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ABSTRACT

The center of gravity and the moments of inertia of each of 19 male
subjscts, represertative in stature and weight of the U, S. Air Force popu-
lation, were determined, Two body positicus: sitting and relaxed; and
three modes of dres.: mude, suited-unpressurized, and suited-pressurized
were investigated. The theoretical accuracy of the experimental procedures,
based on a compound pendulum, ranged from 2 to 8 percent, depending on body
position and axis. The moments of inertia were found to vary significantly

tween body positions and between nmude and suited conditions, Correlation
coefficients between the moments of inertia and stature and weight exceeded
C.9. Fifty anthropometric dimensions and frontal amd profile photographs
were obtained cn each subject to ssrve as the basis for additional bio-
dynamic analyses.
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SECTION I
INTRG®UCTION

Data on the locations of the ceaters of gravity and the megnitudes
of the moments of inertia of the human body encimbered by a full-pressure
sult are fundamental to the design of escape systems, self-mansuvering,
gelf-stabilizing units, one-man space-excursion vehicles,and the like.
These ba ¢ biodynamical paramsters appear as constants in the general
equations of motion of the body; they must be known accurately for optimal
Gesign of restraint, escape and propulsion systems.

It is the purpose of this study to measure these parameters for a

sample of subjects representative of the U, S. Alr Force population, and
to determine the influence of a full-pressure garment upon them,




SECTION 2

THECRETICAL CONSIDERATI. NS

METHOD

The details of the compound pendulum meth>d upon which this study
is based are treated in reference 2; a brief description is given here
for general background information.

The compound or physical pendulum is an elementary dynamic system
consisting of an extended mass oscillating about a fixed horizontal axis
under the force of gravity. If two nmarallel ax<es of oscillation are pro-
vided and certain simplifying assumptions made, it is not difficult to
show that the simultaneous solution of the torque equations for the twn
axes yields expressions for the moment of inertia and center of gravity
of the pendulum in terms of its weight, periods, axis separation, and
acceleration due to gravity. Since the sums of the moments of inertia
of two or more masses with respect to the same axis equal the moment of
inertia of the combined masses with respect to that axis, the moment of
inertia and the center of gravity of a mass (the human subject) distinct
from the pendulum can be found.

In general (reference 2), the distance from the short suspension
axis (figure 1) to the center of gravity of the subject is given by
2

ot T
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while the moment of inertia of the subject about the axis through his
center of gravity and parallel tc the fulcrum axis is given by

T2
. ; 2
I, = ;f?(W'L; tHLg) - I - (% ! pV)LS )

In these expressions,

Tg = the period of the pendulum about the short suspension axis;
Ty = the period of the pendulum about the long suspension axis;
1§ = the mement of inertia of the pendwium (without subject)

about the short axis;

g = the acceleration due to gravity;

L
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VERTICAL

Long suspension axis

Short suspension axis

Angular displacement of pendulum

wWeight of subject, suit and pressurized oxygen within suit
fleight of pendulum without subject

Distance beiween pendulum axes, A and B

Distance from short suspension axis, 3, to CG of subject

Distance from short suspension axis, B, to CG of penduium

Figure 1. Schematic of Ccmpound Pendulum
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V = the effective subject volume based upon subject, suit, and
pressurized oxygen weights and densities;
V' = the pendulum volume based upon weight and mean density;

p = the ambient air density;
and the remaining symbols are as given in figure 1.

The basic determination c¢f the center of gravity and moment of inertia
of an individual involves only five measurements: air temperature, bedy
weight, the two pendulum periods about the short and long suspension axes,
and a reference distance from the pendulum fulcrum to a body landmark (the
back and seat planes in this case). For measurements tiken on the suited
subject, this procedure is modified only slightly (appendix IV); unpressur-
ized suited weight and suit-gas weight are the only additional requirements.

Buoyancy correction factors appear in the expressions for cg and I,
in the terms involving pV. In this experiment, the subject, pressure-suit,
and pressurized-gas volumes were not measured directly, but were replaced
by their equivaient weight-to-density ratios. In the case of the subject,
a mean body density of 65.25 lb/ft3 was assumed., The 0.02-1b correction
for the pressure~suit mass, computed from suit weight and estimated suit
density, was neglected. The mass of the gas contained within the pressur-
ized suit was weighed by a difference method which, to a first approximation,
eliminated the buoyancy correction.

A desirable feature of the compound pendulum method is the determination
of the center of gravity of the subject in proper relationship with the
gravity vector, as contrasted with balance methods in which the soft tissues
of the body are displaced orthogonally with respect tc the direction of
measurement.,

ACCURACY

The theoretical limits of accuracy obtainable with the compound pendu-
lum technique {as applied to living human measurement) were estimatedl {refer-
ence 2) from the total differentials of Ls and Io. These limits depend upon
the magnitude ol the moment of inertia which in turn is a function of body
weight, dimensions, position, and axis. Provided the crucial experimental
variables are carefully controlled, accuracies of 2% for maximum I, values
and *2% for minimum I, values appear within ihe realm of possibility {refer-
ence 2). The distance to the center of gravity can be measured to within
40.5% or less along the x and z axes.

Accuracy of mcasurement o. the suited srbject is essentially that of
the nude individual except for positioning problems, whose influences are
difficult to assess. The procedure followed here involved positioning and
restraint prior to pressurization, and the use of the minimux suit pressure
(1 psig) required to produce maximum significant suit growth in terms of
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mass distribution. Althougn suit growth is evidenced at pressures between
1 and 3.5 psig, it is small in magnitude relative to that which occurs in
the range of zero to 1 psig.

DATA RECORDING AND PROCESSING

Experimental data, body dimensions included, were recorded directly
on decimal data key punch sheets (appendix IV), an arrangement designed
to minimize transcription errors and provide an orderly procedure for the
experiment, Computations were carried out on the IBM 7094 computer using
a modification of a program employed in a previous study (reference 7).

BODY COORDINATE SYSTEM

An orthogonal axis system was defined by the intersection of the
three principal planes of the body passing through the center of gravity
of the body as shown in figure 2., The z-axis is formed by the intersection
of the sagittal plane and the frontal plane; the y-axis, by the inter-
section of the frontal and transverse planes; and the x-axis by the inter-
cection of the sagittal and transverse plianes.

Sagittal
Plane

Frontal
Plane
Transverse
~
S~
Ty
X

ke g v o,

Figure 2. Body Cuordinate System




Figure 3. Reference Landmarks for Location of Center of Gravity

The axis system is referenced to body landmarks as shown in figure 3.
L(X) is the distance from the back plane to the center of gravity measured
along the x-axis., L(Z) is the distance from the seat plane to the cg measured
along the y-axis. L(Y) is the distance from the anterior-superior spine of
the ilium to the cg measured along the y-axis., Bilateral symmetry is assumed
for both body positions and L(Y) defined as one-half the bispinous breadth
(appendix III).

BODY POSITIONS

The two body positions shown in figure 4, Sitting and Relaxed (Veight-
less), were selected for measurement. These particular positions were
chosen in part because of their appropriateness with respect to the prac-
tical situation and also because they are readily attainable in the A/P225-2
suit when pressurized. The standard anthropometric position, Standing,
would also have been a desirable choice, but preliminary tests indicated
significant distortion of the position as a result of suit inflation. The
Sitting and Relaxed configurations are defined below,




1. Sitting 2. Relaxed (Weightless)#

Figure 4. Body Positions

1. SITTING Upper legs and forearms parallel to x-axis;
upper arms, lower legs, and spine parallel to
z-8xis; soles parallel to xy-plane; wrist axes
parallel to z-axis; hands slightly clenched;
hiead in Frankfort plane.

2. REIAXED (WEIGHTLESS) Position predicted to be assumed by a human
being when relaxed in the weightless state.*

—— e - e s Emen P W W W

#After K. W, Kermedy (Anthropology Branch), in Simons, J. C., "An Introduction
to Surface-Free Bebavior", Brgonounlcs, Vol. 7, No. 1, p. 2425, Jamary 1964.




SECTION 3

DISCRIPTION OF APPARATUS AND FULL-PRESSURE GARMENT

PENDULUMS

The two compourxd pendulums, shown in figure 5 suspended from their ful-
crun and axis transfer mechanisms, were originally desigrnsd and fabricated
in accordance with the criteria presented in reference 2. Modifications of
the earlier fixtures (reference 7) consisted of: (a) structural redesign
to accommodate the range of subjects in the Sitting and Relaxed positions
both while nude and while wearing the pressure suit, and (b) installation
of the oxygen breathing and pressurization systems. One pendulum (Iox/Ioy)
was used to measure the z-axis centers of gravity and the x and y-axis
moments of inertia; the other (Ioz) was employed in determining x-axis cen-
ters of gravity and z-axis moments of inertia. As stated previously, y-axis
centers of gravity were defined as one~half the bispinous breadth and,
therefore, not measured by the pendulum method. All fulcrums (figure 6)
were of the cone-~plane type with contact surfaces of ground and polished
tungsten steel. Prior to use they were cleaned with carbon tetrachloride
and then coated with a thin film of instrument oil.

Iox/Ioy Pendulum I, Pendulum

Figure 5. Measurement Apparatus - Pendulums




Figure 7. Measurement Apparatus - (Oxygen System
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Figure 8. Schematic of Oxygen Breathing and Pressurization System

OXYGEN SYSTEMS

Lightweight oxygen systems were fabricated and installed in each pendu-
lum to provide the subject with oxygen and to maintain suit pressure during
the pe-i~d determinations (figure 7). Figure 8 shows a schematic of the
system with the primary oxygen source attached. The pressure in the penculum
oxygen cylinder (Type D-2) was maintained at 400 psi at all times during the
pendulum calibrations and subject measurements. Suit pressurization to 1 psi
was achieved by adjusting helmet pressure with the suit-controller loading
valve; the primary oxygen cylinder was then removed from the system and res-
piratory flow and suit leakage supplied by the pendulum source, Bleed-down
seldom exceeded 25 psi during the pendulum-period mesasurements, With the ex-
ception of these l-to-2-minute intervals, the suited subject was cooled
continuously by gas from a portasble liquid-nitrogen ventilstion unit.

A s st et i v . 7 -
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INSTRUMENTATION

The pericd of ihe pemiulum is measured (o within 1 part in.1Gh by ain
electronic system consisting of a photodiode switch (figure 9), a decade and
overflow mechanical counter and a pulse inhibitor (figure 10). When the rod
attached to the base of the penduium interrupts the light falling on the
diode (figure 9), a pulse is generated which opens the gate in the decade
counter (Hewlett Packard Model 522B). The counter records elapsed time (with
overflow to the mechanical counter) until the gate is closed, i.e., for 2n
succeeding pulses, where n is the number of periods over which the average
is being taken. Inhibition of the 2n-1 unwanted pulses following the initial
triggering pulse is accomplished with conventional solid-state decade-counter
circuitry. The complete instrumentation system provides for the measurement
of average pendulum period over 2 range of 1 to 10 cycles.

BODY RESTRAINT

A system developed during a previous study (reference 7) was found to
be reasonably satisfactory for the restraint of the suited individuai. It
entailed the use of masking tape, Velcro tape, and rigid low-~density poly-
styrene foam blocks. (See figures 13 through 17 for exsples of nude and
suited body restraint.) In the case of x- and y-axis moments of inertia
measurements, however, a lap belt and shoulder straps made of lightweight
nylon were found necessary. The assembly weighed 0.61 pounds. This was
assumed to be a part of the garment weight, as was the oxygen hose and suit-
pressure gage.

FULL-PRESSURE GARMENT

Photographs of the A/P225-2 full-pressure assembly are shown in figure
11; a complete description of the garment can be found in reference 5.
Briefly, the suit consists of four-layer coveralls, a helmet, gloves, and
boots. The coveralls, gloves, and boots are sized to fit a range of indi-
viduals; table I shows the system used by the U.S. Air Force in sizing the
coveralls., The helmet is available in one size only. Pads and an adjust-
ment mechanism within the helmet are used to accommodate the wearer.

A suit pressure of 1 psig was used throughout all pressurized measure-
ments; this was found to be adequate in terms of suit distension and subject
comfort.

