sideration should be given to the various types of mounting brackets and any
pieces of equipment in the front part of the turret which must be cleared by
the dome. The distance "h" locates the point A. MNext a distance "g" should

be measured along the line of sight at 90° elevation, this distance being high <
enough to give the proper clearances for head room etc. within the dome. In

this way the point B can be located.

‘

An ellipse through & and B with one focal point at Fy can then be constructed .
216.
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V; and V, are vertices of ellipse (on major axis)

A is vertex of ellipse (on minor axis)

Points A and B are- symmetrical about minor axis of ellipse
C is center of ellipse

B = angle or elevation above horizontal sight line

© = angle of elevation above major axis ot ellipse

k = angle that line of sight along F1A makes with horizontal sight line
w = angle that line of sight along F1B makes with major axis of ellipse
¥ = angle that line of sight along F1A makes with major axis of ellipse
€ = angle F1AF, = angle F1BFp

q = distance from A to horizontal sight line

AB=nm Flp = p F].A - FQB = h . F]_B - FQA =g
a=(CV =VC= 1/2 major axis b =CM = 1/2 minor axis
¢ = CFp = FoC

sink=_9 : amh*g
m2 - 82 + h2 - 2gh cos(90° + k) c =8 sin @
2 sin vy
siny = 8 8in(90° + k) b = Va2 - o2
m

@ = 180° «(w +¥) . w=090% + k+ ¥
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as shown in the calculations under Figure VII, 1. By this construction the(Table I.
points A and B are made symetrical about the minor axis of the ellipse so that :
the radii of curvature and the angles of incidence of the lines of sight (as- ‘
suming that they pass through Fy) at these two points are equal, thereby making
the deviations equal. This is done by locating the other focal point Fs at a
distance *h" from B and a distance "g" from A. .

.

Assuming that the line of sight at any angle of elevation passes through
F. then the deviation of the sight line through any point P on the ellipse
b%tween A and B will not vary greatly as can be shown by carrying out the cal-
culztions below.

Actually, since the sight lines do not pass through F, the true deviation
will vary from the computed value. However, from the figures given in Table I
it can be seen that this error may be neglected., This table shows the total
deviation of the sight line through the sighting panels used in the Sperry
Upper Local Turret. At 10° elevation where the line of sight passes through
F, there is a difference between the calculeted deviation and the measured
deviation. This is due partly to the assumptions made in the calculations, «
although the greatest part of this difference is probably due to the tolerznces
required in the process of bending the glass to the given form.

If more than one type of sight is used in the same turret and it is de~-
sired that the same panel be used to give similar sighting characteristics,
it is necessary that the point Fy remain fixed for all sight insteallations.
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‘ Relation of Eye Movement in Sighting to
Design of Turret Sighting Panels.

* 1. Technical Report No. L887 discusses three possible designs of tur-
ret sighting panels, all based on movements of the gun-sight. The present
. study indicates what this gun-sight movement might be.

2. The above report favors an elliptical panel based on the intersec-
tions of lines of sight at various elevations. Location of the point P
(Figure VII, 4) is the crucial step in constructing this ellipse, but no
method for its determination is presented - merely specifications which it
should fill. This point can be located exactly by extending the lines of .
sight (Figure VII, 1) for 22.5° and L5° of elevation, back to where they
cross the horizontal. The lines of sight up to and possibly beyond Li5° of
elevation cross the horizontzl sight line within 0.25 inch of one another,
exceeding the specifications by at least 5°.

3. The point B (Figure VII,1), another critical point, is determined
by a consideration of head clearance within the turret dome. In this connec-
tion, the following exact data, gathered by the Aero Medical Laboratory,
Engineering Division, are pertinent: The average eye level from the seat for
Army Air Forces flyers is 31.5 inches, and ranges from 50 to 3l; inches. The
average head height above the eyes is 5.1 inches and ranges from ;.5 to 5.7
inches. Three to five more inches should be allowed for leather and steel
‘ helmets, and for possible raising of the head to increase scanning visibility.

Li. When looking directly upward, the average subject shortens his
’ sitting height by 0.5 inch and tips his head back until the back of the head
- is 2 to % inches behind the plane of the back-rest. Space should be allowed
behind the head -for this, as well as for oxygen mask and tube clearance at all
gun-sight elevations - critical matters in some turrets.

5. It will be noted that (Figure VII, 1) eye movement is virtually a
circular arc from 90° above to Li5° below horizontal. (This arc is_perfect from
67.5° above to 25° below horizontal.) The mechanical problems of mounting and
pivoting the gun-sight are thus simpler than if the curve were complex. One
possible mechanical system is presented in Figure VII, 3. However, it would
be better to draw the arc almost exactly through the points between 67.5° above
and L5° or 67.5° below the horizontal, and to let the less important points,
like 67.5° and 90° below, fall outside the arc. These points were obtained by
. not allowing the subject to bend forward at the trunk, as would naturally occur
in looking straight down, in line with the general arc.

6. It may finally be noted that :
" a. The ear-hole does not move in.a circular arc, as commonly supposed.

b. The pivot point of eye or sight is not the ear-hole, but is
. roughly 2 inches below and 1/2 inch behind it. :

. ) P
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CHAPTER VIII

Appendices

Anthropometric Instruments
Head Dimensions

Male Rody Dimensions
Female Body Dimensions
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1. ANTHROPONETRIC INSTRUKENTS

1. Anthropometer - This is a metal rod of approximately 7 feet in length
which is calibrated in centimeters and millimeters and breaks down into L
sections for packing and carrying. A slide works on the rod and & derount-
able spike fits through a sleeve in the slide. Another similar spike ray be
mounted at the top of the rod, Two scales are worked on the rod, one reading
from the bottom up, the other from the top down. This instrument is used in
all of the larger linear measurements of the body, e.g. stature, sitting
height, chest bLreadth, etc.

2. Spreading Caliper ~ This is a compass-typs instrument with the arms
bowed so that their ends are opposed., The scale is calibrated in centireters
and millimeters from O to 30 and works through a slide attached to one of the
arms. It is useful in taking linear measurements of small extent between points
not accessible to the Sliding Caliper, e.z. read length, head breadth, etc.

3., Sliding Caliper - This coneists of a flat metal bar upon which a slide
roves. One end of the bar and the slide are esquipped with points, sharp on
one side, blunt on the other. The bar is scaled in centireters and millimsters,
0 to 25.

Li, Steel Tape - This is a 6-foot flexible steel tape in a metal case with
spring rewind. It is scaled on one side in centimeters and millimeters and on
the other in inches. (Lufkin Rule, Keuffel & Esser V.ytface or eguivalent).

The above instruments are calibrated on the metric systern since all standard
anthropomstric work employs this scale. Thus a world-wide basis for comparison
is availgble without laborious conversion from Rnglish inches tocentimeters.

5. Tailor's‘Tape = A 60-inch, high grade, linen tape for use in teking
tailors' dimensions of subjects. These tapes vear out rather rapidly under
continual use and a supply of new tepes should be kept on hand.

6. Glove Tape - a cloth tape for measuring the circumference of the hand
to determine glove size., The scale is French Ruls. These tapes can be obtained
from glove ranufacturers but the use of any reliable cloth tape scalesd in
%nglish Rule may be preferred, -
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2. TECENIQUES FOY MEASURING THE HEAD

ANTHROPOEETER

1. Fead !eight: Fead in horizontal plane determined by line joining-
bYottor of bony orbit and the trazion point. Perpendicular height from tragion
to mid-lonsitudinal line on top of head; average of readings for both sides.
Tragion is defined as the point vhere the tragus of the ear terminates ,
superiorly, i.e., the superior corner, toward the head, of the main excavation
(concha) of the external ear.

SPREADING CALIPER

2. Head Breadth: Greatest horizontal breadth of head above the ear
openings, wherever found. Points of calipers held in horizontal plane and
roved about until the raxirum reading is obtained. Ioderate pressure.

3. Vinimum Frontal Diameter: Smallest distance between temporal crests,
above surpa-orbital ridges. ¥oderate pressure,

L, Bi-Tragion: Distance between the two tragia (defined under Head Height).
Contact only; no pressure.

5 Bizygomatic A.: Greatest breadth across zygoratic arches (tre bone from
cheek to ear), wherever found. Contact only. ¥ark points with skin pencil,

6. Bimalar: (1) On entire Kelly, Patterson, Wright, and half the Wilber-
force series: distance between antero-lateral angles of malar (cheek) bones.
Points are marked with a skin pencil, in the middle of the bone vertically.
Contact only. (2) On the entire Vaxwell, Viright, and Wilberforce series:
head in horizontal eye-ear plane. Perpendiculars to this plane are dropped
from the external canthi (corners) of the eyes, and marked on the mid-points,
verticdlly, of the malars. Contact only. (3) On half the Wilberforce series:
lower edge of malars, just medial to antero-lateral corner. Mark points.
Contact only.,

7. Bigonial: On mandible (lower jaw), distance between external ronial
angles (corner where horizontal and ascending rami (branches) meet). Firm
contact.

8. Head length: Glabella (most anterior point of supra-orbital .ridges,
in mid-1line) to opisthocranion (most posterior point of occiput (back of skull)
in the mid~-line). Moderate pressure.

Note: All single measurements of bilateral traits are taken from the left side,

9. Tragion-Nasal Root: Tragion (deéfined under Head Height) to deepest con-
cavity of nasal root. Contact to skin only.

10. Tragion-Subnasale: Tragion (defined under Head Height) to juncture

of nasal septum with philtrum (central hollowed region between nose and lip).
Contact. '

1l. Otobasion Inferior-Philtrum: Otobasion inferior is the Junction of the

Zartlobule with the cheek. To middle of philtrum (defined in preceding). Con=-
act,
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2., Otobasion Inferior-Suprarenbele: Ctobasion inferior (se2 proasdine: ‘
to redian point of rrautest concuvity above the chin eminence und below the

lover remobranous lin. “ontuct.

12, ©hin Projection, lenton-fionion: !enton for this measurement is the !
rost anterior point in tne midline of vhe lower bLorder of the mandible. Gonion
is the vostero-inferior anvle ol the horizontal and ascending rami of the lower .
Jaw. Tiym pressure on hoth points.

SLIDING CALIPER
14, Crinion-tenton Face Heirht: Crinion is the lowest point reached by
the hair in the forehead midline. If hair has be=n lost from this region, the |
reasurement is not taken. The fixed point of the caliper is placed on menton
(for this measurerent, the mid-point of the inferior border of the randible).
Firm pressure on menton., .« .

15. ‘lasion kenton Face Height: ilusion (the middle of the naso-f'rontal
suture) is palpated and marked, Fix calipsr on menton (sez preceding).

16. Upner Face Height, Nausion-Prosthion: Nasion (see preceding) to
"inferior tip of gur between the two central upper incisors.

17. llose lieight: Wasion to subngsale (juncture of sevtwr with philtrum).

18. Xose Length: (1) On entire Kelly, %right-Patterson, and Wilberforce
series, nasion to middle of most prominent part of nasal tip in lateral view. p
(2) On entire Naxwell, V'right, and Vilberforce series, nasion to most 1nferlor "

point on midline of nasal tip.

20. ¥asal Root Breadth: (1) On entire ¥elly, Wright, Patterson, end Vilber=<
force series, distance between frontal processes of raxillae, just inside
irternal canthi (corners) of eyes. Firm contact.

21. 1asal Root Preadth: (2) Cn Vaxwell, V.right, and ¥vilberforce series,
distance between naso-maxillary junctures. (Breadth across nasal bones them-
selves at superior lateral borders.) Firm contact..

22, Nasal Bridre Breadth: Palpate distal (lateral) ends of bony side
valls of nasal skeleton., Nexirumr breadth at juncture of cheek and side wall of
nasal bridge. Fimm contact.

L4

23, MNasal Base Rreadth (alae): Breadth across alae (wings) of nose, nostrils
at rest and not flared. Contact.

-

2, Yasal Root Salient: Internal canthus (corner) of eye to ridline of
sumrmit of nasal root. UPinirum distancs.

. 19
25. ZXasal Bridge Salient: (1) On Kelly, Yright, Patterson, and ¥ilber- -
force seriecs, juncture of side wall of nasal bridge with cheek, to middle of
surmit of nesal bridge. Palvate tottom of bony side wall of bridge, and mark. *
Contact measurement to middle of nasal bridge perpendicular to bridge line, ,

(2) On Yaxwell series, perpendicular from tip of bony bridge in midline of nose ,.

to juncture of bony side-vall with cheakﬁ
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26. Ngsal'Tip Salient: Alare (juncture of nasal ala (wing) with cheek)
to pronasale (midpoint of most prominent portion of nasal tip in lateral
view, )

27. Nasal Tip Height: Subnasale (juncture of philtrum and septum) to
pronasale (most outstanding point on middle of tip).

28. Biocular Diameter: Distance between outer angles of the external
canthi (corners) of the eyes. Eyes opened wide and directed upward. Taken

“with caliper ends dirscted upward.

29. Interocular Diameter: Distance between internal canthi. Measure-
ment taken from below,

30, BEar Implantation Length: Otobasion superior (superior junoture of
external ear with side of head) to otobasion inferior (juncture of lobule with
cheek,) Pointed ends of caliper,

31, Ear length, Maximum: Maximum distance along axis of eér, wherever
found.

