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ABSTRACT

A mathematical mode! for predictinc the inertial properties of a human body in
various positions has been developed. Twenty-five standard anthropometric dimen~
sions are used in the model to predict an individual's center of gravity, moments
and products of inertia, principal moments, and principal axes. The validity of the
model was tested by comparing its predictions with experimental data from 66 sub-
jects. The center of gravity was generally predicted within 0.7 inches and moments
of inertia within 10 percent. The principal vertical axis was found to deviate from
the longitudinal axis of the body by as much as 50 degrees, depending on the body
position assumed. A generalized computer program to calculate the inertial proper-
ties of a subject in any body position is presented. The inertial properties of five
composite subjects in each of 31 bocy positions is offered as a design guide. IBM
7094 digital computer programs are appended.
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1. Introduction

Subject

The subject of this study is the inertial properties of the human
body. These inertial properties are:

a. the location of the center of mass

b. the moments of inertia and products of inertia about axes
through the center of mass

c. the principal moments of inertia about the principal axes
through the center of mass

d. the orientation of the principal axes
Center of gravity is used interchangeably with center of mass in this

study.

Purpose

The purpose of this study is to design a mathematical model to
predict the inertial properties of the human body in any fixed body
position and to use this mathematical model to develop a design guide.

The design guide can be used to establish preliminary design




human body in seiectied body positions.

Bickground

Without man, the exploration and utilization oi space is meaning-
less. An analysis of man's ability to perform maintenance, supply,
rescue, and operational tasks in the weightless environment of space
is essential. An important {actor in the performance of the orbital
worker is his ability to move about at will from cone positicn tc aacther.
Outside a space vehicle, this mobility can be provided by a personal
propulsion device such as a Self-Maneuvering Unit (Ref 13: IV-18).
Knowledge of the inertial properties cf the human body in any body
position is necessary to achieve the optimum design for such a unit.

Operation of the thrusters of a Self-Maneuvering Unit produces a
rotational torque if the thrust vector does not pass through the center
of mass of the system. Sometimes the thrust misalignment is caused
by unbalanced thrust from several nozzles or from misaligned nozzles.
This cai. occur when transiational motion is commanded. At other
times, the misaligned thrust is intentional, as when a change of pitch,
roll, or yaw attitude is commanded.

ii the torque is about a principal axis cf the system, the rotation
will be about the principal axis alone. The principal axes of a rigid
body are those axes through the center of mass for which the products

of inertia vanish (Ref 17: 88). A torque about a principal axis produces




rotation about that axis alone. A torque about some axis other than a
principal axis will produce rotation about more than one axis. This
cross-coupling effect is caused by one or more of the products of
inertia having values other than zero.

Cross-coupling wastes fuel and makes it more difficult for the
stabilization unit to maintain body attitude. Therefore, it is essential
that the principal axes of the system be known to achieve the vptimum
design of a Self-Maneuvering Unit, The first step in determining the
principal axes of the system is to find the prircipal axes of the human
body. Until now, no study has been made of the principal axes of the
human body.

Eraune and Fischer dissected three frowen cadavers and dete:-
mined the centers of gravity and momeants of inertia of the various
body segments (Ref 3). Fischer later dissected another cadaver,
increasing the sample to four (Ref 8). Dempster dissected eight
cadavers and collected similar data during a study oi the motion of the
body limbs (Ref 5). Barter used the data gathered by Braune, Fischer,
and Dempster to derive a set of regression equations for the weight of
the body segments (Ref 1: €). Swearingen determined the centers of
gravity of living subjects in 67 different body positions (Ref 29). King
investigated the locus of the center of gravity for a variety of body
positions (Ref 22). Santschi, Du Bois, and Omoto determined the

center of gravity and moments of inertia of 66 living subjects in eight




selected body positions (Ref 27: 33-54).

Whitsett designed a mathematical model of the human body (o
analyze some dynamic response characteristics of weightless man
(Ref 30: 2-9). Gray modified Whitsett's model and compared the
rzsvits obtained using his model with the available experimental data
(Ref 12: 31-36). Models of the human body have been used to analyze
self-maneuve-ing for the orbital worker (Ref 28: 14-18), and self-
rotation techniques for weightieas man (Ref 24: 22-24). Other maodels
were designed to assist in the development of zero-gravity propulsion

devices (Ref 10: 19), and to analyze the feasibility of a Sz1f-

Maneuvering Unit for orbital maintenance workers (Ref 13: iz 31-46).

Scope
This study is conce:rned with a personaliz:d mathematical model

cf the human bcdy based on an experimentaliy determined distribution
of mass and the anthropometric data of the individual person. R is
beyond the scope of this study to consider:
a. the assymetrical location cf internal organs of the body
b. the variation of the inertial properties during a change of
body position or a change of body weight
c. The variation of the inertial properties while the body is subjected
to external forces which displace tissue from the rest position
Within these limitations, the mathematical model will predict the

inertial properties of an individval person in any fixed body position.




Assumptions

The following assumptions have been made in the design of the
mathematical model:

a. the human body can be represented by a set of rigid bodies of
simple geometric chape and uniform density

b. the regression equations for segment weights are valid over
the spectrum of body ‘veight in the Air Force population

c. the limbs move about fixed pivot points when the body changes
position

The first assumption is the essence of an analytical determination
of the inertial properties of the human body using a mathematical modei.
The validity of the assumption is dependent upon the accuracy with
which the model reproduces the inertial propesriies as determined by
experimental tests.

The second assumption is dictated by curr:.nt knowledge. Although
the regression equations for segment weights are based on a limited
sample, they represent the best soucce of information on the distribu-
tion of body weight.

The last assumption is made to simplify the configuration of the
model. Very little quewtitative information is available about the
motion of the limbs since the joints of the body are extremely complex.
For simplicity, fixed binge points are chosen to represent the instanta-

neous cente:'s of motion for the limbs.




Develocpment
The problem of designing and evaluating » inathematical moedel of

the human boudy is divided into four phases:

a. design of a personalized mathematical model

b. analysis of e model

c¢. deecription of a generalized computer program for calculation
of the inertial properties of any subject in any body position

d. development of a design guide

The first phase is covered in Chapter II. A model is designed
using the regressicr equations and anthropometric dimensions of the
individual subject. Segment characteristics, length, radii, moments
of inertia, center of gravity, and hinge point are defined.

In the second phase, the results obtained using the model are
compared with experimental results (Ref 27: 33-54). The method of
calculation and analysis of results, made with an IBM 7094 digital
computer, are contained in Chapter Il

The third phase is described in Chapter IV. A generalized
computer program is described which utilizes the model to determine
the inertial properties of any subject in any body position.

The last phase is the development of a design guide in Chapter V.
Five composite sabjects are defined by using the fifth, twenty-tifth,
fiftieth, seventy-fifth, and ninety-fifth percentile anthrcpometric
dimensions of the Air Force flying population (Ref 15: 11-76). The

inertial properties are calculated for 31 selected body positions.
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Introduction
The personalized mathematical model is made up of 15 simple geo-
metric solids numbered as indicated in Fig. 1. Each solid represents

a segment of the body. These segments are:

head
apper torso
lower torso
right hand
left hand
right upper arm
left upper arm
right forearm
left forearm
. right upper leg
. left upper leg
. right lower leg
. left lower leg

. right foot
. left foot

.

©R NS G
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The dimensions and properties of the body segmernts are calculated
using the anthropometric dimensions of the individual subject. Thus,
the model is truly personalized. These dimensicns and preperties are
assigned brief symbols which will appear throughout this paper in
capital letters. Stature is referred to as STAT. These symbols and
their units are defined in Appendix B. When more than one segment can
share the same symbol, the segment is identified by a subscript of the

symbol. The segment weight of the lower torso is SW(3). The
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subscripts correspond to the segment numbers in ¥ig. 1. The use of
syiibols and subscripts is in accordance with IBM FORTRAN pro-
gramming practice (Ref 19). Inertial properties of the individual
segments are calculated with respect to the center of mass of the seg-
ment. The coordinate system used is a right-handed Cartesian
coordinate system whose origin is at the center of mass of the gsegment.
The orientation of the axes of these coordinate systems is shown in the
individual figures describing each segment. These figures are adja-
cent to the text describing the individual segment.

Body motion is restricted to motion of the arms and legs. The
major consideration has beein toward applications concerning manned
opcrations in space where the limited mobility of a full pressure suit
restricts motion of the head, upper torso, and lower torso. This
does not affect the validity of the model. If mobility of these segments
is desired, the computer programs can easily be modified to provide

this mobility.

Anthropometric Dimensions

The anthropometric dimensions used in the design of the model
were selected from those taken in the experimental study (Ref 27: 14).
A total of 25 dimensions are needed to define the parameaters of the
model. These dimensions and the symbols used for them in the com-
puter programs are listed in Table 1. All dimensions are taken with

standard anthropometric instruments in accordance with the descriptions




Symbol

ANKC
AXILC
BUTTD
CHES2
CHESD
ELBC
FISTC
FOARL
FOCTL
GKNEC
HEADC
HIPB
SHLDH
SITH
SPHYH
STAT
SUBH
THIHC
TIBH
TROCH
UPARL
w
WAISB
WAISD
WRISC

TABLE 1

Anthropometric Dimensions

Dimension

Ankle Circumference
Axillary Arm Circumference
Buttock Depth

Chest Breadth

Chest Depth

£1lbow Circumference

Fist Circumference
Forearm Length (Lower Arm Leagth)
Foot Length

Knee Circumference

Head Circumference

Hip Breadth

Shoulder Height {Acromial Height)
Sitting Height

Sphyrion Height

Stature

Substernale Height

Thigh Circumference
Tibiale Height

Trochanteric Height

Upper Arm Length

Weight

Waist Breadth

Waist Depth

Wrist Circumference

10




in Appendix A.

Regression Eaguations

The weight distribution among the segments of the model is deter-
mined by the regression equations devised by Barter (Ref 1: 6). The
symbols used in the equations and their units are defined ;-« Appendix

B. The regression equations are:

HNT = .47TW + 12.0 (la)
BUA = .08W- 2.9 (1v)
BFO = . MW- 0.5 (ic)
BH = .01Wa+ 0.7 (1d)
BUL = .18W + 3.2 (le)
BLL = .11W- 1.9 (1f)
BF = .02W+ 1.5 (ig)

The calculated weight represented by the sum of these equations
does not always equal the input body weight. To compensate for this
small deviation, the difference is determined and then distributed pro-
portionaily cver the segments. The calculated weight then is exactly
equal to the input weight.

The per cent of body weight represented by each of the terms on the
left side of Eq (1) is shown in F'z. 2 for body weights from 120 to 240

Ib. The curves in Fig. 2 are based on the corrected segment weights.

11
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Head

The head of the moael is a right circular ellip3oid of revolution as
shown in Fig. 3. The cross section is a circle when the cutting plane
is parallel to the X-Y plane and an ell.ps¢ when the cutting plane is

perpendicular to the X-Y plane. The dimensions and properties of the

head are:
R= .5 ( STAT - SHLDH (2a)
RR = HEADC (2b)
2 Pl
SL = ( STAT - SHLDH ) (2c)
ETA = .5 (2d)
SW= .07T9W (2e)

FIG. 3
HEAD OF MODEL

13




SM = SW/32.2 (2f)

DELTA = __SW (2g)
4 R (Ri)e
SIXX = .2SM ( (R)2 + (RR)? ) (2h)
SIYY = SIXX (21)
SIZZ = .4 SM (RR)2 (23)
Upper Torso

The upper torso of the model is a right elliptical cylinder as shown
in Fig. 4. The cross section is an ellipse when the cutting plane is
parallel to the X-Y piane. The total torso weight is obtained by sub-
tracting the weight of the head, SW(1), from the weight of the head,

neck, and trunk. The weight of the upper torso is calculated by splitting

Flc. 4
UPPER TORSO OF MODEL

14




the total torso weight between the vpper and lower torso according to the
ratio of the densities of the two segments (Ref 5:195). The dimensions

and properties of the upper torso are:

R= .5 CHESB (3a)
RR = .25 ( CHESD + WAISD ) (3b)
SL = SHLDH - SUBH (3c)

ETA = .5 (3d)
Vo = upper torso volume = PI R RR SL Ge)
*q = lower torso volume (31)

DEL, » = HNT - SW(1 (3g)
vg + 1,01 v
.92
SW = DELTA vg (5h)
SM = SW/32.2 (31)

SIXX = SM ( 3(R)2 + (SL)? ) (34)

SIYY = SM ( 3(RR)2 + (SL)? ) (3k)

SIZZ = SM ( (R)2 + (RR)? ) 31)

Lower Torso

The lower torso of the model is a right elliptical cylinder as shown
in Fig. 5. The cross section is an ellipse when the cutting p'ane is
parallel to the X-Y plane. The dimensions and p:roperties of the lower

torso are:

R = .5 HIPB (4a)

15




LOWER TORSO OF MODEL

RR = .25 ( WAISD + BUTTD )
SL = SITH - ( STAT - SUBH )
ETA = .5
v3 = lower torso volume = PIR RR SL

SW = HNT - SW(1) - SW(2)

SM = SW/32.2
DELTA = SwW
PI R RR SL

SIXX = SM ( 3(R)% + (SL)? )
SIYY = SM ( 3(RR)2 + (SL)2 )
S1zZ = SM( R + (RR}? )

16

(4b)
{4c)
(4d)
{4e)
(1)
(4g)
(4h)

{41)
(4)
(4k)




Hand

The hand of the model is a sphere as shown in Fig. 6. The dimen-

sicns and properiies of the hand are:
R = FISTC (5a)
2 PI

RR = R (5b)
SL= 2R (5¢)
ETA= .5 (5d)
SW = .5 BH (5e)
SM = SW/32.2 1)
DELTA = 3 W (5g)

171 ®)?
SIXX = .4 SM (R)? (5h)

-

B
NI
/

X

V4

FIG. 6
HAND OF MODEL

17




SIYY = SIXX 61}

SIZZ = SIXX (5)

Upper Arm

The upper arm is a frustum of a right circular cone as shown in
Fig. 7. The cross section is a circle when the cutting plane is parallel

tc the X-Y plane. The dimensions and properties of the upper arm are:

R = AXDLC (6a)
2 PI
RR = ELIC (6b)
2 71
SL = UPARL (6c)
Sw = .5 BUA (8d)
.
M!NGE POINT —-\ {
C.G. R T 1
T asL
Y -—3p B
SL
X Lt |
—-| f - 2 RR
Z
FIG. 7
UPPER ARM OF MODEL

18




SM = SW/32.2 (8e)

Since the upper arm and the remaining segments of the moae! are frusta
of right circular cones, the properties of each are described together in

a later section.

Forearm
The forearm of the model is a frustum of a right circular cone as
shown in Fig. 8. The cross section is a circle when the cutting plane is

parallel to the X-Y plane. The dimensions and properties of the fore-

arl: are.
R = ELBC (7a)
HINGE POINT — "'J;i"
C.G. "\ 5L
Y -—Pg | —+
’/7? SL
|
X
-t
— ﬁ — 2 RR
Z
FIG. 8
FOREARM OF MODEL

19




RR = WRISC (7b)

2 PI
SL = FOARL (ic)
SW = .5 BFO (7d)
SM = SW/32.2 (Te)

Upper Leg
The upper leg of the model is a frustum of a right circular ccne as
shown in Fig. 9. The cross section is a circle when the cutting plane is

parallel to the X-Y plane. The dimensions and properties of the upper

leg are:

R = THIHC (8a)
2 PI

2R ‘—T
HINGE POINT -——jé'h DEL SH

Nl

CG -
'\ nSL
Y 4—? i

X /E—;;B———L

<— 2RR

Y 4

FIG. 9
UPPER LEG OF MODEL

20




RR = GKNEC {8b)

2 PI

SL = STAT - SITH - TIBH (8c)
DELSH = SITH - ( STAT - TROCH ) (8d)
SW = .5 BUL (8e)

SM = SW/32.2 (8f)

Lower Leg
The lower leg of the model is a frustum of a right circular cone as
shown in Fig. 10. The cross section is a circle when the cutting plane

is paralle! to the X-Y plane. The dimensions and properties of the

b
HINGE POINT ———:lén:

.6 —— sL
Y 4—3? L
e SL

X 1 l

—> — 2 RR

Z

FIG. 10
LOWER LEG OF MODEL

21




lower leg are:

R - GENEC {9a)
9 PI

RR = ANKC (9b)
2 Pl

SL = TIBH - SPHYH {(9c)

SW = .5 BLL (94)

SM = SW/32.2 (9¢)

Foot
The foot of the model is a frustum of a right circular coné as
shown in Fig. 11. The cross secticn is a circle when the cutting plane

ig parallel to the X-Y plane. The dimensions and properties of the

SL
s __ HINGE POINT

2R :'“—> yA
=3
T 2 RR
X
C.G. Y
FiG. 1

FOOT OF MODEL

22




foot are:

R- .5SPHYH
SL = FOOTL
ETA = .429
SW = .5 BF
SM = SW/32.2

(10a)
(10b)
(10c)
(10d)
(10e)

The small radius, RR, is such thai the center of gravity of the foot is

located at a distance of . 429 SL from the larger end.

Conical Segment Properties

The upper arms, forearms, upper legs, lower legs, and feet are

frusta of right circular conea.

by a common set of formulae:

DELTA =

MU =
SIGMA =
ETA =

AA =

BB

SIXX =

3 SW

SL ( ®R)? + R (RR) + (RR)? ) PI
h = RR/R
0=1+ p+ p2

1+ 20+ 3u2
40

9 1+ u2+ u3+ u4

20 PI o2

3 1+ 4u+ LOJL2+ Qu3+}_€4

80 52

2
AA (SM)" . BB SsM (SL)?
DELTA SL

23

These segments have properties given

(11a)

(11b)
(11c)
(11d)

(11e)

(11£)

(11g)




SIYY = SIXX (11h)
SIZZ = 2 AA (SM (111)

Detailed derivation of these formulae is presented in Appendix C.

Hinge Points and Sockets

The model has articulated extremities. Each of the moveable seg-
ments moves about an instantaneous center of motion defined by a hinge
point and a socket. The hinge point is in the moving segment or attached
to it by a massless extension. The socket is in the adjacent segment or
attached to it by 2 massless extension. The hinge point acts like a ball
joint, moving within the socket.

The hinge point of the hand is indicated in Fig. 6. The socket for
the hand hinge point is located at the lower end of the forearm, on the
center line, where the radius of the cross section is RR.

The hinge point of the upper arm is indicated in Fig. 7. The socket
for the upper arm hinge point is external to the upper torso in the Y-Z
plane of the upper torso. I is located at a distance, R(6), from the top
of the upper torso and at the same distance from the side of the upper
torso.

The hinge point of the forearm is indicated in Fig. 8. The socket
for the forearm hinge point is located at the lower end of the upper arm,
on the center line, where the radius of the cross section is RR.

The hinge point of the upper leg is indicated in Fig. 9. The socket
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for the upper leg hinge point is internal to the lower torso in the Y-2
plane of the lower torso. It is located at a distance, DELSH, from the
bottom of the lower torso, and at a distance, R(10), from the side of
the lower torso.

The hinge point of the lower leg is indicated in Fig. 10. The
socket for the lower leg hinge point is located at the lower end of the
upper leg, on the center line, where the radius of the cross section is
RR.

The hinge point of the foot is indicated i Fig. 11. The socket for
the foot hinge point is located at the lower end of the lower leg, on the

center line, where the radius of the cross section is RR.

Euler Angles

Body position is described by specifying two Euler angles for each
of the moveable segments of the body. No Euler angles are needed for
the head, upper torso, and lower torso since these segments are not
allowed to move. Two Euler angles are sufficient because the moveable
segments are volumes of revolution and are therefore symmetrical
about their longitudinal axis. The two angles, elevation and azimuth,
define the orientation of the segments wiili rcspect to the torso. The
sense of these angles is shown in Fig. 12. The elevation angle,
THETA(I, 1), varies from 0 to 180 degrees. The azimuth angle,
THETAC(L, 2), varies from 0 to 360 degrees. These angles determine

the transformation matrix which relates the local coordinate system of
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each segment to the body coordinate system at the center of mass of
the bedy.

Summary

The personalized mathematical model is made up of 15 simple geo-
metric solids. The dimensions and properties of tiie body segments are
calculated using the anthropometric dimensions of the individual subject.
The weight distribution among the segments of the model is determined
by regression equations based on experimental results. The model has

articulated extremities, allowing these segments full range of movement.
Body position is described by a pair of Euier angles for each of the
moveable segments.
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Introduction

The essence of an analytical determination of the inertial properties
of the human body using a mathematical model is the assumption that
the human body can be represented by a set of rigid bodies of simple geo-
metric shape and uniform density. The properties and parameters of
the model were explained in Chapter II. Procf of the validity of the
assumption lies in an analysis of the results achieved with the mathe-
matical model compared to experimental data.

The experimental data, with which the mathematical model results
are compared, was collected by North American Aviation under contract
from the 6570th Aerospace Medical Research Laboratories. Ly addition,
a secord study conducted under another contract to North American
Aviation provides data for a supplementary comparison of results.