1



Figure 9. Photodiode Switch

Figure 10. Electronic Counter and Pulse Inhibitor
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Figure 11. Full-Pressure Assembly Type A/P225-2

TABLE I
PRESSURE-SUIT SIZING SYSTEM

Stature - in, Weight - 1b, Suit Size

63.00  67.50 125 149 Small Regular

67.50  72.00 125 149 Small Leng

64.50 69.0C 150 174 Medium Regular
69.00  73.50 150 174 Medium Long

66.00 70.50 175 199 Large Regular

70.50 75.00 175 199 Iarge long

67.50 72,00 200 224 Extra-large Regular
72.90 75.50 200 224 Extra-large long




SELECTIC:: OF SUBJECTS

The experimental sample employed in this study consisted of 19 male in-
dividuals selected from personnel from the Bioastronautics Branch, Air Force
Flight Test Center, Edwards Air Force Base, and North American Aviation
employees having pressure-suit experience. Selection was based upon stature
and weight, and the sample was chosen so as to be representative of the stature-
weight distribution of the U. S. Air Force population as defined in reference 4.

The stature-weight distribution of the subjects participating in this
study is shown in figure 12, The statistical properties of the sample are:
stature-welght correlation coefficient, r w - 0.44, mean weight =164.6,
S.D. =17.4; mean stature = 69.0, S.D. = 2,3. These indicate an acceptable
fit to the Air Force population for which an rg,, Of 0.47 (reference 3) has
baen reported, using a mean weight = 163,66, s°B. = 20.86, and mean stature
69.1, S.D. = 2.4 (reference 4).

11
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Figure 12. Subject Stature-Weighl Scatter Diagram
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Pressure-suit sizing and fitting were accomplished by tecknical personnel
&t ths Flight Test Center. Their procedure followsd for the mosi part the
system shown in table I. Since suits were loaned on a noaninterference basis,;
off-size substitutions were occasicnallv necessary. This procedure did not
materially influence experimental resulus because the overall var:ation in
clothing weight was quite small {S.D, = 0.5 1b fer the total sample).

ANTHROPOMETRY OF SUBJECTS

Fifty dimensions were taken on each subjact. They are listed in table
IT nd include thirty-Iive standard dimensions contaired in reference 4, and
fifteen others. The former are useful in describing the characteristics of
the experimental sample in relation to the Air Force population, while the
latter are expected to be useful in determiring cther biophysical character-~
istics such as the weight of certain body segments, etc. A description of
each dimension can be found in appendix III.

TABLE I1I

ANTHROPOMETRY
Age Hip Breadth, Sitting
Ankie Circumference Iliac Spine Height
Axillary Amm Circumference Knee Circumference, Standing
Biccremial Diameter Lower irm Length
Biceps Circumference (Extended) Lower Thigh Circumference
Bispinous Breadth Shoulder Height (Acromial Height)
Buttock~"opliteal Length Sitting Height
Buttock Circumference Skiafeld, Juxta-nipple
Buttock Depth Skinfold, Mid-axillary Linc, Xiphoid
Calf Circumferenze Skinfold, Triceps
Cerv’'cale Height Span
Chest Breadth Sphyrion Height
Chest Circumference Stature
Chest Depth Substernale Height
Tlbow fircumference (Extended) Suprasternale Height
Fist Circumference Thigh Circumference
Foot Breadin Tibiale Height
Foot Length Trochanteric Height
Forearm Circumference (Extended) Upper Arm Length
Hand Breadth at Metacarpaile Waist Sreadth
Hand Length Waist Circumference
Head Bresadth Waist Depth
Head Circumfcrence Waist Heipht
Head Length Weight
Hip Breadth Wrist Circumference

16
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All measurements were made wi arsiard av
Lange s«<infold calipers* were used in obtaining
(reference 6).

CALIBRATION OF APPARATUS

Caribration of the Ip~ and cg-measurement apparatus, scnsizting of the
timer and pendulums, was accomplished in a manner similar to that described
previcusly (reference 7), the only difference being the pressurizstion of
thez oaboard o.ygen systems prior to pendulum weighing and calibration. The
period of the oscillator in the Hewlett Packard electronic counter wos ad-
Justed to correspond with that of a secondary frequency standard maintained
by the North American Aviation Metrology latoratory. This calibration in-
sured & basic counter accuracy of 2 parts in 1C°, The design of the photo-
diode switch provided a pulse rise time at the input to the counter of
appreximately 1 microsec.

Reproducibility of period measurements was svaluated with the aid of
an 8-fcot,simple pendulum oscillating through a i-degree arc. It was found
to be approximately * 0,0C01 sec., for single-cycle comparisons and approxi-
mately * 0,00005 sec. for 10-cycle averages.

Moments of inertia and centers of gravity of the pendulums with re-~
spect to tneir short suspension axes were measured by taking ten 10-cycle
averages of the periods for each suspension, axis, and positicn., Fulecrum
separations (AL) were measured with a height gage to about + 0,001 inch.
The pendulums were weighed to an accuracy of * 0.(C1l it. on a calibrated
Triner scale.

The pendulum calibration was repeated periodically throughout the svb-~
Ject measurements; in this manner the stability of I§, the pendulwa muinent
of inertia, was monitored. Variations in I}y, Igy, and I, were exceed~
ingly small: + 0,08, * 0,08, and + 0,13 percent.

MOMENT OF INERTIA AND CG DETERMINATION

The restraint material was identical to that employed previously
(reference 7), consisting of masking tape, Velcro tape, and polystyrene
foam shim blocks; however, a lightweight nylon lap beldt and shoulder straps
were used in the Iox/Ioy fixture for the suited modes. Ro difficulty was
experienced in achieving good restraint for the suited subject, and re-
restraint following pressurization was unnecessary.

Subject weight, both nude and suited, was recorded on s Fairbacks,
Morse and Company scale (accuracy + 0.05 1b.); nude body weight incliuded
shorts weighing approximately 4 ounces. Restraint malerizl was also
assumed a part of the subject’'s body weight.

# Cambridge Scientific Industries, 18 Poplar Strest, Camtridge, Maryland
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The experimental procedure wes planned to reduce error and to minimize
inconvenlence to the participants. This was achieved as follows: (1)
by a time-and-motion study of the entirs experiment prior to any actual
measurements, (2} by coding the computer program to accept data in optimm
order, snd (3) by recording a1l data directly on keypunch sheets.

Appendix IV shows a typical set of data. EBach sheet is divided into
thres sections: Number (the raw experimertal data), Identification (card
sequence number), and Description (experimental procedure). The suited
x- and y~axis measurements are recorded: air temperature, suit and boot
sizes are recorded; the subject is weighed nude, then 1s dressed in the
pressure sult and weighed again; the waight of the gas required to pres-
surize the suit to 1 psig is measured; the subject is restrained in the
“itting pesition and, while unpressurized, short and long suspension periods
are peasuréd for the x- and then y-axes; the suit is pressurized and periods
again measured and recorded; the subject 1s then re-restrained in the Re-
laxed position end the period measuremsnt sequence again repeated; finally
the subject's suited weight, with shims and tape, is remeasured, and air
temperature is again recorded. Figures 13 through 16 show a subject as he
appeared during a complete set of measuremsnts. Figure 17 illustrates the
almust undatectable effect of pressurization upon body position.

18




Figure 13. Subject Restrained in on/on Pendulum - Sitting Position

laxed Position

Re

Iox/Ioy Pendulum

Subject Restrained in

Figure 14.
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Figure 15.

SubJect Restrained in I,, Pendulum - Sitting Position




Figure 16. 5ubject Restrained in I, Pendulum - Relaxed Position




Pressurized

Figure 17. Comparison of Unpressurized and Pressurized
Modes - I,, Pendulum, Sitting Position




Tables III, IV, and V summarize the experimental and statistical results
of the study. All statistical data sheets printed out by the computer are
presented in apperdix I; individual subject data, viz., centers of gravity,
moments of inertia, anthropometry and clothing information, are contained in
appendix II. Lists of symbols used in the printout can also be found in
appendixes I and IT.

Correlations given in the tables, including those for the unpressurized
and prees-rized modes, are based upon rnude subject weight, specifically the

mear .. - “-0o nude weights taken prior to the nude and suited measurements.

In mos’ -~ the measurements for the three modes were made during the same
day, . - rariation in nude weight seldom exceeded + 0.5 1lb, Mean nude
weight . .orded for each subject on his individual data sheet in appendix II.

The arithmetic means and standard “eviations of the centers of gravity
and moments of inertia of the sample are presented in table III together with
the means and standard deviations of age, veight, stature, =zt clothing weight.
Mean centers of gravity for both positions and all modes arz shown in figure 18;
since body symmetry was assumed with respect to the sagittsl plane, y-axis
centers of gravity are independent of body position and mode. It is evident
that the pressure suit displaces the center of gravity in a positive direction
along both the x-axis (anterioriy) and z-axis (headwardly). The average effect
of the suit on the moments of inertia about the x, y, and z axes is an increase
of approximately 20, 19, and 20 percent for the Sitting position, and 19, 27,
and 16 percent for the Relaxed position.

An interesting aspect of the center-of-gravity cata is the behavior of
the x-axis means for the unpressurized and pressurized modes. For both the
Sitting and Relaxed positions, pressurization produces positive cg displace-
ments of the means of approximately 0.3 inch; the shifts are significant at
the 5-percent level. The corresponding changes in moments of inertia (about
the z-axis) show no significant differences. A probable explanation for the
cbserved displacements can be found in the experimental procedure. During z-
axis moment—of-inertia measurement (x-axis center-of-gravity measurement), the
subject's weight is distributed over a large area, a shoulder harness and lap
belt are not employed, and pressurization, therefore, can produce a significant
total-body linear trenslation normal to the back plane (the plane of cg refer-
ence). Overall body position, on the other hand, is not significantly altered
because of the restraint system, and z-axis moment of inertia remains, within
the limitations of measurement accuracy, essentially constant.

Table IV shows the results of the linear regression analysis of moment of
inertia versus stature and weight. Correlation coefficients range between 0.91
and 0.97; standard errors of estimate are approximately 3 to 6 percent cof their
corresponding means. The very high correlations and low standard errors denote
an aluost perfect linear dependence of mament of inertia on the subject's
stature ard nude weight; the derived regression equations are, consequently,
useful expressions from which the moments of inertia of the suited as well as
the nude iIndividual can be computed.
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The results of the t-tests for significance (reference 1) of the differ-
ences of the means cof ths moments of inertia of the various modes are given
in table V. All means of the nude and suited modss differ significantly
below the l-percent level; nons of the means of the unpressurized and pressur-
ized modes show significant differences at the 5-percent level,

TABLE IIX
ARITHMETIC MEAKS AND STANDARD DEVIATIONS OF THE SAMPLE CENTERS
OF GRAVITY AND MOMENTS OF INERTIA (N = 19)

Axis Center of Gravity Moment of Inertia
(in.) (1b. in.sec.<)
Mean S.D. Mean S.D.

1. Sitting

Nude x 7.89 0.41 56.3 8.22
y 4.79 0.27 66. 9.98
z 9.16 0.29 28.3 5.10
Unpressurized x 8.33 0.39 €7.5 9.16
y 4.79 0.27 82.8 11.30
z 9.76 0.30 33.6 5.72
Pressurized x 8,62 0.38 68.8 8.70
y L.79 0.27 82.4 11.30
z 9.70 0.28 34.0 5.72

2. Relaxed (Weightless)

Mude x 7.34 0.38 99.2 14.20
Yy L.(9 0.27 89.8 15,40
A 7.39 0.42 31.2 5.04
Unpressurized x 7.81 0.20 118.0 15.30
y L.79 0,27 114.0 15,00
2 7.86 0.45 36.2 5.03
Pressurized x 8.08 0.29 118.0 15.20
y L.79 0.27 114.0 15,70
Z 7.81 0.48 36.1 4L.85

Mean Age 27.4L yrs. S.D. Age 5.3 yrs.

Mean Weight 164.6 lbs., S.D. Weight 17.4 lbs.

Mean Stature 69.0 in, S.D. Stature 2.3 in.