32. Mouth Breadth: Distance between two corners of mouth, to edge of line
of lip juncture, not necessarily to edge of membrane. Mouth in natural posi-
tion; contact only; pointed ends of caliper.

33, MXandible Height: Fixed end of caliper on menton (mid-point of inferior
border of mandible), measure to supsrior point of gum between the two central
lower incisors. Firm pressure on menton.

3, Chin Breadth: -Faximum breadth of mental eminence (chin) at juncture
of conflusnce with lower border of the body of the mandible, Determine and
mark intersection of the curve of the lower border of the chin mests the ocurve
of the lowsr border of the randibular corpus (body). Palpation may be necessary.
Contact only. '

35. Chin-Neck Projection: (1) Kelly, Tright, Patterson, and Wilberforce
series; subject in horizontal eye-sar plans. Ilenton (in this measurement,
the most anterior point in the midline of the lowsr border of the mandible)
to juncture of chin with neck. Bar of caliper firmly against tip of thyroid
cartilage (Adam's apple), caliper hsld horizontally.

%36, Chin-Neck Projection: (2) Naxwell series: straight line distance
between tip of thyroid cartilage and menton. Angle of caliper wariable.

37.&38. Neck Breadth: Breadth of neck at the middle. Contact only.

39. Meck Denth: Thyroid cartilaze to back of neck perpendicular to axis
of neck. Contact only.
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"Orientation Values."

The head is first set firmly in a square, consisting of one board
paralle]l and one perpendicular to the floor, and is then placed in a hori- .
zontal plane determined by a line joining the bottom of the bony orbit and
the tragion point. The horizontal arm of the square is then tangent to the
vertex; and the vertical arm, to the occiput, . -

ANTHROPOMETER ‘
L0. Horizontal-Tragion: Distance from horizontal board to point where

the tragus of the ear terminates superiorly, i.e. the superior corner, toward
the head, of the main excavation (concha) of the external ear. Anthropometer
vertical. Average of readings for each. side. ‘

L1, Wall-Tragion: Distance from vertical board to tragion. Anthropometer “
horizontal, Awerage of readings for each side. :

2. Wall-Otobasion: Distance from vertical board to Jjunetion of ear lobule
with cheek. o o : «

¢L3x- Wall-Thyroid Cartilage: Vertical board to anterior point of thyr01d
cartilage. Contact only, to skin.

L. "Wall-Venton' Vertical board to most anterior p01nt in midline of

lower border of the mandible.

Ls. Wall-External Canthus: Vertical board to outer angle of external
canthus (corner) of eye. Average of readings for each side. .

Lé. Hofizohtal-Canthus- From horlzontal board to outer angle of external
Canthus. Average of two readings.

7. Horizontal-Nasion: Horizontal board to middle of naso-frontal sutufe.

..

For the following measurerents, the square is removed from the subject's

head.,

SLIDING CALIPER . o
LiB8. Tragion-Gonion: Tragion to postero~inferior angle of the horizontal:

and ascending rami of the mandible (lower jaw). Pontact to skin. Isft 51de. .

'h9. Subnasale-Canthus: A distance (stra:ght line) from the Junctlon of the
nasal septum with the upper lip to the outer corner of the eye, : .

50. Travlon-utobaslon' (Poth points defined above). _Laft side,

€

51. OGtobasion-Canthus: (Both points defined above.) ILeft side.,

52. JYenton-Suprasentale: lenton for this measurement is the mid-point of N
the inferior border of the mandible. Suprarentale is the median point of
greatest coneavity above the chin eminence and below the lower nerbranous lip.
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5%. lenton-Philsrun: enton (as defined in the preceding paragraph) to
central hollowed resion betwesn nose and upner rernirunous lip.

5L Canthus-lalar :: BExternal ca-7thus to voint in middle, vertically
of the malar (cheek, bcne, The noint is determined by dropping from the
sxternnl canthus & psrverdicular to the horizontal (trazion-lover border of
orbit) plane in which the head is fixed. - Contact only; left side,
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3L
35.
36.
37.
39.

Facial Survey of Aviation Cadets.

Age

Head 'eight

Head Preadth

I inimum Frontal
Bi~Tragion
Bizyeromatic
Bimalar

Rigonial

Head Length
Trapgion-Fasal Root
Trazion-3ubnasale
Otobasion Inferior-Philtrum

Number

W54
12,6
143
1452
1%53
1453

358
1,54
152
1,51
5

909

Ctobhasion Inferior-Supramentale 1L5L

Chin Projection, l"enton-Gonion
Crinion-l’enton VFace lleight
Nasion-t'enton Face Heigzht
Upper Face Height

Nose Height

Yose length (Pronasale)
Tose Length (Pronasale)
Nagal Root Breadth

Wasal Root Breadth

Nasal Bridge Breadth
¥asal Base Breadth (alee)
Nasal Root Salient

Nasal Bridge Salient
Nasal Base Salient

Y¥asal Tip Height

Biocular Diameter
Interocular

Ear Implantation Length
Bar Length, Maximum

Fouth Breadth

Vandible Height

Chin Breadth

Chin-lleck Projection
Chin-Neck Projection
Neck Breadth

Neck Depth

1095
1320
1,51

900
1247
1093

358
1095

358
11,50
1,52
153
151

909
1216
1450
1,53
154
1299

B oo

1300

901
1093
K 1096
K 354

909
5L
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¥Kean

2% yrs. Ly mos.
120.5 mm.
155.9
105.8
1L4a7
12l
108.5
106.5
197.5
125.3
129.8
116.L
115.0
99.9
185.0
123,2
735

56,0
L8.6
5L4.9
23%.9
15.%
32,2
35.3
2L.0

H\nlvrv\Npa;-Qg
L ) . L] . - Y .

1 MWW N\O O
525

U
V1
V= ORNO WO ®MN OUT~IW

[y
=
[es o]

Range

18-27
11018
1%8+172

92~120
12];-140
117-162
92-128
37-123%
172-218
109-139
115-115
102-131
95-132
83-119
157-21,
102-1h5

59-86

Li5-69

35-63

L2-6l

17+33

11+25

24-51

28+13

18-30

2210

2812

15-29

82-108
2h-l2

Li2-66

52=79

L2-63

3256

L6-75

27.60

37.7h
103-140
103-110




"Orientetion Velues.®

Size of series - 198

Bean Renge

L0, Horizontal-Tragion 120.3% 115-101
1. Wall-Tragion 96.9 75-110 ‘ .
L2, Wall-Otobasion 104L.6 86-123
L3. Wall-Thyroid Cartilage 14,7.6 122-20l;
Ll,, Wall-External Canthus 191.2 172-222 .
Li5. VWall-xterndl Canthus 171.5 150-188 )
L6. Horizontal-Canthus 114.5 90-136
Li7. Horizontal-Nasion 102.6 75-129
L8, Tragion-Gonion él,.8 " L9-82
Ll9. Subnasale-Canthus 72.8 62-86 “
50. Tragion-Otobasion 32,0 25-L6
51. Otobasion-Canthus 89.9 72-10l,
52. Nenton-Supramentele 27.5 20-37
53. Menton-Philtrum 62.% 51-78
5L, Canthus-Malar K 27.5 19-3],

Canthus-Malar M 28.7 22-35

All measurerents are in millimeters.,

—
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3. TECHNIQUES FOR NMEASURING THE BODY

l. Veight: In pounds.

2. Stature: Heels togsther, toes at ;5° angle. Back straight, head in
horizontal plane defined by line from tragion (about top of ear hole) %o
bottom of bony orbit. MNeasure from front or back, with anthropometer verti-
6al, to vertex (highest point in midline of head).

3., Total Span: Observer hold anthropometer horizontally, subject pushes
movable arm with left hand. Distance between tips of middle fingers. Naximum
stretch without straining.

L. Anterior Arm Reach: Heels together; heels, buttocks, riddle of back
(in lateral sense), and occiput against wall. Require subject to attain maxi-
mum horizontal forward reach, with contacts maintained. Both arms horizontal,
extended equally. Distance from wall to tip of rizht middle finger.

5. Span-Akimbo: Arms flexed, held horizontally, palms down, fingers
straight and together; thumbs touching chest; wrists straight. Fingers of each
hand do not meet. Anthropometer bar must be horizontal and in contact with
back and elbows, the latter being manipulated as requirsd. Measure from behind.
Distance between two elbow points, Kot necessarily a maximum distance.

6. Biacromial: Distance between acromial points (external borders of end
of scapular (shoulder-blade) spine). Be sure subject is relaxed, but not col-
lapsed. Firm contact.

7. Bi-deltoid: Arms at side, palms forward. Naximum contact dimension
across deltoids (large muscles around shoulders).

8. Chest Breadth: Flat portion of anthropometer against chest at nipple
level, Use only moderate pressure.

9. Chest Depth: Horizontal antero-posterior dimension at nipple level.,
Contact to sternum (breast bone); fixed arm of anthroporeter in spinal groove.,

10. Abdominal Depth: Xaximum horizontal contact dirension, wherever found.

11. Bi-iliac: A firm pressure dimension, maximum iliac brim (across hip
bones). Heels together.

12, Head Circumference: Kaximum of- three attempts.

13. Chest Circumference: Lorizontal circumference just above nipples. Do
not tichten the tape; merely contact all around, Chest neither expanded nor
collapsed; take during guiet breathing.

1. Vpper Arm Circumference: Horizontal circumference at the maximum of
the biceps rmuscle.

15, Torearm Circumference: Circumference taken halfway between elbow and
wrist.
233,




16, Arm length: Length of arm from top of clavicle to the tip of the
middle finger as the arm hangs at the side of the body.

17. Forearm Length: Distance from elbow to middle finger tip with the
forearrm flexed at the elbow.

18, Tend length: Right hand, fingers extended and together, palm up.
Distance irom proximal end of navicular (srall wrist bone at base of thumb)
to tip of middle of middle finger. ¥ixed end of caliper firmly pressed against
navicular, lirht contact to finger tip.

19. Thand Breadth: Right hand, fincers extended and toghtler, palm up., Arms
of caliper parallel to axis of fingers. Distance between radial (laterz1l) pro-
jection of distal end of second metacarpal, and ulnar (medial) projection of
distel end of fifth retacarval. Firm contact.

20. ™rist Breadth: Thickness of the wrist at the level of the two hony
projections just above the vwrist joint. Firm contact.

2l. vrist Thickness:; A dimension transverse to 20.

22. Shoulder-elbow: Trunk erect, humerus vertical, forearm horizontal.
leasure from top of acrorion process to botton of elbow,

2%, Tlbow-seat: Distance from elbow as meaesured in 22 to level of seat.

2ly. Bi-epicondyler, elbows: Hureri vertical; =rms pushed redially until
trey touch trunk wall. FHands on sides of thigks, knees together and richt-angled,
trun ersct. Distance between lateral epicondyles of rureri (outer projec-
tions of elbows).

‘ 25. Bi-trochanteric: Knees togsther and &b right anzles, trumk erect.
Laxirur lateral diameter of buttocks; light touch measurement. Anthronometer
horizontal.

2%, Thigh Circumference: liorizontal circumference of thigh halfway between
crotch and knee,

?7. Calf Circumference: Weirht even on both feet. left calf, maximum
horizontal, of three attenpts.

28, Xiphoid Heisht: Vertlcal distance, subject standing, from juncture of
sternum and viphoid process to floor.

29. Lower Rib Heirht: Vertical distance, subject standing, from lower
rargin of last rib, v1ewed laterally, to floor.

30. Imbilical Heirht: Vertical distance, subgect standing, from center
of urbilicus to floor, )

N 51. 1Iliac Crest Feight: Vertioal distance, subject standing, from top of
© iliac crest viewed laterally, to the floor.
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%2. Pubic Helght: Vertical distance, subiect standing, fror the upper

rarzin of the pubic sy prysis to the floor. The puble syrpiysis lies below
the umbilicus, and is the uppsr rarrin of the pelvic bene in the rid line.,

™~ " " .. .
4%, Crotch Heirht: Vertical distance, subject standing, Irom croteh to
finor,

5L,  Sitting Heirht: Subject vacl on tabtle zs far as possible, until backs
of ¥nees nit tubls edee. lezs dangle freely. Trunk as ercct as possible; lead
in eye-e¢ar horizontzl, as in stature. leasure f'rom rear.

%5. Trunk Heirht: Trunk in same position as above, Distance from tahle to
topmost margin of vony sternwn. (“reast-bone) palpated, Disrerard suprasternal
bones. Yeasurs {rom front.

36. Buttock-knee: Rirght Side, Trunk erect. Knees together and knee
angle ut right angle; thirhs horizontal. Contact measurement, buttock to skin
over patella (knee-cap).

37. Patelle deipht: Right Side. Ieg in right angle positicn. Base of
arthropor=zter near base of heel. Contaot to top of muscle mass near end of femur
(thirh hLone). A maxirum height,

38, Standing Knee Height: Vertical distance, subject standing, from top of
knee bone, patella, to floor.

39. Bi-epicondylar, feroral: Knees at right angles, feet together, medial
epicondyles of femora in firm apposition. Distance between lateral epicondyles
(lateral projections of knees).

LO. Foot Length: Veight even on both feet. left foot, naximuh contact
from heel to great toe (or second, if longer).