The analysis of the model is divided into six ¢ ctions:

a. N. A A. body positions

b. N.A A. axes

c. N.A A data

d. computer program MODEL

e. comparison ¢f results

f. supplementary comparison of results

27




7. MERCURY
CONFIGURATION

ov

W (B
lﬁ?

Y
I. STANDING 2.STAN

NDING, ARMS

ER MEAD ‘
i

R
{H i

8. SITTING, FOREARMS
DOWN

O

FIG. I3

6. SITTING, THIGHS
ELEVATED

T

8. RELAXED

BODY POSITIONS FOR N.A.A. STUDY

(FROM REF 27:9)

28




N, A, A. Body Posgitions

The eight body positions used by North Americar Aviaticn in the

experimental study are shown in Fig. 13. A complete Jdescription of
the positions is contaiined in Appendix D (Ref 27:8). Position six, sit-
ting with thighs elevated, is a difficuit position for a subject to assume.
The buttocks tend to move forward, away from the back plane, as the
legs are raised, and the lower part of the spine follows this motion by
curving forward. It is doubtful that this position has a very high degree
of reproducibility or accuracy. Position eight, the relaxed position,

is not adequately defired fCr use in an analytical study. The relation-
ship between the upper arm and the forearm is not completely

described, hence the position can not be considered in this study.

N.A. A. Axes

The axis system selected by North American Aviation is a right-
handed Cartesian coordinate system. The axes are shown in Fig. 14.
This system is similar to the coordinate system generally used in air-
craft stability and control analysis. The X location of the center of
gravity, XNAA, is measured along the X-axis from the back plane
(Ref 27: 7). The Y location of the center of gravity, YNAA, is
measured along the Z-axis from the top of the head. Center of gravity
calculations for ‘he model are made in this coordinate system to
simplify comparison of results between the model and the experirmentai

data.

29




|

XNAA

FIG. 14
N.A.A. AXES

NAA. Data

The Worth American Aviation study contains data on the centers of
gravity and mom<ats of inertia of £6 subjects in the 8 body positions.
Fifty anthroponetric dimensicus »f each subject are included. A total
of 6468 data bits are presented (Ref 27: 33-54). Only 25 cf the anthro-
pometric dimensions of each subject are required to design the
personalized mathematical model of each subject.

One of the measurements, BIACD, was not tken correctly and can
not be used. Several individual errors in measurement or recording are
apparent upon close examination of the data. Jiscovery of these errors
made it advisable to check the remaining data thoroughly before using it

to evaluate the accuracy of the matheraatical model. The center of
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gravity and moment of inertia data were analyzed by a special computer

program. Compatibility of the data bits was checked by a series of 60
omparison tesis. A total of 3960 individual comparisons were made

and 18 failures were roted. The measurement and compatibility

failures are recorded for permanent reference.

Computer Program MODEL
The analysis of the mathematical model is accomplished by an IBM

7094 digital computer program, MODEL. This original program uses
the design of the mathematical model to calculate the inertial properties
of the 66 subje.fs in T body positions. Seventeen major designs and
innumerable minor design modifications were tried during development
of the final design of the mathematical model. The computer program
is written in FORTRAN I language (Ref 18 and 19), but it has also been
translated into FORTRAN IV language (Ref 20 and 21). A listing of the
program in FORTRAN II is given in Appendix E. MODEL consists of a
main program and seven subroutines. The main program controls the
flow of information and logic. Each subroutine performs a step in
<etermining the inertial properties or in comparing the results with the
experimental data.

Main Program. The main program reads into the computer memory
the input data for the subjects, one at a tirne. The subroutines are
called in the proper order to calculate the inertial properties for the

seven positions, in sequence. This process is repeated until the
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calculations have been made for all 68 subjects. An analysis of the
resuits is then performed by SUBROUTINE ANALYZ,

SURROUTINE DESIGN Total body weight is distributed among the
body segments by the regression equations. The segment dimensions
are calculated using the anthropometric dimensions. Segment center of
gravity and moments of inertia are determined. Hinge points for the
upper arms and upper legs are established. When executicu of the
subroutine is completed, control is returned :0 the main program.

SUBROUTINE EULER. Euler angles of the moveable segments are
defined for the body position being considered. The sine and cosine of
these angles are calculated. Whei execution of the subroutine is com-
pleted, control is returned to the main program.

SUBROUTINE MODMOM. Matrix methods are used to determine

the location of the center of gravity of the body in the position being
considered (Ref 26). Similarly, the moments and products of inertia,
which form the inertia tensor, are calculated. The numerical differ-
ences and percentage differences between the experimental data and the
calculated values are determined. These errors are arranged in an
array for analysis by SUBROUTINE ANALYZ. SUBROUTINE EMMPY
is called to perform matrix multiplication. SUBROUTINE EIGEN is
called to calculate the principal moments of inertia, and to determine
the orientation of the principal axes. When execution of the subroutine

is completed, control is returned to the main program.
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SUBROUTINE HMMPY. This subroutire is a modification of a

standard matrix multiplication subroutine, Two matrices of three
rows and three columns each are multiplied together. The result of
this multiplication is returned to the routine which called SUBROUTINE
HMMPY,

SUBROUTINE EIGEN. This subroutine is a modification of a

specizal subroutine written by Mr. H. E. Petersen, Analysis Branch,
Digital Computation Division, Research and Technclogy Division,
Wright-Patterscn Air Force Base, Ohio. The subroutine diagonalizes
any real, symmetric matrix using the Jacoby method. The zomputa-
tion procedure is similar to that devised by Householder (Ref 16: 23-27).
The eigenvalues and eigenvectors are calculated by making successive
orthogonal transformations tc reduce the off-diagonal terms to zero.
The eigenvalues of the inertia tensor, which is a real, symmetric
matrix, are the principal moments of inertia. The eigenvectors are the
direction cosines of the principal axes.

The seven positions described in SUBRCUTINE EULER have a plane
of symmetry in the X-Z plane. The products of inertia, I-xy and Iyz’
are both zero and the orientation of the principal axes is described by
the angle, PSI, whose positive sense is indicated in Fig. 15. The
principal axes, X'Y*Z!', are related to the body axes, XYZ, by the
angle PSI. In positions 1, 2, and 3 the Y-Z plane is also a plane of

symmetry. In this case, the remaining product of inertia, Iy,, is also

33




y FRONT X
RIGHT 1 - T¥
DOWN /ﬂ‘ X
\\
B!
v\
Y,Y' \z'
y 4
FiG. IS
PRINCIPAL AXES

zero, the moments of inertia already calculated are the principal
moments, and the body axes are the principal axes. When execution of
the subroutine is ccmpleted, control is returned to SUBROUTINE
MODMOM.

SUBROUTINE OUTPUT. Experimertal data, calculated values,

numerical differences, vercentage differences, principal moments,
and direction angles of the principal axes are written on the normal
output tape. Anthropometric dimensions, segment dimensions, and
segment properties are written on another output tape, called the
master tape. Output control parameters allow the user to select both,

either, or neither of these two <ets of output data. When the execution
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of the subroutine is completed, control is returned to the main pro-
gram,

SUBROUTINE ANALYZ. The errcr a2rray constructed in SUB-

ROUTINE MODMOM is systematically scanned to produce a numerical
histogram suitable for error analysis. The medians and averages are
calculated. The histogram, the medians, and the averages are
written on the normal output tape. When execution of the subroutine

is completed, control is returned to the main program.

Compariscn of Results

The results obtained using the mathematical model can be com-
pared with the experimental data in these categories:

a. anthropclogic parameters

b. center of gravity

c. monient of inertia about X-axis

d. moment of inertia abcut Y-axis

e. moment of inertia about Z-axis

Anthropologic Parameters. Two2 anthropologic parameters can be

used as figures of merit for the mathematical model. They are the
segment center of gravity location and the segment specific gravity.
A comparison of the segment center of gravity results for the 66
subjects is presented in Table II. The center of gravity lccation is
expressed in per cent of segment length. The high, low, and avcrage

values for the model are shown with the experimental vaiue cbtained by
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TABLE II
LOCATION OF CENTER OF GRAVITY!

MODEL
BODY SEGMENT  |HIGH|LOW|AVE | EXPERIMENT?
HEAD AND TORSO |73.2|6i.3 |645 60.4
UPPER ARM 496|446 (473 436
FOREARM 45.0/398|428 43.0
UPPER LEG 45.3 (420|437 43.3
LOWER LEG 476|398(416 433

I

'DISTANCE FROM UPPER END IN % OF SEGMENT LENGTH

2
FROM

REF 5:194
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dissection of cadavers (Ref 5:194). No experimental data is available
for the head, upper torso, or hand in the rlosed position. The foot is
uded because ithe experimental value was used as an input in
the design of the model. This was necessary to overcome a
deficiency in anthrepometric data for the foot in comparison with the

ta available for the other segments. The locations of the center of
gravity of the segments represented by frusta of right circular cones
are dependent solely on the geometry of the segment. The very small
deviation between the model and the experimentai results indicates
that the shape and size of these segments approximate the body seg-
ment very well. The center of gravity of the head and torso combined
is dependent mainly on the distribution of weight between the head and
the torso. The results for the combination are very good in view of
the fact that this parameter is difficult to determine experimentally.

Tre second figure of merit is the segment specific gravity. A

comparison of the segment specific gravity results for the 66 subjects
is presented in Table III. The specific gravity refiects the effect of
the weight distribution from the regression equations and the size of
the model segments. The segments which show the greatest deviation
from the experimental data are the hand and the foot. These two seg-
ments are the weak segments of the model since the information used
in their design is not as extensive as that used in the design of the
other segments.

The average results are wvithin apprczimately ten per cent of the
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TABLE IIIX
SPECIFIC GRAVITY

OF BODY SEGMENTS

MODEL
BODY SEGMENT |HIGH [LOW |AVE.|EXPERIMENT'
HEAD .47 | .90]1.15 (Y
UPPER TORSO .00 | .72| 84 92
LOWER TORSO .10} .80 92 1.01
HAND .72 [1.02 {1.29 7
UPPER ARM .22 | .79 97 1.07
FOREARM 1.56 |1.04[1.30 .13
UPPER LEG 1.32 | .88l.13 .05
LOWER LEG 144 | 83l.19 1.09
FOOT 214 |1.12 |l1.62 1.09

'FRCM REF 5:195-196

»
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experimental data. This is exceptionally good considering the nuruber
of parameters involved in the calculations and the assumptions ot
simple geometric shape and uniform density. The effect »f irregularity
of segment shapes, such as in the biceps, caives, and knees, can not
be duplicated by a geometric solid ¢ revniution which has a straight
line as generatrix.

The larger error in the hand and foot does not atiect the other
calculations appreciably. The error is in the calculated segment
volume which affecis only the local moments of inertia. The coutribu-
ticn made by the local moments of inertia of the hand and foot is very
small in comparison to the total moments of inertia of the body. It
can be shown that the predominant factors in the body momerts of
inertia are the parallel axis transfer terms.

Center of Gravity. The comparison of center ~f gravity results

can be divided into two sections. The North American Aviation study
did not determine the Y iocation of the center of gravity by experiment,
so only the X location and the Z location need be discussed. The error
distribution for the seven positions is shown in Fig. 16. The median
of the errors and the two quartile points are marked. Fifty per ceut
of the errors fall between the quartile points, by definition.

The X location of the center of gravity for position one is
determined by a least sqares curve fit of the experimental data

based on WAISD as the independent variable. This is necessary
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because no information is available to locate the back plare with
respect to an anthropometric landmark used in the study. Polynomials
of degree 1 through 12 were tried and the first order equation proved
to be the best. The X location for the remaining positions is calculated
by perturbation techniques with respect to the standing pcsition.

Examination of {the calculated results and the pictures of the
experimental apparatus (Ref 27: 17-20) reveai thai the subjects were
not restrained properiy in position number three. The arms were
secured against the back plane instead of having the wrist axes
parallel to the Y-Z plane, as prescribed in the description of the
position. This causes the values predicted by the mcuc. i bé larger
than the experimental data. This effect is evident in Fig. 16. The
observation made earlier, about t} 2 difficulty of attaining pos ition
number six with a high degree of reproducibility or accuracy, is
horne out by the results. The model conforms to the position exactly.
but a human subject can not do so. The effect is that the predicteqd
values are smaller than the experimental data. This can be seern in
Fig. 16. Other than these discrepancies, one half of the predicte!
values generally falls within five tenths of an inch of the experime tal
data.

The Z location of the center of gravity is predicted by the mod:!
very well. No significant discrepancies appear in the results. Ono
half of the predicted values generally falls within seven tenths of ai

inch of the experimental data.
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Moment of Inertia About X-axis. The error distribution of Iy, is
shown ii. Fig. 16. The median of the errors and the quartile peints
are marked, No gignificant discrepancies can be discerned from the
results. One half of the predicted values generally falls within 10 per
cent of the experimental data.

Moment of Inertia About ¥-axis. The error distribution of lyy is

shown in Fig. 16, The median of the errors and the quartile points are
marked. The effect of the error in predicting the X location of the
center of gravity in position gix is evident. The smaller predicted
value for the X location of the center of gravity lowers the moment of
inertia about the Y-axis. This makes lyy smaller than the experimental
data. Other than this discrepancy, onc half of the predicted values

falls within 10 per cent of the experimental data.

Moment of Inertia About Z-axis. The error distribation of L,, is
shown in Fig. 16. The median of the errors and the quartile points are
marked. The effect of the error in predicting the X location of the
center of gravity in positions 3 and 6 is evident. The error produced
in the moment of inertia about the Z-axis follows the trend of the error
in the X iocation of the center of gravity. In general, the errors in Iz,
are markedly greater than the errors in the other mmoments of inertia.
This is attributable to the fact that I3 is generally an order of magni-
tude smaller than Ixy and Iyy. A small numerical error becomes a
much larger percentage error. Other than the discrepancies noted,

one half of the predicted values generally falls within 20 per cent of
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the experimental data.

Supplementary Comparison of Results

A second experimental study completed 1ecently is the basis for a
supplementary comparison of results. North American Aviation
investigated the center of gravity location and moments of inertia of 19
subj .:t, in the seated position (Ref 8). The primary purpose of the
study was to determine the effect of a pressure suit on the inertial
properties of the human body. Experimentai runs were made with the
subject nude, as well as in the pressure suit. The data from the runs
with the subject nude can be compared with results using the mathe-
matical model. Again, each subject's anthropometric dimensions are
used to design a personalized mathematical model. A comparison of
the results is presented in Fig. 17.

The center of gravity location, represented by X and Z, is
comparable to the results achieved in the first study. One half of the
predicted valves falls within five tenths of an inch of the experimental
data.

The moment of inertia results for Iy and I-yy are also comparable
to the results achieved in the first study The results for I,,, however,
are significantly different. The median error in the first study is about
15 per cent below th2 experimental data. The median error in the
second study is nea:ly zero. The effect of an order of magnitude

difference in Izz, 2s compared to the other two moments of inertia, is
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again clear. The exact position of the body is critical when determin-
ing I,,. Variation of position of body segments in the X direction
affects I, directly. This small variation has a greater relative
effect on Izz than it has on X or Iyy. Careful scrutiny of the pictures
of the experimental apparatus for the first study shows that the boduy
positions were not held precisely (Ref 27: 19). The mathematical
model, on the other hand, places the subject in the exact position
desired. The results using the model are probably of comparable
accuracy in I, as in the other two moments of inertia. The errors
in experimental procedure obscure this accuracy since I, is much

smaller than Ixx and I},y

Summary

The body positions and axes used by North American Aviation are
discussed. Errors in measurement of anthropometric dimensions
and compacibility errors in the experimental data are pointed out.
Computer program MODEL is explained.

The segment center of gravity location and segment specific gravity
for the model are very good. The weak segments are the hand and the
foot. The center of gravity prediction generally falls within five tenths
of an inch of the experimental datz ir the X directio~ and within seven
tenths of an inch of the experimental data in the Z direction. The

moment of inertia about the Z-axis, i,,, is very sensitive to small

xR .

variations in body position. I is generally aa order of magnitude
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smaller than the other moments ~f inertia. The moments of inertia
generally fall within 10 per cent of ihe experimental data. Supple-

mentary comparison of resulis verifies these accuracies.
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IV. Generalized Computer Program

Computer Program APMOD

The design of the mathematical model is incorporated into a
generalized computer program, APMOD. The function of this program
is to calculate the inertial properties of any human subject in any body
position. The program is written in FORTRAN II for the IRM 7094 digital
computer, but is also availabie in FORTRAN IV, A listing of the
FORTRAN II program is given in Appendix F. A listing of the FORTRAN
IV version is given in Appendix G. The program consists of a main
program and six subroutines. The main pregram controls the flow of
information and logic. Each subroutine performs a step in determining

the inertial properties.

Input Data

Two output coutrol parameters are read into the computer memory
at the beginning of ¢x~ .ation. The same type of output control is used
in this program as was used in MODEL., The 25 anthropometric
dimensions of a subject are read into memory from the input tape. The
inertial properties are calculated irom these dimensions. Approxi-
mately one second is required for execution of the calculation for each
subject. New sets of data are called for until the list of subjects is

exhausted. Lack of new data terminates execution.
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Subroutines

The six subroutines used in APMOD are similar io form to the sub-
routines used in MODEL. The COMMON ..nd DIMENSION statements
have been altered because no experimental data are needed in this pro-
gram. SUBROUTINE DESIGN pcrforms the same functions in this
program as the similar subroutine does in MODEL. SUBROUTINE
EULER must be provided by the user. Memory space is allocated for
geven body positions. The Euler angles for' the moveable segments
must be coded into executable statements like those in SUBROUTINE
EULER of MODEL. SUBROUTINE MODMOM is similar in form to
the subroutine in MODEL, bui all calculations necessary to compare
the resuits with experimental data have been deleted. The remaining
functions of the subroutine are unzitered. SUBROUTINE HMMPY and
SUBROUTINE EIGEN are identical to the subroutines used in MODEL,
SUBROUTINE OUTPUT provides for normal output 2nd master tape
output under the control of output parameters. Normal output includes
the location of the center of gravity, the moments and products of
inertia, the principal moments, and the orientation of the principal
axes. The master tape output includes the anthropometric dimensicns,

the segment dimensions, and the segmert properties.

Svmmary
Cornputer program APMOD calculates the inertial properties of

any human subject in any body position. The 25 anthropometric
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dimensions of the subjer:t are used to calculate the inertial properties
using the personalized mathematical modei. Calculations can be
made for any number of subjects in seven body positions specifie.s by

the vszer. Normal output and master tape output are provided und::r

control of output parameters.
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V. Design Guide

Introduction
The mathematical model is used to develop a design guide. The

design guide can be used to establish preliminary design specifications
requiring knowledge cf the inertial properties of the human body in
selected body positions. The design guide is intended tc be a basic
reference from which individual users can obtain approximate values
of the inertial properties of the human body in selected body positions.
An example of one use cf the design guide has already been alluded to
in the introduction to this study. Tb« design of a Self~Maneuvering
Unit requires knowledge of the inertial properties of the human body.
The design guide provides inertial properties for the designecr to use
in optimizing the design of the unit to minimmize cross-coupling.

Five composite subjects are defined by using the fifth, twenty-
fifth, fiftieth, seventv-fifth, and ninety-fifth percentile anthropometric
dimensions of the Air Force flying population (Ref 15: 11-76). The
inertial properties of these composite subjects are calculated for 31
selected body positions.

Calculations are made by a computer program, GUIDE, written in
FORTRAN II language for the IBM 7094 digital computer. A listing of
this program is given in Appendix H. The program consists of a

main program and four subroutines. The program is very similar to

50




computer prograin, APMOD, described earlier. The main program,
however, also produces the output, eliminating the need for a separate
subroutine. SUBROUTINE DESIGN, SUBROUTIMNE XULER, and SUB-
ROUT.NE HMMPY pverform the same functions as the corresponding
subroutines in APMOD, SUBROUTINE MODMOM combines the
functions of its counterpart subroutine in APMOD and SUBROUTINE
EIGEN. This is pcssible because the positions being considered are
symmetrical so that the principal moments of inertia can be calculated

directly.

Input Data

The 25 anthropometric dimensions for the five composite subjects
are obtained from the survey of the Air Force flying population (Ref 15).
Some of the dimensions can not be obtained directly since they were not
taken during the survey. These dimensions are calculated by regres-
sion equations using various dimensions from the survey as independent
variables. The independent variables were chosen on the basis of high
correlation factor and low value of standard deviation. Eight such
regression equations are required to complete the set of anthropometric
dimensions.

Different ccmposite percentile subjects can be used in the computer
program. Provision is made for making calculations on five composite
subjects defined by percentile anthroporetric dimensions. Should other

percentiles, other than those selected for this study, be required, the
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appropriate anthropometric dimensions can be used. The five percentiles
selected were chosen because they represent the spectrum of body sizes

generally considered in the design of systems involving the human body.