Mean Clothing Weight 23,2 lbs. S,D. Clothing Weight ©.5 1b.
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CCHRELATION OF MOMENT OF INERTIA WITH

STATURE AND WEIGHT

(N =19)

I, Regression Equatiom¥*

SDE.*

Axis

Sitting
Nude

1.

1.595 + 0.317W
2,10S + 0.344W

0.9235 + 0,212

0+
0+
L +

L 4
L
»

5
>

~10
-13

2,67
1&. 07
1.17

-114.C +1.825 + 0.337W
-181.0 + 2,965 + 0,362W

42
7
oh?

3
2
1

AN

® o
(ol oNe)

X ko

Unpressurized

Pressurized

Relaxed (Weightless)

2.885 + 0,556W
4.0kS + 0,L61W

0.5675 + 0.231W

-+
+
-+

-191.
“265.
- hén

K bW

Nude

195 + O.574W
578+ 0.506W
.801S + 0.2L7W

0+3
0+3
8+0

197.
217.
- 54.

L.62
4.38
1.33

0.95
0.96
0.96

x
¥
4

Unpressurized

3.428 + 0,55GW
4.185 + C.4BM

0.720S + 0,214W

208,0 +
254.0 +
8.7 +

K hn

Pressurized

59.58 + 0,057W

§ ==

S.E. = 2.02 j-n.
#I, and S.E. in 1b.in.sec.?

rsw = 00141‘

S in in.
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TABLE V

TESTS FOR SIGNIFICANCE OF DIFFERENCES OF SAMPLE MOMENT-CF--INERTIA

1.

MEANS (N = 19)

Sitting

Nude -~ Unpressurized
Nude - Pressurized
Unpressurized - Pressurized

Relaxed (Weightless)
Nude - Unpressurized

Nude - Pressurized
Unpressurized - Pressurized

LBE3F
b 2L
A28

e

3.750%
3.873%
0,098

t -~ Yalues

Ly

o 583%
4.512%
G.083

L. T36%
L.639%
0,022

*Significant (tg g1 = 2.720, tg g5 = 2.028)
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3 “ 161*
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2,082
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0.094
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Unpressurized Pressurized

1. Sitting

>

o ——

K4

.
Y

|
g

Nude Unirressurized

Pressurized

2. Relaxed (Weightless)

Figure 18. Mean Ceaters of Gravity
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SYMBOLS USED IN PRINTOUT
A, B

A(X), A(Y),...,C(2)
AV
AVL(X)

AVL(Y)

AVL(Z)
AVI(X), AVI(Y), AVI(Z)

E
1(x), 1(Y), 1(2)
N

R

R(X), R(Y), R(2)

S

s(x), s(1}, s(2)

SD

APPENDIX I

STATISTICAL DATA

Regression equation constants, stature versus weight
Regression equation constants with respect to
denoted axis for single and multiple moment-of-
inertia correlations

Arithmetic mean of the sample

Arithmetic mean of the centers of gravity along the
x-axis measured with respect to the back plane

Arithmetic mean of the centers of gravitiy along the
y-axis; equal to one-half the average bispinous
distance

Arithmetic mean of the centers of gravity along the
z-axis measured with respect to the plane of the scat

Arithmetic means of the momeats of inertia with
respect to the x-, y-, and z-axes, respectively

Probability level in t-test

Moments of ipertia about the x-, y-, and z-&xes
through the center of gravity of the subject

Total number of subjects

Correlation coefficient

Correlation coefficients with respect to x-, y-,
and z-axes for single and multiple moient—of-
inertia correlations

Standard error of estimate

Standard errors of estimates with respect to the
X-, y~, 8¢ z-axes for single end maltiple moment~

of-inertia correiaticns

Standard dsviation frum the meen




WA

N

SDL{£), SDL(Y}, 3DL(Z)

SDI(X), SDI(Y), SDI(Z)

T(E)}

Standard deviations of the centers of gravity
from AVL(X), AVL(Y), and AVL(Z), respectively

Standard deviations of the moments of inertia
from AVI(X), AVI(Y), and AVI{Z), respsctively

Independent variable in t-distribution

Magnitude of T for 2N-2 degrees of freedom at
E level of probability
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STATISTICAL DATA (N = 19)
ARITHRETIC MEANS AND STANDARD OEVIATIONS
POSITION AVL( X) AVLL(Y) AVLIZ) SOL(X) sSoLtv)

1 SITYING

NUDE 789+01 479+01 916+01 408-00 271-00

UNPRESSURIZED 833401 479+01 976401 387-00 271-00

PRESSURIZED 862+01 479+01 970+01 379-00 271-00
2 RELAXED (WEIGHTLESS)

NUDE 734401 479+01 739401 382-0C 271-C0

UNPRESSURILZED 781+01 4T49+01 186401 2971-00 271-00

PRESSURIZED 808+01 479401 781401 288-00 271-00

POSIYION AVI{X) AVI(Y) AVI(2) SOJ{X) SDily)

1 SITTING

NUDE 563402 665+02 283+02 822+01 $98+C1

UNPRESSURTZED 675+02 828+¢02 336+02 916+01 113+02

PRESSURIZED 688402 824+G2 340402 870+01 113+C2
2 RELAXED (WEIGHTLESS!

NUDE 992+02 898+02 312402 142402 152402

UNPRE SSURI Z2ED 118+03 114403 362+02 153+02 150+02

PRESSUKIZED 11803 114403 361402 152+02 157402
AVERAGE AGE T4 AVERAGE STATURE 69.0
STANDARD DEVIATION AGE 5.3 STANDARD DEVIATION STATURE 2.3
AVERAGE NUDE WEIGHT 164.6 AVERAGE CLOTHING WEIGHT 22,2
STANDARD DEVIATIGN NUDE WEIGHT 17.4 STANRDARD DEVIATION CLOTHING WEIGHT 0.5

(WEIGHT IN POUNDS, LENGTH Iii INCHES, MOMENT OF INERTIA IN LB-IN-{SEC)SQ)

STATISTICAL DATA (N = 19)
SIMPLE LINEAR CORRELATION - MCOHMENT OF INERTIA VS STATURE

PGSITION R(X]} RLY) R{2) S{xX) Sty)
1 SITTING
NUOE 731+00 73279 726400 561401 673401
UNPRESSIRIZED 129+00 8.t-v0 737400 627+01 628+01
PRESSURIZED 780+00 772400 732400 544401 715+01
2 RELAXED {WEIGHTLESS!
NUOE 757400 829+00 605400 928491 852+01
UNPRESSURIZED 754+00 798400 690+ 00 101402 901+01
PRESSURIZED 784+00 832+00 671400 942401 872+01
EOLITION AfX} ALY) AlZ) BIX) sly)
1 SITTING
NUOE -128+03 -159+023 -853¢02 267401 327+01
UNPRESSURIZED =137+03 ~-206+03 -556+02 297+01 419401
PRESSURIZED -139+03 -184403 -942¢02 302+01 386401
2 RELAXED {MWEIGHTLESS)
NUDE ~230+03 -297+03 ~622+02 47¢8+01 561+01
UNPRESSURIZED ~237¢03 -253+03 ~701+02 5146401 531401
PRESSUR I1ZED ~247402 -288+03 -637+02 529401 582401}

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INFRTIA IN LB-IN-{SEC)ISQ)
n

SoL(i)

290-00
302-00
275-00

420-00
447-00
484-00

Sof(2)

510+01
572+01
572401

504+ 01
503401
485+01

St}

351+01
386+01
390+01

401+01
364401
359401

Bl{l)

165+01
187+01
186+01

135+01
154+01
14501

e




CAL DATA (N =
v

i9}

POSITION R{X) R{iY) R(Z}
1 SITTING
NUDE 861+00 808+00 902+00
UNPRESSURIZED 836400 814+00 886400
PRESSURIZED 196400 824400 885400
2 RELAXED (WEIGHTLESS)
NUDE 882+00 788+00 909+00
UNPRESSURIZED 856+0C0 825+00 909+00
PRESSURIZED 852+00 795400 912400
POSITION AlX) AlY) AL
1 SITTING
NUDE ~-108+402 -997+01 ~154+402
UNPRESSURIZED -507+01 -465+01 ~144+02
PRESSURIZED 319+01 -550+01 ~140402
2 RELAXED {WEIGHTLESS)
NUDE -195402 ~240+02 ~122+02
UNPRESSWR I ZED -685+01 -332+01 ~708+01
PRESSURIZED ~448+01 -487+01 -584+01

STATURE~WELIGHT CORRELATION R =2 0.44 S » 2.02

S(x}

N — RORENT OF INEKTIA VS WEIGHT

sty)

418+01 587+01
502+01 65801
527+01 637+01

670401 337+01
792401 847+01
794+01 954401

8(Xx}

BlY)

408-00 464-00
441-00 531400
399-00 534400

121400 692400
757+00 711400
745400 721400

A = 59.58 8

= 0.057

{WEIGHT IN POUNDS, LENGTH IN INCHES, MOIMENT OF INERTIA IN L8-IN-(SEC}SQ)

STATISTICAL DATA (N =

193

MULTIPLE LINEAR CORRELATION - MOMENT OF INERTIA VS STATURE AND WE IGHT

POSITION RIX} REY) R{Z]
1 SITTING
NUOE 946400 913400 973400
UNPRESSURIZED 928+00 970+00 966 +00
PRESSURIZED 9238+00 942+00 963490
2 RELAXED (WEIGHTLESS)
NUDE 973+00 $53+00 337400
UNPRESSURIZED 954+00 956400 964+ 00
PRESSURIZED 266+00 959+00 960400
POSITION AlX) AlY) A(C2) 8(Xx) 8(Y)
I SITVING
NUDE -105403-135+03-704+402 159401 210401
UNPRESSURIZED -114+03-181403~-795+¢02 182401 296401
PRESSURIZED ~120403-157403-781+402 206401 254+01
2 RELAXED (MWEIGHTLESS)
NUDE -191+403-265+03~-460+02 288401 404401
UNPRESSURIZED ~-197+03-217+03-548+402 319¢01 359401
PRESSURIZED ~208403-254+03-487+02 342401 418+01

S(X)

267401
342401
326401

330+01
462+01
393401

BiZ)

323+00
109+01
107+01

56700
801+00
720400

Sy}

4Q7+01
277+01
379401

450401
438401
444401

cix) ciy}

317-00 344-00
337-00 262-00
281-00 389-00

556400 4¢1-CC
574400 5056+00
550400 482~-00

(WMEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTVIA IN LB-IN-(SEC)SQ)

32

st}

220401
265+01
266+01

299401
209+01
199401

8(2)

2565-00
29c-00

292~-00

264-00
263-00
255-00

S}

117+01
147401
153401

175+01
133+01
136401

C(z}

212-0C
229-9C
230-90

231-0¢C
217-0C
214-00




STATISTICAL DATA (N = 19)
TESYT FUR SIGNIFICANCE OF DIFFSRENCE GF MEANS
( E = 0.01 4, T(E) = 2,720 )

POSLTION T VALUES
1{x) 1(Y) iz

1 SITTING

NUDE~UNPRE SSURI ZED 3.863 =~ 4.583 o 2.967

NUDE-PRESSURIZED 4.424 # 4.512 » 3.16}

UNPRESSURIZED-PRESSURIZED 0.428 0.083 C.184%
2 RELAXED (WEIGHTLESS)

NUDE-UNPRE SSURIZED 3,750 = 4.T736 » 20982

NUDE-~FRESSURIZED 3.873 » 4.539 » 2.941

UNPRESSURIZED-PRESSURIZED 0.098 0.022 0.094%

s« = SIGNIFICANT




APPENDIX IT
SUBJECT DATA

The computed moments of inertia and centers of gravity for the individual
subjects together with the corresponding anthropometric dimensions are pre-
sented in the following pages. The data are for the most part self-explanatory.
Definitions of the symbols and abbreviations are reproduced here for the con-
venience of the reader. ¥loating point numbers are read conventionally, e.g.,
274402 means 0.274 x 102 cr 27.4,.