Ll. Foot Breadth: Veight even on both feet. Left foot, maximum breadth with
arms of anthroporeter parallel to long axis of leg and foot. Light pressure.

L2, External kalleolar Height: Vertical distance from lower leg bone, just
above the ankle, on the outside to the floor.

3. Internal Malleolar Height: Vertical distance from lcwer leg bone, just
above the ankle, on the inside to the floor.

L. Ankle Breadth: Distance betwsen the two bony projections of the lower
leg at the ankle.

L,5. Ankle Thickness: Fore-aft distance between front and back of ankle at
the lavel at which [} was taken. . '

6. Face length: Distance from the most depressed part of the root of the
nose to the tip of the chin in the midline of the face.
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PXRCENTILE DISTRIBUTION - HOW TC USHE TEER

Percentile distributions (calculated for all metric characters) are s
offered as the rost practical elaboration of statistics for the present pur- ‘
poses. They show what measurement values would accommodate percentages of
cadets or gunners from five to ninety-fivq. By subtraction, per cent. of -
series between any given values can be ascertained., Other percentages may be
obtained by intervolation. If a turret dimension is fixed, by reference to
the table it cen be decided what proportion of cadets or gunners fall within
that dimension and can be accommodated by it, or exceed it. The median (50
per cent) is in these series practically equivalent to the arithmetic rean.
The total range of measurements is also given., It should be borne in mind,
rowever, that the ranges may be unduly extended by cases which represent
errors in recordin-.. The most obvious errors have been eliminated, but some
less f'lagrant ones ray rerain. The percentile distritutions are riven in
Tables 1-29.
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Serial No. U.S. ARMY AIR CORPS-~MATERIEL DIVISION —~ ANTHROPOLOGICAL SURVEY

NAME ... ...

g T ™
ol Pesat
1. ... LOCATION
2 MILITARY UNIT...... s
3. RANK: privatet?| non.com 3! jofficert¥|
. INDUCTION BASIS: aclectee! | volunteer?| reserved |
§ ... BIRTHPLACE — SUBJECT: B
6 ... BIRTHPLACE— FATHER:
7 ....... BIRTHPLACE — MOTHER:

.. NATIONAL EXTRACTION.......
{Two principal strains)

9. ... RELIGIOUS AFFILIATION (Famil
Jewisht|Otherd| ..... . -

. EDUCATION (Higheat Schooling):|illiterate?|read and writel|
|gradcH| hight apecial training (tech., bus., cte.¥lcollege tprof3|

| Protestantt?| Catholicl! |

Observer . . R SRR 5 [ 11 RA—
oo, Pussh
12 .. .. HAIR COLOR: black®*|dk. brown!! |med, brawn!®|red brown!|
|gnld brown?|ash brown?| golient|ash¥] red#|
13 . .. .. HAIR FORM: straight®|low wavell|deep wavel?|curly!|
[frizzly or woolly?|
| L - EYE COLOR: pure dark (dk. or It browm)B]
|pure tight (gray, blue, gray-blue)?t|
| mixed lightt®]
[mixed even!]
[mixed dark?)
15 . ...... SKIN COLOR: pale®|med. pinkt|florid or ruddy'|

|brunett | swarthy?| yellow brownt]
dk. brownd{blacks|

16 . ....... VASCULARITY: (scratch on chest)
|abe.13}subm M| med | pront)

SOMATOTYPE:
17 i ENDOMORPHY  1-2-3-4-5-6-7
MESOMORPHY  [-2-3-4-5-6-7
ECTOMORPHY  1-2-3-4-5-6-7

2 ... ANDROGYNY:  1-2-34-5-6-7
10 . .. OCCUPATION (principal).. 2 ... DYSPLASIA: 1-2-34-5-6-7
22 ....... MUSCLE TONUS: ssm. (totally relased)
11 ....... MARITAL STATUS: single®®| married!! |divorced or separatedi®] sm. (soft)t
|widower!| + (medy
RACE: White?|Negroid?]Mongoloid! | Orhers| +4 (tensep
Destmal Destmat
SusjEct STANDING o e —— . - -
WEIGHT C E ] NOSE LENGTH . . . ... ... 52
STATURE T N NOSE BREADTH. . . . . . . . . 5
AN = min HAND LENGTH . . . . . . ... P .
ANTERIOR ARM REACH . . . . 126 L HAND BREADTH . . ... ... 5
SPAN—AKIMBO . . . .. ... 2 i Inosces .
BIACROMIAL . . .. . ... .. » L HEIGHT (in)/YWT. () . . . . $6 (10
BI-DELTOID . . . . . . ... .. ) L] SITTING HEIGHT/STATURE . . §7 L
CHEST BREADTH . . . . . . . . ") t CHEST BREADTH/BIACROMIAL . $8 N
 CHESTDEPTH . ........ kN LJ L CALE/BIACROMIAL . . . . . " L]
ABDOMINAL DEPTIY . . . . . . 2 | L CHEST D./BIACROMIAL . . . . © L]
BLILIAC .. ... .... LB . BI-ILIAC/BIAC. . . . .. .. .. o HiN
FOOT LENGTH . . .. ... .. 3 L) HEAD CIRC./CHEST CIRC. . . . 62 LJe
FOOT BREADTH 3 Lt [ CHEST CIRC/STATURE . . . . . & N
HEAD CIRCUM. . k7 - CHEST D/CHEST BR. . . . ... . 64 Hin
CHEST CIRCUM. (reat) . . . . . . 97 L L HEAD BR/HEAD L. . . . . . .. R L]
CALF CIRCUM. ef) . . . - . . . ) L L FACE L/FACE BR. . . . .. .. % . L
Susyaer Strrivo _ NOSE BR/NOSEL. . ... . ... 67 ... . L]
SITTING HEIGHT . . . . . ... [T L] E o . N
TRUNK HEIGHT . . ... ... © . ] : & 1L
BUTTOCK-KNEE. . . . . . ... M L] . % N
PATELLA HEIGHT (from floor) . . 42 . NN n L L
BI-EPICONDYLAR (clbows) . . . . 43 L) n .. L]
BI-TROCHANTERIC . . . . . . . “ Hyl T LJL
BI-EPICOND, FEMORAL (knees) . 45 N " . N
SHOULDER.ELBOW HEIGHT, . . 46 L 5 . gl
SQUATTING DIAGONAL . . . . . “ Hyl L IR
HEAD LENGTH .. ... .. .. 4 ] L . L
HEAD BREADTH . . ... ... ™ Ny » L
FACE BREADTH. . . . .. ... 0 HEn » . L
FACELENGTH . ........ 5 L L . ® L
& ;
4L518B-A M L
Figure IX, 3 1,
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A AFTYPEA. 40
4408C .
Tigure IX, 3, 2. | o
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5.SPAN AKIMBO IS MEASURED TO
THE TIPS OF THE ELBOW WITH THE
FORARMS FOLDED IN TO THE CHEST.

A.AF.TYPE A.

4408 A

Figure IX, %, 3.
239.
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AAF TYPEA
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4408 B
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24.BI-EPICONDYLAR OF ELBOWS.
OUTSIDE DIMENSION OFELBOWS
INTHE SITTING POSITION.

AAF TYPE A

ek,

A
37
4408
xs 3’ h'
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TABLE 1 i

WEIGHT

s

Distribution in Percentil%s

Weight in Pounds

Percentiles Cadets Gunners
5% 12¢.54L 119.74 ..
104 133,81 125,04 ,
155 137.17 1%1.01
205 139.75 133,63 : e
255 142,13 1%6423 _ ,
3550 146,51 110.95 ﬁ
Log 18,65 142.91
L5 150.81 1LL.6L
50% 153.12 147.07
557 155.27 149.37
60;; 157.L2 150.85
655 159.90 152.79
70% 162.37 155.6L
5% 165.48 157.45 A
&0, 164,76 160,12 <
855 172.74 163.63 .
90% 177.43 166,73
957% 1&4.0L 173.20
Lumber: 2960 Kumber: 5%l
Range: 110-210 Range: 108-203
Median: 153.12 Ledian: 14L7.07

2h2.



TABLE

2

STAT URE

Distribution in Percentiles

Stature in Centimeters. and Inches

Cadets Guriners
Percentiles Cie Inches Cm. Inches
5 166,08 654 161,02 €30
10% 165,00 66.1 163,89 ey
154 169.35 €6.7 - 165,56 €542
20:; 170.L49 67.1 166,35 6H.7
255 171.53 £7.5 - 168,21 66,2
30; 172.51 67.9 168,10 b6
355 173.142 £E % 170.05 6649
o 174.22 &6 - 171,01 6743
505 175,67 €9.2 172,10 67.9
55% 176.L8 €9.5 173,31 &8 .2
603 177.3L 69.8 174.22 €2.6
657 176.15 T70.2 17496 65.9
70% 176.97 70.5 175.77 9.2
753 179.90 70.8 176.62 €9.5
0% 181.02 1.3 177.1 69.9
a5, 162,20 71.7 176,38 70.2
90 183,79 72.L 1£0.04 70.9
g5% 165.85 73.1 152.28 Ti.7
Number: 2961 Nurber: 58l
Range: 156=198 (61.L~7¢.0) Range: 151-190 (59.L~7h.3)
Fedian: 175.67 (69.2)

23,

Kedian: 172.31 (€7.9)



TABLY 3 -

Distribution in Percentiles "
Span-total in Centimeters and Iinches
Cadets Gunners
Percentiles Cm. ____ Inches Cm, Inches
. * N
St 170.60 67.2 165,60 €5.2
104 172.91 6540 16£.19 66.2
15. 17440 6.7 170.1C 66.9
20, 17573 69.2 172,09 67.7 ,
25,1 176.91 69.7 173.12 65,2
303 175.00 70,1 175.01 6549
353 175.93 70.5 176.25 65.0
Lo 179.9C 709 177.11 69.7
i 150.75 71.1 175.0¢ 70.1
50, 161,56 71.5 175,01 7065
555 1£2.0.7 TLl.c 175886 70.9
608 16512 72.1 120402 71.1
653 18,729 72 lellJde 71.5 .
705 1E5.45 7540 12,08 T1.8 ‘
757 166,61 73,5 1e5.L7 72.2
80/ 1e7.¢ 73,0 NI 72.6
&5:5 189,21, 7.5 165480 75.1
50, 120,97 75.2 18718 738
955 193.%2 76.1 1£9.79 Tha7
HNumber: 2959 Humber: 583
Range: 156-205 (62.2-£0.7) Ranpe: 15L~202 (60.6~75.5)
Vedian: 181.58 (71.5) ledian: 179.0L (70.5)

2L,



N _ ' TABLE L
ANTERIOR ARM REACH

Distribution in Percentiles

Anterior Arm Reach in Centimeters and Inchesv

Cadets Cunners
A Percentiles’ Cm. Inches Cm, Inches
5% 83,01 32,7 €1.0L, - 31.9
103 8lLi.16 33,1 §2.30 32,4
15% €5.15- 33.5 €3.50  32.9
‘ , . 20% 85495 3%.8 8L.67  33.3
25% 864,55 3h.1 85456 3347
304 &7.1L 3L.3 €6.28  3L.0
354 . 87.75 3115 86.66  3L.2
Loy £8 .31 3.8 87.36  3hL.
: L5 88 .83 35.0 87.8L  3L.6
505 2943l 3542 88,38 3.8
o 557 £9.62  35.L £8.96  35.0
% 90.3L 35.6 9.1l 35,2
’ 70% 91.1% 36.0 90.18 35.6
5% 92.1L 36.3 91.08 3549
£0% 92.7% 36.5 91.82 36,1
855 93456 36.8 92.59  36.L
905 9L.5L 37.2 93.50  36.8
955 95.93 37.8 9L.88 37.4
Humber: 2959 Number: 580
Range: 75-103 (29.5-10.£) Range: 75-99 (29.5-39.0)
Kedian: &9.3L (35.2) Ledian: &8.38 (3L.8)

® s,




TABLE 5°
SPAN-AKILBO

Distribution in Percentiles ! .

Span-Akimbo in Centimeters and Inches

Cadets Gunners
Percentiles Cn. Inches Cm. Inches
5% &8l 3h.7 85.12 33.6 *
10% . £9.23 35.1 &7.01 3.3
15% 90.31 35.5 €8.1l 3hT
207 91.1l, 3549. £9.06 35,1
255 91.79 36.1 €9.79 3543 g
30% 92.3L 36.3 90.L9 35.6
35% 92.8l, 36.5 91.1L 3549
Log 9%.29 26,7 91.66 36.1
L5 93.7L  36.9 9R.20  36.3
50% 9ly.22 37.1 92.20 36.5
554 ol. 7L 373 93435 36.7
A 95.25 375 93.88 37.0
65; 95.75 377 9L.26 57.1
705 96.32 57.9 9L.83 373 4 .
755 96.95€ 3%.1 95..2 37.5 *
£0% 97.72 3845 96.07 37.8
&57 36456 38 & 96.63 3.0
905 . 99.5L 39.2 97.39 5643
95% 100.95 39.7 9E..E7 3649
Humber: 2956 Fumbers 5€2
Range: &1-10¢ (51.9-L2.5) Range: 79~106(31.1~11.7)
Kedian: 9hL.22 (37.1) ledian: 92.80 (36.5)

2Le.