Body Positions

The 31 body positions selected for the design guide are shown in
Fig. 18. All positions have a plane of symmetry in the X-Z plane. The
Euler angles required for each of the moveable segments are defined in
the same manner as those used in computer program MODEL. The
positive sense of these angles is indicated in Fig. 12. The angles are
defined by executable statements of SUBROUTINE FULER in Appendix
H.

The 31 body positions cover the regime of permissible pogitions of
the body in a full pressure suit representative of the state of the art.
The possible range of values of the moments of inertia are also covered,
consistent with the limitation that the position must be realistic with
respect to current pressure suit mobility. The six basic configurations
of the upper half of the body are:

. arma at attention

arms directly overhead

arms spread in cruciform position
arms extendegd in front of body

arms bent 90 at elbow, forearms in front of body
upper arms at shoulder level, forearms extended in front of budy

e Re TP

The five basic configurations of the lower half of the body are:

a. standing

52




FOR DESIGN GUIDE

FIBEIE3E

I

JALEAEAD)

AEIEL

AR IR
TEEE

ODY POSITIONS




kneeling

sitting

sitting, iegs extended forward
standing, legs at 30°

L

All combinations of the upper body and lower body configurations are
included, making a total of 50 body positions. The last position is the
Mercury configuration examined earlier (Ref 27: 8). The inertial
properties of the five composite subjects are calculated for these 31

body positions.

Output Data

All output :s written on the normal cutput tape. The output data
include the anthropometric dimensions, the location of the center of
gravity, the momen's and products of inertia about axes through the
center of gravity, the principal moments of inertia about the principal
axes through the center of gravity, and the orientation of the principal
axes. The output data is presented in Tabie IV,

The 25 anthropometric dimensions are arranged by percentile.
The brief symbtols for the anthropometric dimensions are defined in
Appendix B. The center of gravity is described by X and Z, the
location in the X Airection and the Z dir~ctrion, respectively. The
center of gravity location in the X direction is measured from the baci-
plane. The center of gravity location in the Z direction is meusured
from the top of the head. The axis system for these calculations is

shown in Fig. 14.

54




The moments and products of inertia form the inertia tensor for
the subject. The body positions selected for the design guide have &
plane of symmetry in the X-Z p.ane. In this case, two of the products
of inertia, Ixy and I.yz, are zero, The inertia tensor is then deter-
mined by the moments of inertia and the non-zerc product of inertia,
L.

The orientation of the principal axes is conveniently described by
a singie angle, THETA. The positive sense of this angle, and the
orientation of the principal axes are indicated in Fig. 15. The moments
of inertia about the principal axes through the center of gravity complete
the list of output data.
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WEIGHT
STAT
SHLDH
SUBH
TROCH
TIBH
UPARL
FOARL
CHESD
WAISD
HyuTTL
CHESB
wAISB
HIPLE
AXILC
sLic
ar1S5C
+ISTC
THINC
GKNEC
ANKC
SPHYH
FOOTL
SITH
+£ADC

TABLE IV

ANTHROPOMETRIC DATA OF MOOELS

132.5
65.2
52.8
45.6
32.6
16.6
12.7
10.2

o Y e

W ONODWOOOCCLONLO~NO®
...Q............O
\DQCCQF*PJONUOOW#CDO‘NO

N W

PERCENTILE
50

AEIGHT IN LB., CIMENSIONS [N INCHES.
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75

176.6
70.7
58,0
50.1
37.3
187
13.8
11.2

2.6
8.5
9.4
12.5
10.2
13.7
13.2
11.4
T.1
11.9
23.6
14.9
9.3
3.1
10.8
36.8
22.9

95

200. %
73.1
60.2
52.1
39.0
19.6
l4.4
11.6
10.4

9.5
10.2
13.4
12.7%
l14.4
l4.4
12.C

7.5
12.4
25.3
15.6

9.8

3.2
11.3
38.0
23.5




U
bn}
(V2]
o

4
]

c.(—;.
9/C X z
5 3.16 29.9
25 3.26 30.8
5¢ 3.35 31.5
15 3,44 32,1
99 3.59 33.0
POSITICY 2
C.G.
6s7C X 4
5 Z.13 28.9
25 2414 2907
5C 2.22 30.3
7% 2.27 36.9
95 2.36 31.8

POSITION 3

G/0
5
25
50
175
95

all
Xel

Celro
K /
675 2643
71.36 26.7
7.61 27.2
T.87 27.7
Be26 2343

PUSITI ONS

N INCHES,

[XX
b4
785
3.02
10.29
12.62

IXX

4.97
6.C4
6.95
7.9!
9.68

IXX

3.22
3.72
4,21
“. 85
9.93

TNERTIA
ivy
6.14
T1.46
8,57
9.76

11.94

INERTIA
Iyy
4.97
6.03
6.93
7.88
9.62

INERTIA
ivy
3.90
4071
Se.41
6.17
755

i

TENSOR
1Z¢ 19.94
0.45 0.
D0.57 Q.
.67 0.
C.8G C.
1.04 O.
2.
TENSCR
127 IX2
0e75 0458
Je94 0.71
l1.11 0.32
1.31 0.94
1.67 1.16
3.
TENSOR
127 Ixz
led4 ‘1012
1.94 -1.38
2.27 =1.58
2.65 -1.80
3.34 -2020

fHETA
'00
“Co
-00

-t

- 8

-0.

THETA
-7.7
-708
-708
~7.9
~8.1

THET 4
25.¢8
786
28.8
29.2
29.8

PRIMCIPAL MUMENTS

Ixx
Haelh
7+385
3.02
10.29

Yy

6. 14
7.46
8.57
9.76

12.62 11.94

i2¢

0.45
0057
0.67
0.80
1.04

PRINCIPAL MOMENTS

IXx IYy iz22
5.05 4.97 0.67
6.14 6.03 0.84
7.06 6.93 0.99
8.04 7.588 1.18
9.84 9.62 1.51
PRINCIPAL MOMENTS
IxXx 1YYy 12z
3.76 3.9C 0.90
4.47 4.71 1.19
S.14 S5.41 1.49
5.86 &.:17 1,64
T.19 7.55 2.09

ARE SYMMETRIC (IXY,1Y/ ARE ZEROD),

IXXy 1YY 12Z,1X2 IN SLUG-FT-FT,
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POSITIOG 4

9
el
3

Coboe INERTIA TENSOR PRINCIPAL MUMENTS
¢/C X 4 I1xx Iyy 122 IXZ THeTA IXX lyy 12z
5 707‘7 2503 20(’8 4020 2.‘?8 ~0.937 4500 3."5 4020 1051

29 Ho45 2%.6 26086 5,17 3.26 -lelds 49.9 4,22 S5.17 1.90
75 Fe04 26,5 3.73 v.81 442 -1.47 51.5 5«59 6.81 2.56
35 FGeb? 27.1 4455 2637 5654 ~1.78 5207 6.90 8.37 3.20

POSETION S

5.
Coeloe INZRTIA ToNSCR PRINCIPAL MOMENTS
Y AVERE ¢ r4 XX vy 122 IXZ THETA IXX iyy 121
5 3016 29.3 6.73 5.37 1050 Oo °0. 6073 5.37 1050
25 3026 3\)01 8025 6.48 )..'?5 0. "0. 8025 6.48 1095
50 3. 35 30.7 9."9 7.‘0‘0 2.28 0. -00 9."9 704" 2028
75 5.4’0 31.3 l‘)oé6 5046 2067 0. “0. 10086 8."6 2.67
95 3.59 3202 13033 10.34‘ 3036 C. -0. 13033 ’.0.3’0 3036
PUOSEITICN 6
6.
CeGoe INERTIA TENSOR PRINCIPAL MOMENTS
S/C X L IXX 1vy 121 IXZ THETA IXX 1Yy 2z
S 3.16 27.‘) 3438 6007 0."’5 Ge -00 8038 8.07 00“5
75 3444 29.6 1%.139 12.86 9.80 0. -0« 13.39 12.46 0.80

ALY POSITIONS ARE SYMMETRIC (IXY,1YZ ARE ZERO),
Kol IN INCHESy IXXeIVY¥4e12ZZoIXZ IN SLUG-FT-FT, THEIA IN DEG.
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POSITICY 7

[A
Cebo INERTIA TENSUR PRINCIPAL MOMAINTS
n/e X z IXx Iyy 172 IXZ THETA IXX lyy 122

9 2413 266 6677 677 0475 0.65 =-6.1 6.84 6.77 0.68
25 2.16 27.3 8.22 4,21 0.9% 0.80 ~6.7 8.31 8.21 0.85
50 2422 27.3 9.48 9.46 ...1 0.52 =-6.2 9.58 9.46 1.01
35 236 29,1 15.17 1301‘ 1.67 1.30 ~6.4 13031 13011 1.52

POSITIGN 8

Celoo INERTIA TENSOR PRINCIPAL MUOMENTS

CfC X z IXX 1vy 122 I1XZ THETA IXX 1Yy 122
5 6.75 24:3 ‘9:68 5036 1.“94 "1036 ZOOC 5.17 5.36 0.95
25 Te36 2443 544 6443 1.94 -1.69 22.C 6.12 6.43 1.26
5C T.61 24,7 6.26 140 2.27 -1.95 220', 7005 T.49 lo"l
25 Te87 251 T7.C9 B.41 2.65 -2.22 22.5 B.02 .41 1.73
5 R,26 257 He&d 13425 3434 -2.73 23.C 9.76 10,25 2.19

POSITION 9

9.

Coeve INERTIA TENWRSOR PRINCIPAL MUMCNTS

G7¢ X 7 IXXx iyy li IXZ THETA IXX Iyy 12z
S 779 2340 3.80 5.53 2.48 -1.27 31.3 4.58 5.53 1.71
25 Be&D 2342 4,41 6,72 3.26 —1e54 34.8 5.48 o6.72 2.19
50 3e04 23e6 5.C8 Te75 3,79 =177 35,0 6.33 7.75 2.55
15 104 249 5.75 8.33 4,472 -2.01 35.9 7.20 B8.83 2.96
45 J.49 26.5 6.9B 10,79 5.54 -2.46 36.9 B8.82 10.79 13.7C

ALL PUSITIONS ARE SYMMETRIC (IXY,1YZ ARE ZERQ),
X9l IN INCTHES, IXX 1YYl ZZs1XZ? IN SLUG-FT-FT, THLTA [N UtG.
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[PEPE S M

AR R § P b 1 ] A

pPOSIIUG 1O

CeGo INERTIA
Cr7¢ X z £ XX fyy
Y 3.10 27.0 8.58 (.22
25 326 27.171 10.49 8,72
¢ 3.35 2803 12410 10.04
15 3.44 28,3 13,81 11.61
95 3,59 29.6 16.92 13.9?
POSITICSN 11
C.G. INERTIA
o/ K 2 XX Iyy
5 316 23.49 T.92 6.6}
25 3426 29.6 9,65 8.05
0 3.35 30.2 1ll.13 9.26
75 3.44 30.9 12.71 10.55
95 3459 31.7 15.61 12.90

POSITICON 12

Coelre
e/ X z IxXXx
S 2.13 27.7 6.38
25 2.16 28.5 V.17
50 2422 29.1 B.96
75 2,27 29.6 10.21
15 2.36 30.5% 12.52

Lo

[FleRTIA TENSOR

vy
937
6.54
.52
8.‘55
17.44

1 0.

TENSOR
12Z 1xZ
1.0 0.
1.95 0.
2.28 0.
2.67 0.
3.36 0.

i
TENSOR
122 IXZ
1.45 0.
1.79 0.
2.09 0.
2.44 0.
3.07 0.

2.
122 IXxZ
1.76 0.62
2.16 0.76
2.53 0.87
2.94 1.00
3.70 1.23

PRINCIPAL MUMENTS

THETA IXX
"’Oo 8058
"Oo 100"9
"0. 12010
~D. 13.81
"00 16092

Iyy

T.22

8' 72
10.04
11.41
13.92

HIY

1.50
1.95
2.23
2.67
30 3()

PRINCIPAL HOMENTS

THETA IXX vy 122
-0. 7.92 6.61 1l.45
-00 9.65 8.05 1.79
"00 11013 9.26 2.09
-0. 12.71 10.55 2.44
-0. 15.61 12.90 3.07

PRINCIPAL MOMENTS

THETA IXX 1Yy 1£7
=Te5 6.46 5,37 1.68
'7.5 7.87 .‘J" 2006
"7.6 9.0;’ 7:52 2.41
“707 10035 8.55 2.81
-7.8 12.69 10.44 3.53

ALL PUSITIONS AKRE SYMMETRIC (IXY,lYZ ARE ZEROD),

£e2 In INCHESy IXXeIYY,12Z41IX2 IN SLUG-FT-FT,
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PCSITION 11

Colse
A9 X z
2 LelH 25.2
25 T.36 25.5
50 7.61 26.0
75 T.d7 26.4%
95 8.206 27.9

POSITICY 1&

C.G.
2/7C X 4
5 T.79 24.1
25 8.45 24.4
SC BeT4 24.3
75 JeJ4 25.2
95 9.4 258

PCSITION 15

CelGo
I AV 2
5 3.16 28,1
25 3.26 28.9
5C 339 29.5
715 3.44 30.1
95  3.59 3C.°2

ALL PUSITICNS
Xxel Iv INCHES,

IXX

4.46
5.21
6.01
beth
b.38

IXX

3.65
4.27
4.93
5.61
6. “7

IXXx

B.10
10.C1
I1l1.%4
13.2°
16.23

INERTIA
1YY
4.14
4.98
5.73
6.52
7.97

INERTIA

IR A
4.37
5.36
6.18
71.06
8.65

INERTIA

vy
5.80
7T.01
8.06
9.17
11.29

13.

TENSOR

122 IXZ
2e’5 ~le24
3.16 ~1.53
3.69 "1076
4.28 ~2.01
5038 ~2.456

j\

i4.
TENSUR
1727 IXZ
3.49 ’1.12
4.48 ~1.34
5.21 ~1.54
6.05 ~1.74
-’058 "‘2012

1S,
TENSOR
122 142
2.50 0.
3.17 0
3.70 0.
4.30 G.
5.’9 Oo

TAHETA
25.4
2d.1
2843
28.8
29.3

THETA
42.9
47‘2
47.¢
68‘6
49.7

THETA

PRINCIPAL MOMENTS

XX

5.05
6.03
6.96
7.95
9.76

1YY
4.14
4.98
5‘73
6.52
7.97

122

1.86
2.34
2.74
3.18
3.99

PRINCIPAL MOMENTS

IXx

4.69
5.72
6.62
7.59
9.37

fyy
4.37
5. 46
6.18
7.06
8.65

1z?

Ze45
3.03
3.53
4.07
%.07

PRINCIPAL MOMENTS

1XX

8.16
10.01
il.54
13,.2¢C
16.23

ARE SYMMETRIC (IXY,1Y¥Y. ARE ZERO),s

IXXg1YYy1224EXZ IN SLUG-FT-FT,
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1Yy
5.80
1.01
8.06
9.17
11.29

122

2,50
3.17
3.70
4.30
5.39

THETA [V DtG.
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POSITICY 16

-

Cele
t/c K 04 XX
5 4.32 28.3 6,92
25 4.46 29.6 b.43
50 4.59 30.2 9.71
75 4.71 30.3 11.08
75 4.91 31.7 13.58

POSITIOs 17

Cobo
w10 X z
5 3.29 27.17
25 3.36 28.5
50 3.46 29.1
75 354 29.6
95  3.68 30.5

PCSITIUN 1B

C.(:'.

2/C X )4

5 791 25.2
25 B.56 25.9
S5C 3.89 26.)
7% J.13 256.4
45 158 27.9
ALL

Xel ¥ & INCHES,

IXx

5.38
6.55
T.54
3,58

IXX

3.45
3.59
4.59
5.2’
6.35

10,49 11.51

)

INCRTIA TENSOR

62

fYY 122 IxZ
Tell 2.94 0O.48
8.66 1.15 0.59
9,93 1.35 0.668
i1.31 1.57 0,77
13.93 1.97 0.94
YA
INERTIA TeNSOR
vy 72 IX2
5.94 1.32 1.07
7.21 1.61 1.30
8.29 1.8 1.50
9.43 2.18 1.71
2.74 2.10
Q
/:;
18.
INFRTIA TENSOR
vy 22 IxZ
4.39 1070 ‘0.87
5.25 2.21 -1.10
6.04 2.57 -1027
6086 Zoqq ’1-45
8036 3074 ’1079

THETA
-4.6
-4,5
4.6
’4.6
-406

THETA
-13.9
‘1309
-1400
’l“ol
-14.2

THETA
22.4
25.6
25.7
26.3
27.0

PRINCIPAL MOMENTZ

ExXX
6.96
8.48
9.7¢
11.14
13.66

Iyy
T.11
8.64
9.93
11.31
13.83

122

0.90
1.1}
1.29
1.51
1090

PRINCIPAL MOMENTS

IXX
564
6.87
7.91
11.03

Iyy
5.94
7.21
8.23
9.43
11.51

121

1.05
1.29
l.sl
1.75
2.21

PRINCIPAL MOMENTS

Ixx

3.81
4.52
5.20
5.93
7.26

PGSITICNS ARE SYNMETRIC (1XY,1YZ ARE ZERO),
TAX IYYL122,1XZ IN SLUG-FT-FT,

1Yy

4,39
S.25
6.04
6.86
8.36

12z

1.34
1.68
1096
2.27
2.83

THETA In DtG.




PUSITICY 19

0
9.
Celie INERTIA TENSOR
9/C X I4 IXx Ivy 1z2 [xe

5 ”3095 21101 2.65 4056 7067 "‘0079
25 .65 24,4 3,C5 5.55 3,45 -0,9¢
50 9.3d8 24.4 13,4} 6.34 4.00 -1,09
15 XC.BQ 2502 3.98 7QZU 4,04 "1024
95 10051 25055 4.5‘;‘} dogl 5080 "1052

POSITICN 20

20.
Celr INERTIA r1CNSOR
orC X 4 XX Ivy 12z Ix2

5 4,32 29,1 7.16 6.30 1.99 0.46
25 4,46 28.7 B.79 T.69) 2.54 0.5¢%
50 4.57 29.5 10.12 8.74 296 0.65
75 4.71 3G.1 11.57 9.94 3.43 0.74
95 4,31 30,9 14.7C 12.13 “«29 (.90

PCSITION 21 i

21.
Colra INERTIA TENSOR
e/ X z IXX vy 4 [x/

5 350 290 6.45 6.27 Je54 0,04
25 3.6l 30.5 7.¢5 7.57 0.67 0.05
5C 32471 31lel 9.C3 4.69 0.79 C.06
IS5 3.81 31e7 10.31 9.9] D.94 G.07
95 3.97 32.6 12.¢4 12.12 1.21 0.09

THETA
45.4
50.8
51.3
52.5
53.8

THETA
-501
'501

-501

-5.1
"501

THETA
~-0.4
"Onlt
"’0.4
"’0.4
-004

PRINCIPAL MOMENTS
I[xXx vy 1z
3,45 4.56 1.87
4.23 S.55 2,27
4.87 6.38 2,64
5659 7.28 13,02
6.91 B8.91 3,73

PRINCIPAL MOMENTS
Ixx Ivy 12z
7.20 6.30 1.9%
Beb3 7.60 2,49

10.18 8.74 2.90

11.64 9,94 3,37

14.28 12.13 4,21

PRINCIPAL MUMENTS
IXx Iyy 122
6.45 6.22 G.54
T.85 7.57 0,87
9.03 8.69 0,79

10.31 9,91 0.94

12.64 12,12 : 21

ALL PUSITIGNS ARZ SYMMEITRIC CIXY,IY2 ARg ZtRO),
KXol In INCHES, IXXe LYY 122,1X2 IN SLUG-FT-#T, THETA [ GeGe.
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[OUESS U

ps - ..