L(X) Distance to the center of gravity of the subject as meazured
along the x-axis from the back plane

L(Y) Distance to the center of gravity of the subject measured
along the y-axis from the iliac crest. Since body symmetry
with respect to the sagittal plane is assumed, L(Y) is equal
to one-half the -ispinous breadth,

L(Z) Distance to the subject center of gravity measured along
the z~axis from the plane of the seat

I(X) Moment of inertia about the x-axis through the subject's
center of gravity

I(Y) Moment of inertia about the y-axis through the subject's
center of gravity

I(zZ) Moment of inertia about the z-axis through the subject's
center of gravity




Ankle ©
Axilam C
Riacrom D
Bicep C
Bispinr B
Butpop L
Butt C
Butt D
Celf C
Cervic H
Chest B
Chest C
Chest D
Elbow C
Fist C
Foot B
Foot, L
Forearm C
Hand B
fHand L
Head B
Head C
Head L
Hip B
Hip B Sit
INiac H
Juxta S
Knee C
Lowarm L

Lowthigh C

Malx S
Shldr H
Sit H
Span
Sphyri H

Substern H
Supstern H

Thigh C
Tibiale H
Tricep S
Trochan H
Uparm L
Walist B
Waist C
Waist D
Waist H
Wrist C

ABBRIEVIATIONS OF ANTHROPOMETRIC DIMENSIONS

Ankle Circumference

Apllary Arm Circumference
Biacromial Diameter

Biceps Circunference {Extended)
Bispinous Breadth
Buttock-Popliteal Length
Buttock Circumference

Buttock Depth

Calf Circumference

Cervicale Height

Chest Breadth

Chest Circumference

Chest Depth

Elbow Circumference (Extended)
Fist Circumference

Foot Breadth

Foot Length

Forearm Circumference (Extended)
Hand Breadth at Metacarpale
Hand Length

Heoad Breadth

Head Circumference

Head Length

Hip Breadth

Hip Breadth, Sitting

Iliac Spine Height

Skinfold, Juxta-nipple

Knee Circumference, Standing
Lower Arm Length

Iower Thigh Circumference
Skinfold, Mid-axillary Line, Xiphoid
Shoulder Height (Acromial Height)
Sitting Height

Span

Sphyrion Height

Suhsternale Height
Suprasternale Height

Thigh Circumference

Tibiale Height

Skinfcld, Triceps
Trochanteric Height

Upper Arm Length

Waist Breadth

Waist Circumference

Waist Depth

Waist Height

Wrist Circumference
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SUBJECT NUMBER l AGE 33.0 STATURE 8.5 MEAN NUDE WEIGHT 159.8

SuIT stze 3 80UT SI1ZE 10.0 CLOTHING TOTAL WEIGHY 22.8 SYRAP WEIGHT (X,Y AXES) 0.61
POSITION Lix) 1tv} Lezy X itvi i1}

I SITTING

NUDE 734401 470+01 971401 537402 581+02 245+02

UNPRESSURITZED 787+01 470401 104+02 656402 165402 294+02

PRESSURIZED 816+01 470401 101+02 £58+402 71202 298+02
2 RELAXED (WEIGHTLESS)

NUDE 589+01 670401 827+01 892402 774402 269+02

UNPRESSURIZED 759+401 470401 857+01% 106+013 987+02 335+02

PRESSURIZED 782401 470401 874401 107+03 103+03 330+02
CERVIC H 58.6 SHLOR H 5647 SUPLIERN M 56.0 SUBSTERN H 48.3 WAIST M 43.0
ILIAC H 37.8 TROCHAN H 35.% Ti8iaL H 18.0 UPARM L 13.0 LOWARM L 10,5
CHEST O 9.4 WAIST D 9.3 8UTr D 10.0 CHEST 8 13.3 WAIST B 11.3
HIP B8 13.2 AXILARM C 12.8 BilzP < 11.9 ELaow C 10.7 FOREARM C 140.7
WRIST C T.2 Fisr C 11.4 CHEST C 38.2 WAIST C 32.0 BUTT C 38.1
THIGH C 22.0 LOWTHIGH C 15.4 KNEE C 14.8 CALF C 13.7 ANKLE C 8.2
SPHYRI H 2.8 FOOT L 10.3 FOOT B8 3.5 SPANR 68.6 SIT H 36.4
BIACROM D 15.0 HIP 8 SIT 14.3 8UTPOP L 18.3 HAND L T.1 HAND B 3.3
HEAD C 22.6 HEAD L 7.8 HEAD 8 6.2 MALX S 0.5 JUXTA S 0.6
TRICEP S 0.4 BISPIN B 9.4
(SUIT SIZES 1-SMALL REG, 2-SMALL LONOG, 3-MED REG. 4-KED LONG,

5~LARGE REGs 6-LARGE LONG, 7-EXTRA LARGE REG, B~-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MGHMENT OF INERTIA [N LB-IN-{SEC}SQ!

SUBJECT NUMBER 2 AGE 35.7 STATURE 70.2 MEAN MJUDE WEIGHT 169.7
SUIT SIZE 6 800T SIZE 1.5 CLOTHING TOTAL WEIGHT 23.4 STRA? WEIGHY (X,Y AXES) 0.61
POSITION Lix) Lcy) L(Z} 1{x) Iy a2
1 SITTING
NUDE 822+01 520401 878401 592+02 673402 304402
UNPRESSURIZED 873401 520401 942401 €96+02 841902 37702
PRESSURIZED 895+01 520+01 935¢01 700+02 829402 381+02
2 RELAXED (WEIGHTLESS!
NUDE 774401 520401 6%4+01 107403 339+02 342402
UNPRE SSURIZED 830+01 520+01} 765401 125+03 1184903 4314402
PRESSURIZED 852¢01 5206+01 773201 126403 “1503 407+02

CERVIC H 6l.4 SHLOR H 58.6 SUPSTERN H 58.1 SUBSTERN H 48.5 WhIST H 46.3
IVIAC H 41.0 TROCHAN M 37.8 TIBIALE H 20.2 UPLRM ¢ 13.9 LOWARM L i0.8
CHEST D 9.6 WAIST O 9.3 BUTT O 10.3 CHEST 8 12.5 WAIST 8 i2.5
HIP B 14.2 AXILARM C 12.4 8ICEP C 11.9 ELBCW C 10.6 FOREARM € 11.4
WEISY C 6.9 FIST C 12.1 CHEST C 38.9 WAIST C 34.6 BUTT C 33%.1
THIGH C 21.8 LOWTHIGH £ 16,1 KNEE C 15.6 CALF C 15.0 ENKLE € 1.8
SPHYR] 4 3.0 FOOT L 10.8 FOGT 8 3.9 S5PAN 73.6 Siv H 35,2
BIACROM 0 15.6 HIp B8 SIT 15.2 BUTP3F L 20.9 HAND L Tab HAND 8 3.5
HEAD C 22.0 HEAD L 7.8 HEAD 8 6.0 MALX S 0.6 JUXTA S 0.4
TRICEP S G.3 BISPIN B 10.4

(SUIT SIZES 1- SMALL REG, 2-SMALL LONG, 3-MED REG, &4-MED LONG,

5-LARGE REG, 6-LARGE LONG, 7-EXTRA LARGE REG, B8-EXTRA LARGE (O6NG)

(WEIGHT I[N POUNDS, LENGTH IN INCHES, HOMENT CF INERTIA [N LB--IN-{SECISQ)
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SUBJECT NUMBER 3 AGE 26.2 STATURE T71.7 MEAN NUDE WEIGRT 157.3

SUIT SIZE 4 BOOT SIZE 10.0 CLOTHING TOTAL WEIGHT 22.8 STRAP HWEIGHT (X,¥ AXES) 0.61
POSITION Lix) tiv) tiz) 1(x) Hys Tezi

1 SITTING

NUDE 806+01 502+01 953+01 552+02 671+02 280402

UNPRESSURIZED 842401 502401 101+02 5424+02 859402 332402

PRESSURIZED 873+01 502+01 997401 64€¢02 836+ 02 332402
2 RELAXED (WEIGHTLESS)

NUDE 744401 502401 792401 984402 328402 302402

UNPRESSURIZED 798+01 502+01 835401 113403 114¢035 370402

PRESSURIZED 829+01 502+01 8456401 115403 118+03 169402
CERVIC H él.7 SHLDR H 59.3 SUPSTERN H 58.4 SUBSTERN H 50.4 KAIST H 45.9
ILIAC M 40.7 TROCHAN H 37.7 TIBIALE H 19.0 UPARN L 13.7 LOWARN L 10.4
CHEST O 8.7 WAIST D o 2 BUTT O 9.8 CHEST B 12.3 WAIST B 11.4
HIP 8 14.1 AXJLARM 12.6 BICEP C 11.7 ELBOW C 10.6 FOREARM £ 11.3
WRIST C 6.6 FIST C 11.9 CHEST C 36.1 WAIST C 31.3 8UTT C 39.6
THIGH C 22.2 LOWTHIGH C 14.8 KNEE C 15.0 CALF C 13.4 ANKLE C 8.3
SPHYRI H 2.6 FOOT L lu.6 FOCT B8 3.7 SPAN 7C.8 SIT H 36.1
BIACROM DO 14.9 Hip 8 SIT 14.3 sUTPGS L 21.3 HAND L T.5 HAND 8 3.5
HEAD C 220 HEAD . 8.0 HEAD 8 6.1 MALX S 0.5 JUXTA S 0.5
TRICEP S 0.6 BISPIN 8 10.0
{SUIT SIZES 1-SMALL REG, 2-SMALL LGONG, 3-MED REG, 4-MED LONG,

5-LARGE REG, 6-LARGE LONG» T-EXTRA LARGE REG, B-EXTRA LARGE LONG)

(MEIGHT IN POUNDS, LENGTH IN INCHES, NMOMENT GF INERTIA IN LB-IN-(SECISQ)

SUBJECT NUMBER 4 AGE 23.4 STATURE T72.9 MEAN NUDE WEIGHT 171.3
SUIT SIZE & 80O0T SIZE 13.0 CLOTHING TOTAL WEIGHT 24.0 STRAP WEIGHT (X,Y AXES) O.¢&l
POSITION LiX) L{Y) L{z: 1{Xx) 1Y) 1{2)

1 SITYING

NUDE 845+01 543401 217+01 703+02 820+02 334402

UNPRESSURIZED 880+01 543401 936401 813+02 998+02 385402

PRESSUKRIZED 906+01 543401 979401 860¢02 983402 284402
2 RELAXED (WEIGHTLESS)

NUOE 780+01 S4340] T¢1+01 120403 115+03 354402

UNPRESSURIZED 808+01 543+01 755401 139403 137+03 414402

PRESSURIZED 835+01 543401 755401 141402 139403 4CB8+402
TERVIL H 62.5 SHLDR H 59.8 SUPSTERN # 59,8 SUBSTEAN H 51.0 WALIST H 46.4
tLIAC H 42.0 TROCHAN H 39.1 TIBIALE H %0.8 UPARM L 14.C LOWARM L 1.6
CHEST O 9.5 WAIST O 7.7 8UTT D 9.8 CHEST 8 12.6 WAIST B 10.7
HIP B 14.3 AXILARM C 12.0 BICEP C 11.6 ELBOW 10.7 FOREARM C 11.5
WRIST C T3 FIST C 11.7 CHESY C 36.6 WAIST C 29.3 auTrT C 39.5
THIGH C 22.1 LOWTHIGH € 15.8 KNEE C 15.4 CALF C 15.7 ANKLE C 9.6
SPHYRI H 2.9 FGOT L 10.9 FOOT 8 3.9 SPAN T4.7 SIT H 37.7
BIACROM D 6.0 HIP B8 SIT 14.3 BUTPOP L 20.% HAND L 7.8 HAND & 3.4
HEAD C 23.6 HEAD 1L 8.3 HEAD 8 6.2 MALX S 0.2 JUXTA S 0.2
TRICEP S O.4 BISPIN 8 10.9
{SUIT SIZES 1-SMALL REG 2-SMALL LONG, 3-MED REG, 4-MED LONG,

5-LARGE REG, 6-LARGE LONG, T-EXTRA LARGE REG, 8-EXTRA LARGE LONG?