4

TABLE 6
BIACROLIAL

Distribution in Percentiles

Biacromial in Centimeters and Inches

Cadets Gunners

Percentiles Cn. Inches Cm, Inches
A 36,61 b 35,37 1349
10% 37,30 14.7 36.13 1.2
155 37.76 1L.9 36.79 ULl
204% 3,13 15.6 S 37.]1 1.6
257 38,51 15.2 378 1.8
305 38,77 15.3 37.80 1.9
35% %9.C3 15.1; 38,12 15.0
Loy %9.29 15.5 38,0  15.1
L5 39.54 5.6 36.67  15.2
- 507 : 39.79 15.7 3£.93 5.3
555 Lo.03% 15.¢ 39.20 . 15.4
2 ' - Lo.eg 5.9 39,6  15.5
65% L0.5% 16.0 39.71 15.6
707 Lo.€0 16.0 39,56 15,7
75% 11.07 16,2 Lo.21 15.&
40% 11.35 16.3 Lo.51 15.9
&5% 11,70 16.4 Lo.&7 16.1
907% L2.19 16.6 .2, 16.2
9% 42,90 16.9 12.95 16.5

Kumber: 2956 Number: G5€&3
Range: 3%2-3%6 (12.6-1%.1) Range: 32-Ll; (12.6~17.3)

liedian: 39.79 (15.7) Kedian: 3&.93 (15.3)

L7,




TABLE 7 ' T,
BI-DSLTCID

Distribution in Percentiles

Bi-beltoid in Centimeters and Inches

Cadets Gunners
Percentiles Cm. Inches Cm. Inches
54 h2 .50 16.7 11.88 16.5

107 L3.21 17.0 26 16,7
15% L3.68 17.2 Li2.98 16.9
207 Ll.10 17.4 L3.29  17.0 S,
25 Lo 17.5 43.60  17.2
300 - L. 70 17.6 L3.91 17.3
35% L5.00 17.7 Lh.17 17.4
Loz Ls.2l 17.8 L3 17.5
L5% Ly.ls 17.9 L. 66 17.6
50 L5.72 16.0 Ll.90 17.7
55% 15.96 18.1 15.16 17.8
603 Lé.22 1€.2 L5043 17.9
657 L6.50 16.3 L5.70 1€.0 .
70/ L6.77 180 L5.97 18.1 o
754 L7.C6 1.5 L6.30  1£.2
€03 L7.L3 1£.7 L6.63 1843
£55 L7.79 15.% L6.97  18.5
90% Lg.31 19.0 L7.51  14.7
95% 19.00 19.3 Lg.16 19.0

Kumber: 2955 Iumber: 58l

Range: 39-52 (15.4-20.5) Range: 39-50 (15.4-19.7)

Ledian: L5.72 (18.0) Yedian: L4.90 (17.7)




TABLE &
CHEST BREADTH

Distribution in Percentiles

Chest Breadth in Centimeters and Inches

Cadets _ Gumers =

Percentiles - Cm. Inches <o - --Cme - “Inches
. 5% \ 26,23 10.3 25,56 10.1
10% 26.78 10,5 26.20 . 10.3 -
153 27.15  10.7 S 2654 . 104
20% 27.10 10.8 26,94 10.6.-
250 27.65 10.9 ~ 27.20  10.7 -
30% 27.90 11.0 ‘ 27.43 . 10.8 .
354 26,12 1.1 27.6l 1 10.9.
L0z 254,33 1.2 7.0k . 11.0.°
L5  28.53 11.2 26,03 11.0°
50,5 28,75 11.3 25,21 11.1
55% ' 28,95 11.4 ' 28 40 11.2
60%, 29.16 11.5 28,59 | 11.3
€554 29438 11.6 28,863 . 1l.h-
¢ 29.60 11.7 29,09 1lul
7554 29.8L  11.8 2G.33  11.5 -
&0% 30,1 11.9 : 29.59 11.7 «
855 30.50 12.0 29.93  11.8
805 30,58 12.2 30,28 11.9
95 31.56 12,1 30,82 12,1
Number: 2957 Hurmbers  5€1 -
Range: 22-3l (&.7-13.L) Range: 21-33 .(8.3-13.0)
Ledian: 2€.75 (11.3) ledian: 2&.21 (1l.1)

2k9.




TABLE 9
CHEST DEPTH

Distribution in Percentiies-

Chest Depth in Centimeters and Inches

Cadets Gunners
Percentiles Cre Inches Crm. Inches
5% 1Z.25 7.2 18.05 7.1
107 18,83 7.4 18,73 T4
155 - 19.23 7.6 9.0 7.5
207 19.51 7.7 19.35 7.6
25% 19.77 7& 19.é2 T7
30 19.9¢ 7.9 . 19.66 7.8
353 20.19 €40 20.06 7.9
5 20.38 .0 20.28 £.0
L5 ‘ 20.57 .1 20.19 &1
507 20.76 &.2 20.60 &.2
555 20.96 &.3 20.88 &2
7 21.15 8.3 21,08 &3
05;s 21.38 N 21.27 &y
705 21.60 &5 216 E.5
755 21.8h &.6 21.7h &.6
€05 22.1L &o7 - 22.0L EoTl
6575 £2.52 &.9 221 8.8
90, 22.9l 3.0 22,87 2,0
9574 23.Ch 2¥) 2345 9.2
lumbers 2959 Kumbers 583
Range: 16-2¢ (6.3-11.0) Renge: 15.-27 (5.9-10.6)
ledian: 20.76 {(£.2) , Ledian: 20.69 (&.2)

250.



TABLE 10

ABDCIL AL DiPTH

Distribution in Pzrcentiles

"Abdominal Depth in Centimeters and Inches

-

. Cadets Gunners .

Percentiles Cni. Inches - Cile Inches
55 18,31 7.21 : - 18.26 7.20
10;% 18.94 7.46 » 18479 - T.40
155 . 19.23 7.57 19.16.  7.55
203 ‘ 19.48 7.67 : 1901 7.8k
25, 9.7 . 7.77 19.67  7.75
30% 19.99 T ' 19.93 = 7.7
355 20.1 7.95 20.1l 7 7.93
Lo 20.3%9 &.03 20.33  &£.00
L3 20.59 8412 20.52 & .08
505 20.79 &.18 20.71 .15
55% 20.99 8.26 20.90  &.23
% 21.21 &.35 . 21.11 €031
65% 2113 g | 1 21.35  &.a
705 21,65 &.52 o 21.58 - &.92
754 ‘ 21.58 g.62 21.4 &ebt
&0% 22.17 &.Th ’ 22,07 . 6.70
£5% ‘ 22.56 .89 226 sWsh
904 22.95 9.05 22.86 9,00
9555 ' 23.70 S.33 2%3.59 © 9.29

Humber: 2958 4 Humber: 584
Range: 16~27 (6.3%-10.6) Range: 16~36 (6.3-14.2)

liedian: 20,79 (£€.2) Liedians 20,71 (8.2)

251.




TABLE 11

3I-TLIAC

Distribution iE_Percen&iles

Bi-Iliac in Centimeters and Inches

‘ ‘ Cadets Gunners
. Percentiles Cm. Inches Cr. - Inches
5% ‘ 26.1;3 10.4 26.1% 10.3
102 27.06 : 10.7 26.58 10.5
- 15% 27.3L 10.8 26,98 10.6
C 203 27.61 10.9 27.25 10.7
o253 27.89 11.0 27.50 10.8
307 . 28.12 11.1 27.76 10.9
35% 28.31 11.1 28,01 11.0
L07% 28.51 11.2 28.20 11.1
57 28.70 11.3 28.41 11.2
507% 28.89 11.4 28.60 11.3
553 20.09 1.4 28.80 11.3
60% 29.30 11.5 28.99 11.L
65% 29.51 11.6- 29,22 11.5
70% 29.72 11.7 29.L5 11.6
75% 29.9], 11.8 29.68 11.7
807 30,20 11.9 29.91 11.8
85% 30,52 12.0 30,22 11.9
90% 30.8L 12.2 - 30,63 12,0
957% 31. L4l 12.14 31,15 12.2

. Kumber: 2956 Number: 58l .
Range: 23-3L (9.1-13.L) Range: 2L-3L (9.L4~13.L)

VYedian: 28.69 (11.l) ¥edian: 28,60 (11.3)

252,



TABIE 12
FOOT 1ENGTH

Distribution in Parcentiles

Foot Length in Nillimeters and Inches

Cadets Gunners
Percentiles ¥m, Inches ¥m, Inches
5% ' 2l9.60 9.8 243,18 9.6
10}&” 253063 10.0 ) 2&6036 907
15% 256.11 10.1 250.0L 9.8
20% - 258.17 10.2 252.323% 9.9
5% 259.93 10.2 255.16 10,0
30% 261,60 10.3 ' 256.72 10,1
35% 263.13 10.3 258.37 10.2
Lo% 24L,.61 10.5 260.20 10.2
L5% 265.67 10.L - 261,69 10.3
50% 267.19_ 10.5 263.33% 10.L
55% 268.52 10.6 26l1.91 10.
60% 249.87 10.6 . 266,52 . 10,5
65% ‘ 271.36 10.7 267.87 10.6
T0% 272.98 10.7 269.5), 10.6
- T5% 275.03 10.8 271.08 10.7
80% : 276.96 10.9 27%.32 10.7
85% : 279.32 11,0 . 275.68 10.8
90% 282,31 1l.1 278.85 11.0
95% C 287.69 11.3% 281.81 11.1
Number: 2959 &7 Number: 583
Range: 2244-311 (8.8-12.2) Range: 228-300 (9.0-11.8)
Vedian: 267.19 (10.5) Median: 263,33 (10.4)

253.




TABIE 13 *

FOOT BREADTH

Distribution EE_Percentiles

Foot Rreadth iﬁ_yillimcters and Inches

Cadets Gunners
Percentiles Tm. T TInches ¥me Tnches . .
5% 91.11 3.6 82.08 2.5
10% 92,5l 2,6 91.07 3,6
15% 93,63 3.7 92.3%0 3,6 ,
207 oL.57 3.7 93.18 3.7
25% 95.17 3.7 93%.92 5.7
30% 95.81 5.8 oL.5L 3.7
%57% 9h. LT 3.8 95.31 2.8
Lo% 97.10 2.8 95.96 3.8
L5% 97.72 3.8 96.L9 3.8
50% 98.3L 2.9 97.08 2.8
557% 98.91 %.9 97.81 2.8
607 99.L9 3.9 98.50 3.9 .
65% 100,11 3,9 99.18 3.9 .
70% 100.82 13+s0 99.85 2.9
75% 101,64, L.0 100.143 L.0
80% 102.57 L.C 101.16 ;.0
85% 103,57 La1 102.3% L.0
Q0% 104.90 L.1 103,42 L.1
95% 106. 63 L.2 105.30 L.2
Number: 2959 Yumber; 58l
Range: 083=118 (3.3%-l1.6) Range: 80-111 (3.1-L.L)
ledian: 98.3L (3%.9) ledian: 97.08 (3.8) .

252&0 >




* ' ' TABLE 1l

BEAD CIRCUMFETREICH

Distribution EE_Percéntiles

Head Circumference EE_Centimeters and Inches

: : Cadets Gunners
. Percentiles Cm. Inches Cme Inches
54 54,51 . 22.5 53,92 21.2
107 55.10 21.7 5L..36 21.L
- 15% 55.36 21.8 5Le 7L 21.5
20% 55,6 21.9 55.07 21.7
25% 55.88 22.0 5529 21.8
30% 56. 10 - 2e.1 55452 21.8
25% 56430 22,2 55.75 21.9
Loz 56.50 22.2 55.98 22.0
5% 56470 22,3 56.18 22,1
50% 56,89 22.h 56437 22,2
‘ 55% 57.08 22,5 56.57 22,3
A0% 57.28 22.6 56.76 2.4
657% 5716 22.6 56.95 22.L
. 70% ‘ 57.66 22,7 57.20 22,5
- T5% 57.85 22.8 57.45 22.6
80% 58,10 22,9 57.70 22,7
85% - 5802 23.0 57.94 22,8
90% 58.79 2.2 58.3L 22.9
95% 59.37 23.4 58.85 23%.2
Number: 2955 Number: 58l
Range: 51-62 (20.1-2L.L) Range: 51=60 (20.1-23%,6)
Median: 56.89 (22.l) Vedian: 56.37 (22.2)
255.