« ——————

— it

Cebo
Y AVREE § 4
5 le4l 28.9
25 2.51 29.4
20 2457 30,9
5 7.63 30,5
2% 2.14 3l1.4

POSIIEGCY 23

C.G.
/8 & I'4
5 700‘) 26.9
2 T.71 26.4
5C 797 26.3
75 P23 27.3
b 5 '}obl' 280)

FOSITICN 24

C.(I.
/12 A V4
5 2.13 24.9
S5 1.80 25.3
¢ .10 25.7
5 J.49 26.1
5 o887 2647

INCRTIA TeNSUR

IXX vy
4.95 5,05
6.C3 6.14
6.93 17,05
7+ 69 Hed 3
2.65 .89
INERTVIA
X« 1Yy
3.15 3.85
3.63 4.6
4.17 5.32
474 6,07
579 17.41
INERYIA
Ixx vy
24329 4,11
2.75 5,09
3.16 5.61
3459 6.65
4,37 H.146

/

22.
2z IXZ
J.86 0.63
1.07 0.77
1.25 90.88
l.47 1.01
1.87 1.25

23.
TENSOR
122 IXZ
le4s =1,164
1.9% -1.41
228 -1.62
2.66 -1.485
3.35 -2026

24
TENSOR
122 Xz
".‘08 ‘1001
3.25 "1021
3.77 -1.38
4.40 "1.56
5.51 -1.39

THET A
-8.5
~d.6
-8e7
~8.8
"8.9

THET A
26.8
29.6
29.8
30.3
30.9

THETA
46.2
50.8
51.2
52.3
53.4

PRINCIPAL MOMENTS

IXX

5.0
6.14
.06
8.05
9.85

Iyy

$5.05
6.14
7.05
3.03
9.80

122

0.77
0.95
1.12
1.32
l.638

PRINCIPAL MOMENTS

IXX

3.73
4.44
5.1C
5.82
Telb

1844

3.85
4.63
5.32
6.07
Te41

122
J.88

LS
a» 4

1.35
1.58
2.0

PRINCIPAL MOMENTS

1XX

3.45
4e23
4.88
5.67
6.92

POSITICNS ARE SYMMETRIC {IXY,IVYZ ARE ZERD),

Iyy
4.11
5.05
5.81
e 65
.16

122

1.42
1.77
2.06
2.38
2.97

Xol T INCHES ¢ IXXoIYY,122,IX2 IN SLUG~FT=FTy THETA [ DEGe
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PLSTTICH 25

J.S’
A

295.
Lalra INERTIA TENSOR PRINCIPAL MOMENTS
X z [xXx vy 127 XL THelA  IXX Ivy 121

95 34950 29.D 6471 S.44 1.59 0,06 =04 6.71 5.44 1.59
75 5601 292 Beld 651 2.26 0.5 =-0.4 8.24 6.57 2.06
38 3071 30.4 9,49 7.54 2640 .05 ~0.4 Y69 T.54 2.40
5 }.81 31.) 10.55 He5I 2485 .06 0.4 10,85 B.59 2.8C
95 3,97 BloA 13032 10.48 3.52 0007 ‘004 13032 lD.#B 3.52

PGSITIGN 26

26.

Ceus INERTIA TENSOR PRINCIPAL MOMENTS

o/ X Z IXX 1yy 122 IXZ THcTA IXX 1YYy 122
5 3450 Zbad T.48 6.70 1.10 D.146 ~1.3 7,49 6.70 1.10
25 3061 2946 9012 8.15 l.36 0.7 -1.3 9.13 8015 1036
54 3,171 39:2 100%2 9437 1060 0.20 -1.3 10052 903, 1060
75 3051 3003 12061 10063 1037 0022 ‘103 12001 iO.bB 1037
I 3e37 3147 14475 13,06 2428 027 =1.3 14.76 13.06 2.37

PLSITICY 27

27.

Core IANERTIA THOSOR PRINCIPAL NMOMeNTS

LA 7 1XX [yy 177 IXZ THETA [xX Ivy 12
5 ?.47 27.[ Ye 94 203 ,‘47 0075 ’9.2 6.06 50“8 1030
25 2.31 ZCoj 7024 6.66 10’6 0.91 °9.2 7.39 6.66 i.61
3 Ceul 29,1 8. 35 Ta67 2.C6 1.725 ~9.3 Ba52 T.67 1.689
75 el 295 9.41 BaT2 S | 1.20 “J.4 9.71 8.72 2021
19 Doda 30,5 11at6 1566 3,206 1.49 -9,5 11.91 10.64 2,30

JLL PUSITIONS ARE SYVYETRIC (IXYl.1YZ ARE LERO),
Kol Lo TNCHESy IXX9IYY 91240142 171 SLUG-FT-FT, THETA I[N D.G.
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PCSITICN 238

C.b.
O AU § P
S Ted? 29562
25 Tell 2545
5C Ta 37 266
15 Ye2% Zboet
‘)S ::.64 2-,0.\

2OSUTTG . 29

b 1
leaDw

NV A 4
":! ‘7013 :‘!ul
T5 Sedd 2beh
1) )ol"} 24.3
715 947 2542
I3 J.37 2543

POSINIG: 30

C.(Io
/. A 4
9 3433 24.1

25 jatl 23e?

3) 311 2965
79 .81 30.1

15 4T 37,9

ALL Pl TLoNS

“RE SYMMETRIC

Q
~~

e

[RERTIA THHS0R

Ixy fyy 127

“.(? 4.15 2‘02
Hhoh€ 4,99 2.64
5.0 5,74 3.09
6. 1% 653 3.59
Te22 Te93 4452

~2-

v

29.

Ixe
‘1013
-l.41l
‘1062
’1055
°2027

[NERTIA TENSOR

[XX 1yy 122

3.2 437 3.04
3.76¢ 5435 3.94
4,32 bLalo 4,57
4.91 T.246 5.7%3
6.L1 B.62 6.638

30.

1xX2
"1002
-1023
-sot'l
-1 450
‘l.95

INZRTIA TERSOR

I1XX Yy | F XA

T.72 583 2.15
9.47 T.12 2.75
13.93 o013 3.21
12.52 3.31 3.73
15.37 11.36  4.69

Ix2

GCo.l4
Ce.l6
Fel?
D9.,21
Q.26

THLUTA
24,3
2T.1
27.2
27.1
28,2

THEIA
42.6
47.3
47.¢
48,7
43,9

THET®
~1le.4
"‘ot'
-l.4
3 PL]
“1.4

PRINCIPAL MOMENTS

IXx

¢.53
5.40
6.23
7.11
B.74

1Yy

4.15
4.99
S.74
6.53
T.98

122

1.51
1.92
2.25
2.62
3.30

PRINCIPAL MOMENTS

PXX

4.15
5.07
S.817
6.73
8.32

ivy

&4.37
S35
5.16
T.04
8.62

122

2.10
2.6V
3.04
3.51
4.317

PRINC IPAL MOMENTS

IXX

T.713

.48
10.94
12.51
15.38

(iIxY, 1YL ARE [ERQ),

1Yy

5.89
T.12
8.13
9.31

11.36

127

2.15
2.74
3.2C
3.73
4.69

Col i 1CMESy IXXaIvY, 122,142 1N SLUL=FT-FT, THEIA IN DIG.
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COSTITION 31
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| 42 IX2
1.59 -1.41
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Z-(!CS -2c32
30{12 -2085
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30.3
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31.2

PRINCIPAL MOMenTS

IXx

4.29
5.16
5.9.’
6.178
8.32

AE SYMMETRIC (IXY,1YZ ARE ZERD),

IXXelYYo§7251X2 IN SLUG-FT-FT,
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4,38
5.30
6¢.09
6.94
.49

122

0.85
1.69
1.23
1.50
1.99

THETA 1.4 DEG.




Concluding Statements

A mathematical model to predict the inertial properties of the
human body in any fixed body position is within the state of the art.
The 15 segment model is personalized by using 25 anthropometric
dimensions of the individual subject. The dimensions and properties
of the segments are calculated using the regression equations and the
anthropometric dimensions.

The results cbtained using the model are compared with the
experimental data collected by North American Aviation on 66 living
subjects. The location of the certer of gravity is generally predicted
within 0.7 inckes. The momen’s of inertia are generally predicted
within 10 per cent.

The desiga guide contains the inertial properties of 5 composite
percentile subjects in 31 body positions. These results emphasize the
importance of the principal axes. In some positions, the principal axes
are rotated as much as 45 degrees from the body axes. This much
difference may aifect the performance of a Self-Maneuvering Unit
drastically. Extensive cross-coupling can waste considerable amounts
of fuel as the stabilization package compensates for spurious rotations

resulting from the cross-coupling.
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It is reccrimended that further investigation be pursued to
avcuiaiplis: e Ioliowing objectives:

a. improve the mathematical mode!

b. determine the products of inertia of the human body by experi-

ment

c. improve the regression equations for segment weights

d. conduct a new study of the anthropometry of fiving personnel

The mathemat’cal model can be improved by redesigning the hand
and the foot so that the specific gravity of each segment is closer to
the experimental value. In addition, modifications can be made in the
basic computer program to include external loads on the model such as
tools, pressure suit, or life support equipment.

The products of inertia of the human body can be determined by
variation of the compound pendulum techniques used to determine the
center of gravity and moments of inertia. The principal moments and
principal axes can then be calculated. These calculations would also
provide further validation of the mathematical model.

Dissection of more cadavers is necessary to improve the regression
equations. Samples in the upper end of the weight spectrum are
essential to increase the accuracy of the equations.

The regquirements for anthropometric dimensions in the design of

the mathematical model should be considered when selecting measure-

ments for a new anthropometry study. Some dimensions not included
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in the 1950 ctudy are necessary for the current version of the

mathematical model.
ment of the model.

survey.

Other dimensions will be required for improve-

These dimensions should be taken in the new
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Appendix A

Description of Anthropometric Dimensions

The 25 anthropometric dimensions described below are some of
the dimensions taken during the North Ainerican Aviation study
(Ref 27: 55-59). Reference is made to the source of each dese ~iption.
The 1950 survey of Air Force {lying personnel is given preceden:e€ in
selecting a source.
1. Ankle Circumicrence: Subject stands. Holding the tape siightly

above the projections of the ankie bones, measure the minimum
circumference of the right ankle (Ref 15:37).

2. Axillary 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 (Ref 15: 38).

3. Buttock Depth: Subject stands erect. Holding the anthropometer
horizontally at the subject's right side, measure the depth of the
buttocks at the level of the greatest rearward protrusion (Ref 15: 33).

4. Chest Breadth: Subject stands erect with arms initially raised and
then lowered after the anthropometer is placed. Measure the chest
breadth at the level of the nipples, during normal breathing
(Ref 15:30).

5. Chest Depth: Subject stands erect with arms initially raised and
then lowered after the anthropometer is placed. Holding the
anthropometer horizontally on the subject's right side, at the
level of the nipples, measure the chest depth during normal breath-
ing (Ref 15: 32).

ASE

6. Elbow Circumference: Subject stands with right arm extended.

A-1




10.

11.

12.

13.

14.

15.

16.

Measure the elbow circumference holding the tape over the olecra-
non (Ref 27: 58),

Figt Circumference: Subject makes a tight fist with right hand,
thumb lying a2cross the end of the fist. Measure the fist circum-
ference with tape passing over the thumb and the knuckles

{Ref 15:586).

Forearm Length (Lower Arm Length): Subject stands with right
arm extended at side. Using the anthrcpometer, measure the
distance along the axis of the lower arm between radiale and stylion

(Ref 27:57).

Foot Length: Subject stands with right foot in the foot box, weight
equally distributed, foot just touching the side and rear walls, and
long axis of tlie foot parallel to the side wall. 1sing the scale on
the base of the foot box, measure the length of the foot along the
long axis (Ref 15:48).

Knee Circumference: Subject stands. Measure the right knee
circumference at the mid-patella level holding the tape in a
horizontal plane (Ref 27: 57).

Head Circumference: With tape passing above (not including) the
brow ridges, measure the maximum circumference of the head
(Ref 15:71).

Hip Breadth: Subject stands erect. Holding the anthropometer
horizentally, measure the maximurn breadth of the hips (Ref 15:31),

Shoulder Height (Acromizal Height): Subject stands erect. Using
the anthropometer, measure the vertical distance from the floor to
the right acromion (Ref 15: 14).

Sitting Height: Suhject 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 ihe top of the head by placing
the anthropometer firmly against the scaip (Ref 15: 20).

Sphyrion Height: Subject stands erect with legs slightly apart.
Using the measuring block, measure the vertical distance from
the floor to sphvrion (Ref 27: 35).

Stature: Subject stands with head oriented in the Frankfort plane.
Using the anthropometer, measure the vertical distance from the

A-2




17.

18.

19,

20.

[
e

22.

23.

»
5

Zir 2

a5,

floor to the top of the head Hy piacing the anthropometer firmly
against scalp (Ref 15:11).

Substernale Height: Subject stands erect. Using the anthropometer,
measure the vertical distance from the floor to the substernrale
point at the lower edge of the breastbone (Ref 15: 15).

~high Circumference: Subject stands with legs slightly apart. Hold-
ing the tape in = horizontial plane just below the lowest point in the
gluteal furrow, measure the circumference of the right thigh

(Ref 15: 36).

Tibiale Height: Sulject stands erect with legs slightly apart. Usiacg
the anthropometer, measure the vertical distance from the floor to
the right tibiale (Ref 27: 58).

Trochanteric Heighf: Subject stands erect. Using the anthro-
pometer, measure the vertical distance from the fioor to the
trochanterion on the right side (Ref 27:59).

. Upper Arm Length: Subject stands with right arm extended at side.

Using the anthropometer, measure the distance along the axis of
the upper arm, between the acromion and the radiale {Ref 27:59).

Weight: Weigh nude subject on standard medical type scales
(Ref 15: 11).

Waist Breadth: Subject stands erect with abdomen relazea. Using
the anthropometer, measure the minimum horizontal distance
betweer. the points marking the most lateral indentation in the
abdomenal region (Ref 15: 31).

Waist Depih: Subject stands erect with abdomen relaxed. Hold~
ing the anthropomeer horizontaily on the subject's right side,
measure the anterior to ncsterior distance of the abdomen at the
level of the most lateral indentation waist points (Ref 15: 32).

wrist Circumierence: Bight arm and hand extended. Passing the
tape just preximal of the styloid process of the ulna, m=usure the
minimum circumferznce of the wrist (Ref 15: 40).
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Appendix C

Properties of a Frustum of a Right Circular Cone

The right circular cone irn Fig. 19 and the frustum of a right

circular cone in Fig. 20 are related by:

and:
R RR R-RR
Then:
h1 = h _R
R - RR
and:
h2=h RR
R - RR

The centroid of the frustum is given by:

x _ h R%+ 2R (RR)+ 3 (RR)®

4 R? + R (RR) + (RR)2

C-1

(C-1)

(C-2)

C-3)

(C-4)

(C-5)
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RIGHT CIRCULAR CONES
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FIG. 20
FRUSTUM OF RIGHT CIRCULAR CONE
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Let:

4= RR (C-6)
R
and:
2 '
g= 14+ U+ U (C-7)
and:
n= X (C-3)
h
Substituting equations C-5, C-6, and C-7 into the above equation,
we have:
n=1+2y+3y2 (C-9)
40

The mass of the cone of altitude, hy. and d=nsity, p, is given by:

M; = p PIR?n, (C-10)
3

The mass of the cone of altitude, hy, and density, p, is given by:

Mg = p PI (RR) hy (C-11)
3




Subgtititin

g equation C-3 into C-10 and equation C-4 into C-11,
weé nave:
Mi=p Pl RS h (C-12)
3 R-RR
and:

3 (C-13)
3 R-RR

The mass of the frustum of altitude, h, and densiiy, p, is then:

{C-14

Substituting equations C-12 and C-13 into the above equation and

simplifying by using equations C-6 and C-7, we have:

M=p PIR’h o (C-15)
3

Substituting equations C-15 and C-6 into equations C-12 and C-13:

M1 = M R (C-16)
¢ R-RR
and:
M2 = M _RR u2 (C-17)
c R-RR

C-5
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The cone of altitude, h;, has moment of inertia about the axis,

C-C, through the center of mass given by:

2
e= 3 My R+ ny?) (C-18)

20 4

The parallel axis transfer theorem for moments of inertia:
- 2 -
I= Ic.g. + MD (C-19)
Using equation C-18 in C-19, the moment of inertia about the axis,
X'X', is given by:
Ix'xy = ICC + Ml xlz (C"ZO)
where:
%Xy = .25 hy (C-21)

The cone of altitude, hg, has moment of inertia about the axis,

B-B, thrcugh the center of mass given by:

Lp= 3 My ( RR)? + hg?) (C-22)
20 4

Using equation C-22 in C-19, the moment of inertia about the axis,

X*'X', is given by:

vaxv = Ibb+ Mz (Xz + h)2 {C-23)

C-6




where:
X3 = .25 hy (C-24)

The frustum of altitude, h, has moment of ineitia about the axis,
X'X', determined by the difference of the moments of inertia of the
large and the small cone about the axis. The moment of inertia cf the

frustum is given by:
- M;x42 - I, - Mg (xg + h)2 (C-25)
Lerxr = Tee + My%3® - Ipp - My 2
After rearranging by using equations C-3, C-4, C-6, C-7, C-16,

and C-17, we have:

Igrgs = M 3R® O+ u+ p‘.2+ u.3+ u4)
200

+_1£__ 1+ 3p+ 6#2)} (C-26)
100

Applying equation C-19 and using C-5 and C-15, we have:

Iix= M| 8 1+ p+ p24 134 44 M
20 PI oo ph
+ 3 1+4y+10u2+4z}13+u4 hz]
80 o2 (C-27)
L,Etting:
AA = 9 1+ p+ udy p34 b (C-28)
20 PI 52

=pott PRGN




BB=3 1+ 44+ 102+ 403, pt
80 oo (C-29)

Equation C-27 can be written as:

Iy = M[AA (M) + BB hz]

oh (C-30)

The moment of inertia of the frustum about the axis, Z-Z, through

the center of mass is given by:

3 M R®- (RRP
10 3. @ay (C-31)

"

IZB

Using equations C-6, C-7, and C-15, we find:

Izz‘.g_hiz_ 9 1+ u+ p2y pdy 48
oh 20 PI ) (C-32)

(C-33)




Appendix D

Description of N, A, A. Body Fositions

STANDING: Subject stands erect with head oriented in the Frank-
fort plane and with arms hanging naturally at the sides as when
measuring stature (Ref 15:11).

STANDING, ARMS OVER HEAD: Legs, torso, and head same as
position 1; upper extremities raised over head, parallel to Z~
axis; wrist axes parallel to X-a»‘s; hands slightly c!2nched.

SPREAD EAGLE: Torso and head same as position 1. subject
against plane parallel to Y-Z plane; arms at 45° with Z-axis,
legs at 30° with Z-axis; wrist axes paraliel to Y-Z plane; hands
slightly clenched.

SITTING: Upper legs and forearms parallel to the X-axis;
upper arms, lower legs and spine parallel to the Z-axis; soles
parallel to X-Y plane; wrist axes parallel to Z-axis; head in
Frankfort plane,

SITTING, FOREARMS DOWN: Same as position 4, except fore-
arms parallel t¢c Z-axis, wrist axes parallel to X~axis.

SITTING, THIGHS ELEVATED: Same as position 4, except upper
leg angle approximately 35° with Y-Z plane.

MERCURY CONFIGURATION: Same as position 4, except 100°
back-thigh angle, thigh-leg angle 112°, forearm parallel to thigh.

RELAXED (WEIGHTLESS): Position predicted to be assumed by a
human relaxed in the weightless state.
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CUMPUTER PROGRAM MODEL (FORTRAN 11)

MATHUMATICAL MOCEL OF HUMAN BOODY

CUMMON NoW,CH,tTAL23

COuMmMOy SN,SP‘. SL'R'RR' Ye DEL TA. AMU, AMUSQQS!G"A.ETAQ YY
COMMON STAT,CERV,,SHLOH,,SUPH,SUBH,TROCH, TI8F,UPARL
COMMON FUAKL CHESD ¢wAISD,BUTTICHESBoWAISB,HIPH AXILC
COMMGS ELBC oFOARCyHRISCoFISTCy THINC, GKNEC o ANKC o SPHYH
COMMUN FUOTLBIACDHEADC,,BISPHB:;SITHLELSH

COMMON XitAAYNAA,ZMAAXIXX, XIYYoXEZ2

COMMON SIXX,SIYY,SIZ22

CUMMIIN THETASINT,,COSY,0,E,Fa0,07

CUMMCN Hy X4 XCG,C1H

CCMMCN XMOD , YMCD o IMOO

CIVMON XDIFRGYUIFRZIDIFR,CIXX,CIYY,CIZZ,01XX,D1IYYoL122
COMMCN PDIXPULY,PDIZ

CIMMOCN ALPHALRETA,GAMMA,PMOM
COMMON NERRCRZMCSATC NI NS L1,0L2,K

DIMLNSION
UIMENSTIUON
OIMEHSTION
DIMENSION
SIMeNSTION
DIMENSLION
DIYEMISTON

JIMLNSLION
DIMENSIUN
VDIMENSION

DIMENSION )

DIMENSION
ODIvENSION
DIMENSION
DIMENSION
DIPENSION

SWl15),SMIL15):SLILIS)R{1I5I,RR{15),Y(15)
DELTA(15),AMU(15) AMUSQU1S5),SIGMA(]1S!)
EIAl1S5),YY(15)

XNAA(T) ,YNAA(T ), ZINAALT)
XIXXCTY o XIYY(T) o XI2ZULT?
SIXX(15),SIYY(15),5122(15)

FHETA(1592) 4S1TL15,20,C0OST(15,2)
D(3,3V,E(3,3),F13,3) ARF DUMMY MATRICES
CU3:3),E0343)1,F(393):0(343),07(3,3)
HI13430 4 X(1503) e XCGU15¢3eT),CI{3,3,7)
XNOULT)Y*CD(T),2¥0D(T)

CIFR(T) JYDIFRIT!Z2DIFR(T)
CIXXETYILCHYY(T)CH2L ()
DIXXLT)DIYY(7),D122(T)
PLIXLTY,PDIVIT),PLILLT)

ALPHA(I, 7)) RETA(3,T),GAMMA(3,7),PMOM(3,7)
NLRRCR(66442) ! 35&!C'43093'9Nl(2042’0NS(66|

READ INPUT TAPE 2,10),L1,L2
FOUMAT(215)
CutTPuT DESILED

NOKMAL  MASTER CarD PUNCHED
Nt} NG 0 0
N7 YES O 1
YES he 1 0
Yo S YES 1 i
NC=1
SENSE LIGHT O
IF(L1I=-1)3,243




~ 0w

192

103

SENSE LIunT |

IFIL2-1)5,4,4

SENSE ¢ IGHT 2

RCAD INPUT TAPE 2,101 ,Nyw

FORMAT(IS5,4XF6.1)

READ INPUT TAPE 2,102 ,STAT,CERV,SHLDH, SUPH, SUBH, TROCH,
1 TIEHLUPARL  FOARL,CHESDoWAISC,BUTTO,CHESB,WAISH,
2 HIPBAXILC sELBC,FOARC yWRISCyFISTCTHINC GKNEC,
3 ANKC o SPHYHFOOTL ,BIACO,HEADC,BISPB,SITH

FORMAT(14F5.1)

REAU INPUT TAPE 2,1C3¢XNAAINAAXIXX o XIYYeX1ZZ

FUORMAT(TFS.0G)

NSIHC)=N

CALL DESIGN

DC 6 1=1,15

DO & J=1,2

THETA(] 4J)=0.