{WEIGHT IN POUNDS, LENGTH [N INCMES, MOMENT OF INERTIA IN L8~-IN-(SEC)SQ)
37




SUBJECT NUMBER 3 AGE  24.7 STATURE 64,5 MEAN NUDE WEIGHT 153.6

SULIT SLZE 3 B00T SIZE 9.5 CLOTHING TOTAL WEIGHT 23.1 STRAP WEIGHT (X,Y AXES) 0.61
#ASITION Lixd Livi Lidi LX) 1y 1z)

1 SITTING

NUDE 763+01 451+01 905901 518+02 560¢02 234402

UNPRESSURIZED 813401 451401 375+01 632402 767¢02 238¢02

PRESSURIZED 435+01 +51+01 957+01 624402 728402 286+02
2 RELAXED (WEIGHTLESS)

NUDE 123+01 451+01 T44+01 892402 761402 284402

UNPRESSURIZED 779+01 451401 795401 105+03 103+02 337+02

PRESSURIZED 806+01 ©51+01 790+C) 106203 103+C3 336+02
CERVIC H 57.2 SHLUR M 55.4 SUPSTERN H 54.1 SJUBSTERN H 45.9 WAIST W 42.2
ILIAC H 37.0 TROCHAN 34.9 TIBLALE H 17.9 UFPARM L 12.5 LOWARM L 1.3
CHEST D 8.8 WAlST 1. 8.5 T D 10.1 CHEST 8 12.7 WAIST B 11.3
HIP B 12.9 AXT' ARM 12.0 BICEP C 11.7 EL8OW C 10.0 FOREARM C 10.6
WRIST C 5.8 FIS. © 1.1l CHEST ¢ 37.0 WAIST C 31.5 BUTT C 37.5
THIGH C 22.2 LOWTHIGH C 15.4 KNEE C 14.3 CALF C i5.9 ANKLE C 8.9
SPHYRI H 2.2 FOOT L 1c.5 FOO0T b 3.9 SPAN €9.6 SIT H 34,6
BIACROM D 15.1 HIP ¢ SIT l14.0 SUTPOP ¢ 17.7 HAND L 7.3 HAND 8 3.5
HEAD C 22.2 HEAD 7.4 HEAD 8 6.5 MALX S .3 JUXTA S 0.2
TRICEP S 0.3 BISPIN B 9.0
(SUIT S{ZES 1-SMALL REG. 2- "MALL LONG, 3~MED REG, 4-MED LONG,

5-LARGE REG 6 (ARGE LONG, 7-EXTRA LARGE REG, 8-E*7RA LARGE LONG]

(HEIGHT IN POUNDS, LENGTH IN {NCHES, MOMENT OF INERTIA IN LB-IN-(SEC}ISQ)

SUBJECT MUMBER o AGE 32.2 STATURE 65.6 MEAN NUDE WEIGHT 135.1
SUIT SIZE 1 BOOT SIZE 11.0 CLOTHING TOTAL WEIGHT 22.4 STRAP WEIGHY (X,Y AXES} 0.61
POSITION Lix) L(Y) Lz} 1exy Ity Hy

1 SITTING

NUDE 728401 478401 954+01 392402 513402 204402

UNPRESSURIZED 774401 478401 98E€+01 495402 601402 243402

PRELSURIZED 799+01 478401 992+01 519432 602402 240402
2 RELAXED (WEIGHTLESS)

NUDE 682401 478+G1 754+01 716402 600402 225+02

UNPRESSURIZED 734401 £78+01 821+01 868402 895+02 263402

PRESSURIZED 762401 §78+01 808401 891+02 845402 268402
CERVIC H 56.5 SHLOR H £4.0 SUPSTERN H 33.7 SUBSTERN H 46.3 ISTH 40.%
1LIAC H 3¢.7 TROCHAN H 35.4 TIBIALE H 18.0 UPARM L i2.9 LONARNM L i0.0
CHEST D 9.1 WAIST D 8.5 JUTT O 9.9 CHESY B8 12.2 WAIST B il.®
HIP B 12.8 AXILARM C 11.9 gicCe- C 10.1 tLB0M C 9.8 FOREARK C 9.7
WR2ST C 6.2 FIST C 10.7 LHEST C 36.1 WALST ( 3l1.8 Iy C 36.0
THIGH C 20,4 LONTHIGE C 13.8 KNEE C 13.3 CaLF C t2.8 ANKLE C 7.8
SPHYRI Y 2.3 FOOT L 9.8 FO37 B8 3.5 SPAN +8.1 SIT H 34.1
BIACROM D 14.4 KIP 8 SIT 14.0 auteor = 18.3 HAND L 5.8 HAND 8 3.2
HEAD C 21.9 HEAD L Te4 HEAD & 6,3 MALX S 0.9 JUXTA S 0.3
TRICEP S 0.4 BISPIN 8 e.6

(SUIT S1ZES 1-SMALL REG, 2-SHALL LONG. NS0 REG, 4 MED LONG,

5-LAIGE RES, 6~LARGE LOiG, T-EX"RA LARGE REG, #-EYTRA LARZE LONG)  ~

(WEIGHT IN -TUNDS, LENGYH IM INCHES, MOMENT OF INERTIA IN L3-IN-(SEC)Si}

iy .
' o iuse > 8

i



SUBJECT NUMBER 7 AGE 25.4 STAT IRE  65.2 MEAN NUDE WEIGHT 156.2
SUIT SIZE 3 803T SIZF 9.5 CLOTHI NG TOTAL W IGHT 23.2 STRAP WEIGHT (X,Y AXES) 0.61
pasirign Lixd Ly L} HIS A iiei

1 SITTING

NUDE 744401 447+01L 928+01 438402 562402 229+02

UNPRESSWR I ZED 788+01 447401 941+01 577+02 685402 276402

PRESSURIZED 814+01 447401 954+01 588402 719402 236402
2 RELAXED {WEIGHTLESS) ]

NUDE 705+01 447+01 769401 829402 723+¢02 261+02

UNPRESSURTZED 770+01 447401 827+01 982402 953+02 326402

PRESSURIZED 791401 447401 815+01 100+03 917402 325+02
CERVIC H 55.0 SHLDR H 53.1 SUPLTERN H 52.4 SUBSTERN H 45.1 WAIST H 50.3
ILIAC H 34.6 TROCHAN H 32.6 TIBIALE H 17.0 UPARM L 12.4 LOWARM L 9.8
CHEST D 9.2 WAIST D 8.7 BUTT D 9.6 CHEST 8 13.1 WAIST 8 11.5
HIP 8 13.3 AXILARM C 13.3 BIlEr C 2.3 ELBCW C .9 FOREARM C 11.3
WRIST C 6.9 FIST C li.4 CHES! C 38.5 WAIST C 33.1 BUTT C 38.2
THIGH C 23.3 LOWTHIGH C  16.2 KNEE C 14.8 CALF C 15.2 ANKLE C 10.7
SPHYR] H 2.5 FUOT L 10.0 FOG, 8 4.0 SPAN 67.4 SIT H 35.3
BIACROM D 15.0 HIP 8 SIT 14,1 BU/POP L 18.1 HAND L 7.0 \ND 8 3.3
HEAD C 22.6 HEAD L 7.6 HEAD B 6.1 MALX S c.8 o ATA S 1.0
TRICEP S 0.6 BISPIN B 8.9
(SUIT SIZES 1-SMALL REG., 2-SMalL LCNGs 3-MED REG, 4-MEC LONG,

5~LARGE REG, 6-LARGE LONG, 7-EXTRA LARGE REG. 8 -EXTRA LARGE LONG)

{WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA 'N ig-IN-{SEC)SQ)
SUBJECT NUMBER 8 AGE 20.0 STATURE 67.1 MEAN NUDE WEIGHT 167.9

SUIT SI2E 3 800Y SIZE 1:.0

PGSITION

1 SITTING

NUDE

UNPRESSURTZED

PRESSURIZED
2 PELAXKED (MEIGHTLESS)

NUDE

UNPRESSURIZED

PRESSURIZED
CERVIC H 57.1 SHLCR H
fLIAC M 37.3 TROCHAN H
CK=SV D 9.9 WAIST D
KiP 8 13.7 AXILARM C
«RIST C 7.0 FISY C
THIGH C 23.5 L™THIGH C
SPHYRE H 2.8 it
BIACROM D 16.1 “." B SIT
HEAD C 22.5 HEAD L
TRICE? S 0.6 8isPIy 8

{SULT SIZES 1-SNALL REG,
: 5-LARGE REG,

'4ETCHT IN POUNDS: LENGTH IN

CLATHING TOTAL WEIGHT 22.4 STRAP WEIGHT (X,Y AXES) 0.61

LX) Liy) Lt 1HX) Iy} 1¢{2)
785+01 480401 917G 574402 743402 2719+02
814+01 480+01 95101 684202 783+02 32102
839+C1) 480+01 979101 688402 884+02 315+02
716401 €80+01 702-01 102+03 797+02 320402
753+01 480+01 74401 11603 11103 338402
782+01 4£80+C1 7401 115403 108+03 337402

§5.5 SUPSTERM H S4.1 S5 'BSTERN H 45,6 MAIST W 42.0
35.4 TIBIALE H 17.6 U ARM L 12.2 LOWARM L 10.3
9.4 BUTT D 10.4 CHEST B 12.7 WAIST 8 11.9
12.8 8I1CEP C 12.2 E.80W C 1¢.8 FOREARH C 11.2
12.1 CHEST C 38.6 WAIST C 34.4 8UTT C 38.8
16.9 KNEE C i15.0 CwwF C 15.0 ANKLE C 9.0
10.7 FOOT 8 3.9 S ‘AN 69.9 SIT H 34.4
i4.3 suTePoP L 18.9 HND L 7.5 HAND 2 3.s
8.0 HEAL © 6.1 Wi s 0.7 JUXTA § 0.7
9.6

2-SMALL LGONG, 3-MED REG, 4-NED LONC,

6~ ARGE LONG, T-EXTRA LAIG: REG, 8-EXTRA LARGE LONG)

INCHES, MOMENT OF INERTIA

»

! Le-IN-'SECISQ)

» " |




SURJECT NUMBER
SUIT 512t &

9 AGE
8067 SIZE 11.5

POSITION
1 SITVING
NUDE
UNPRESSURIZED
PRESSURIZED
2 RELAXED (MWEJG=TLLSS)
NUDE
UNPRESSWRIZED
PRESSURIZED
CERVIC H 58.6 SHLOR H
ILIAC H 38,2 TROCHAN H
CHEST D 8.5 WAIST O
HiP 8 12.9 AXELARM €
WRIST € 6.8 FIST C
THIGH C 20.2 LORTHIGH C
SPHYRI H 2.8 FOOT L
BIACROX O 15.2 HIP 3 S1IT
HEAD C 21.5 HEAD L
TRICEP S 0.4 BISPIN B
(SUIT SIZES 1-SHALL REG,
5-LARGE REC(,
{WEIGHY IN POUNDSs LENGTH IN
SUBJECT NUMBER 10 AGE

SUIT Si12¢ 8 BOOT SIZE 13.5
POSITION
1 SITTING
NUOE
UNPRESSURIZED
PRESSURIZED
2 RELAXED (MEIGHTLESS)
NUDE
UNPRESSUR ] ZED
PRESSURIZED
CERVIC H 62.8 SHLDOR H
ILIAC H 42.4 TROCHAN H
CHEST O 9.3 WAIST D
RIP 8 14.1 AXILARM C
WRIST C 8.7 FisT C
THIGH C 24.0 LONTHIGH C
SPHYRI H 2:6 FOOT L
BIACREGN O 15.7 HIP B SIT
NEAD C 22.8 HEAD L
TRICEP S 0.7 BISPIN B
{SUIT SI1ZES 1-SMALL REG,
S~LARGE RES,