TABLE 15 )

CiwsT CIRCULPEREICE-REST

Distribution EE.Percentiles

“hest Circumference in Centimeters and Inches

RS, - —— T ——— i Aol et e it

Cadets Gunners
Percentiles Cm. -—.‘.:j_lnches &n.-*____‘_ Incggg
5% 83.96 23,1 82,61 22.5 *
107 85.37 33,6 8L, 05 33,1
15 86.L,0 31,0 85,06 23,5
207% 87.19 3L.3 85.9% 33.8
25_5 87092 5)40 6 86. 80 314.- 2 ‘
30% 88. 61 34.9 87.53 3L.5
35% 89.2% 35.1 88.27 31,8
Loz 89.90 35.4 88.9L 35.0
L5% 90.32 35.6 89.51 ' 25,2
50% 90.70 35.7 90.05 350
55% 91.43 36.0 90. 60 35.7
60% 92,07 26.% 91.18 25.9
657% 92.77 36.5 91.85 36,2
T0% 93.53 36.8 92.5% 36.1
75% 9L.29 37,1 93.32 36.7 )
807% 95.11 LYY 9l.16 37.1
85% 96.10 37.8 9L.98 37.4
90% 97.L8 38.4 96.13% 37.8
95% 99.16 39.0 98.2% 38.7
Number: 2954 Number: 58l
Range: 78=110 (30.7-U3.3) Range: 78=10L (30.7-40.9) =
¥edian: 90.70 (35.7) Nedian: 90.05 (35..4)
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TABIE 16

CALF CIRCUKFERENCE - left

Distribution EE_Percentilos

Calf Circumference EE_Centimeters and Inches

» Cadets Gunners
Percentiles Cm. Inches Cm, Inches
5% 32,6l 12,8 31.72 12.5

04 33,33 13.1 32,146 12.8
157 33,8% 13.% 33,00 , 13.0
20% o 3L.19 13.5 33.L0 - 13.2
25% _ 319 13.6 33.74L 13.3
30% 3L,.80 13.7 : 3L4.05 13.4
35% 35.09 13.8 © 3L.31 13.5
Lo7 35437 13.9 34.55 . 13.6
57 35465 1L.0 34.79 13.7
50% 35.9% 1h.1 35.02 13.8
55% 36,20 1.3 35.28 13.9
607 36450 L 35.60 1.0
65% 36,78 1L.5 35.96 1.2
70% - 37.09 1L.6 36.32 4.3
75% . 3744 1.7 36,68 1.4
807% 37.79 ' 14.9 37.21 1.6
85% 38.23 15.0 37.L6 1L.7
90% 38+79 15.3 5792 14.9
95% 39,62 15.6 38,6l 15.2

Number: 2955 o Number: 581

Range: 28=L5 (1l.0-17.7) Ranges 29-L0 (11.4-15.7)

Yedian: 3%5.93% (1h4.1) Median: 35,02 (13.8)

257.




TABLE 17

SITTING HEIGHT

Distribution in Percentiles | .

Sitting Height in Centireters and Inches

Cadets Gunners
Percentiles Cm. Inches Cm., Inches

5% 87.60 3L.5 83.35 33.6 ' . o
10% 88.60 21,9 86.75 3.2
15% 89.35 35.2 87.75 3L4.5
20% 90.01 351y 88.18 . 3.8
25% 90..48 25.6 89.10 35,1 _ )
30% 90.96 35.8 89.59 ‘ 35.2
35% 91. 38 26,0 90.06 35.5
107 91,81 26,1 90,143 35.6
5% 92,20 36.3 $0.80 35.7
50% 92.55 3640 91.18 35.9
55% 92.91 26.6 91.57 %6.0
60% 93,30 %2647 91.95 3642
65% 93.71 36.9 92.%3 36,3
70% 9L, 15 27.0 92.71 26,5 ,
757% 9L, 66 3703 93.12 36.7 .
80% 95.20 37.5 9%. 40 3649
85% 95.80 277 9L.13 37.0
90% 96.57 38,0 9L.82 373
95% 97.70 38.5 96,07 37.8

Number: 2959 " Number: 584

Range: 8%-103 (%2.7-1,0.6) Ranpe: 82-100 (%2.3-39.l;)

Nedian: 92.55 (36.L) Median: 91.18 (35.9)
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TABLE 18

- HEAD dABTGIT

Distribution in Percentiles

Head Height in Millimeters and Inches

Cadets Gunners

Percentiles Lm, o Inches Mm. Tnches
5% 123,29 1.8 119,96 L.7

10% 125,443 1.9 122,09 L.8 |
15% 126.52 5.0 123,67 L.9
20% . 127.56 5.0 121,..97 L.9
25% 128.52 5.1 - 125.86 5.0
30% 129.21 - 5.1 126.75 5.0
35% 129.98 5.1 “127.74 5.0
LoZ 130.73 5.2 128.50 5.1
L5% 131.38 5e2 129.25 5.1
50% 132,22 52 130.23 5.1
55% 133,00 5.2 130.3l 5e2
60% 133,63 5e3 131.43 5.2
65% 134047 5.3 132,11 5.2
70% 135.21 5e3 . 132,87 5.2
T5% 136,03 5.4t 133.99 5¢3
80% 136.95 5ely 13L.91° 5¢3
857% 138.12 5.4 136. 1L 5.y
90% 139.42 5.5 137.58 5.4
95% 14155 5.6 139.71 5.5

~ Wumber: 2956 Number: 584
Range: 110-153 (L.3-6.0) . Range: 114=1,7 (L.5-5.8)
"Vedian: 132.82 (5.2) o
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TABLE 19

SITTING HEIGHT MTNUS HEAD HEIGHT

Distribution EE_Percentiles e
Cadets
Percentiles Cme~  Inches
5% 75.09 29.6
10% 75+99 29.9
15% 76,68 20,2 .
20% 77.27 30,4 A
25% 1777 30.6
30% 78.21 30,8
357 78.62 31,0
Lo% 79.03% 51.1 ‘
L57% 79.L0 31.3
50% 79.76 31.L
55% 80.13% 31.5
60% 80.51 31.7
654 80.89 31.8
70% 81l.3%2 32.0
75% 81,78 32.2
80% 82.%0 32.0
85% 82.88 32.6 .
90% 83.62 32.9 ¢
95% 8L 7L 33.3

Number: 2955
Range: 70-90 (27.6-35..)
Median: 79.76 (31.L)
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TABLE 20

TRUNK HEIGHT

Pistribution ig Percentiles

Trunk Height in Centimeters and Inches

Cadets . Gunners
Percentiles Cn. Inches Cn, Inches
5% 56. 11y 22,2 5,70 21.5
109 57.3%2 22.6 55.78 22.0
15% 57.85 22.8 56.1:8 22.2
209 58.30 23.0 S o569 22,
25% 58.72 23.1 - 57.140 22.6
30% 59.08 23.3 57.78 22.7
35% 59.542 23.4 58.15 22.9
Loz 59.7% 23.5 58.50 25.0
1,5% 60.02 2%.6 58,83 23,2
50% 60.33 23.8 59.1L 23.3
55% 60.6), 23.9 59.LL 23.h
607 60.95 2L4.0 59.7 23.5
65% 61.27 2L 60.05 23,6
- 70% 61.63 24.3 60.35 23.8
75% 62.02 2. 60.65 23.9
804 62.14,2 2l.6 60.97 2.0
5% - b2.92 2.8 61.52 2.2
90% 63.,8 25.0 62.18 2h.5
95% 6L4.39 25.3 63.01 2.8
Number: 2957 ' Number: 583
Range: 50-69 (19.7-27.2) Range: 51-66 (20.1-26.0)

Hedian: 60.33 (23.8) Median: 59.1L (23.3)
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TABLE 21

BUTTOCK~-KNEE

Distribution in Percentiles

Buttock Knee ir Centimeters and Inches .
Cadets Gunners
Percentiles Cn. Inches Cm., Inches
5% 55.92 22.0 53,72 21.1
104 56.81 22.4 54,92 21.6
15% 57.38 22.6 55.83 22.0 N
20% 57.87 22.8 56.10 22,2
25% 58.25 22.9 56,92 2.4
30% 58.60 23,1 57.35 22.6
351 58.95 23.2 57.77 22.7 .
Lo 59.28 23%.% 58.1L 22.9
5% 59.60 2%2.5 58,16 23.0
50 59.93 23.6 58,77 23.1
55% 60.25 23.7 59.10 23.3
60% 60,57 23.8 59.185 23.4
65% 60.89 2L.0 59.81 23.5
704 61.28 2.1 60.16 23,7
75% 61.70 2.3 60.51 23,8
307 , 62.1 oLl 60. 86 "0 .
35% 62 .66 2L 7 61.12 2.2 .
909 63.32 2h.9 52,11 2l
95% 6L.15 25.6 62,81 2L.7
Nur.ber: 295 Number: 582
Range: L9-70 (19.3-27.6) Range: 51-05 (20.1-25.6)
lfedian: 59.93 (23.6) Ledian: 57,77 (23.1)
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. TABLE 22

EATELLA HEIGHT « from floor

Distrihution ig Percentiles

Patella Heizht in Centimeters and Inches

Cadets Gunners

Percentiles Cm, Inches Cu. Inches
< 51.92 20,k 50.22 19.8
104 52.77 20.7 51.09 20.1
15% 5%.%0 21.0 51,70 20.4
204 53.73 21.2 52.23 20.6
254 5;.19 21.3 52.8), 20.%
304 5h.51 21.5 - 53,25 21.0
359 51,.90 21.6 53.61 1.1
Log 55.21 21,7 . 53.96 21.2
151 : 55.51 21.8 54.29 214
50 55.81 22.0 ' 5h.60 - 21.5
5594 56.11 22.1 _ 6l.92 21.6
604 . 562 22,2 55.2) 21.7
65% ' 56.7% 22.3% 55.57 2.8
704 57.05 22.5 ©55.90 22,0
5% 57.4L7 22.6 56.25 22.1
807 57.88 22.8 ' 56.62 72,3
8511 58.39 23.0 56.98 2.l
907 - 53.91, 23,2 57.55 22.6
954 . 59.92 23.6 ) 53.52 23.0
Number: 2959 Number: 5%3
Range: /)6-65 {18,1-25,6) Range: U5-62 (17.7-2L.1
ledians 55.81 (22.0) Median: 51,..60 (21.5)
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TABLE 23

BI-EPICONDYLAR - ELBOWS A

Distribution in Percentiles .

Bi-Epicondvlar in Centimeters and Inches

Cadets unners
Percentiles Cn. Inches Cm. Tnches *
5% 38.33 15.1 37.2), 1.6 .
10% 39.20 15.4 38,028 15.1 h
159 39,82 15.7 38,92 15.3
207 L,0.29 15.9 39.042 15.5
259 LO. T2 16.0 39.90 15.7
30% 41.10 16.2 10.29 15.9 4
35% .43 16.3 1,0.65 16.0
L0% 10.77 16.4 .01 16.2
159 L.2.10 16.6 .31 16.3
50% L2.40 16.7 .61 160
55% 12.70 16.8 L1.91 16.5
60% L3.00 16.9 L12.31 16.6
65% C 13.38 17.1 U2.75 16.8
70% L43.76 17.2 L3.17 17.0
5% 1);.18 17.4 L3.57 17.2 .
80% u1.65 17.6 )43096 17-3 ‘ ‘ ¢
359 15.16 17.8 I.55% 17.5 :
90% 15.80 18,0 5.2l 17.8
95% ‘ L6.72 18,1, L6.%0 13,2
Number: 2955 Number: 584
Range: 32-5) (12.6-21.3) Range: 33-5; (13,0-21,3)
Hedian: 12.1,0 (16.7) Median: [1.61 (16.4)
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TARLE 2l

BI-TROCHANTERIC

Distribution ig Percentiles

Bi-Trochanteric in Centimeters and Inches

Cadets . Gunners
Percentiles Cm. Inches Cm. Inches
5% 33.21 13.1 32,25 12.7
10% 33,83 1%.3 32.80 12.9
15% 3h.2L 13.5 33,20 13.1
204 31,56 13.6 33.51 - 13,2
25% ' 34,38 13.7 33.82 13.3
30% , 35,1, 15.4 311 13,1
35% 35.3¢ . 13.9 34.35 = 13.5
Lo% 35.58 - 1L4.0 o 3L.59 . 13.6
L5% 35.80 1L 34.8l 13.7
50% 36.0% 1.2 35.09 13.8
55% 36.29 1h.3 35.36 13.9
60% 36.55 L 35.63 1.0
65% 36,81 1L4.5 35.90 1.1
70% 37.10 14.6 36.19 1h.2
75% , 37.0, 1h4.7 36.50 .k
80% 37.78 14.9 36.81 1L.5
854 - 38,18 15.0 ©36.1% 1.6
90% 28.68 15.2 37,65 1.8
954 39.10 15.5 38,26 ' 15.1
Number: 295l Number: 5383
Range: 30-;7 (11.8-1%.5) Range: 31-42 (12.2-16.5)
Median: 36.0% (1L4.02) Median: 35.09 (13.8)
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TABLE 25

BI-EPICONDYLAR FEMORAL - Knees

Distribution in Percentiles

Bi-Epicondylar Femoral in Centimeters and Inches

Cadets Cunners
Percentiles Cm. Inches Cn, Tnches
54 13,10 7.1 17.65 6.9

10¢ 18.3L 7.2 18,07 7.1
159 18.57 7.3 18,2 7.2
209 18,82 7.4 18,10 7.2
25% 19.03 7.5 18.56 7.3
30% 19.15 75 18.73 7.l
35% 19.27 7.6 18.90 Tl
L5% 19.50 7.7 19.16 7.6
504 19.62 7.7 19.28 7.6
60% 19.86 7.8 19.52 7.7
65% 19.9¢ 7.9 19.6l 1.7
704 20.16 7.9 19.75 7.8
75% 20.35 3.0 19.47 7.8
80% 20.5 g.1 20,0, 7.9
859 20.75 8.2 20.28 8.0
90% 20.92 8.2 20,59 8.1
954 2L.1L2 &1 20.89 8.2