K=1

CALL EULER

CALL MGDMOM

K=K+1

[F(K-8)7,8,7

CALL ouTtePur

IF{nN-21)9,10,9

NC=NC+1

GU 16 1

CALL ANALYZ

caLL EXIT

END

SUBROUTINE CESIGM

COMMON NoWoCn,ETAL23

COMMON SWoSMeSLoRyRR,Y,DELTA,AMU,AMUSQ, STGMA, ETA,YY
COMMON STAT ,CERV,SHLDH, SUPH, SUBH, TROCH, TT6F, UPARL
COMMON FOARL,CHESD o WAISO,BUTTD,CHESB,WAISB,HIPE,AXILC
COMMON ELBC ¢FCARC oWRISCoFISTCy THIHC  GKNECy ANKC o SPHYH
COMMUN FGOTL,BIACC,HCAGC,BISPB,SITH, DELSH

COVMMON XNAA YNAA,ZNAAKIXX,XIYY,XI22Z

COMMCN SIXX,SIYY,SIZ2

COMMON THETA,SINT,COST,D,E,F,0,0¥

COMMGN Mo Xy XCGoC1

COMMON XMOOD,YMGD,ZM0D

COMMCN XOIFR,YDIFR,ZCIFRyCIXXyCIVY,CIZZ,DIXX,DIYY,DIZZ
COMMCN PDIX,PDIY,.PDIZ

COMMON ALPHABCTA,GAMMA, PMOM

COYMON NERRGRo“OSAICo NI NSoL1sL2,K

DIMENSION Sn(15)¢SMI15)SLIL1S)qR{LI5),RR{15),Y(15)
DIMENSICN DELTA(15),AMU{15),AMUSCI(15),SIGMA(1S)
OIMENSION ETAL15),YY(15)

DIMENSIGN XNAA(T) o YNAA(T),ZNAA(T)

OIMENSION XIXX{T) o XTYYU(T) XIZZ(T)

DIMENSIGN SIXX(15),SIYY(15),5122(15)

£~2




OIMENSION THETA(LS,2)o5INT(15,2),CO0ST(15,2)
D(343),E(343),F13,3) ARE DUMMY MAIRICES

DIMENSION D(393),E(3,3),F13,3),003,3),07(3,3)

DIMENSION H{15,3),X(1593)9XCGUI15¢397),CI(3,3,7)

DIMENSION XMOULT),YMGDULT7),2M00(T)

ODIMENSION XUIFR(T),YOIFR{T)ZDIFR(T)

GIMENSION CEIXX(TY CLYY(7),CHZZ(T)

DIMCNSION OIXX(T),DIYY(T),DIZZ(T)

DIMENSION PLIX(ITI,POIYIT)PDIZ(T)

DIMENSION ALPHA(3,7)BETA(3,7),GAMMA(3,7),PMOM(3,7)

DIMENSICN NERROR(66242) oMOSAIC(43,43),NI12942)NSL66)

PI=3,1415927

TWQP 1=z, #P1

Cl=P1/3.

C2262.421/71728.

| 9

DESIGN MODEL MAN BY USING ANTHROPOMETRIC DIMENSIONS
APPL. BARTER REGRESSION ECUATION TO SUBJECT WEIGHT

1 HNT= (. 4T=u) +12,

BUAz (,O08*H)-2.7
8l0=({.dean)-o5
BH={ . 0leW) ¢+, 7

T M S < AR ooy oo gy

ARESTHNG

BUL=(.18eK)+3,2
BLi={.11%%)~1,9
BF={.02eW})¢]1,.5
WOIFHF=R=-{HNTCEUA+BFO+BH+BUL +BLL+BRF)
wlzuDIFF/ (HNT+8UA+BFO+BH+BUL+3LL+BF)
WRl=zl.4+WR
DISTRIRUTE WOIFF PRCPURTIONALLY CVER ALL SEGMENTS
2 Sull)=.079%n
Su23=HNTeWR]1-Sn(l)
Swi{4)=dHeWR1/2,
Swl6)=BUAsKR]L/2,
SWwl6)=RFO=NR1/2,
SWw(l10)=BuL=sR1/2.
Swilz2)=BLL®*KR]1/2.
SWil4)=uFeWR1/2,
DEVELOPMENT OF HEAD
3 I=1
R{1)=(STAT-SHLDH) /2.
RR{I)=HEADC/THOP]
DELTA(I)=SH{I)/RR{IV/RR{I)/R(I)/C1/4.
Sttl)=2.eR(1)
ETA(])=.5
Y{I)=R{I)
DEVELOPMENT OF TRUNK
SL12)2SHLDH-SUBH
SLE3)=SITH-(STAT-SUBH)
R(2)=CHESB/ 2.
R{3)=HIPH/2.
RRU2)={CHESC+WAISD) /4.
RRE3)={WAISC+BUTTD) /4.
eTA(2)=.5
ETA(3)=.5
YL2)=E1A{2)eSL(2)

M Y I YT



(B

3.

1¢

Ny

‘e d

Y{3)=STA(3)sSL{3)
hEL?512)=Sh23lpll(R(?"RR(Z)'SL(2)
1 *1.01/.92'K(33'RR(3"SL(3”
DEL'A(3)310011.9200£LTA(2)
SW(Z’gﬂtLTﬁ(Z)'R(Z}'R*(Z,'SL‘Z’CPI
SH(3)=DELTA(3)'Q(3)'QQ(3)'SL(3)'9!
DEVELCPMENT OF HANDS

[=4

R{L)=FISTC/TWOP]

RR(I)=21(1)

SLUI)=2.2RR (]}

ETat  { J=e5

YUI)=eTAtL)eSLCI)

Swll)=Swi4)
DtL'A(l3=SK(I)/R‘I)/R(l)/R(l’/Cl/4.
1J=1-3

1=5

e T (546),14

DEVELOPMENT CF UPPER Armg

14=1

I=6

R{TI=AX1L L/ THNP]

QA1 =£18C/ TWCP]

5Lt Y =UPARL

GC T 20

DEVLLOPMENT CF FORCARMS

[4=2

“"’fo

REI)=€LBC/TuCP]

RR(1 ) =wRISC/TRGPE

SLT ) =FUARL

ull} TO 2¢

DEVELOPMENT Of LPPER LGS

1J=3

1=13

RUI)=THIHC/ In0OP]

RRIUI)=LRREL/TWCGPT
SLUI)=STAT-STTM=~TILH

oC 10 2¢

OLVLLOPNENT ©OF LOW KR LLGS

14=4

1=12

RUL)Y=GKHEC/TKGP]

Re{I)=aNKC/TwCP]

SLUI ) =T InH-SPHYH
G=K(l"ﬁ(l’*ﬁ(l”RR([)¥R%517'HR‘I)
UEL'Q(ll=SN([!/SL(I)/G/CI
AMUCT)=RR{I)/R (]
AMUSCLT ) =AML ) waAMG(])
Slﬁﬁﬁ(Ii=l.0ﬂNUl1’4ﬁHUSC(ll

ETA(I)=(1.*?.¢£FU(!)*B.GANUSQ(l))/SIGHA(!)IQ.

YUI)=cTatl)eSLI])
60O 16 (6010,12,14),14
DEVELOPMENT nF FEEY




(@)

14

30

n
42

41

50

51

52

I=14

SLUI)=FOOTL

ETA(1)=,429

Y{I)=CETAL])eSLLL)
Gxle—=2.#ETA(I)+SORTF(ETA(I)®ETA(])
1 '(-lZ.)*lZ.'ETA(l)-Z.)

AMULTI )={4,otTA(L}-1.)/G
AMUSGLI)=AMU(T ) eAMULT)
SIGMA(I)=1.¢AMU(L)+aAMUSQ(])
R{I)=SPHYH/2.

RR{I)=AMU(I )eR({1)
GRILIISRIIDVAR(I)%RR{I)+RRUTIY2RR (1)
DELTALLI)=SW(I)/SL(T1)/G/CY

00 31 1=7,15,2

SW(E)=Sw(I-1)

OELTALL)=DELTALI-]1)

R(I)=R{1I-1)

RR{I)=RR(I~-1)

SLiI)=SL{1-1)

AMU{T)=AMU(]I~-1)

AMUSC(I )=ANUSU(]I-1)

SIGMALT )=SIGMA(T-])
ETA(I)=ETA(]-1)

Yil)=v{i-1)

D0 41 1=1,5

AMULTI }=0.

AMUSCQLI)=0.

SIGHAL])=0.

CALCULATE SEGMENT MASS AND MASS DENSITY

CHECK SUM OF SEGMEWNTY WEIGHTS EQUAL TC BODY WEIGHT

C“:OQ

DO 51 I=1,15
SH{I)=Sull)/32.2
DELTA({I)=DELTA(]I)/32.2
Cu=CweSkil])

DETERMINATICN GF LOCAL MOMENTS OF INERTIA OF SEGMENTS

HEAD

I=1

SIXX{I)=.2aSMIT)#(R{I)sR{I)*RRII)SRR(I))
SIVYYIII=81xXX(I)

SIZZULI)=4eSM{TI)eRR{T)eRRIT)

UPPER TORSO AND LOWER TORSO

LU 52 [22,3
SIAX(E)=SM{I}e(3.aR(I)eR{I)eSLITIYOSLU{TI))}/12.
SIVY(1)=SM{1)e{3.2RRII)eRR{TI)eSLII)aSLLI))/12.
SIZZ(I)=SMLT}»{RRIT)*RR(TI+R{TI)I2R{I}) /4.

HANDS

I=4

SIXX{I)=.4uSM{)eR(1)eR(])

SIYY{I)=SIXX(])

SIZ2(U)=S1XX(1)

UPPER AND LCwER ARMS AHNC LEGS, AND FEET

00 53 [=26414,2

AA=9 .o (1. +ANMULT ) +AMUSCT) o (] .+AMULT)+AMUSQ(T)))

E-S




53

55

61

67

65

1 /SIGMA(I)/SIGMA(1)/720./P1

BO=3.2i1le 0, 2AMULT ) ¢AMUSGII ) #1044 2AMU{])+AMUSQLI)))
1 /SIGMA{TI)/SIGMA(T) /40,
SIXX(I)=SM{[)e{AAaSMT)/DELTALL)/SL{T)¢BBeSLIIYeSLI(I))
SIYY({I)=SIxxt1)
SIZ2Z{1)=2,aSM{1)eSM{T)=AA/DELTA(TI)/SLLL)
COMPLETE REPMAINDER 0NOF SCGMENTS

DO 54 [25,15,2

SIXA(I)=SIXX([-1)

SIYY{l)=SIyYY(I-1])

SI2Z41)=5122(1-1)

CCNEXR OF GRAVITY OF HELDyNECK AND TRUNK
Ell,1)=Sk(1)eY(]1)
t(1,2)=SW{2)e(SL{1)+Y(2))
E(Lls43)=SW{3)a(SLIL1)+SLI2)¢Y(3))
EVAL23=({E( 1 )+E(1,2)+E(1,3))/7(Su({1)eSH{2)¢SuE2))
1 J{STAT-TROCH)

CONVERT DENSITY TO SPECIFIC GRAVITY

DO 55 1[=1,15

DELTYA(1)=DELTA(I)=32,2/C2

DEFINE CISTANCES OF LOCAL CG FROM HINGE POINT
DELSH=SITH~(STAT-TROCH)

DC 60 I=1,15

YYi{ry=v{1}

YY(6)=Y(6)-R(6)

YY{10)=Y{10)}¢DELSH

YY{14)=0.

NC 61 I=T¢15,4

YY(Id=yv{i-1}

DETERMINE FIXED HINGT POINTS

DO 67 [=1,15

DO 67 J=1,3

H{leJ)=0.

H{642)=CHESLB/2.426)
H{643)1=STAT~-SHLODH#R(6)
H{1042)=HIPEZ2.-R110)
HE1043)=SL{1)+SL{2)+SL(3)-DELSH

D0 68 137011'4

H{l,2)=-H({]-1,2)

H(I,3)=H{]I-1,3)

RCTURN

ENC

SUBROUTINE EULER

COMMON NoeWosCWwyETAL123

COMMON SWeSMySLIRyRReyYCELTA,AMU, AMUSQ,SIGMAL,ETA,YY
CUMMON STAT JCERVSHLDHSUPH,,SUBH, TROCH, TIBr, UPARL
COMMON FOARLGCECESDWAISD,BUTTD,CHESB,WAISB,HIPRAXILC
COMMON €LBC 4FUARCyWRISCoFHISTCoTHIHC ,GKNECy ANKC,y SPHYH
CIMMON FOOTL.BIACD,HEADC,BISPB,SITH,CELSH

CUMMON XNAAZYNAAZNAAXEXX o XIYY X122

COMMON SIXX,SIYY,S127

E-6
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o

|
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COMMON THETAZSINTCOSTDE9F,40,07

COMMCN Ho X9 XCGoCl

COMMON XMOD,YMCD,ZHOD

COMMON XDIFR,YOIFRGZOIFR.CIXXoCIYYCIZZ,D1IXXol1YY D122

COMMCN PDIX,PD1Y,PDI1Z

COVMMON ALPHALBETA,GAMMA,PMOM

COMMCN NERRORGMOSAIC,NI NS, L1,L2,K

DIMENSION Su{15)SMI15),SLILS),R{15),RR{15),Y(15)

DIMENSION DFLTA(15),AMUL15),AMUSC(153,S1IGMA(15)

DIMENSION ETA{IS),YY(15)

DIMENSION XNAA{T)YNAA(T)(ZNAAL(T)

ODIMENSION XIXXUT7)oXIYY(T)oXIZZ(T)

OIMENSION SIXX(15),SIYY{15),8122(15)

DIMENSION THETA(15,2),SINT(15,2),C087(15,2)

D(3:3),E(3,3),F(3,3) ARE ODUMMY MATRICES

DIMENSION DI(343),E(3,3),F(3,3),0(3,3),07(3,3)

DIMENSION H(1593)9X(1593)eXC6U15:3,7)5C1(3,3,7)

DIMENSION XMOD(T),YMODLT),ZMOD(T)

DIMENSION XDIFR(T)YDIFRIT),LZDIFRIT)

DIMERSION CIXX{7),CIYY(T) CL12Z(T)

DIMENSION DIXXUT7) .DIVY(7),D122(7)

ODIMENSION PODIXIT),PDIYLT),PDIZ(T)

DIMENSION ALPHA({3,7),BETA(3,7),GAMMAL3,7),PMOM(3,7)

DIMENSION Ht-RROR(66,42) oMOSAIC(43,43),NI(2,42),NS(66)

ESTABLISH EULER ANGLES

P1=3,1415927

C3i=p1/7180.

K=K

GO TO (1949699:12,14,17),4K

STANDING

K=l

00 2 1=10,12,2

THETA(I 41 )=-ATANF((H(10,2)-Kk(14)})/
(DELSH+SLI10)+SL{12)4R(14})))

THETA(I41,1)=-THETA(],1)

00 3 I=14,15

DO 3 J=1,2

THETA{] 4 J)=9C.¢(3

GO TC 21

STANDING, ARMS CVER HEAD

K=2

DO 5 1=4,9

THETA(I,,1)=180.+C3

GO TC 21

SPRLAD EAGLE

K=3

DO 7 I=24,8,2

THETA(I,1)=135,.¢C3

THETA(I+1,1)=-135,¢(C3

THETAUI+]1,2)=0.

PO 8 [=10,12,2

THETA(I,1)=3C.#(3

THETA(I®*1,1)=30,2(C3

=

o BT

A ey




(¢ ¥

11

13

14

14

17

THETALT,2)=C,
THETA([*192’=160.QC3
wo 16 21

SITIING

K=4

ot 10 1=8,11

U0 10 J4=1,2
THth(l“‘.J,*QQ.'C3
THETA'I.J)=9C.'C3
SU 11 1=26,12,6

v 11 J=1,2

THETA(I ,4)=C.
THETA(I+1,0)=0.

o) TO 21

SITrIN,, FORE AQMS VDOWN
K=%

DG 13 1=8,9

o 13 i=1,2
THETA(l-4,4)=7.
THETA(I,,J)=C.,

G0 TC 21

SITTINS THIGHS ELEVATED
K=6

UG 15 1=6,9

DG 15 J=1,2
THETA(I-#.J)=90.'C3
fHETA((.J,=90.‘C3
ud 16 [=190,11
THETA(101)2145.'C3
THET&(1’2’=90a'C3
w3 In 21

MERCURY POSITION
K=7

DU 18 I=24,5
THE[A(!:l)’SC.'C3

* THETA(1,42)=90,+C3

DN 19 [=8,11
THETA(I,1)=80, (3
THETA(1,2)=90,«C3
d0 20 1=12,13%
THETA(L s 1)=12.%C3
THETA(1,2)=9C, «C3

CALLOLATE SINE aAwD cng UF EULER A

vl 22 t=1,15

Da 22 4=1,2
S!ﬂTlloJ3=SlNF(TNETA(X;J3)
CUST(!.J)=CLSF‘VHETA(1;J)3
ReTuRN

T s

SUBKOUTINL MCLMCM
CUMMEN ilgweCh e TAL23

b=t

WGLES

< it g b _
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COMMON SWSMySLIRyRR,Y,DELTA,AMYU,AMUSG,SIGMA,ETA,YY
COMMON STAT ,CERV,,SHLDOH, SUPH, SURH, TROCH, TIRK, UPARL

COMMON FOARLoCHESDyWAISD,BUTTD,CHESBWAISB,HIPB4AXILC
CUMMON ELYSC yFOARCyWREISC,FISTC ) THIHC  GKNEC ¢ ANKC, SPHYH

COMMON FOOYLoBIACD,HEADC,RISPB,SITH,CELSH
COMMON XNAA,YNAAGZINAA,XIXX,XIYY,X122
COMMCN SIXX,SIYY,S1Z2

COMMON THETA,SINTCOST,D4E(F,0,07

COMMCN HeXeXCt3,C1

COMMON XMOD,YMCD,ZMOD

COMMON XDIFRoYDIFRyZDIFRCIXX,CIYY,CI22,DIXX,0IYY,0122
COMMON PLIX,PDIY,PDIZ

COMMON ALPHA,BETA,GAVMMA,PMOM
COMMUN NERRCR MOSAIC NI NSyL1,L2,K

DIMENSION
UIMUNSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

DIMENSION
DIMENSION
DIMENSION
DIMUNSION
DIMENSIOR
DIMENSION
DIMENSION
CIMcNSION
DIMENSIUON
OIMENSION
K=K

SHIL5)¢SMIL5),SLTI1S5),R{15),RR(15),Y(15)
DELTA{15) ,AMU(15),AMUSC(15),SIGMA({15)
ETA(15),YY{15)

XNAAL(T)  YNAAL{T)LZINAA(T)

XIXX(T)  XIYY(T) XIZZIT)
SIXX{15),S1YY(15),S1272(15)
THETA(15,2),SINT(15,2),C0S5T(15,2)
Cl3,3),E(3,3),F(3,3) ARE DUMMY MATRICES
D{393)4€(3,3),F(3,3),0(3,3),07T(3,3)
H{1533):X(15,3)eXCG{153,7),C1(3,3,7)
XFODUT) o, YMCD(T), IMCDL])
XCIFR{T) o YDIFRITYLZ2D1FR{T7)
CIXX{TYCHIYYL(T)C1ZZ2C(T)
DIXX(T)YDIYY({T7),D1Z22(T)
PLIX(T) . PDIY(T),POI1LZLT)

ALPHA[ 3, T)yBETA(3,7),GAMMAL3,7;,PMOM(3,T7)
NERROR(66942) ¢MOSAICI43,463),NI12,42)4NS(66)
Evil)

Pi=3.1415927

C3=fP1/180.

ZERG DUMMY MATRICLES DyE,F
DO 1 1I=1,3
20 1 JJ=1,3
U(ll,J4)=0.
€(il1,J3)=0.
F(ll,43)=0.