(MEIGHT 1IN POUNDS, LENRTH IN

————— — -

37.6 STATURE 69.0
CLOTHING TOTAL %EIGHT 23.9

MEAN NUDE WEIGHT 138.0
STRAP KEIGHT (X,Y AXES) 0.61

L1} Lev) 123

-
™~

*aess
mnwry

LL]
o
¢
-s

]
-

743401 476401 945401 488402 595402 227+02
800401 4T6+0L 100402 627402 716402 2854062
840401 476401 100402 448402 734+02 291+02
674401 676+01% 735+01 873402 752402 242402
731401 476401 8l4+G3% 109+03 103+03 297+02
7566401 «76+01 795401 108+03 102+03 298402
56.5 SUPSTERN #i 5641 SUBSTERN H 4T.4 WAISY H 43.6
35.8 TIBIALE » 18.2 UPARX L 12.8 LOWARN L 10.2
8.3 BUYTY D 10.0 CL.EST 8 12.7 WAISI B 10.7
12.2 8ICEP C 11.2 ELBON C 9.8 FOREARM C 10.86
11.3 CHESY C 35.8 dRIST C 30.5 BUTT C 36.4
14.3 KNEE C 14.7 CaLF C 13.3 ANKLE C 8.3
10.7 FEOT 8 3.8 SPAN 65.1 SIT H 36.8
13.4 suTPOP L 1%.9 HAND L 7.5 HAND 8 3.5
7.3 HEAD 8 6.1 RALX S 0.4 JUXTA S 0.3
9.5
2-SMALL LONG, 3~-MED REGe 4-MED LONG,

6-LARGE LONG, T-EXTRA LARGE REG, A-EXTRA LARGE LONG)

INCHES, MOHENT GF INERTIA IN LB-IN~{SEC)SQ)

33.7 STATURE 71.7
CLOTHING TOTAL WEJGHT 24.2

MEAN NUDE WEIGHY 184.6
STRAP MEIGHT 1IX,Y AXES) 0.61

Lix) Liy) L 1tx) iy} 1(2})
870401 476+01 $09+02 6566432 819+02 380402
906401 €76+01 $61+01 772+02 271+02 46402
941401 476401 953401 797402 969¢ 02 458402
R26+401 476401 734401 118+03 114+03 #07+02
839+01 476+01 7192+01 138403 13903 445292
867401 476401 77140} 140403 134+03 445¢02
60.4 SUPSTERN H 59.8 SUBSTERN H 52.6 WAIST N 47.5
40.4 TIBIALE H 21.2 UPARN L 14.5 LOWARNM ¢ 12.0
9.4 8UTT O 11.2 CHESY B 13.1 WATST B 1.7
13.2 BICEP C 12.7 ELBON C 10.9 FOREARN C 10.9
11.9 CHEST € 38.4 MAIST C 33.6 8UTT ¢ 39.8
16.6 KNEE C 15.9 CALF C 14.6 AN"LE C %1
11.3 FOOT & 3.8 SPAN 77.1 LY N 35.4
14,2 suTPSP L 22.2 AAND L 8.1 HAND 8 3.5
8.0 HEAD 8 5.1 MALX S 0.6 JUXTA S 0.7
9.5
< SMALL LONG, 3-RED REG, 4-NED LONG,

6-LARGE LONG, T-SXTRA LARGE REG, 8-EXTRA LARGE LONG)

INCHES, ROMENT OF INERTIA IN LB-IN-(SEC)SQ)

a




SUBJECT NUNBER 11 AGE 21.: SYATURE 72,2 REAN RUDE wWEIGMT 158.]
SUIT SI12€ 4 BOSY SIZE ti.0 CLOTHING TOTAL WEIGHT 23.6 STRAP WEIGHT (X,Y AXES) 0.61
FOSITION LiX) tty) Lz} (X} Hy) Hn

1 SITTING

NUCE 826401 498+01 868401 584402 T17+02 289402

UNPRESSURIZED 870401 498401 936+01 695¢+02 885+02 356402

PRESSURIZED S04¢01 438401 923401 T125+02 885402 359402
2 RELAXED {WEIGHTLESS)

NUDE 733401 498+01 66401 104+¢03 966+02 286402

UMPRESSURIZED 782401 498401 630¢01 120+03 117+03 354402

PRESSURIZED 807+01 498401 674401 121+03 118403 348¢02
CERVIC © 61.8 SHLDR H 59.8 SUPSTERN H 53,3 SUBS/ERN H 49.8 HAIST H 46.1
ILIAC H 40.8 TROCHAN H 38.7 TIBIALE H 19.8 UPARNM 13.1 LOWARN L 10.8
CHEST D 8.3 WAIST D 7.5 8UTT O 9.3 CHEST 8 1.9 WAISY B 10.7
HIP 8 13.6 AXILARM C 1.7 BICEP C 11.5 CLeow C 10.3 FOREARM C  10.8
WRIST C 6.7 FI157T C 11.0 CHEST C 34.8 WAIST C 29.6 3UTT C 37.9
THIGK C 22.5 LOMTHIGH C i5.6 KNEE C 14,8 CALF C 14.3 ANKLE C 8.8
SPHYRI H 2.8 £OOT L 10.4 FOOT B 3.9 SPAN 72.4 SIT H 35.6
BIACROM D 14.6 HIP B8 SIT 14.3 8UTPOP L 20.4 HAND ¢ T4 HAND 8 3.4
HEAD C 23.1 HEAD L 7.8 MEAD B 6.4 MALX S 0.3 JUXTA S 0.3

TRICEP § 0.3 BISPIN 8 10.0

(SUIT SIZES 1-SMALL REG, 2-SMALL LONG, 3-MED REG, 4~-MED LONG,
5-LARGE REG:. 6—-LARGE LONG, T-EXTRA LARGE REG, 8-EATRA LARGE LONG)

(WEIGHT IN POUNDS, LENG’ { IN INCHES, MOMENT OF INERTIA IN Le-IN-({SEC)SQ)

SUBJECT MUMBER 12 AGE 24.3 STATURE 67.8 NEAN NUDE WEIGHT 180.8
SUIT SIZE S 80067 SIZE 11.0 CLOTHING TOYAL WEIGHT 23.8 STRAP WEIGHT (X,Y AXES) Q.sl
POSITION Lix) Liv) L) 1ex) Ity} 1{z)

L SITYING

NUDE 77501 £53+01 915+01 626402 753402 2°8+02

UNPRESSURIZED 66l+01 453401 981+01 751+02 869402 T 7402

PRESSURIZED 871+0% $53+01 968+01 734402 857402 3:3¢02
2 RELAXED (WEIGHTLESS)

NUDE 716+01} 453401 75501 103+03 921402 326402

UNPRESSURIZED 768+01 453401 175+01 129403 118403 381+02

PRESSURIZED 803¢01 453+01 772401 123402 119¢03 381+02
CERVIC H 58.C SHLDR H 55.5 SUPSTERN H 55,3 SUBSTERN H 47.4 HAIST H 42.7
ILIAC H 37.7 TROCHAN H 34.3 TIBIALE W 18.0 UPARM L 12.0 LOWARNM 10.1
CHESTY 0 10.2 WAIST D 8.5 BLYT D 1l1.4 CHEST 8 14.0 WALIST 8 1.6
HIP B 13.8 AXILARM C 14.4 BYCEP C 13.7 ELBON C 10.8 FOREARN C 11.5
MRISY C 7.2 FIstT ¢ 12.3 CHEST € 40.7 WAIST € 32.9 BUTY C 40.2
THIGH C 24,7 LOWTHIGH C  16.6 KNEE C l1¢.9 CALF C 15.7 ANKLE C 8.8
SPHYRI H 2.8 FO0CT L 10.3 FOCY B 3.9 SPAN 69.2 SIT H 5.2
BIACRON D 16.4 Hip 8 SIT 15.2 BUTPOP L 18.8 HAND L 7.2 HAND 8 3.5
HEAD C 22.6 HEAD L 8.1 HEAD 8 6. ¢ MALX & 0.6 Juxta S 0.6
TRICEP S Q.7 sIsSPIn 8 2.1
(SULT SIZES 1-SHALL REG, 2-SMALL L ONG, 3-MED REG, 4-MeD LONG,

S5-LARGE RES, &~ LARGE LONG, T-EXTRA LAKGE REG, 8-EXTRA LARGE LONG)

(MEIGHT EIN PGUNDS, LENGTH IN INCHES, MKOMENT OF INERTIA IN LB-IN-{ST .)5Q)

i1




-

SUBJECT NUMBER 13 AGE
SUIT SIZE & 204T SIZE 21,8
POSIVION

1 SITTING

NUDE

UNPRESSURIZED

PRESSURIZED
2 RELAXED (NEIGHTLESS)

NUDE

UNPRESSURIZED

PRESSURIZED
CERVIC H 59.9 SHLDR H
ILIAC H 39.5 TROCHAN H
CHESTY O Fe WAIST O
HIP B 13.5 AXILARM C
WRIST C 6.3 FIST C
THIGH C 21.17 LIWTHIGH €
SPHYRI H 2.8 FOOT L
BIACROM D 1l6.1 HIP 8 S1IT
HEAD C 23.3 HEAD L
TRICEP S 0.5 BISPIN 8

{SUIT SIZES 1-SMALL REG,

5S-LARGE REG,

24.5 STATURE 70.9 MEAN NUDE WEIGHT
CLATHING TOTAL UEIGHY 22.¢ STRAP HEIGHT IX,7 AXES
LX) tiy) i} itx} Ity)
790+01 484+01 905+01 565+02 664402
846+01 484401 974+01 725402 900402
872+01 484401 969¢01 725402 885+02
756401 484401 7464401 102403 963402
174401 484+01 T64+01 125403 120403
797+01 494+01 734401 127403 115403
57.1 SUPSTERN H 56.7 SUBSTERN H 47.4 WAIST H
37.0 VIBIALE H 19.4 UPARM L 13.3 LOWARM L
7.9 8UTT D 9.4 CHESY 8 13.7 WAIST B
13.1 BICEP C 12.0 ELBON C 10.9 FOREARM C
11.9 CREST C 38.7 WAIST C 32.0 BUTT C
15.4 KNEE € 15.2 CALF C 14.4 ANKLE C
10.9 FOOT 3 3.9 SPAN 73.2 SIT H
13,7 EUTPCP L 19.4 HAND t 7.9 HAND B
8.3 HEAD B 5.9 MALX S 0.3 JUXTA S
907
2-SMALL LONG, 3-MED REG, 4-MED LONG,

6—LARGE LONG,

T-EXTRS ! ARGE REG,

1(2)

294402
341402
347402

341+02
364402
358402

44.9
10.6
11.4
11.0
38.0
8.5
35.8
3.3
0.‘

8-EXTRA LARGE LONG)

{WEIGHT [N POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-(SEC)ISQ)
SUBJECT NUMBER 14 AGE 22.5 STATURE 68.4 MEAN NUDE WEIGHT 167.4
SUlT SIZE 3 800T SIZf 11.0 CLOTHING TOTAL WEIGHT Z2.¢ STRAP WEIGKT (X,Y AXES) 0.6}
POSITION Lix} LiyY) L2 E(X) Ity) 1(2)

1 SITTING

NUDE T71+01 459401 921+01 584+02 642+02 289+02

UNPRESSURIZED 797+01 459401 101402 690402 817402 32702

PRESSURIZED 827+01 659401 101402 714402 823+02 334402
2 RELAXED (WEIGHTLESS)

NUDE T34¢01 459401 7856+01 104+03 100+03 348402

UNPRESSURIZED 154401 459+01 831+0! 122403 113+03 362402

PRESSURIZED 179+01 459401 639+0!2 122+03 118+03 360¢02
CERVIC H 58.2 SHLOR H 55.1 SUPSTERN H 55.0 SUBSTERN H 47.2 WALSY K 42.0
ILIAC H 36.7 TROCHAN H 34.9 TIBIALE H 17.4 UPARM L 12.9 LOWAR™ L 10.2
CHEST D 9.5 KAIST O 8.3 BUTT O 9.8 CHEST 8 13. WAIST 8 11.2
HIF 8 13.4 AXILARM C 12.6 BICEP C 12 4 ELBOW C 10.6 FORKEARM C 11.0
WREST C 7.6 FIST C ll.8 CHESY C 38.3 WAIST C 32.1 BUTTY C 38.2
THIGH C 23.2 LOWTHIGH C 16,3 KNEE C 15.6 CALF C 14.9 ANKLE C 9.4
SPHYRI 2.7 FOOT L 10.7 FOOT 8 3.8 SPAN 69.7 SITH 36.7
BIACROM D 15.4 HIP 8 SIT 14.) BUTPOP L 14.1 HAND L 1.4 HAND 8 3.5
HEAD C 23.4 HEAD L 8.0 HEAD 8 6.5 MALX S C.4 JUXTA S 0.3
TRICEP S 0.3 BISPIN B 9.2
{SUIT SIZES 1-SMALL REG. 2~SMALL LONG, 3-MEDQ REG, 4-MED LONG,