Number: 2955 Number: 581

Range: 16-29 (6.3-11.lL) Range: 16-22 (6.3%-8.7)

Yedian: 19.62 (7.7) Median: 19.2% (7.6)
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TABLZS 26

5A0ULIER=ELBCY UTIZHT

Distribution in Percentiles

Shoulder~Flbow Height in Centimeters and Inches

Cadets Gunners
Percentiles Cm. Inches Cme - Incke s
5% 3L.56 13.6 33.76 13.3
10% 25,19 13.8 2L.140 13.5.
15% 2557 14.0 3L.89 13.7
207% 35,96 1.2 35426 13,9
257 26,21 1.3 25.61 1h.0
30% 26,4l .3 , 55495 .1
35% 36.53 1L 36419 1.2
Lo% 324,91 . 1.5 36.11 1.3
L57% 37.13 1.5 36,6l Uy
50% 27.3L 1@.7 26,36 . 1.5
55% 27454 1.3 37.09 1.5
607 3775 L.9 37.%2 14.7
- 657% 27.95 1.9 37455 1L.8
70% 33,22 . 15.0 37,80 1.9
75% 38,51 15,2 - 23.05 15.0
8073 - 38,80 15.3 38.38 - 15.1
857 29,16 15.0, 38.70 15.2
907 29,63 15.6 39.06 - 15.4
957 - L0.26 15.8 39. 7L 15.6
Humber: 2955 Iumber: 583 '
Range: 27-1,3 (10.6-14.9) Range: 31-,2 (12.2-16.5)
Yedian: 37.3L (14.7) ledian: 36.86 (1L.5)
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TABIZ 27

LAD

LENGT

Distribution in Fercentiles

fland Iength in I'illimeters and Inches

Cadets Zunners
Percentiles I'n. Inches . Inches
53 179.40 7.1 175.04L 6.9
1G5 132.0i3 T.2 130.2% 7.1
15 1849 7.3 131.67 - 7.2
20; 1860 16 7 e 5 183. ()O 70 2
257 187..L6 N 185,11 7.3
304 1388.61 Ty 186.59 Te%
353 189.7¢ 7.5 187.57 7.k
1073 190,82 Te5 158.91 7.
L57% 191.8} 7.6 190.05 7.5
507% 192.82 76 191.2G Te5
55% 193.96 7.6 192.L0 7.6
£07% 191,.87 7.7 193.35 1.6
57 126,07 7.7 19}, 62 77
754 198,35 7.6 197.75 746
807 199.886 7.9 198,76 7.8
857 201.52 T9 200,59 7.9
30+ 203,65 8.0 202.29 8.0
95% 207.%% 8.2 205. &5 8.1
Humber: 2952 umber 582
Range: 16%-22% (6.1,~8.8) Range: 160-220 (6.3-8,7)

Vedian:

192.62 (7.6)
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TABIE 28

HAND BREADTH

v ‘ Distribution in Percentiles

Hand Breadth _‘g_hfillimeters and Inches

Cadets Gunners
Percentiles ¥r. Inches ¥m,.~ Inches
) 5% 79469 3.1 78.87 3.1
103% ' 80057 3.2 80.18 3.2
15% 81.91 3.2 81.36 3.2
20% 82.78 3¢5 82.26 2,2
* 25% 83.L8 343 83.2l 3.3
30% 8L.02 343 83.7L 3.3
35% 8L.53 5% 8L.29 343
Loz 85.06 2.4 8L.82 3.3
Ls% 85.60 3.4 85.26 3.
, . 50% 8641l 3.0 85.69 3.
. 55% 86.65 3.l 86,16 2.0
60% 87. 17 3 . LL 86. 67 301-{.
65% 87.79 3¢5 87.16 3.0
v 70% 88.L6 245 87.73 345
! T5% 89,09 345 88.12 3¢5
80% 89.86 3.5 89.17 3.5
85% , 90.7% 3.6 89.92 3.5
90% 91.91 3.6 90.90 3.6
95% 93.47 3.7 92.23 3.6
Number: 2955 Number: 6582
Range: 73-10L (2.9-l1.1) Range: 72 =98 (2.8=3,9)

Vedian: 86.1L (3.L) redian: 85.69 (3.4)
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TABULAR INCONSISTENCIES

In comparing percentile distributions and correlation tables, some small
and occasional inconsictencies ray be noted in frequencies and totals., Thess
are due to the following factors: ‘ v,

8. Occasional mechanical lapses of the card counter resulting in
one or two misplaced cases. These have not been corrected since they are .
too few to influence results, and since sach correlation requires nearly
one~half day of work with the sorter and card counter.

E, Cases in which one of the variables in the correlation or index
is absent from the original data. .

6. Cases in which the correlation scattergram revealed an error in
reasuring or recording the dimension, resulting,in the case being thrown ..
out subsequent to the compilation of the distribution table.,

CORRELATIONS

The correlation scattergrams and sumnary tables show the relations of stature
weight, and sitting height to various dimensions of interest for turret accom-
modation. For instance, enter any table at a given stature class and you may
see what is the range of buttock-knee length found in each value of buttock-knee.
These correlations are designed to avoid the necessity of considering for each
individual all of the different turret dimensions. No coefficients or correla-
tion have been calculated, since the entries in the cells are the significant ‘
items -~ not so much the general measure of relationship.

‘They also show, by the absence of close correlation, which bodily dimensions
have to be checked for turret accommodation, irrespective of the stature, weight,
or sitting height. It may be found necessary to calculate many more such correla-
tions as new spatial problems ray arise.

The reason for selecting stature, weight, and sitting height as general

reasurements for correlating with other body segrents was, initially, the hope

that these very well-known and cormonly taken dirensions might be sufficiently

closely associated with some of the reasurements particularly devised for turret
accormodation as to enable the selection of men for a specified turret size to

be made without the application of "trick measurerents". Thus, stature, weight,

and sitting height were correlated with all the aprosite measurements. Fortun-

ately, it has proved to be the case that most of the important measurements for

this purpose can be fairly well predicted from stature and weight. t

Then certain reasurements of putatively great importance in the turret
problem were further inter-corrslated with other measurerents., This selected
list included patella height, buttock-knee, bi~-trochanteric, anterior arm resch,
bi-deltoid, abdorinal depth and bi-epicondylar (elbows), squatting diagonal, "
foot length (with patella heirht only), and truck heizht with chest circumfererce. »
These reasurerments were correlated with egch other. These correlations were

abandoned respectively wlen it became evident that the law of diminishing returus -
was operating. Conrents on the individual scattergrams reveal the utility, or .
lack of it, of these various intsr-correlations. .
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GELUTRAL COMLZKETS G CORRELATICHS ' ' ‘

The correlations to be discussed have been attempted only for the Aviation
Cadet series, and not for the sunners.
»

Stature. Of twelve correlations involving stature, seven are high enough
to be utilizable, whereas five show little relationship. The seven useful cor-
rolations of stature are vith weigzht, sitting height, buttock-lnee, patella height = |,
(a1l components of stature); and anterior arm reach, span-skimbo, and shoulder-
elbow. The five of no utility are of stature with bi-deltoid, abdominal depth,
bi-epicondylar {elbows), bi-trochanteric, and squatting diagonal,

In general, bodily lengths are predictable from stature, breadths are not,

veight. Cf eleven correlations based on weight, only three have predic-
tive value: Trese are of weight with bi-deltoid, bi-epicondylar (elbows), and >
bi~-trochanteric (all hreadth dimensions). Though weirht is roughly determined '
by stature, knowledpe of veight will not help determine values for the long bodil:
dimensions (sitting height, buttock-knee, patella-height); the arm segrents
(anterior arr: reach, span-askimbo, and shoulder elbow); the erratic squatting dia- .
gonal; or abdominal depth. :

Generally, bodily breadths are predictable from weight; lengths are not. Th
combined use of stature and weight permits reasonable prediction of all measure-~
ments mentioned except squatting diagonal and abdominal depth.

Sitting Height. This dimension is usefully correlated with only two of
eleven other dimensicns: petelle height and squatting diagonal.

Span-akinbo. This dimension correlates usefully with two other arm dinmen- .
sions, anterior arm reach and shoulder-elbow; and with two leg lengths, patella

| height and buttock-knee,

Patella Height. It can be predicted, as noted above, from stature, sitting
height and span-akirbo, while it will permit predictions of buttock-knee and foot

length.

Unpredictable Traits.- In general, abdominal depth, bi~deltoid, and squat-
ting diagonal vary erratically and cannot be predicted from or permit prediction
of other dimensions. (Sguatting diagonal can be roughly approximated if sitting
height is known.) when crucial, they must be measured directly.

The correlations are surmarized on the following graph, while the individual
scattergrams have comients appended.
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l;. TECHNIQUES OF FEMNALE KEASUREYENTS

(Except for those described below, téchniques of neasurerent are the sare as for
males). C

1. Chest Circumference: Vaximum circurierence over breasts.

2, Vaist Ciroumfersnce: linimum circurference around waist,

%, Hip Circumference: laximum circumference around buttocks. .

li. Shouldsr Heizht: Subject sitting srect, with thighs horizontal,
Helight from surface on which subject sits to a point on shoulder midway bhetween
the angle of shoulder and armr and angle of shoulder and neck.

" 5. ‘Vaist Height: Height from floor to natural waistline.

6. Eye Height: Subject sitting as for sitting height; height from seat
to pupil of eys. '
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Pounds

9699
100-103
104-107
108-111
112-115
116-119
120-123
124L-127
128-131
132-135
1%6-139
140-1,3
=147
1,8-151
152-155
156-159
160-163
16lj-167
168-171
172-175

Total
Kean
Range

Body Veasurements

Table 1

.eizht

Y'oman Pilots
ARTFTD

Yo, of %
Cases

1

7
25
20
37
28
51
58
L9
59
25
22
18

15

L] [ ) L] > * ® . L]

-
[ ]
MNMONNOANE OO RN OO WNUWUTONGNND

*® o e *

L
2
7
3
L
1

*

LL6
128.6 pounds
96-175 pounds

292,

of Female Flying Personnel

Flying Lurses

AAFSAT
No. of %
Cases
1 . 0.7
10 6.7
12 8.0
27 18.0
U 9.3
18 12,0
28 18.7
1y 9.3
19 12,7
3 2.0
3 2.0
1 0.7
150

121.9 pounds
96-148 pounds




Table 2

Stature
Women Pilots Flying Nurses
AAFTD AAFSAE
Stature in No. of % No. of 7z
Centimeters Cases
1,6-1,7.9 1 0.7
11:8-1),9.9 : 1l 0.7
150-151.9 1 0.2 3 2.0
152-15%,9 2 0.4 7 L6
154-155.9 9 2.0 15 9.9
156-157.9 35 7.8 16 10.5
158-150,9 37 8.3 17 11.2
160-161,9 - i 12,1 25 16.1;
162-163.9 58 13.0 18 11.8
161,-165.9 ‘ 60 “13.4 23 15.1
166-167.9 81 16,1 12 7.9
168-169.9 L2 9.4 5 33
170-171.9 2l Sely 2 1.3
172-173.9 27 6.0 5 3.3
174-175.9 9 2.0 1 0.7
176-177.9 L 0.9 1 0.7
176-179.9 2 0.4
180-181.9 1l 0.2
152-183.9
18,,-165.9 1 0.2
Total Liy7 152
lean 1.8 cr., 161.3 cm.
(6Lis9 inctles) (63.5 inches)
“ance 150-13l em. 1.,7-176 con.

(58.0-72.5 inches)  (57.9-69.l, inches)

293.




Table 3
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Flying MNurses
AAFSAE

AAFFTD

Viomen Pilots

of
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Total
Mean

33499 cm.

311,96 cm.

(13,38 inches)

(1%.76 inches)

29,.8-39,7 cn, 29.L4=37.7 cm.

Range

( 1106‘1}408 inches)

(11.7-15.6 inches)

29k.



Millimeters

206-211
212-215
216-219
220-223
22/,-227
2203-231
232-235
236=239

2L0-21;3

2hl=2l7
2li8-251
252-255
256-259
260-263
26l-267
268-271
272-275
276-279

Total
l'san

Range

Table L

Foot Length

Women Pilots

AAFFTD
Yo, of %
Cases
1 0.2
1 0.2
3 0.7 -
7 1.6
16 3e7
37 8.3
59 13.3
55 12.4
67 15.0
58 13.0
50 11.2°
38 8.5
31 7.0
13 2.9
5 1.1
2 OQLL
1 0.2
1 0.2
L5
2443.0 mn.
(9.57 inches)
208-276 mn,

(8.9-10.9 inches)

295,

Flying Nurses

AAVSAE
No. of %
Cases
1 0.7
L 2.6
8 5.3
i1 9.2
10 6.6
28 18.L
19 12.5
19 12,5
22 1.5
11 7.2
8 563
6 3.9
1l 007
1l 0.7
152
242,6 mn,
(9.55 inches)
216-268 mm.

(8.5-10.6 inches)




'iliimeters

7679
80-83
8h-87
£8-91
92.95
96-99
100-103%
104-107
108-111

Total
¥ean

Ranze

Table 5

Foot Breadth

Viomen Pilots

AAFFTD
Mo. of %
Cases
1 0.2
18 L.o
6% 1.1
159 35.6
128 28.6
63 1L.1
11 2.5
3 0.7
1 0.2
L7
91.81 mm.
(3.61 inches)
76-111 mn.