LER0 Cobe

ARRAY

pag 72 1=1,15

NG 2 J=1,3
? X{1+4)=0C.

ZERU THE INLRTIA TENSUR ARRAY

vy 3 11=1,
D3 3 JJ=1,

3
3

CItll,34,K)=0C.

CALCULATE
FOREARMS

HINGE POINTS OF MOVEABLE SEGMENTS

1) 9 1=8,9
L2SLUI-21-R(1-2)
E(lsl)=SINT(1-2,1)eSINT(I~2,2)

E-9




[l

11

12

13

c{2¢1)=SINT(I=2,1)eCOS5T([=-2,2)
E(3,1)=COSTIlI=-2,1)

U 9 J=1,3
H{TyJ)=H{T1=Z4J)¢E(Jd,1 )0
LOwER LEGS

D2 10 [=12,13

G=SL(I~2)+0DtLSH

ECLe 1)=SINT(I=2,1)e8141(1-2,2)
E(241)=SINT(I-2,1)eCCST([-2,2)
E(3,1)=CUST(I-2,1)

DO 10 J=1,3

G HIT I)=H{T=2,0)¢E(J,1)eG

HANUS

3O 11 [=4,5

5=SL11+4)
E(Le1)=SINT(I44,1)eSINT(144,2)
E{2s1)=SINTUI44,1)2COST(124,2)
E(3,1)=COSTl1+44,1)

03 11 J=1,3
HiTsJ)=HIT44,J0)+E(J,1) 2

FEET

30 12 [=14,15
=SL{1-2)+,52SPHYH
E{le1)=SINT(I=2,1)aSTINT(]-2,2)
E{251)=SINT{1-2,1)2COST(]-2,2)
t(3,1)=C0ST1(1-2,1)

DY 12 J=1,3
H{l2J3=HII-2,J)4E(J,1)e5

DETERMINE CCCRD CF SEGMENT CG WRT TOP OF HEAC

X{ls3)=Y(1)
K{2,3)=SL(1)eY(2}
X{3:3)=SLE1)4SLE2)eY(3)

D3 13 [=4,1%

G3YYL(])

Flla 1) =SINTUI,1)S1%70],2)
FLU21)=SINT (L1 )2COST(1,2)
FU13,1)=COST(I,1)

Y 13 J=1,3
X{lod)=H{lJd)#r(Jd,1)sg
YIAA (K} =0.

KMCD(K)=2.14432340.1521 080420150

YSMUD (KY=0.

LNGLIK) =0,

DD 14 I=1,19

XMEGD (N} =XMOCIK) ¢Sl iy ax{I,1)/n
YMUGIKYI=YMGEIK) STV eg{,2) /W
IMCUIKY=INOL(K) +SH{ IV (1,3) /W

OETERMINE CCORD COF SFSYMINT CG weT CALC CG

Ul 15 I=1,15

XCOLIT ol oK )=X(I )= XMULIK)~XYUD(1))

KLGUT 92¢K)=X{192)=Y¥CUHK)
KCG(InigK)=x‘I'3)‘Z”CU(K)
DG 30 I=l,15

ARKANGCE LGCAL MOML4TS INT CUMMY MATRIK (3 X 3)

T-1C




O

26

32

31
32

00 26 (I1=1,1

0C 24 JJ=1,3

8(‘;.33}=00

D{1,1)=SIXX(1])

D(2,2)251YY(1)

D(3,3)=81221(1)

ARRANGE TRANSFORMATION MATRIX
C{l,1)=COST(1,2)

0(1:+2)=SINT(1,200COST(I,1)
Cl1,3)=SINT(I,2)eSINT(I,1)

U(251)==SINT(1,2)

U(2¢2)=2C0ST(1,2)eCNSTLI,41)

C(2,3)=COSTUI ;2)aSINT(I,1)

Cl(3,1)=0,

0(3,2)==SINT(I,1)

Cl3,3)=COST(I,1)

TRANSPISE THE TRANSFORMATION MAIRIX
CT(l:1)=C(1,1)

CT(142)=0(2,1)

QV(1+3)=0(3,19

OT(2,1)=0(1,2?

OT(2:21=0(242)

07(203)30(3'2’

0rts,1)=0(1,3)

OT(3:,2)=0(2,3)

CT(3,3)=0(3,3)

CALL HVMMPY(DsOT 4E9343424LM)

CALL HMMPY( L E F9393,3,LM)

F(3,3) IS LCCAL ™MenT ROTATED PARALLEL TO BCOY AXES
TRANSFER TU CALC (G PY PARALLEL AXIS THEOR(CM
D(le1)=XCGl12K)}8XCG(192eK)EXCGL{I43,K)eXCG(1y3,K)
DE1:2)=~XCO (1,41 ,K)aXCul1,24K)
DU143)==KCO ] e1yKIaXC5(1,3,K)

D{2,1)=0(1,2)

D(2¢2)1=XCGL 1ol s K)XCLIT4loK)#XCOII43,K)eXCGlIy3,K)
DI293)1==XCO (192, K)aXCi{I,3,K)

DE3,1)1=0(1,43)

D1342V=0102,3)

00393)=XCOU el o K)eXCOH{TI14KIEXCOUIo2¢K)eXCG(1424K)
DG 30 1i=1,3

DC 30 JJ=1,3

DUII,3J)=SM{1)el(]I],0])7144,
FUI14JdJ)=Fl11,40)/144,

CHUI T ddoK)=CRUUl s ddoK)#F(I12J2)40(11,4)

U 32 11=1,3

DU 32 4Jd=1,3
IFLabSFICI{ITsJdeK)I-1t~CGT131,31,32
CltIT,dJd,K)=0,

CONTTINUE

CUOAVLRT NAA MOMENTS TO SLUG-FT-FT
XIXX{X)=xIXA(K)/712,

LIYY(K)=XIYY(K}/12,

XKIZZtK)=XK12Z(K)/12.

CALCULAT: DIFFERENCC HBLTWEEN MODEL C.Ge ANC NAA CeDe

E-11
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(4] )

-

SN ol o

53

14

37

L HMMD Y

ADIFR(K)=AMCD(K )=XNAA(K)
YDIFRIK)I=YMCD I Y~y ALK
LOITR(K)Y=ZMEC (K Y =2 4AA(K)

CaLCULATE DIFFCRENCES AND PERCENTAGE DIFFERENCES
BETWEEN MODLCL MOMENTS aND NAA MOMENTS
CIAX{KI=CI(1al,K)

CIYY{K)=CI(2,2,K)

CIZLIKI=CI(3,3,K)

OIXX(KI=CIXX{K)=-XIXX(K)

DIYY(K)=CIYY(R)=XIYY(K)

DIZLUKYI=CIZ2(K)Y-XT22(K)
POIXIK)I=DIXX{K)/XIXX(K)a10D,
PUIY(KY=DIYY({KI/XIYY(K)e]lDNO,
POLZIKY=UIZZ2(K)/K12Z(K)#100,

CALCULATEZ PRINCIPAL MOMENTS AND AXCSS

DU 34 11=1,3

Ul 34 44=1,3

DT s30)=CI(11,3d,k)

cALL EIGOINIC LoEVy3,6)

PRGI{ 14K )= VLD

PUCM(2,k)=EVI2)

PMOM{T,K)=2EV(3)

23 3% 11=1,3

ALPHALT ] 4K)I=ACHSIF(II,1))/C3

BETALTIY ,x)=ACOSLELTIT,2))/C3

JAMMA(T L4 R)=ACTSUE(IL,43)0/7C3

A ANGE (RRACR TaBLE:
QL&KOR(N.K)=XFIXF(lO.'XUlFQ(K)GS!GNF(-SQXUIFR‘K’,l
NCKQUR(N,K+7)=KF1XF(IO.GYDIFR(K)+SIGVF(.S.YDIF?(K)))
N&RKGR(N.K014)=KFIKF(l?.'lﬁl?R(K’*SIGVFl-SglClFK(K'))
NZ&RDR(N;K’21)=KrIXF(PQIX(K)*S[GNF(.SqPDlX(K)’)
1&RRQR(N;K*25)=(FIKF(PDIY(K)4SIGNF(.S,PUIY(K)l’
QERKURiJ'K*}S)=XF[XF(PDIZ(K)+S‘GNF(.SQPDII(K}’i
RLVTURN

N 1

MATRIX MULTIPLICATION, SINGLE PRECISION, FL. PT
CaLL I Ne SELLENCEawe
CALL HYMPY(A3RaCeMyaK,oN,L)
WHERE C(MoN)=A( My ) et (K,yN)
(C MHay rL Ay IN whICh CASE A IS LESTROYED)
L=C INDICATZS DK
L=1 IWOICATES #lLa PT. OVERFLOW
SURKNUTINE EMMPY(Ay7 oCoeMyr o NyL)
CIMENSION MB.B),BH.B‘)'C(5.3)-9.(3)
YNz
KK=K
VM= oy
LL=v
CHO172Y I=lyt ¥
G 160D J=1 00\
2J) =0,
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1C9
110

12¢

135

143
153

1&C
1719

D0 109 Kl=1 KK
RIJI=A(I K1 )uB{K1,J)eR(J)
00 110 4=1,0N

Cllyd)=RtJ)

IF ACCUMULATOR OVERFLOW 130,120
CORTINUE

L=t

RETURN

LL=1

SO0 125

END

SURKOUTINE CIGEN(A,CyGaNALL)
OIYENSION A(3,3),E(3,3),G13)
N="A

UO 110 1=1,4N

DO 100 Jd=1.A

tlleJd)=0.0

E{I,I1)=1.0

+y=0,0

F i0=C.0

DJ 130 I=1,A

i) 120 J=1,N

FiA=FN+A(T g J)se?
FiOo=FND+A(] 4 J) a2
FiO=FNI~al(l, 1) ne?

f ‘leN.‘)oS'(lO...(‘L"

IF (ENI-FN) 240,247,135

oi) 230 I=1,.A

v 23C J=1,N

IF (1-J) 14742304140

[F (A{Isd)) 150,230,15)
1=a(l,1)=-A0J,J)
S=SLRTFIA([9J)e8240,252ReD)
T=0(1,1)¢A(J,Jd)
C355C=2.540.252R/S
TUSTH=SQURTF{CTSHT)

ST 4Tc=2SURTIF{L1.2-C0OSS L)

IF (A(I4,3)) 160,230,119
SITH=~-SEINTH

AlIol}=0.5T#S
A(JeJ)=)ed0T-5S
Ful=FN)=2.2(A(l,d)=e2)
A(X.J,':CC‘J

230 220 K=1eN
[F(I=-X)13C,275,180

I (J=a) 192,2C3,19C
AlloK)=A(T,n}aCCSTHEAL ), K} 2SINTH
A{JgK)=ALIgK) &CNSTH-AIK, [ ) #SINTH
A{KyJ31z=AlJe )

AMKXeI)=ALI4K)

T=rl1e%)




239
2¢0

213

2a0

245¢C

ElloK)ZECT oK) #COSTHE(J4K) oS INTH
E(JeK)==TaSINTHeE(J,K}aCOSTH
IF (ENI=FN) 240,240,230

CONTINUE

GU TU 135

DO 230 I=1,N
J=1

DN 260 K=l,4N
IF(A(JyJ)-A(K,K})250,260,2060
J=K

CONT INUE
elili=A(Jed)
AldyJi=Al1,1)
SU¥=0,.D

D3 270 M=1,A

SUN=SUMSL (JM)ue?
SUM=STRTF (SUuM)

DO 280

Al M)=
clde¥)=

(3 290
D} 290

clleJd)=

RCTURN
EllL

“zlph
ElJdyVM)/SUN
Eli.m
ltlyh
J‘_'l..c
All,J)

SURRTCUTINE CuTtryut

COMECN
COMMGN
CUMMOCN
CUMMON
comMpnN
COMMON
COMMON
covmMeN
COMMON
CUMMCN
COMMON
CaOMyYeN
CUMMEN
COMMEN
CUMMEON

NeWeChytTAL23

SHeSNMySL Ry RRG Y DELTAZAMU, AMUSC,SIGML,ETA,YY
STAT yCERVoSHLOH, SUPH,, SUBH, TROCH, TIBH,UPARL
FOARL yChESDy WAISDBUTTO,CHESB WAISB HIPRLAXILC
ELBC oF GARC R ISCoFISTT o THIHC , GKNECy ANKC, SPHYR
FOGTL ,BIACD HEACC, L ISPH,SITH,CELSH
XNAAJYNAA,INAQA XIXX o XIYY X127

SIXX.SIYY,S127

THET Ao SINTyCOSToUeE oo CHCT
He X XCG,C 1

MG, YMOD, 7 MO0
XUTFRYOIFRZZTIFR,CIXX,CIYY(CUZZ,,CIXX,D1IYY, DI22
PEIX,PLIYPLIZ

ALPHAZBET A, GANMA, PMOM

NERRCR MOSATCoNIoNS, L1, L 24K

OIMENSTON Sw(15)sSMUL5),SLILIS)e2(15)4RRIL5),Y(15])
DIMUNSION DOLTA(LIS5) 4 AMULL15 ), AMLSCILS3,51GMAL1S)
CIYinNSIOHN LTALIS),YYLLS)

DIVENSTON XNAA(T)y YNAA[T ), 2NAA(T)

OTMENSTION XIXX{T7) XIVYY(7),XIZZ2(T)

UIMESTION SIXX{E5)+STYY(15),5122(15)

CIMUNSLON TRETA(I5,204SINTI1542),C08T(15,2)

DI3¢3),L13,3),F(32,3) ARE DUMNMY MATRILLS

DIMEMSTUN L3930 980343),503,3),003,3),07(3,3)
GIMENSION HU15,03) 9 X{15¢3)9XCU{1Se3,73,C103,3,7)
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DIMENSION XMOULT),YMUD(T),Z2M0DLT)
UIMENSION XCIFRUT)YCIFRIT) ZUIFRLT)
DIMENSION CIXXU7),CLYY(7),C122(T7)
OIMINSION DIXX(7),01YY(T7),DI22(1)
OIMENSION PUIX(T),PDIY(T),PDIZ(T)
OIMENSION ALPHA(3,7),BCTA(3,7)4GAMMA(3,7),PMOM(3,T7)
DIMENSTION NERRCRUK6942) ¢MOSAIC(63943),MNI12042),NS(66)
ouT?urT
IF (SENSE LIGHT 2)100,199
PREPARE MASTER TAPE AITH ANTHRCPCMETRIC DATA,
NAA CG OATA AKD MOMENTS OF INERTIA,
SEGMENT CHARACTERISTICS AND LOCAL MOMCNTS
107 WRITE GUTPUT TAPE 5,101 ,NoW,cTAL123,DELSH
131 FURMAT(3HIN=II 33X 2HW=F6.1 95Xy THETAL12322PE1U.2y5X,
i 6HDELSh=1PE9,2)
wt [TC OUTPUT TAPE 5,102,STAT,LERV,SHLDHy SUPH, SULH,

1 TROCH, TIBH9UPARL 9 FOARL ¢ CHESD o WAISD,BUTTDs CHESE
2 WAISH hIPB AXILC tLBLy FOARCyWRISC,FISTC,THIHC,
3 GKHEC ¢ ANKC ,SPH(H FOCTL,BIACC,HEADC, 6 ISP8B,SITH

197 FORMAT(159F5.1)
WRITE CUTPUT TAPE 95,1203,54

103 FORMAT(6H SW 23E18.8/6X,6E18.8/76X,6E18.8)
WRITE CUTPUT TAPE 5,104,SM

104 FOIMAT(6H SM™ 03C18.8/6XKe6E18.8/76446E18.8)
dRITE QUTPUT TAPE 5,105,SL

105 FURMAT(6H SL 03E16.876X,6t18.8/6X,6E18.8)
WRITE OQUTPUT TAPE 5,106,4R

106 FORMAT{uH R 23E1B.876X,6E18.8/76X,6E18.8)
WRITE NUTPUT TAPE 5,107,RR

107 FORMAT(6H RN 9 3E18.8/76K,6E18.8/6X,6E18.8)
wRITE CUTPUT TAPE 5,108,Y

134 FORMAT{OH Y 930 18.8/76X46E16.8/76X,6E18,.08)
WRITE OQUTPUT FAPE 9,109,DELTA

109 FORMAT(OH DELTA,3E18.8/6X,6E18.8/6X,6E18.38)
wRITE OQUTPUT TAPE S,11C,AMU

L10 FORMATIOH ANMU  43E16.376X,6E18.8/6X,6E16.8)
nRITE CUTPUT TAPE S,111,AMUSC

111 FORMAT{6H ANFUSG, IEL1L . A/6X,56018.8/6X,6E18.8)
wRITE QUTPUT TAPE 5,112,SIGMA

112 FORMATI(O6H SIGMA,3L18.3/6X,6t18.876X,6E18.8)
wRITE CUTPUT TAPE 5,113,ETA

113 FORMAT({OH ETA L3E18.3/76X,6E18.8/6X,6E18.8)
wITE QUTPUT TAPE S,;114,YY

114 FORMAT{OM YY 03E16.876X6EL18.8/7/76X,6E18.8)
aRITE QUTPUT TAPE 5,115,S1IXxX

115 FORMAT(EH SIXX o,3t18.8/6X,6018.8/6X,6E18.08)
wRlT. QUTFUT TAPF 5,116,S1YY

116 FORMAT(6H SIYY ,3016.0/76X46E1G3.8/76X,6E18.8)
wRITE CUTPUT TAPE 5,117,S122

117 FORMATIOH SIZZ +3FE18.876X,6E18.8/6X,6E18.8)

193 I+ (SE4St LIGHT 1)2C2,300

207 WRITE QUTPUT TAPE 3,201 ,NenwslnoETALZ23

291 FORMAT{3HIN=14,5%,3H W=FO0e1 10X 3HCW=3PEL1O.1,5X,
1 HETAL1Z23=2PFE9,. 1}

s iy A ot e R
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n I TL JUTPUT TAPC 3,202

232 FORNA’(IHO!13x11ﬂ1914191H2914xQ1H33!4¥31?43l@!;!ﬂs:
1 1aXy IHES LOX, 1HT)
ArITE CQUTPUT TA.E 3,203,XNAA

203 FORMATIOH XNAA 44X,7(1PELC.2,5X))
WRITE CUTPUT TAPE 3,204,XM0D

24 FURMAT(GH XMOU 44X, 7{1PEL10.2,5X))
wRITE QUTPUT TAPE 3,205,XDIFR

205 FURMATIOH KL IFR,6X,7(ELQ.2,5X))
WRITE CGuTPUT [FAPE 3,2C2
WRITE NUIPUT TAPE 3,206,YNAA

206 FURMATIO6H YNAA 44X, T(1PELO.2,5X))
wWRITE DUTPUT TAPE 3,207,YM00

237 FORMAT(6H YMOD 46X, T(1PEL10.2,5X))
ARITE NUTPUT TAVE 3:208,YDIFR

203 FORMAT(6H YLIFR4XT(E10.2,5X))
WwRITE CUTPUT TAPE 3,292
WRITE CuTPUT TAPE 3,2)9,23AA

209 FORMATIOH ZRAA 44X T{2P+10.145X))
WRITE CUTPUT TAPE 3,210,2M00

210 FORMAT(6MH ZMOD ,4X,7(2PE10.1,5X))
WRITC QUTPUT TAPL 3,211,201FR

211 FORMATIOM ZUIFR,4X,T{EL10.2,5X))
WRITE QUTPUT TAPE 3,202
ARITE CUTPUT TAPE 3,212.,XIXX

212 FORMAT(OH XIXX 34X, 7(1PE10.2+45X))
w]TE QUTPUT TAPE 3,213,01XX

213 FURMAT{oH CIXX 24X, 7(1PE10.2,5X))
wakITE CUTPUT TAPE 3,214,DIXX

214 FORMAT(6H DIXX 24X, T(1PEL10.2,5X))
RAITE OQUTPUT TAPE 3,215,PD1KX

21 FURMATIOH PLIX 14X, 7{E10.245X))
wRIIE GUTPLT TaPE 3,207
WRITE DUTPUT TAPE 34216,4,XIYY

216 FCOMAT(OH XIYY 46X, T(1PELCL295X))
wKITL SUTPUTY TAPL 3,217,.CIlYY

217 FORMATIGEH CIYY 44X, 7(1Pt1G.2,5K))
wRITE JUTPLT TAPE 3,21:2,01YY

21% FURMAT(ot DIYY 44X, 7(1PL10.2,5X))
anITD UTPUT TAPLE 3,219,PDI1Y

219 FOURMAT{6H PLIY 44X, 7(c1C.2+5X})
whlI1D CUTPUT TaAPFE 3,202
w»RITE NUTPUT TAPF 3,220,Xx1212

22 FUSNATIOH XK1ZZ 24X, 7(1P{10.,2¢54))
wiI1E SUTPUT TAPF 3,221,C122

221 FORMAT({oH CI77 44X,7(1PE10.2,5X))
oRITE CUTPUT TAPE 3,222,0122

2722 FURMAT(OH DIZZ 64X 7T01PL10.245X1})
ARITL CUTPUT TAPFE 3,223,PD12

223 FORMAT(6H POIZ 44X TLELC.245X))
WwRITL CUulPUT TAPE 3,202
atITE OQUTBUT TAPE 332244 {PMOM(1¢K)eK=1,47)

224 FOREAT(TH PNOM | ,4XsT(1PELID.295X))
wRITE CUTPUT TAPE 3,225,(PYDM(2,K)yK=1,T7)
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225 FURMATITH PMOM 2,4X,7T{IPEID.2¢5X 1))

WRITE OQUTPUT TAPE 3,2.64(PMOM{3,K)eK=]1,T7)
226 FUORMATITH PPOM 3,8X,7i1Pt10.245X))

WRITE OQUTPUT TAPE 3,202

WRITE OUTPUT TAPE 3,228,(ALPHA(1,K)¢K=1,7)
2272 FORMATI(BH ALPHA 1:2X,7(1PE10.2,5X))

WRITE OQUTPUT TAPE 3,229,(BETAL{L,K) K=1,T)
229 FORMATI(3H BETA 1,2X,7(1PE10.2,5X))

WRITE QUTPUT TAPE 3,230,(GAMMA(1,K)¢K=1,T7)
230 FORMAT(8H GAMMA 1,2X,7(1PE10.2,5X))

WREITE JUTPUTY TAPE 3,202

WRITE CUTPUT TAPE 3,231,(ALPHA(2:K)oK=1,T)
231 FURMAT(8H ALPHA 2,2X,7T(1PE10.2,5%X))

WRITE QUTPUT TAPE 3,232,(BETA{2,K)4K=1,7)
232 FOR AT(8H BETA 2,2X,7T{1PL10.2,5X)}

WRITC CUTPUT TAPE 3,233,(GANMMA(2,K)eK=1,e7)
233 FORMAT{8H GAMMA 2,2X,7{1PE1C.2+5X})

wWRITE QUTPUT TAPE 3,232

WRITE DUTPUT TAPE 3,234,(ALPHA( 3K} eK=1,T7)
234 FORMAT(OH ALPHA 3,2X,7(1PE10.2,5X))

WRITE QUTPUT TAPE 3,235,(BETA(3,K)yK=1,7)
235 FORMATIBH HETA 3,2X,7(1PE10.2,5X))

AR1ITE QUTPUT TAPE 3,236,(GAVMA(3,K)K=1,7)
236 FORMAT({EH GAMMA 3,2X,T(1PE10.2,5X))

WRITE CGUTPUT TAPE 3,237
237 FORNMAT{4OMALENGTH IN INCHES, MOMENT CF INERTIA IN ,

1 2OHSLUG-FT~FT ¢ANGLES IN DEGREES.)