S-LARGE REG,

(WEIGHT IN POUNDS. LENGTH IN

6~-LARGE LONG,

INCHES,

T-EXTRA LARGE REG,

42

MOMENT OF INERYIA IN LB-IN-(SEC)SQ)

8-EXTRA LARGE LONG)




SUBJECT NUMBER 15 AGE  30.5 STATURE 71.8 MEAN NUDE WEIGHT 206.7

SUIT SIZE o BO0T SIZE 13.0 CLOTHING TCTAL WEIGHMT 23.5 STRAP WEIGHT (X,Y AXES) 0.61
PGSI TiON LRy iyl Lezy 1¢x) y) (25

1 SITTING

HUDE 854+01 504+01 870+01 741402 859402 404+02

UNPRESSURI 2ED 895+01 504+01 936+01 892+02 107+03 464+02

PRESSURIZED 919401 504+01 939+01 873402 103403 465432
2 RELAXED {WEIGHTLESS)

NUDE 769+01 504401 664+01 131403 119+03 416+02

UNPRESSURIZED 820+01 504+01 692401 150402 146+03 473+02

PRESSURIZED 851+01 504+01 6838+01 153403 149+03 469402
CERVIC H 6l1.6 SHLOR H 58.9 SUPSTERN H 58.5 SUBSTERN H 49.8 WMAIST M 46.7
ILIAC H 41.2 TROCHAN H 37.6 TIBIALE K 19.3 UPARM L 13.3 LOWARM L 10.7
CHEST O 1C.1 WAIST D 9.6 BUTT D 10.6 CHEST 8 14.9 WALIST B 12.4
HIP B 14.6 AXILARM C 13.7 RICEP C 13.0 ELBOW C 1i.9 FOREARM C 12.4
WRIST C 7.8 FIST C 12.8 CHEST C 43.2 WAIST C 345.0 BUTT C 41. 7
THIGH C 26.8 LOWIHIGH C 18.9 KNEE C 16.8 CALF C 17.4 ANKLE C 10.4
SPHYRI H 2.8 FOOT L 1l.1 FGOT 8 4.1 SPAN T4.8 SIT H 36.9
BIACROM DO 16.9 HIP B SIT 15.7 BUTPOP i 20.3 HAND L Bel HAND 8 3.7
HEAD C 23.3 HEAD L 8.0 HEAD 8 6.1 MALX S 0.7 JUXTA S 1.0

TRICEP S 1.0 BISPIN B i0.1

(SUIT SIZES 1-SMALL REG, 2-SMALL LONG, 3-MED REGe 4-MED LONG,
S-LARGE RESG, 6-LARGE LONG, 7-EXTRA LARGE REG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB~IN-(SEC}ISQ)

SUBJECT NUMBER 16 AGE 20.6 STATURE 69.8 MEAN NUDE WEIGHT 160.7
SUIT SIZE 4 BGOT SIZE 11.0 CLOTHING TOTAL WEIGHY 23.3 STRAP WEIGHT (X,¥Y AXES) 0.61
POSITION L{X} Liy) L(z) 1(x) 1Y) 1)
1 SITTVING
NUDOE 822+01 449+01 893+01 5T1402 675+C2 293402
UNPRESSURIZED 857+01 449+01 966+01 687402 302+02 348+02
PRESSURIZED 879+01 449401 G41+01 688+02 8&T+02 346402
2 RELAXED (WEIGHTLESS)
NUDE 781+01 449+01 698+01 377+02 946402 322402
UNPRESSIR [ ZED 813421 449401 765+01 125403 121403 368402
PRESSURIZED 833+01 $469+01 767¢01 122403 123403 367402

CERVIC H 60.0 SHLDOR H 57.8 SUPSTERN H 57.0 SUBSTERN H 49.9 WAIST H L4 4
ILIAC H 40.1 TROCHAN H 31.5 TIBIALE H 19.3 UPARM L 13.6 LOWARM L 10.9
CHEST D 9.6 WAIST D T.6 8UTT O 9.7 CHEST 8 13.2 WAISY B 11.7
HIP B 13.9 AXILARM C 12.7 BICEP C 11.5 ELBOW C 10.6 FOREARM L 10,6
WRIST C 7.1 FIST C 12.1 CHEST C 39.6 WAISY C 32.6 8UTY C 37.2
THIGH C 22.2 LONTHIGH C  16.1 KNEE C 14.3 CALF C 13.9 ANKLE C 8.5
SPHYR] H 2.8 FOOT L 10.6 FOOT B 3.8 SPaN 12.7 SIT W ° 34.9
BIACROM D 15.6 HIP 8 SIT 14.1 BUTPOP L 20.7 HAND L Teb HAND B 3.6
HEAD C 23.1 HEAD L 8.3 HEAD 8 6.0 MALX S 0.5 JUXTA S 0.5
TRICEP S 0.6 BISPIN B 9.0

{SUIT SIZES 1-SMALL REG, 2-SMALL LONG, 3-MED REC, 4-MED LONG,

S-LARGE REG, 6-LARGE LONG. T~EXTRA LARGE REG, 3-EXTRA LARGE LONG)

(MEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INERTIA IN LB-IN-{SEC)ISQ}




3

SUBJECYT NUMBER 17 AGE

SUIT SiZE 3 800T SIZE 11.5
POSITION

P SITVING

NUDE

UNPRESSURIZED

PRESSURIZED
2 RELAXED (WEIGHTLESS)

NUDE

UNPRESSURIZED

PRESSURIZED
CERVIC H 57.7 SHLDR H
ILIAC H 38.6 TROCHAN H
CHEST D 9.5 WALIST D
HIP B8 13.8 AXILARM C
WRIST C 6.2 FIST C
THIGH C 21.6 LONTHIGH C
SPHYR] H 2.8 FOOT L
BIACROM D 15.4 HIP 8 SIT
HEAD C 22.8 HEAD L
TRICEP § 0.2 BISPIN B

(SUIT SIZES 1-SHALL REG,

5~LARGE REG,

(WEIGHT IN PQOUNDS,

24

«d

STATURE
CLOTHING TOTAL WEIGHT 23.2

67.2

MEAN NUDE WEIGHT

Lix) LiY) Liz) 1(X} Ity)
777+0! 443¢01 897+Q1} 459402 568+ 02
317¢01 443401 935401 538402 724402
849¢01 443401 941401 586402 725¢02
105+01 443401 714401 839+02 T72+02
781+01 443+01 786401 106+03 102+03
802+01 4£43+01 783401 106+03 103+0n3

55.6 SUPSTERN H 54.2 SUBSTERN H 45.6 WAIST H
3.1 TIBIALE H 18.7 UPARH L 13.3 LOWARM ¢
8.7 BUTT O 10.0 CHEST 8 12.8 WAISY B
1i.9 BICEP C 11.1 ELBOW £ 9.7 FOKEARM C

10.2 CHEST C 38.0 WALIST C 32.0 BUTT C
14,7 KNEE C 14.3 CALF C 14.2 ANKLE C
10.6 FOo0T B 3.5 SPAN 71.1 SIT H
13.9 BUTPOP L 19.5 HAND L Tel HANO B
8.C HEAD B 6.3 MALX S N.2 JUXTA §
8.9

2~-SMALL LONG, 3-MED REG, 4-MED LONG,

6-LARGE LONG,

LENGTH IN INCHES,

V-EXTRA LARGE REG,

MOMENT OF INERTIA IN LB-IN-{SEC)SQ)

149.2

STRAP WEIGHT (X,Y AXES) 0.61

12}

241+02
287402
296402

264402
323402
324402

43,2
1C.6
11.0
ic.8
38.90

8.1
34.2

0.1

8-EXTRA LARGE LONG)

SUBJECT NUMBER 18 AGE 29.8 STATURE 638.0 MEAN NUOE WEIGHT 192.2
SUIT SIZE 5 800T SIZE 11.5 CLOTHING TOTAL WEIGHT 23.4 STRAP WEIGH1 (X,Y AXES) 0.61
POSITION L{X) LiY) L{Z) 1ix) 1Y) Itz)

1 SITTING

NUDE 789+01 506+01 960+01 579402 682+02 317402

UNPRESSURIZED 837+01 5G6+01 101402 675402 860+02 370+02

PRESSURIZED 867+01 506+01 101402 690+02 844402 379402
2 RELAXED (WEIGHTLESS)

NUDE 711+ 01 506+01 774401 109402 933+G7 345+02

UNPRESSURIZED 776401 506+01 828+01 124403 120403 405402

PRESSURIZED 803+901 506401 81201 1234013 116+C3 404402
CERVIC H S8.2 SHLOR h 57.0 SUPSTERN H 56.2 SUBSTERN H 4R.3 WAIST H 44.4
ILIAC H 39.3 TROCHAN H 35.4 TIBIALE H 18.6 yPARY L 13.4 LOWARM { 9.8
CHESY D 10.6 wAISY D 3.7 BUTT D 10.9 CHEST 8 14.6 wAIST B i2.8
HIP 8 14.8 AxItLARM C 16.2 8ICEP C i3.7 ELBONW C 11,3 FOREARM € 11.8
WRIST € Tt FIST C 11.7 CHEST C 42.9 wAIST C 36.3 8uUTT C 44,1
THIGH C 24.9 LOWTHIGH C  17.0 KNEE C 15.5% CacF C 15.4 ANKLE € 9.8
SPHYRI H 2.8 FOOT ¢ 10.4 FOar 8 3.8 SPaN 69.6 SIT » 35.4
B1ACROM D 15.28 NP B 1T 16.2 BUTPOP L 19.5 HAND L 7.3 HAND 8 3.0
HEAD C 2.0 HEAD L 7.7 HEAD 8 6.2 MaLx S 1.0 JUXTE S 0.9
TRICEP S 0.8 8I3PIN B i0.1
(SUIT SIZ2ES 1-SMALL REG, 2-SMALL LONG, 3-MHED REG: 4-MED LING,

5-LARGF REG,

[MEIGHT IR POUNDS: LENGTH

6-LARGE LONG,

IN INCHES,

7~EXTRA LARGE REG,

MOMENT CF INERTIA IN LB-IN-(SEC)ISU}

8-EXTRA LARGE LONG:




SUBJECT NUMBER 19 AGE 31.¢9 STATURE 67.2 MEAN NUDE WEIGHT 148.3

SUIT SIZE 3 BOOT SIZE 1ll.5 CLOTHING TOTAL WEIGHY 22.6 STRAP WEIGHT (X,Y AXES) C.61
POGSITION LX) LY} Lez) Ix) Ity) ()

! SITTING

NUDE 749401 453+01 904+01 47540¢ 524+02 229+02

UNPRESSURIZED 788+01 453+01 978+01 587+¢02 T12:32 271+02

PRESSURIZED 833+01 453401 970+01 614+02 704402 284402
2 RELAXED (WEIGHTLESS)

NUDE 724401 453401 768+01 848+02 803+02 277+02

UNPRESSURIZED 762401 453+01 791+01 100+03 950402 313+02

PRESSURIZED 798+01 453401 785401 102403 870402 320+02
CERVIC H 5T7.6 SHLDR H 55.9 SUPSTERN H 55.1 SUBSTERN H 47,2 WALEST M 43.0
ILIAC H 37.8 TROCHAN H 34.9 TIBIALE H 18.5 UPARM L 13.3 LOWARM L 10.4
CHEST O 9.4 WAIST D 6.2 BUTY O 9.5 CHEST B 12.2 WAIST B 10.7
HIP B 13.6 AXILARM C 12.8 BICEP C 11.9 ELBOW C 10.1 FOREARM C 10.5
WRIST C 65 FIST C 11.3 CHEST C 36.8 WAIST C 30.6 BUTT C 38.C
THIGH C 22.8 LGWTHIGH C 16.5 KNEE C 14.8 CALF C 14.2 ANKLE C 8.5
SPHYRI H 3.0 FOOT L 10.0 FOOT 8 3.5 SPAN 68.4 SIT H 35.5
BIACROM § 14.9 HIP B SIT l14.8 BUTPOP L 19.0 HAND L 7.0 HAND 8 3.3
HEAD C 21.5 HEAD L 7.3 HEAD B 6.0 MALX S C.” JUXTA S 0.5
TRICEP S 0.9 BISPIN B 9.1
(SULT SIZES 1-SMALL REG, 2-SMALL LONG, 3-MED REG. 4-MED LOno,

5-LARGE REG, 6~LARGE LONG, T-EXVRA LARGE REG, 8-EXTRA LARGE LONG)

(WEIGHT IN POUNDS, LENGTH IN INCHES, MOMENT OF INSRTIA IN LB-IN-(SEC)SQ)
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DESCRIFTIONS OF AN

|

OPOMETRIC DIMENSIONS

=

ANKLE CIRCUMFERENCE: Subject stands. Holding the tape slightly above
the projections of the ankle bones, measure the minimum circumference
of the right ankle (reference 4).