(2.95=L.37 inches)

29%.

Flying Yurses

AAFSAE
Yo, of %
Cases
7 )-J-oé
29 19,1
U 28.9
Lo 32,2
17 11.2
6 349
152
91.5% mm.,
(3.60 inches)
80-103% mm,

(3.15«L.06 inches)




Table 6

Chest Circumference

. “omen Pilots Flying llurses
AAFFTD ARFSAE
¥o. of % Yo. of %
, Inches Cases Cases g
20-29,9 2 0.4
o 20=30.9 . 9 2.0 2 1.3
21-31.,9 18 L.0 10 6.6
32«32, . L8 10.7 26 - 17.1
%3=5%.9 67 15.0 37 2l3
) : © 3L=3L.9 93 20.8 30 19.7
: %5=35.9 80 17.9 27 17.8
36=-36.9 59 13.2 8 5e¢3
27=37.9 32 17.2 9 5.S
%8-328.9 23 5.2 3, 2.0
39-30.0 9 2.0
. Lo-1,0.9 5 1.1
‘ L1-11.9 1 0.2
. )42‘}4209 1 002
Total LL7 152
Yean %),.98 inches 3]1,20 inches

Range 29.0-12.9 inches 30.0-38.9 inches

L J | 297.




Inches

22-22.9
23-23.G
2}4"2L!‘9
25-25.9
26-26.9
272745
28-28,9
£9-29.9
50-30.2
31-31.9
52-32.9
5%=33.9
3L~31149
55-35.9

Total
¥ean
lange

Table 7.

Taist Circumference

Y.omen Pilots

AAFFTD
lo. of 7
Cases
5 1.2
33 7.4
67 15,0
117 25.3
87 19.5
62 12,9
L2 9.0
20 L5
3 1.8
8 1.8
1 0.2
1 0.2
L7

26.3% inches
22-3%.G inches

88.

Flying Turses

AAFSAE
Yo. of A
Cases
9. 5¢G
31 20.4
37 2lie2
35 2%.0
28 18,0
5 %e%
L - 2,6
1 0.7
1 0.7
1 0.7

152
26.12 inches
23-35,9 inches




-

Inches

30-30.9
51-31.9
52-32.9
23=23+9
3L-2L.9
35=35.2
36-36.9
57'37-9
56-38.9
59=3G.9
Lo-40.S
L}.l-l{log
La-l2.9
h;‘h;.()
Lh-liheo

Total
Yean
Range

Table 8

Hip Circumference

“oren Pilots

AAFTTD
5. of | 3
Cases
1 0.2
9 2. O
17 3.8
LhL 9.8
70 15.7
8L 18.8
75 16.8
66 1.6
Lo G.0
15 N
19 L.2
2 Ool_{_
5 i.1?
Lyt

38,12 inches
31-1}l149 inches

299.

Plying Murses

LATSAE
Ho. of A
Cases '
1 0.7
2 1.3
9 5.9
20 12,2
1,0 26.3%
28 . 25.0
25 16. )4
11 S 7.2
6 %49

152
27.1l inches
%2-00,Q inches



Centireters

50-50.5
51-51.9
52-5249
55=5349
5L=5L.9
55=55.9
56-56.9
57=57+9
56-58.9
59-59.9
60-60 [} 9
61-61.9
62"’62 ‘9
63 ‘63 . 9
6}4-6)4.9
65=-65.9
66+66.9

Total
KHeen

Range

Table 9

Shoulder Height

V,omen Pilots

AAREFTD
'o. of %
Casus
1 0.2
1 0.2
7 1.6
15 N
32 7.2
58 17,0
a0 18.0
77 17.3
71 16,0
L5 10.1
35 TS
12 2.7
7 1.6
L 0.5
L5
60.1,3 em.

(2%.8 inches)
5%-66.9 om,
(20.6-26.% inches)

300.

®lying lurses

Cases

AATSAT
Yo, of A
1 0.7
1 0.7
1 0.7
7 o€
L 2.6
9 59
1 9.2
25 16.L
17 11.2
28 18.1,
1% 8.6
1% Beb
12 7.9
5 2e2
1 0.7
1 0.7
152
58,69 cm.
(23,1 inches)
50-66.9 cn.

(19.7-26.% inches)




Table 10

‘Waist Height

Women Pilots Flying Nurses ™
AAFFTD - AAFSAE
No. of aq No. of %
Centimeters Cases Cases
91-91-9 1 007
92"9209 1 007
93-9%.9 = . 1 0.7
9L~9L.9 8 1.8 5 5¢3
95=95.9 6 1.5 L 2.6
96-9609 9 200 6 )400
97-97.9 22 L.o 13 8.6
98-98.9 22 L.9 12 7.9
99-99.9 22 L.9 15 2.9
100-100.9 33 . 7.4 12 7.9
101-101.9 51 111 11 7.2
102-102.9 37 8.3 18 11,8
103-103.9 L7 10.5 18 11.8
104~104.9 39 8.7 12 7.9
105-105,9 35 7.8 7 L.6
106-106.9 35 7.8 2 1.3
107-107.9 ‘ 15 2Ly L 2.6
108-108.9 27 6.0 2 1.3
109-109.9 16 2.6 7 L.6
110-11¢.9 12 2.7
111-111.9 % 0.7 1 0.7
112-112.9 3 0.7
113-113.9 1 0.2
11-114.9
115-115.2 2 0.l .
116-116.9 1 0.2
117-117.S 1 0.2
Total L7 152
Yean 102,85 cm. 100,90 or.
(Li0.5 inches) (39.7 inches) -
94-117.9 cm. 91-111.9 cm.

(36.9=L6.1: inches) (35.8-ld1.1 inches)

301,




Table 11

Crotch Height

“omen Pilots

AAFFTD

Yo. of g
Centimeters Cases
66-66.9
67-£79
- 68-68.9 1 0.2
69-69.9 1 0.2
T70-70.S é 1.2
71"71.9 19 )-Lne
72-72.9 23 5. 1
73=73.9 2l, 5.4
Th-7L.9 43 9.6
75=T5.9 L3 9.6
76-76.9 50 11.2
71=77.9 6l 1.3
78-78.9 L1 0.2
79-19.9 3L 7.6
80-80.2 36 8.0
81-81.9 20 115
82-82.9 20 Lie5
8%-83%.9 10 2.2
8,~8L.9 : 7 1.6
85-85.9 1 0.2
86-86.2 3 0.7
87-87.9
88-83.S 1 0.2
Total Lh7
"Vean 77.28 om.,

(3045 inches)
Range 65.0=88.2 cm.

(26.8-%5.C inches)

302,

Flying lNurses
AAFSAE

No. of A
Cases
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7L.30 cm.

(29.5 inches)
6A.0-83,9 cm.
(26,0-33.0 inches)




Table 12

Arm Length
* “omen rilots Flying lurses
B AAFFTD ‘ ABFSAE
\ 7os of : Yo, of %
N Centireters Cases Cases

6l 85,5 2 Oel: 1 0.7

. 65.6=66.3% : L 0.9 L 2.6
6516701 L 0.2 3 2.0
€7.2=67.9 10 2.2 6 %63
68.0-58.7 12 2.9 11 7.2

, 68,8695 3, 7.6 9 5.9
69.6-70.3 Ll 249 19 12.5
70.L~71.1 L 7.6 13 8.6
71.2=71.9 L3 9.7 15 9.9
72.0-72.7 L6 10.3 21 1%.8
72.8=7%.5 11 9.2 18 11.8
7%.6=The3 L5 10.3 7 1eb

‘ TheL=75.1 L3 9.7 9 5.9
T5.2=75.G 25 5.6 2 1.3

. 76.0=T6.7 20 L5 7 Li.6
76.8=77.5 15 Z2.L 1 - 0.7
77.6=7843 7 1.6 L 2.5
73.4=79.1 6 1.4 L 2.6
79:2=79¢9 5 1.1
60.0=-80.7 2 0.4 1 0.7
£0.5=-81,5 1 0.2 1 0.7
Total L5 152
Mean 72.66 cm. 71.72 com.

(28.6 inches) (26.2 inshes)

. Range 6l1.8-81.5 cm. 6l;.3-81.5 om.

305,



Centimsters

70-71.9
- 72-73.9
h=75.9
76"77 . 9
78-79.9
80-61.9
82-33.9
8L-8h.9
86-537.9
88-59.9

Total
Yean

Ranre

iable 13

Anterior Arm Reach

Yomren rilots

AARTD
o, of ]
Cases

2 e

28 6.3

70 15.7

81 18,1

121 27.1

71 15.9

L5 10,1

22 L9

7 106
L7

80,74 em,

(%1.83 inches)
72-89.9 cm,
'28,2<35.1, inches)

Flying ¥urses

A e
AAPSAE

¥o. of 7
Ceses
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79.05 cm.
(31,1 inches)
70.89.9 cm.

(27.5=35.1; inches)




Table 1

Hand Length

Viomen Pilots

AAFFTD
' _ Yo, of %
* ¥illimeters Cases ‘
T . 145-18 1 .2
: 11,9-152
153-156 1 2
157-140 11 2.5
3 . 161-16l, - 28 b.ly
165-163 L5 10.3
162,172 - 56 12.8
173-176 98 o2,
177=-180 77 17.6
181-184 - 62 14.2
185-183 21 7.1
[ ) 189-192 17 3.9
' 193-196 7 1.6
v 197-200 1 o2
201-204 '
205=208 2 5
Total L37
Meen : 175.3 mm.
(6.92 inches)
Range 1/,5-207 mn.

(5+7=~5+2 inches)

" ) 5050

Plying Hurses
AAFSAE

No, of A

Cases
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175.3 mm,

(.92 inches)
152-19; mn. :
(60 0-7 06 inches )




Table 15

Hand Breadth

Vomen Pilots Flying Nurses
AAFFTD AAFSATE

No. of y.4 No. of %
Eillimeters Cases Cases .
65-66 1 0.2 1 0.7 -,
67-68 1 0.2 1 0.7
69.70 6 1.4 6 L2
71-72 2l Sl 1, 9.9
73-Th 67 15.2 19 13.4 .
75-76 88 20.0 33 23,2
77-18 97 22.0 3l 2349
79-80 91 20.7 18 12.7
81-82 36 8.2 1 9.9
83-8l, 22 5.0 2 1.0
85-86 , 6 1.h
87-86 1 0.2
Total Lo U2 ’
Mean 77.17 ma. 76.19 mm,

(3.0l inches) (3.00 inches)
Range 66-87 mm. 66-8lL; mm,

(2.6-3.]; inches) (2.6-3.% inches)

306,



&

Fillireters

511=-515
516520
£21-525
526=53()
531=535
536-530
551945
516=550
551=555
556-560
561-565
56A=570
571=575
576=580
5831-585
586-520
591=595
556600

Total
Kean

Range

Table 16

Head Circumference

Ty
i'c. of A
Casec
1 0.2
g 1.1
5 1.1
15 3l
7 S
26 8.2
58 13.2
59 1%.4
I3 9.3
59 12.4
Lo 11.1
26 5.9
15 3.l
16 . 3.6
10 2.%
2 . 0.5
5 0.7
1 0.2
LLo
552.0 mm,
(21.73% inches)
517=-58l; mm.

(20.,4=22.9 inches)

307..

1

¥lying lursss
AarSal

0. of 4
Cnses
2 2.1
L T 248
5. 3¢5
20 1.2
15 10.6
18 12.8
29 20.6
19 = 13.5
10 7.1
6 1.3
5 3.5
1 0.7
L 2.8
2 1.},
1% D
545.9 mwm.
(21.9 inches)
512-597 mm,

(20.2-23%.5 inches)



Centimeters

33-33.9
3)4“3)409
35=25+9
36-36.9
37-37.9
38-38.9
39-39.9
L0-40.9
la-41.9
)42-,420 9
L3-L3.9
Lh=1)i.9
L5-15.9
L6-16.9

Total
Mean

Range

Table 17

Bideltoid

Yiomen Pilots
AATTTD

No. of
Cases

17
58

76
59

3L
21

12

1,0.89 om.

(16.1 inches)
35-L6.9 cm.
(13.8-18.5 inches)

306,
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Flying ilurses
AAFSAE

I'Io Y Of
Cases

|

o B I

31
Lo

22
11

152
39,76 cm..

(15.7 inches)
33-13.9 cm.
(13,0-17.3 inches)




Table 18

Elbow Breadth

Tiomen Pilots

AAFFTD

No. of %
Centime ters Cases
31-31.9 1 0.2
32-32.9 7 1.6
33=3%+9 15 3.
3)4-3)4-9 29 605
35=35.9 bl 9.2
36-3%6.9 60 13.5
37-37.9 57 12,8
38~-38.9 58 13.0
59-39.9 L9 11.0
Lo-40.9 L8 10.8
L1-11.9 25 5.6
bz-bz'g 25 506
)—5-)4-3‘9 15 3014
Lh=Lhe9 5 1.1
L5-15.9 5 S 1.1
L6=16.9 1 0.2
}47'14»709 . 3 0.7
L8-18.9
Loel9.9
50-50.9
51-51,9
52"52.9
53<53.9 : 1 0.2
Total )_JJ_S
Kean 28.14% or. :

(15.1 inches)
Range 31-53% on.