307 RETURN
enND

SUBRUOUTINE ANALYZ

COMMCN
COMMON
COMMCN
COMMEN
CGMMEN
COMMON
COMMCN
CQO¥MCN
COMNMCN
COMMON
COMMCN
CJMNMON
COMMCN
COvMMCN
CUOMMON

NeW,(W,ETA123

SWeSMeSL IR RN oY DELT A9 AMU L AMIISQ,SIGMALETA,YY
STAT yCERVSHLDH, SUPH,; SUBH,, TROCH, TI8H YPARL
FOARL CHESD WAISL ,BUYTTD,CHESB, WAISE HIPH,AXILC
ELBCFOARC,WRISC,FISTC, THIHC y GKNEC ¢ ANKC o SPHYH
FOOTL,BIACD,HEADC,BISPB,SITH,CELSH

XNAA JYNAAZINAA X IXX g XIYY X122

SIXX;SIYY,S122

THETA'S!NY'CGSf'D'E.F|OQOt

Ho Xy XCGHC1I

XMGO ,YMCD, IM00
XDIFRYUIFRGZLIFRGCIXXoCIYYCIZ2,01XXDIYFoL 122
POIXPOLY,PDIZ

ALPHA,BLTA,GAMMA, PMCY
NERRCRyMOSAIC ;NI NSsL 140 29K

SIMENSION Snll5)4SMI15),5L(15),R{15),RR{15),Y(15])
CIMENSION DELTA(15),AMU{15),AMUSS(158,S51GMALLS)
UDIMENSICN ETA{L13),YYI(15)

ODIMENSION XNAA(T),YNAALT),INAA(T)

DIMENSION XIXXET) o XIYY(T) XIZZ(T)

DIVESSION STXX{L15}¢SIVYY(15),S127(15)
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100

17

102

123

12

11
| 974

13

DIMENSION THETA(15,2),SINT(15,2),C0ST(15,2)
D(3,3),E(3,3),F13,3) ARE DUMMY MATRICES

CIMENSION D(393)9E(343),F(3,3),0(343),07(3,3)

DIMENSION H(1593)9X{1593)¢XCGl15¢347),C1(3,3,7)

DIMENSION XMOD(T),YMOD(T),ZM0C(T)

DIMENSION XOLFR(T);YOIFR(T) ZDIFR(T)

OIMENSION CIXX(T),CIYY(T),CI72(T)

OIMENSION DIXX(T7Y,DIYY(7),DI22(7)

DIMENSION POIX(7),PCIY(7),POIZ(T)

DIMENSION ALPHA{3,7)8BETA(3,7),GAMMA(3,7),PMOM(3,7)

OIMENSION NERROR{66,42) ¢MOSAIC{43,43),NI(2,42),NS(66)

wRlITE CUTPUT TAPE 3,100

FORMAT(1IH],54X, 16HCIFFERENCT TABLE)

WRITE QUTPUT TAPE 3,101

FORMAT(1HB, 14Xy 1HX 20Xy 1HY 4 20X 9 1HZ 4 19X 3HIXX, 18X,
3HIYY18X,3HIZZ)

wITE QUTPUT TAPE 3,102

FNRMAT( 4Ha NO,

42 1 2 3 4 S5 6 T 1 2 3 &4 5 6 1,
424 1 2 3 4 5 6 T 1 2 3 4 S5 6 1,
420 1 2 3 4 5 6 7T 1 2 3 4 5 6 1)

WRITE CUTPUT TAVE 3,103

FORMAT(1HO)

0 1 lI=l.2

SO 1 Ji=1,42

NE(L193d)=0

Do S lelobﬁ

I1="1SUIL)

«RITE QUTPUT TAPE 3,104,011, (NERRCRIITIKK)KK=1942)
FORMAT(LH 44313)

CALCULATE AVERAGE ERROR

DO 6 JJ=1,42

DO 6 11=1,466
NI(29JJ)=NI(23JJ)+LERRORITTLII)
pi} T JI=1.42
NI(24JJ1=Ni(2,4J)/066

ARRKANGC CR2CR ANALYSIS ARRAY AND LOCATE MEDIAN
DI 5 fl=1.43

DU 8 JJ=1,42

MOSAICUIIT Z34)=0

C 10 Jd=1.1

MOSAIC(1,30)=30

MOSAIC(Z2,44)=2C

DE 9 11=3,42
MOSATIC(LII 9o JJ)=NMGSAICLI(-140J}-1
NOSAIC(43,JJ)=-35

111 15 X=2,4453

DG 15 N=1,66

MALT =NERROR(NyK~1 i
IFIXABSF{MALD)-200114,14,1!

I+ (FADPLIL3,14,12

MGCSATC {1 oK) =MUSAIC(1,K)¢1

w1 TU 1S
MOSATC(43,K)=MCSATIC(43,k)¢1

t-14




60 YO 15
14 MALC=-MADD
MOSAICIMADD 422 K I=MOSAIC{MADU+ZZ2 KT ¢
15 CONTINUE
WRITE QUTPUTY TAPE 3,105
105 FORMAT(1IH1,55X,14HERROR ANALYSIS)
WRITE CQUTPUT TAPE 3,101
WRITE OQUTPUT TAPFE 3,102
WRITE OQUTPUT TAPE 3,103
20 WRITE OUTPUT TAPE 3,107,((MOSAICITITI,00)ed0=1443),
1 I1x1,43)
107 FORMAT(LIH ,43]3)
DC 24 JJ=2,43
MD=C
NO=]
22 ME=MOSAICINC+JJ)+MD
IF{MD=33)23,24424
23 NO=NQOe¢]
G0 10 22
24 NI{],34-1)=22~NC
WRITE OQUTPUT TAPE 3,108,(NI{1,JJ)900=1,642)
108 FORMAT(41.0MED,4213)
WRITE CUTPUT TAPE 3,109,iIN1(2,:JJ),J3=1,42)
199 FORMAT(4H AVE,4213)
WRITE CUTPUT TAPZ 3,110
110 FORMAT{33HAC.G. ERRORS ARE IN TEATHS OF INC,
i 33HHES sMOMENT [RRORS ARE IN PER CENT)
ReTURN
eC
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COGMPUTER PRCGRAM APMOL (FCRTRAN 1)

LOMNMNON NoW,CWoLTAL23

COMMCN STAT 4SHLCHySURHy TROCH, TIRHUPARL FOARL yCHESD,
WATSC o BUTTC ¢ CHESH yWAISB s HIPHB, AXILC,ELBC,WRISC,
FISTCoTHIHC GKNEC)ANKC,SPHYH, FOOTL,SITH, HEADC

COMMEN SIXX,SIYY,SIZ2

COMMON THLTASINT,COST,D,L4F,0,07

CHUMMON Ho X XCG,CI

COMMEN XMOD YMCD R, ZMOD, DELSH

CCMMCN ALPHA,BETA, GAMMA, PMCM

COMMCN L1,

DIMCNSION
DIMENSION
DIMENSION
DIMUNSIOUN
DIMENSION

DIMENSICN
DINMUNSICUN
DIMENSION
CEMENSTON

L2eK
Swl15)sSMIL1S52,SLI15)4R{15)9RRIL1D),Y(15])
DELTA(15),AMU(15], AMUSC(L5),SIGMA(15)
ETA(15),YY(15)
SIXX{15)sSIYY(15),S12Z(15)
THETA[15,42),SIKT(15,2),C0S8T(15,2)
DU3¢3),E(3,3),F(13,3) ARE DUMMY MATRICES
DU3,3),0(343)0F(3,3),003,3),0T(3,3)
H{1593) o X(1553)eXC0(15¢3,7),CI113,3,7)
XFCLIT)YRCD(TYZMCLLT)

ALPHAL3,7) Bt TAU3,7)4GAMMAL3,T),PMCM(3,7)

READ INPUT TAPE 2,107,01,L2
FURMATI(2]5)
CUlPuUT LISIRED

SERMAL
L0
O
YES
vES

MASTER CARD PUNCHED
a0 c Y
Yt s C 1
N 1 0
YES 1 1

SENSE LIGHI C
IF(LI=))3,2,3
SZNSE LIGHT )
Ir{iLl2-1)5,4,4
SYNSE LIGHT 2
{ZAU INPUT TAPE 241014 Naw

FOavaT(15,

474F6e1)

REAU [HNPUT TAPE 2,1072,STAT,SHLEF.SUBEF,, TROCH,T1BH,
U"&QL' FﬂARL;CHtﬁD, hAlSC'&U ‘ID.CFESE' NAISH,H!PG,
AXTLC oL BCyWRISCyFISTO, THIHC s GKNEC ANKC,

SPHYH, FOOTLHEADC,51TE

FOMAT(12865.1)

CALL C:iSItn

D 6 1=1415

N6 J=l,2

- L




6 THETA(L,.J)=0.

7

1
2

K=1

CALL EULER
CALL MOLMOM
K=K+1
IF‘K-8)79§.7
caLL Qurtpur
60 Y0 1

END

SUBROUTINE CESIGN

COMMON NoW,CW,ETAL23

COMMCN STAT ,SHLOH,SUBH,TROCH, TIBH,UPARL s FOARL CHESD,

WAISCBUTTD CHESByWAISB HIPBLAXILC, ELBC,wRISC,
FEISTCoTHIHC s GKNEC ) ANKCy SPHYH, FOOTL , STTH,HEALC

COMMCON SWyeSMeSLsRyRReYsNELTAZAMU, AMUSS,SIGMALETA,YY

COMMON SIXX,StYY,SIZ27

COMMON THETASINT COST,D,E4F,C,0T7

COMMON HeXo XCGoC1I

COMMON XMOD ,YMOD,ZMUD,CELSH

COMMON ALPHALDETA,GAMMA,PMOM

COMMCN L1,L2,K

DIMENSION Sw{l15)sSM(15),SL{15)4R{15)},RR(15),Y(15)

DIMENSION DELTA{15),AMU(15),AMUSG(15),SIGMA(1S)

DIMENSION ETA(15),YY{15)

DIMENSION SIXX(15),SEYY(15),5122(15)

DIMENSION THETA(15,2),5InT(15,2),C0ST(15,2)
D(3:3),E(343),F(3,3) ARE DUMMY MATRICES

DIMENSION D{3¢3)E(3,3),F(3,3),0(3,3),07{3,3)

DIMENSION HE1543)4X(15,3),XCG115,3,7),C1(3,3,7)

DIMLNSION X»00(7),YMOD(T),2M0D(7)

DIMENSION ALPHA(3,T7).RETA{3,7),GAMMA{(3,7},PMOM{3,7)

PI=3.1415927

TuCPl=2.eP]

Cil=P1/3.

C2=62.427/1724.

DESIGN MODEL MAN BY USING ANTHROPOMETRIC D IMENSIONS

APPLY SARTER REGRESSICN EGUATICON TUO SUBJECT WEIGHT

HiT=(.472aW)+12.

BUQ=(.OU’H)"Z.9

BFD"‘.Q“’“)-GS

UH=(QOI‘.H,+.7

BUL=(.lb6eW}+3,2

BlLL={,11%#W)~1.9

BF={.02%d)¢1.5

WDIFF=nw-(HNT+HUA+HFO+BH+BUL +BLL+RF)

AKERDIFF/ (HAT+BUA+bF O+ BH4BUL ¢8LL +8F)

wkl1=14nR

DISTRIBUTE wDIFF PROPORVIONALLY CVER ALL SEGMENTS

Swlll=.,079%h

SHZ23=H\TewRk1-Sw(l)

Snila=HHanRl/2.

F-2
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6 2]

6

SWl6)=BUA®WR]L/Z,
SwlB)=BFU=wWR1/2.
SHIlQY=bULeLR]1/2,
Swll2)=BLLenWKR1/2.
Swllé)=RFewRkl/2.

DEVELOPMENT OF HEAD

I=1

R{I}=(STAT=-SHLCH) /2.
RRUID)-=HEADC/TUCPI
DCLTA(D)=SKW{I)/RR(TI)/RRII)/R(I)/C1/ 4,
SLiT)=2.8R( 1)

ETA(I)=.5

Y{I)=R(])

DEVLLOPMCNT CF TRUNK
SLIZ2)=SHLDh-SUHH
SLI3)=SITH=-(STAT-SUBH)
R(2)=CHESL/ 2.

R{3)=HIPbB/2.
RR{2)V=(CHESC+WAISD) /4.
RRE3)=({wWAISDU+BULTID) /4.

tTA(2)=.5

ETA({3)=.5

Y(2)=ETA(2)aSL(2)
Y{3)=FETA(2)eSL(3)
DELTA(2)=SW23/PI/(R(2)ekR{2)#SL(2)
1 +1.01/7.92«R{3)sRR{3)=SL(3))
DLLTA(3)=1.01/7.92#DELTA{?Z)
SwlZ2)=DELTA(2)#R(2)%RR(2)#SL(2)=P]
Swl3)=DLLTA(3)=R{3}«RR{3)eSL{3)eP]
DEVELOPMENT OF nANDS

1=6

R{I)=FISTC/IWwCP]

Ax{li=n(])

SL{l)=2.%Rx!])

ETA( ! ’=05

Y(I)=ETA{L)=SLL})

Sal{l)=Sw(4)

DELTA{I)=Se (1)/R(L)/R{TI/R(1)/CY/4.,
1J=1-3

[=5

GO TU (5¢6),1J

DEVELOPMINT OF UPPLER ArNS

fd=1

[=6

{I)=AXILC/IWUPI
RRU{I)=tLbl/TnwliPl

SL{T}=UPARL

20 1¢ 20

CLVELOPMENT OF FOREARVS

14=2

[=%

RIT)=ELBC/T 0P

KR {1 )= vRISC/TW(PI

SLIT)Y=+CARL




G0 1C 20 :

C DEVELOPMENT OF UPPER LIGS
10 14=3
1
R(I)=THIHC/ 1WOPI
RRUI)=3KNEC/TWCPI
SLUI)=STAT-SITH-TI8H
G0 To 20
C DEVELOPMENT OF LOWER LEGS
: 12 1J=6
; =12
z R(1)=GKNEC/ TWGPI
RR{1)=ANKC/ TWCPI g

. p

: SLII)=TIBH~-SPHYH 3

’ 29 G=R{T)eR(1)+R(I)eRRL;)I+RR(I)#RR(]) 3
DELTA(I)=SW(I)/SLLT)/G/CL 3
AMUCT)=PRIT)}/R{I)
AMUSQ(I)=AMULT) sAMU(I)

C
14

1

3c

3!

40

41

ST

’n
-
-~

PR A R A

FPRNTRGER

e Catle A B ot

SIGMA(TI)=1.,+AMU(TI)+AMUSQ(I])
ETA(])=(142.2AMU(I)4+3.0AMUSQ(I))/SIGMAL]I) /4.
Y{I)=ETA(I)eSL{I)
GO TO (38,10412,14),14
DEVE LOPMENT OF FEET
I=14
SL{I)=FCOTL
cTA(I)=.429
Y(I)=ETA(I)=SL(I])
G=1e=2.8ETA(I)+SQRTF(ETA(IY)=sETA(])
a(~-12.1412.2E7A(I)-2.)

AMUSQ(T)=AMU(TI)eAMU(T)
SIGMA(I)=1.+AMU(T)+AMUSG(I])
R{1)=SPiYH/2.

RR{1)I=AMUCI)eRL )
G=R{IVeR(I}+RLI)IeRRIT)I4+RR(I)&RR(T)
DELTALIL)=SW(I)/SLIT1)/G/CL

D2 31 I=T7¢15,2

SA(I)=Swl]l-1)

DELTA(I)=DELTA/I-])

R{I)=R{I~-1)

RA(I)=RR({1~-1)

SL{Lli=SL(I-1)

Apy{ii=amutli-il
AMUSGITI=AMLSC(E-1)
SIGMA(I)=SIGMA(]L-1)
eTA(L)=ETALI-1)

Y{I)=Y(1-1)

DO 41 [=1,5

amull)=-g,

AMUSCEI)=0.

SIG#a(l1)=0,

CALLULATE SEGMENT MASS AMND MASS CENSITY
CHLLK SUM CF SEGMENT WLIGHTS ECUAL TC BGUY wiloGhHT

Cw=0.

ERTRI N e ity

RIS o s : [
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A

51

52

54

55

69

61

Ui 51 (=1415

SM{I)=Sw(l)/32.2

DELTAUI)=CELTA(I1)/32.2

CH=CLw+SW(])

CETERMINATICN CF LOCAL MOMENTS OF INERTIA CF SEGME(TS
HEAD

!~
L =

SIXX(Th=02eSM{T){R{T)SR(I)4&R{I)eRR(]))

SIYY(I)=STIXX(])

SIZZ{It=,42SM(])#RR(I)2RR(])

UPPLR TORSO AND LOWER TORSO

LY 52 1=2,3

SIXX(I)=5V([)'(3-'R(l)'“(l)+5t(I,‘SL(l)’/l?o

SIYY(!}=SN(I’*(3olRR(I"RR(I’*SL([)'SL(I’)/IZ.

SIZZ{T)=SH(I)#(RROTIIRRR{II4R{I}eR(1)) /4.

HANDS

[=4

SIXX(I)=.4eSM{1)aR(I)er(])

SIYY(1)=SIXxx(])

SIZZ(1)¥=S1XXx(1)

UPPER AND LCWER ARMS AND LEGS, AND FEET

D0 53 1=6,14,2

AA=9.'([.*ANU(l)fAMUSU(I)"l.*AMU(I)*AMUSQ(l”’
/SIGMA(I)/SIGMA(TI)/20./P1

Bb=3.!(l.+4.-AMU(I)4AMUSQ(I3-(10.04.0AMU(l)*AMUSQ(!))!
/SIGMA(I)/SIGMA{I)/E0.