AXTLLARY ARM CIRCUMFERENCE: Subject stands, right arm initially raised
and then lowered after the tape is in place, Holding the tape in a
horizontal plane and as high as possible in the armpit, measure the
circumference of the upper arm (reference ).

BIACROMIAL DIAMETER: Subject sits erect; upper arms hanging at sides
and forearms extended horizontally. Using the anthropometer, measure
between points marked at the ends of the shoulders (acromjon to acromion)
(reference 4 and appendix V).

BICEPS CIRCUMFERENCE (Extended): Subject stands with right arm extended
at side. Holding the tape in a horizontal plane, measure the maximum
circumference of the biceps muscle,

BISPINOUS BREADTH: Subject stands erect. Using the anthroponeter,
measure the distance between the antericr superior spines of the ilium
(most anterior bony projections of the hip bone) previously marked
(appendix V).

BUTTOCK-POPLTTEAL LENGTH: Subject sits with knees bent at rignt angles.
Measure the maxinum horizontal distance from the point of intersection
of the right angle behind the right knee (popliteal area) to the buttocks.

BUTTOCK CIRCUMFERENCE: Subject stands erect. Holding the tape in a
horizontal plane, measure the circumference of the buttocks at the level
of the greatest rearward protrusion (reference 4).

BUTTOCX DEPTH: Subject stands erect. Holding the anthropometer horizon-
taliy at the subject's right side, measure the depth of the buttocks at
the level of the greatest rearward protrusion (reference 4).

CALF CIRCUMFERENCE: Subject stands. Holding the tape in a horizontal
plane, measure the maximum circumference of the right calf (reference 4).

CERVICALE HEIGHT: Subject stands erect. Using the anthropometer, measure
the vertical distance from the floor to the point marked on the borny prou-
Jjection (the 7th cervical vertebra) at the posterior base of the neck
(reference 4).




11,

12,

13.

16.

17.

18,

19.

CHEST BREADTH: Subject stands erect with arms initially raised and then
...... s ths anthropometer ia placad. Measure the chest breadth at

b ] - A o
40WEred aivci wnd adniuvalt el .

the level of the nipples, during normal breathing (reference 4).

CHEST CIRCUMFERENCE: Subject stands erect with .rms initially raised and
then lowered after the tape is in place. Holding the tape in a horizontal
plane at the level of the nipples, measure the maximum circumference of
the chest during riormal breathing (reference 4).

CHEST DEPTH: Subject stands erect with arms initially raised and then
lowered after the instrument is in place. Holding the anthropometer
horizontally on the subject's right side, at the level of the nipples,
measure the chest depth during normal breathing (reference i).

ELBOW CIRCUMFFRENCE (Fxtended): Jubject stands with right arm extended.
Measure the elbow circumference, holding the tape over the clecranon.

FIST CIRCUMFERENCE: Subject makes a tight fist with right hand, thumb
lying across the end of the fist., Measure the fist circumference with
tape passing over the thumb and the knuckles (reference 4).

FOOT BREADTH: Subject stands with right foot in the foot box, weight
equally distributed, the foot just touching thLe side and rear walls, and
long axis of the foot parallel to the side wall. Using the scale on the
base of the foot box, measure the widest breadth of the oot (reference i).

FOOT 1ENGTH: Subject stands with right foot in the foot box, weight
equally distributed, foot just touching the side and rear walls, and long
axis of the foot parallel to the side wall. Using the scale on the base
of the foot box, measure the length of the foot along the long axis
(reference 4).

FOREARM CIRCUMFERENCE (Extended): Subject stands, right arm extendad.
Measure the maximum circumference of the forearm with tape.

HAND BREADTH AT METACARPALE: Subject extends right hand. With the bar
of sliding caliper across the palm, measure the maximm breadth acrogs
the distal ends of the metacarpal bones (knuckles) (reference 4).

HAND LENGTH: Subject extends right hand. With the bar of the sliding
caliper lying across the palm, measure the hand length from the proximal
edge of the navicular bone at the wrist to the tip of the middle finger
(reference 4).

HEAD BREADTH: Using spreading calipers, measure the maxinum breadth of
the head in a plane perpendicular to the mid-sagittal plane (reference 4).

Y




22.

23.

25,

26.

27.

28.

29.

30,

HEAD CIRCUMFERENCE: With tape passing above (not including) the brow
ridges, measure the maximum circumierence of the head (reference L).

HEAD LENGTH: Using spreading calipers, measure the maximum length of
the head from glabella to the occipital regicn (reference 4).

HIP BREADTH: Subject stands erect. Holding the anthropometer horizon-
tally, measure the maximum breadth of the hips (reference 4).

HIP BREADTH, SITTING: Subject sits erect, dolding the anthropometer
horizontally, measure the maximum breadth of the hips (referencs 4).

TLIAC SPINE HEIGHT: Subject stands erect. Using the anthropometer,
measure the vertical distance from the floor to the mark <7 the anterior
superior spine of the ilium on the right side (appendix V).

KNEE CIRCUMFERENCE, STANDING: Subject stands. Measure the right knee
circunference at the mid-patella level holding the tape in a herizontal
plane.

LOWER ARM LENGTH: Subject stands with right arm extended at side.
Using an anthropometer, measure the distance along the long axis of the
lower arm between points marked at radiale and stylion (appendix V).

LOWER THIGH CIRCUMFERENCE: Subject stands. Holding the tape in a
horizontal plane, measure the circumference of the lower thigh just
above the right knee (reference 4).

SHOULDER HEIGHT (Acromial Keight): Subject stands erect. Using the
anthropometer, measure the vertical distance from the floor to the right
acromion, previously marked (reference 4).

SITTING HEIGHT: Subject sits erect, head oriented in the Frankfort
plane and feet resting on a surface so that knees are bent at about
right angles, Using the anthropometer, measure the vertical distance
from the sitting surface to the top of the head by placing the anthropo-
meter firmly against the scalp (reference 4),

SKINFOLD, JUXTA~NIPPLE: Subject stands erect. Using skinfsld calipers,
measure the skianfold thickness just adjacent to the right nipple, along
the line between the anterior crease of the axilla and the nipple. Grasp
skinfold between thumb and index finge:, enough to include two thicknessas
of skin and subcutaneous fat but not muscle or fascia. Apply the caliperx
1 cm from the fingers holding the skinfold, and at a depth from the edge
of the skinfold equal to the thickness of the fold. Skinfold thickness

is taken in the vertical plane except when lines of Linn result in torsion
of the skinfold, and then the skinfold is tsken along these lines
(reference 6).

R e~ v e el o = o — ——
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33.

3l¥o

35.

36.

37.

38.

39.

40,

SKINFOLD, MID-AXILLARY LINE, XIPHOID: Subject stands erect. Using skin-
fold calipers, measure the skinfold thickness in the mid-axillary line

at the level of the xiphoid on the right side of the body. Grasp skin-
fold between thumb and index finger, enough to include two thicknesses

of skin and subcutaneous fat but not muscle or fascia. Apply the cali-
pers 1 cm from the fingers holding the skinfold, and at a depth from the
edge of the skinfold equal to the thickness of the fold. Skinfold thick-
ness is teken in the vertical plane except when lines of Linn result in
torsion of the skinfold, and then the skinfold is taken along these lines
(reference 6).

SKINFOLD, TRICEPS: Subject stands with right upper arm extended downward
and elbow in 90°~flexion. Mark thse postericr midpoint between the tip of
the acromion and tip of elbow. Grasp skinfold between thumb and index
fingers, enough to include two thicknesses of skin and subcutaneous fat
but not muscle or fascia. Allowing the subject's right forearm to drop
straight along the side, apply the calipers 1 cm from the fingers holding
the skinfold, and at a depth from the edge of the skinfold equal to the
thickness of the fold. Skinfold thickness is taken in the vertical plane
except when lines of Linn result in torsion of the skinfold and then the
skinfold is taken along these lines (reference 6).

SPAN: Subject stands erect against a previously-calibrated rear wall with
arms extended laterally at their maximum. With one hand touching a sur-
face perpendicular to the rear wall, measure the maximum span by placing
a block against the finger tips of the other hand (reference 4).

SPHYRION HEIGHT: SubJect stands with legs slightly apart. Using measur-
ing block, measure the vertical distance from floor to sphyrion previously
marked (appendix V).

STATURE: Subject stands erect with head oriented in the Frankfort plane.
Using the anthropometer, measure the vertical distance from the flocr %o
the top of ‘he head by placing the anthropometer firmmly against the scalp
(retrerence .,).

SUBSTERNALE HEIGHT: Subject stands erect, Using the anthropometer,
measure the vertical distance from the floor to the marked point at the
lower edge of the breastbone (substernale) (reference L and appendix V).

SUPRASTERNALE HEIGHT: Svhject stands erect. Using the anthropumeter,
measure the vertical distance from the floor to the marked point at the
upper edge of the breastbone (suprasternale) (reference L and appendix V).

THIGE CIRCUMFERENCE: Subject stands with legs slightly apart. Holding

the tape ir. a horizontal plane just below the lowest point in the gluteal
furrow, measure the circumference of the right thigh (reference 4).

49




L1.

L3.

45.

46,

47.

L8,

TIBIALE HEIGHT: Subject stands with legs slightly apart. Using the
anthropometar. measure the vertical diatance from floor to right tibhiala
previously located and marked (appendix V).

TROCHANTERIC HEIGHT: SubJect stands erect. Using the anthropometer,
measure the vertical distance from the floor to trochanterion as pre-
viously marked on the right side (appendix V).

UPPER ARM LENGTH: Subject stands with right arm extended at side., Using
the anthropometer, measure the distance along the long axis of the upper
arm, between the points previcusly marked at acromion and at radiale
(appendix V).

WAIST BREADTH: Subject stand:- erect with abdomen relaxed. Using the
anthropometer, measure the; .mum horizontal distance between the points
mark tnr greatest latera. indentation in the abdominal region (refer-
ence 4).

WALGT CIRCUMFERENCE: Subject stands erect with abdomen relaxed. Using
the .a,.>, measure the minimm circumference around the abdominal region,
passing over the waist points which mark the greatest lateral indenta-
tions (r~sference 4).

WAIST DEPTH: Subject stands erect with abdomen relaxed. Holding the
anthropometer horizontally on the subject's right side, measure the
anteroposterior diameter of the abdomen at the level of the waist points
which mark the greatest lateral indentation (reference 4).

WAIST HEIGHT: Subject stands erect. Using the anthropometer, measure
the vertical distance from the floor to the marked point indicating th=
most lateral indentation of the waist on the right side (reference 4.

WRIST CIRCUMFERENCE: Right arm and hand extended. Passing the tape just
proximal to the styloid process of the ulna, measure the minimum circum-~
ference of the wrist (reference 4).
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APPENDIX V

SKELETAL ANTHROPOMETRIC POINTS
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and between nude and suited conditions. Correlation coefficients between

the moments of inertia and stature and weight exceeded 0.9. Fifty
anthropometric dimensions and frontal and profile photographs were obtained
on each subject to serve as the basis for additional biodynamic analyses.
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