(12,2-20.9 inches)

309,

Flying Nurses

AAFSAE
No. of %
Cases
2 1.3
3 2.0
12 T.9 -
19 12.5
22 1.5
27 17.8
21 13.8
18 11.8
1L Q.2
6 %49
L 2.6
3 2.0
1 0.7
152
37.86 cm.

(14,9 inches)
32-14].8 3 9 Cle
(12.6-19.% incres)



Tahle 19

Bi-iliao
Vomen Pilots Flying Nurses
AAFFTD AAFSAE

Stature in No. of % No. of % .
Nentimeters Cases Cases
2L=211.9 15 3.0 3 2.0 '
25-25.9 57 8.3 5 5e3
26-26.9 77 17.2 22 .l
27-27.9 96 21.5 27 17.7
28-28.9 111 2l.3 12 27.6 b
29-29.9 66 1.8 3l 22.l
30-30.9 30 6.7 15 9.9
31-31.9 12 2.7 3 2.0
32-32.9 1 .2 1 .7
33-33,9 2 L
Totel L7 152
¥ean 27.95 cm. 28.%6 cm. 4

(11.0 inches) (11.2 inches) v
Range 2L4=3%.9 om. 2L-3%2.9 cm,

(9.4=13.3 inches) (9.14-13.0 inches)

310.



Centimeters

30-30.9
31-31.9
32=32.9
33-33%49
3}4'5)409

9

9

LI-? "L‘-7 . 9

Total
Mean

Range

Tabie 20

Bitrochanteric

“ormen Pilots

AAFPTD
No. of A
Cases
1 0.2
1 0.2
3 0.7
12 2.7
30 6.7
L5 10.1
55 12.3
67 15,0
76 17.0
6L 1.3
18 L.o
1 3,1
8 1.8
L 0.9
L 0.9
5 0.7
1 0.2
W7
38.18 om.

(15.0 inches)

30-L47.9 cm,

(11.8-18.9 inches)

311.

Flying Nurses

AAFSAE
¥o. of %
Cases
1 0.7
6 3.9
L 246
9 5.9
36 . 23.7
27 17.8
19 12.5
1, 9.2
4V 9.2
6 %9
2 1.3
152
38.37 cm.
(15.1 inches)
32-43.9 cm.

(12. 6"17- 3 inches)



Table 21

Span -~ Ekimbo

Women Pilots Flying Hurses
AAFFTD AAFSAB

Yo. of 4 os of %

Centireters Cases Cases
-,

75"75-9 1 0.7
76=76.9 .
77-T7.9 2 0.l I 2.7 :
78-78.9 3 0.7 5 3.3 ¢
79-79+9 5 1.1 7 L.7
80-80.9 10 2.2 I 2.7
81-81.9 13 2.9 2 2.0
82-82,9 16 3.5 15 10.0
83-83.9 L3 9.6 20 12,3
8l,-8..9 L8 10.8 17 11.%
85-85.9 L3 9.6 20 13.3
86-86.9 L2 9.l 16 10.7
87-87.9 Ll .9 11 T3 !
88-88.9 L3 9.6 9 6.0
89-89.9 L5 10.1 6 L0
90-90.9 pods] 6.% 5 545
91-91.9 18 4.0 L 2.7
§2-92.9 19 43 1 0.7
93=9%,9 10 2.2 1 0.7
9L,-9L.9 10 2.2 1 0.7
95-95.9 b 0.7
96-96.9
97-97.9 1 0.2
Total LL6 150
Yean 87.02 cm. 84;.89 cm.

(3L+3 inches) (3%.l; inches) ‘
Range 77-95.9 om. 75-9L.9 om.

(30.3-37.8 inches (29.5-37.L4 inches)

5120



Centireters

30-3%0.9
31-31.9
32-52.9
53=33.2
3L4-31..9
35=35.2
36-36.9
37=57.9
36-36.9
39-39+9

" Total

Tean

Range

Table 22

Shoulder-Elbow Height

Women Pilots Flying Hurses
AAFFTD AAFSAE
¥o. of % No. of A
Cases Cases
1 0.2 1 0.7
12 2.7 L 2.6
L5 10.1 1 9.3
9% 20.8 3L 22.5
111 2L.8 Ll 29.1
103 23,0 30 19.9
51 11.L 12 7.9
2% 5.1 3 6.0
6 1,3 2 1.3
2 0.l 1 0.7
L7 151
%1,.69 cm. 31,60 cm.
{1%.7 inches) - (13.4 inches)
30-%%.9 om. %0-%29.9 cm,
(11.8-15.7 inches) (11.8-15.7 inches)

315.




Table 23 =

Eye Height
1
Viomen Pilots Flying Nurses
AAFFTD AAFSADR

YNo. of % No. of A
Centimsters Case®es Cases ‘
65-65.9 1 0.7
66-66,9 1 0.7
67-67.9 1 0.7
68-68,9 1 0.2 3 2.0
£0=£9.2 1 0.2 5 3.3 .
70-70.9 L 0.9 8 5e3
71-71.9 6 1.4 11 7.3
72=72.9 2l 5.4 10° 6.6
73=T3.9 57 12,9 27 17.9
7h-74L.9 N 12.2 19 12,6
75=T59 gy 16.7 23 15.2
76-76.9 71 16.0 17 11.3
T7=T7.9 56 12.6 15 9.9
78=78.9 Lo 11.1 % 2.0 «
T0-7T2.9 22 5.0 L 2.6 v
80-30.3 13 2.9 1 0.7
81-81.2 6 1.l 1 0.7
82-82.9 3 0.7
87-83.9 1 0.2 1 0.7
8L-6L.9 - 1 0.2
Total L3 151
lean 76.09 com. 7L.35 cm.

(30.0 inches) (29.% inches)
Range 66-8l1.9 cm, 65-8%.9 cm.

(26.8-33,1; inches) (25.6-3%.0 inches)




Centireters

17-77.9
78-78.9
79-72.9

80-80.9"

81-81.9
82-82.9
83-83.9

&5=-85,9
6€~36.9
E1'7 - 87 . 9
b5=5549
70-90.9
51-31.9
52-532.9
75529
914-9}4- 9

Total
Mean

Range

\

Table 2,

Sitting Height

Toren Pilots
AATYFTD

1; Oe Of A
Cases

[
(@]
. -

o)

¢ o
N O

28
35
52
55
72
68
5L
28
18

15

*

N\ O\l\)l—-‘\IO\r\).—l

b b et e

Fo
NENEFOWEHEND W

AN
OO.C)\.N

Lhé

86,56 cm.
(3L.1 inches)
76-90.9 cm.

" (30.7=3l.)y inches)
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MY epy 17
Flying Yurses

AAT3AN
Yo, of %
Cases
1 0.7
1 0.7
3 2.0
3 2.0
10 6.6
12 7.9
20 13.2
1, 9,2
18 11.8
2l 15,8
13 8.6
12 7.9
9 5.9
8 5.3
2 1.3
1 0.7
1 0.7
152 :
85.58 ecm,

(3%.7 inches)
77519 om.
(30-3-37.h inches)




Tgble 25

Buttock-Enee length

Yomen Pilots ‘ ¥lying llurses
AAYI'TD AAFSAR
. Yo, of 3 Ho. of 4 ‘

Cantimeters Cases Cases
50-50.,9 2 0.4 1 0.7
51-51.9 % 0.7 L 2.6 .
52-52.9 N 0. 1 0.7
53-5% .G 22 L9 10 6.8 L
5L~51,49 L3 9.6 17 11,2
55=55.9 L8 1C.7 20 13,2
56-56,0 63 15.1 31 20,1
57-57.9 62 17.9 2k 15.8
55-58.9 73 16.3 19 12,5
59-59.9 56 12.5 11 7.2
60-60.9 33 7.4 7 L6
61-61.9 15 L2 5 3.3
62-62.9 8 1.8 1 0.7 -
€3-6%.9 2 0.4 1 0.7 M
€l~6l;.9 2 0.l
65-65.9
66-66.9
£7-67.9 1 0.2
Total L7 152
Jean ' 57.50 cm. 56.81 cm.

(22.6 inches) (22.1; inches)
Range 50-67.9 cm. 50-63.9 cm.

(19.7-26.7 inches) (19.7-25.2 inches)
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Table 25

Patelle Height

~ Yiomen Pilots “lying Hurses
AAFTTD AAPSAR
_ ¥o. of A No, of %

Centimeters Cases ' Cases

Lp-bseo 1. 0.2 5 %43
7-U47:9 o 25. - 5.6 17 11.2
18=18.9 o L2 S.l 27 17.
19-19.9 : : 77 17.3 31 2iug

- 50-50.9 72 16,2 27 "17.8
51-51.¢ = ‘ 86 15,3 12 7.9
52-52,G . é3 15.3 12 7.9
535349 3L 7.6 L 2.6
5145149 22 Lo 3 2.0
55-55.9 6 1.3 '
56-56.9 | L 0.9
57-57.9 |

58-58,9 ’ 1 . 0.2

Total . s 152

_ Lean ' " 50.96 cm. - : 9.0y om.

o g 4 (20.1 inches) (19.5 inches)
Range - ' - L5-58.9 em. L)=511.9 cm.

(17.7-23.2 inches) (17.%-21.6 inches)
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Table 27

Knee Breadth

Women Pilots

AAFFTD
No. of %4
Centimeters Cases
13.5"1309 1 0.2
1L.0-1i1. 44
1)4—0 5'1}4'9
15.0-15.4
15.5-15.9 1 0.2
16.0-16.4 1 0.2
16.5-16.9 13 2.9
17.0-17.44 25 5.6
17.5-17.9 Ly 10.6
18.0-18.L4 5% 11.9
18.5-18.9 75 16.9
19.0-12.1; 70 15.8
15.5-19.9 L5 10. 1
20.0-20.14 57 B.%
20.5-20.9 25 5.6
21,0-21.44 22 5.0
21.5-21.9 9 2.0
22.0-22.14 6 1.l
22.5-22,9 5 1.1
23,0-23%.4 3 0.7
2%.5-23.9 1 0.2
© 2Li.0-2L. 1y 1 0.2
2le5-201e9 2 0.5
25.0-25.1;
25.5-25.9 2 0.5
Total Ly
Nean 19.18 cnm.
(7.55 inches)
Range . 13,5-25.9 cm.

(5.%=10.2 inches)
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Table‘28

Forearm Circumference

Women Pilots
AAFFTD

N

iio. of
Cases
6

13

20

61

60

56

58
Lo

67

238
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10

L

1

1
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e
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*

1 0.2

L5
7.1Q inches
6.3-9.6 inches
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Flying Nurses

AAFSAE
YNo. of %
- Cases

1 0.7
L 2.7
6 L0
19 12.8

22 1.8
15 10.1
15 10.1
M} 9.L

28 18.8
12 8.0
3 2.0
7 Le7
1 0.7
2 1.3

1,9
7.56 inches
6.3-9.0 inches




Table 29

Upper Arm Circumference

Flying Nurses
AAFSAR

Tomen Pilots
ALFFTD
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79
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. ' Table 30

Calf Circumference

Women Pilots Flying HNurses
AAFFTD AAFSAE
Yo. of % Yo. of %
Inches Cases Cases
!
10.5-10.9 1 0.7
11.0-11.4 1 0.2
P) 11.5-11.9 5 1.1 1 0.7
12,0-12.4 20 Le5 9 6.0
12.5-12,9 L6 10.4 20 13,0
13.0-1%.4 90 20.3% 29 26.2
13,5-1%,9 99 22.3 31 20.8
14.0-1l Ly 89 20.0 - 31 20.8
1L.5-1L4.G 148 10.8 11 T.ly
o 15.0-15.; 5 1. 5 3.
15.5-15.9 9 2.0 1 0.7
~ 16.0"160)4. LL Ot(‘)
Total Ll 119
Mean 13.78 inches 13,55 inches
Range 11.0-16.]; inches 10.5=15.9 inches
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Table 31

Thigh Circumference ot (

Viomen Pilots Flying Nurses
AAFFTD . AAFSAE
lio. of 4 No. of %

Inches Cascs Cases i |
15.5-15.9 1 0.2
16.0-16.1; 1 0.2
16.5-16.9 5 1.1 1 0.7 t
17.0-17.1; 1% 2.9 5 3.3
17.5-17.9 27 8.3 1L 9.2
16.0-18.1 55 12.3 15 9.9
18.5-18.9 60 1%.5 21 13.8
19.0-1G.4 67 15.0 21 1%.8
15.5-19.9 52 11.7 21 1%.8
20.0-20.1, 55 12.% 25 16.5
20.5-20.9 Lo 9.0 10 6.6
21.0-21:) 2] 7.0 9 5.9 R
21.5-21.9 7 1.6 6 3,9 N
22.0-22.1; 10 2.2 L 2.6
22.5-22,9 6 1.3
2%,0-23,1; 3 0.7
2%345=2%,9 1 0.2
2l 0=2L, 1y 1 0.2
2l 5-211.9 1 0.2

Total . LL6 152

Yean 19.Li5 inches 19.L inches

Range 15.5-211.9 inches - 16.5-22.]; inches
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