SHXX(1’=SM(I,’(AA'SM(I)/DELTA‘i)/SL([)*BB'SL(I)'SL(I)’

SIYY(I)=SIXX(])

SIZL(I)=2.'SM(I)*SM(I)*QA/DELTA(I)/SL(I’

COMPLETC REMAINCER (OF SCGMENTS

DO 54 [=5,1%,2

SIXX{I)=SIXX{I-1)

SIYY(I)=SIYY(I-1)

SI1Z2ZU1)=S127(11-1)

CENITER UF GRAVITY OF HEAD,NECK AND TRUNK

E(le1)=SW(1)mvY(])

E(142)=SWI2)e(SLIL)+Y(2))

Clle3)=Sn{3)a(3L(124SL(2)¢Y(3))

éTﬂ123=(E‘111’*E;192,*C(1’3’)/(SN(1)4SH(2)‘SN(3))
J{STAT-TRCCH)

CUNVERY DENSITY TO SPECIFIC GRAVITY

30 55 1=i,1%

DELTALI)=DELTAlI)®3Z2,.2/C2

DEFINE DISTANCES OF LOCAL CG FROM HINGE POINT

UFLSH=SITH-ISTAT-TROCH)

LU 6C 1I=1,15

Yviel=vy(l)

YY(G)=Y16)~K{L)

YY(10)=Y{(18)+DELSH

YY{14)=C,

DO 61 1=7,15,4

YY{I)=YY(]-1)}

DETERMIRE FIXED HINGE POINTS

DU 67 1=1,15




O

D0 ¢7 J3103

67 HilyJdi=0.
H{642)=CHESR/2.¢R{6)
H(693)=STAT-SHLDH4R{6)
H{10,2)=HIPB/2.-R(1{)
HU1G43)=SLLY)+SL{2)+SL(3)-CELSH
DO 66 I=7,11,4
H{I,2)==H{I~1,2)

68 H(I,3)=H({I-1,3)
RETURN
£END

SUBROUTINE MODMOM
COMMGN NoW,CW,ETA123
COMMOCN STAT ,SHLDH,SUBH, TRICH, T 18K, UPARL,FOARL CHESD,
1 WAISCBUTTD,CHESBaWA!ISH,iI7By #XILC,ELBC,WRISC,
2 FISTCoTHIHC s GANEC . BAKC,, SPiHYH, FOCTL , SiTH, HEADC
coMMON SN'S"'SLQR'RR'Y'DEL'A'A"UQA"USQ'SIGMA'EIA'YY
COMMON SIXXeSIYY,S12Z
COMMON THETA’SINT,CDST'C'E'F’O'D!
CUMMGCN Hy X9 XCG,C1
CAIMMON XMOD ,YMUD,ZM0D, DELSH
CUOMMCN ALPHA,BETA,GAVMMA,PMCM
COMMON L1,L2.K
DIMENSION SK{151,SM(15),SLIL15),R{15),RR(15),Y(15)
DIMENSION DELTA(15),AMU(15),4MUSG{15),SIGMA(15)
DIMENSION ETA(1S5),YY(15)
CIMCNSION SIXX(15),SIVYY(15),5122(15)
DIMENSION THETA(15,2),SINT(15,2),C058T(15,2)
D(3,3),€(3,3),F(3,3) ARE DUMMY MATRICES
DIMENSION D(3,43),E(3,3),F(3,3',0(3,3),07(3,3)
DIMENSION H{15930,X(1543),XCG(15¢3,7),CI(3,3,7)
DIMENSION XMOD(T),YNMOULT)ZMGD(T)
OIMENSION ALPHA(3,7),RETA(3,7),GAMMA{3,7),FPMOM(3,7)
DIMENSION EV(3)
K=K
PI=3.1415927
C3=pP1/18C.
ItRO DUMMY NMATRICES DoE,F
DO 1 II=1,3
DO 1 JJ=1,3
D“l';}’=00
E‘II 'JJ,:’OO
! FU11,JJ)=0.
LERC C.G. ARRAY
DO 2 I=1,415
D0 2 J=1,3
2 ‘(x’\’,‘:O.
ZERO THE INERTIA TENSOR ARRAY
00 3 1l=1,3
DC 3 Ji=1,3
3 CItIN.dJ4K)=0.




[l

10

11

12

13

14

CALLCULATL HIMGE POINTS U7 MUJeABLE SEGMENTS

F URE ARMS

o 9 I=G'9

o=SL(I-2)-R(1-2)
E(Le1)=SiNT{T=-2,1)*SINI{][-2,2)
E(241)=SINTI1=-2,1)2CCST([-2,2)
E(3'l)=COSI(I~2,l)

DU 9 J=1,3

(T2 J)=H{I=-24J0)¢E(J,1) G
LOKER LEGS

oC 10 1=12,13

G=SL({I--2)+DeELSH
E(ly1i=SINT(I-2,1)2SINT(]~-2,2)
E(241)=SiNT([-2,1)8 CST(]1-2,2)
E(3,1)=COST(1-2,1!}

NG 1C J=1,3
H(l,J)=H‘I‘20J,*E(J91"G
HANDS

DG 11 [=4,5

G=SL{I+4)
E(Ls13=SINT{I+4,1)aSINT(]44,2)
t(2,1)=SINV(I+4,1)sCCST(]+44,2)
tl3,1)=COST{I44,1)

by 11 J=1,3
H‘X.J)=H(1*QQJ)*E(J11;'G

FEET

DI 12 1=14,15
=SL{[-2)+,58SPHYH
E(le1)=SINT(I-2,1)eSINT(][~-Z,2}
E(2,1)=SINT(1-2,1)1C0ST([-2,2)
E{3,s1}=CUST(I-2,1)

DU 12 J=1,3

H{Tl o d)=H{I-2,3)2E(J,1)C

CETERMINE CLORC CF SEGMENT CG WRT TOP OF HEAC

X{(1+3)=Y(1)
X{2.3=5L(1})+Y12)
X{3,35=SL(1)+5L{2)+Y(3)

DC 13 I=4,15

G=YY ({1}
Fl1s1)=SINT(T,1)eS518T(1,2)
FU2,13=SINT(141)eCOST([,2)
FU3,1)=C0ST(I,1}

00 13 i=1,3
X{IoJdl=H{I,4)+F(Jy1)eG

AMCU(KY=2.1643234¢0,1521804%wA[SD

Y4CL (K) =0,

LHWGUIK) =0,

03 14 I=1,15

XAGD{K)=XMCU(K) +SW{T1VYeX([,1)/mw
YMOD(KY=YMCO(K)+SWI])eX(142)/4d
LVOD(KY=ZIMCOIKI ¢S (1) ex(1,43)/m

DETERMINE CCORD OF SIGMEAT CG WRT CALC CG

133 15 1=1,15

XKCollol oy K)=X{[y1}2=(XVOT(K}--XMCLI1))

F-1
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2%

25

26

31
32

XCull92:K)=X11,2)-¥%C0(K)
KCOUfaigXi=XC] ¢ 3)-2MODEIK)
00 30 I=1,15

ARRANGE LOCAL MOMENTS INTO UAMY MATRIX (3 X 3)
B0 26 t§i=1,3

DG 24 JJ=1,3

D(I11,44)=0.

D(l,2)=SIXX(1)
R{2423=S1YY(1)
D(3,3)=8122(1)

ARRANGE TRANSFGRMATIOV MATRIX
0(11)=COST(1,2)
O(1l,2)=SINT{1,2)eCNST(I,1)
C(le3)=SINT{I,2)eSINT(],1)
0(2,1)=-SINT(1,2)
0(2,2)1=COST{1,2)eC0ST(]I,1)
C(2,3)=COST(1,2)eSINT(]I,1)
C(3ol)=0.

0(3,2)==-SINT(I,1})
0(3,3)=C0OST(I,1)

TRANSPUOSE THE TRANSFORMATION MATRIX
Citl,11=0(1,1)
0T(1,2)=01(2,1)
O0T(1,3)=0(3,1)
0T(2,11=0(1,2)
Cl(2,2)=0(2,2)
01(2,3)=0(2,2)
OT(3,1'=0(1,3)
0T(3,2)=0(2,3)
Cri3,3=0(3,3)

CALL HMMPY(L,0T4E93,3,3,LM)
CALL HMMPY(L EyF939393,LM)

£13,3) IS LCCAL MOMENT KOTATED PARALLEL TO BOOY AXtS

TRANSFER 70O CALC C, BY PARALLEL AXIS THEGREM
D(191)=XCOUI,2sK)aXCOCL92sXK)I+XCClI93,K)SXCG(I93,K)
D(192)=-XCG{Is1oK)aXCG(1,2,K}
Dl193)==XCO(I41eK)aXCG(I43,4Ki

D(2,1)=D(1,2)
D(292)1=XCGlI191oK)uXCGlI 9l o KI+XCG(Iy3eK)eXCG(I,3,K)
D(2¢3)==XC6(192.K)2XCG(I,3,K)

D(3,1)=0(1,3)

G0(3,2)1=0(2,43)
D(3s3)1=XCOl141yK)eXCG Iy XKI+XCG(I52,K)XCG(I,2,K)
DO 30 11=1,3

D0 30 JJ=1,3

DUII,J))=SM(1)el(1],JJ)/7144.
FlllJdJ)=F(11,30)/144.
CI(IE9JdeK)I=CT{TIT4JJsK)I+F{I1,JJ)¢D(11,4J)

0O 32 11=1,3

D0 32 Jy4=1.3

IF(ABSFICI(IT 9 JJeK}i-1.£-07)31,21,32
CiItll,34,K)=0.

CONTINUE

CALCULATE PRINCIPAL YOMENTS AND AXcS

F~6
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CHNMPY

oGO an

34

35

1¢9
110

DI A4 [l=1,3

1if} 34 $d=1,%

OO, 33 =CHUT T4,k

CALL EIGENILC E2EV,3,5)
PVMOMLL,,)=EVL(L)

PRCM 2,02V 2)
PUCM (3 ,Ki=EVI3)

00 35 t1=1,7

ALPHALLT sKY=ACCS(ELTIT,1))/C3
HETAUIl+X)}=ACOS(C(I1,20)/C3
GAMMA(TI,K}=ACCS(E(II,3))/C3
RITURN

Elb

MATRIX MULTIPLICAIICN, SINGLE PRECISIONs FL. PT,

CALLING SEQUENCE .o
CALL HYMPY(A,B8sC oMK, doL)
WHERLE QUM NY=A{M K)ep(KeN)

(C MAY HE A, IN WHICH CASE A [S DESTROYED)

L=0 INDICATES 0K
L=1 INDICATES FL. PT. OVERFLOW
SUBRECUTINE HMMPY(A,H,CyMyKyeNyL)
DIMENSIOUN A(3,3)1,8(3,31,C(3,3),2(3)
Vii=k
KK=K
PR'ESY)
LL=0
DC 120 j=1,0M
LU 10O J=14AN
R{d)=0.
DG 10C Ki=1,k¥
I =AL] K138 {KL,J)I4R(N)
30 110 Jd=1,A\N
ClLyd)=R1D)
IF ACCUMULATOR QVERFLOW 13G,12C
CCNT I Ut
L=ttt
RETUKN
LL=1
GC Y€ 125
g

SUEKOQUTINE EIGEN(AGELGsNALL)
UDIMENSION A(23,3),8(3,3),6(3)
N=NA

DG 110 I=1,N0

DO 100 J=1,A

t(l4J)=0.0

Ell,1)=1,0

H-«’=0.0




i20
130

140
150

160
170

180
196

2C0
205
210
220
230

240

250
2¢0

212

280

FNO=0.,0

00 130 I=z1l,N

00 120 J=1,N
FN=FN¢A{[J)ne?2
FNO=FNO+A(]J)ue?
FNG=FNO=-A(],{10e2

FN=FN#) ,S5e(1C.2s (L)}

IF (FN)-~FN) 240,240,135

DO 230 i=zl,N

D0 230 J=1,N

IF (I-J) 140,230,140

IF (All,J)) 150,230,150
R=A(I,1)-AlJ,J)
S=SYRTF{A(]l,J)ee24D,25aRaR)
T=A(1,1)¢A(J,yJ)
COSSW=0.540,25#R/S
COSTH=SGRTF(LCOSSQ)
SINTH=SQRTF({1.0-C0SSQ)

IF (A(1,3)) 160,230,170
S.NTH=-SINTH
A{l,1)=0.5214S

A{Jde })=0,5T-§

FNO=FNO=2 .,2(A(]l,J)ee2)
Al(l,J)=0.0

00 220 K=1,4AN
IF(1-K)1180,205,180

IF (J-X) 19C+200,190

AT sK)}=Al LK) 2COSTH+A{JK)2SINTH
A{JeK)2A{ ) KYSCOSTH=A{K, I} oSINTH
AlKyJ)=A0JeK)}

ALK I)=A(],K}

T”‘E‘l.K’
E(loK)=E(ToK)*COSTHEE(J K)aSINTH
EldeK)=-TeSINTH+E(J,K)eCOSTH
IF (FNO-FN) 240,240,230
C.ONT INUE

Ge TC 135

1O 280 I=1eM

J=1

1J0 260 K=[,N
TF{A{JyJ)=-A1KyK)1250,2609260
J=K

CONTINUC

GILI)=A1J,4)

A{dyil=All,1)

HUM=2,0

CJ 270 M=z1,N
SUM=SUM+E(JsM) ae?2
SUM=SQRTFISLM)

D3 280 Mz1,0

Al oM)=p {3y M) /SUM
E{JeMI=Ell,8)

D0 290 I=1,N

00 290 J=1,N

F~10




290 L{1,J)=Al1,J)
RETURN
il

SUBROUTINE CUTPUY
COMMON Ny Wy CWyETAL23
CUMMON STAT ,SHLOH,SUBH, TRICH, TIBF,UPARL y FOARL,CHESD
1 WAISU, BUTTD,CHESS »WAISByHIPB,AXILC,ELBC,WRISC,
2 FISTC»THIHC yGKNEC o ANKC 9 SPHYH,FGOTL, SITH,HEADC
COMMON SWeSV¥:SLsRy,RRyYoOELTA, AMU, AMUSG, SIGMA,ETA,YY
COMMON SIXX.SI1YY,S12?
COMMGN THETA,SINT,COST404E,F,0,0T
COMMGCH Hy X9 XChH,CI
COMMON XMOD ,YMCD,ZMOC,SELSH
CUMMON ALPHALBETA, GAMMA, PMOM
COVMMCN L1,L2,K
DIMENSIOM Sw{l15)oSM{15)sSLILS)IRILI5),RR{151,Y(15)
DIMONSION DiLTA(15),AMY(15),AMUSG(15),SIGMA:15)
DIMCNSION £7A115),YY{15)
DIMENSION SIXX(15),SIYY(15),S12Z2(15)
OIMENSION THETA(1S5,2),SINT(15,2),C0OST(15,2)
D(3,3),E(3,3),F(3,3) ARE DUMMY MATRICES
DIVENSION D{3:3),E(3,3),F(3,3),0(3,3),07(3,3}
DIMENSION H{15,3)9X(15,3)eXCGU1593,7),C1(3,3,7)
DIMENSION XNCO(7),YMCO(T),ZMCL(T)
DIMENSION ALPHA(3,7)+BZTA(3,T7}sGAMMA(3,T7),PMOUM{3,T7)
ouTPUT
IF (SENSE LIGHT 2)100,199
PREPARE MASTER TAPE wITH ANTHRCPCMETRIC DATA,
SEGMENT CHARACTCERISTICS AND LOCAL MOMENTS
100 wWRITE CUTPUT TAPE 59101 4N,W,ETAL123,DELSH
101 FORMAT(3HIN=II,3X2MHW=F6.195X, THETA123=2PE10.2,5X,

1 O6HUELSH=1PE9.2)

WITE OUTPUT TAPE 5,102,STAT,SHLDH, SUBH, TROCH, TIBH,
1 UPARL s FOARL,CHESO,WAISD, BUTTD,CHESB,WALISB, HIPS,
2 AXILC g eLBCoWRISC,HISTC, THIHC,GKNEC ) ANKC,

3 SPHYH, FOOTL,HEADC,SITH

102 FORMAT(12F5.1)
WRITE GUTPUT FAPE 5,103,5W

173 FORMAT(6H Sw 23E18.8/6X,6E18.8/6X,6E18.8)
WRITE CUTPUT TAPE 5,104,5M

1046 FORMATI{OH SH 23E16.8/76X,6E13.8/6X56E18.8)
WRITE CUTPUT TAPE 5,135,5L

105 FORMAT(6H SL +3E18.3/6X,6E18.8/6X,6€£18.8)
WRITE GUTPUT TAPE 5,1064R

106 FORMAT(6H R 93E18.8/76X,6E£18.6/6X46E18.8)
wRITE OQUTPUT TAPE 5,107,RR

107 FORMAT(6H RR +13E18.8/6Xy6E18.8/6X,6E18.8)
WEITE CUTPUT TAPE 5,1C8,Y

108 FORMAT{6H Y 23€18.8/6X.6E18.8/6X,6E18.8)
WRITE CUTPUT TAPE 5,109,DCLTA

109 FORMAT(GH DELTA,3E1B.8/6X,6E1B.8/6X,6E18.8)
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pin B

i)

TR}

LU 1/ 0

R S TR e Jo i A

119
111
112
113
114
115
116
117
199
200
201
i

202
|

203
204

205

206
207

203

209
219

211

212
213

214

215

WRITE QUTPUT TAPE 5,110,AMU

FORMATI6H ANMU  ,3C18B,.8/6X,6E18,8/6X,6E18.8)
WRITE OUTPUT TAPE 5,111,AMUSQ

FORMAT (6 ANMUSO,3E18.8/6X96E18.87/6K96E13.61
WRITE QUTPUT TAPL 5,112,51IGMA

FORMAY(6H SIGMA,3E18.3/76X,6E18.8/76X,6E18.8)
WRITE OQUTPUT TAPE 5,113,ETA

FORMAT(6H ETA ,3E18.8/6X6E18.8/6X96E18.8)
WRITE GUTPUT TAPE 5:114,YY

FORMAT(6H YY »3E18.8/6X,6E18.8/6X,6E18.8)
WRITE OUTPUT TAPE 5,115,SIXX

FORMAT(6H SIXX ,3E18.8/6X¢6E18.876X,6E18.8)
WRITE OUTPUT TAPE 5,116,S1YY

FORMAT(6H SIYY ,3E18.8/6X,6E18.8/6X,6E18.8)
WRITE QUTPUT TAPE 5,117,S122

FORMAT(6H SIZZ ,3E18.8/6X,6E18.8/6X,€E18.8)
IF (SENSE LIGHT 1)200,300

WRITE OUTPUT TAPE 3,201 NyW,Ch,ETA123

FORMATI3HIN=I4,5X¢3H w=F6,1910X,3HCW=3PELO.195X,

THETAL123=2PE9.1)
WRITE OUTPUT TAPE 3,202

FORMAT(1HO 913Xy 1H1 414X, 1H2, 14X, 1H3 414Xy 1Hb s 14X, L1H5,

14Xe 1H6 214X 1HT)
KRITE QUTPUT TAPE 3,203,XxM0DC
FORMAT(6H XMOD 44X, 7(1PEL10.2,45X))
WRITE OUTPUT TAPE 3,204,YM0OD
FORMAT{6H YNMCD 24X, T11PE10.2,5X))
WRITE CUTPUT TAPE 3,205,ZMCD
FORMAT{OH IMCD ,4X,T{2PE10.1,5X))
ARITE GUTPUT TAPE 3,202
WRITE OQUTPUT TAPE 3,2069{CI1151¢K)eK=1,7)
FORMAT(O6H IXX 44X, 7(1PE10.2,5X))
WRITE CUTPUT TAPE 3,207,(CIt2+2¢K)eK=1,7)
FORMATL{OH IVYY L4X,T(1PELIC.2,5X})
WRITE OQUTPUT TAFE 3,208,{CI{3,3,K)9K=1,7)
FORMAT(6H 122 ,4X,7{1PE£10.2,5X))
WRITE GUTPUT TAPE 3,202
WRITE QUTPUT TAPE 3,2099(C1(1424K)eK=1,7)
FORMATI(OH IXY 44X 7{1PE1D.2,5X))
WRITE QUTPUT TAPE 3,210,(CI11,3,K}eK=1,7)
FORMAT(EH IXZ ,4X,7(1PE10.2,5X))
WRITE QUTPUT TAPE 3,211,1C1{2+3¢K)eK=1,T7)
FORMAT(OH 1YZ 44X,711PE10.2+5X))
wRITE OUTPUT TAPE 3,202
WRITE CQUTPUT TAPE 3,212,(PMOM{1,K)9yK=1,7)
FORMAT(TH PNOM 1,4X,7{1PEL10.2,5X))
WRITE CUTPUT TAPE 3,213,(PMOMI2,K)K=1,T71}
FORMAT(TH PMCM 2,4X,T{1PE10.2,5X)}
WRITE QUTPUT TAPE 3,216, (PMOM(3,K),K=1,7]}
FORMAT(TH PMGM 3,4X,T{1PEL1C.2,5X))
WRITE OUTPUT TAPE 3,202
WRITE QUTPUT TAPE 3,215, (ALPHA(14K)eK=1,T7)
FORMAT(BH ALPHA 1,2X,7(1PE10.2,5X))
WRITE OUTPUYT TAPE 39216'(BETA( 1'K’¢K=l'7’
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1oy

21¢

217

214
21?2

220

223

224
1
399

FORMAT(oh  ©LTA 1,2X.7(1PLIC.2,5X))

wRITE GUTPUT TAPE 3,217, (CAVMMA(L,K)K=1,T7)
FORMAT(8h GANMMA 1,2X,711PE10,.2,5X))

WRITE CUTPUT TAPE 3,202

WKITE OUTPUT TAPE 3,218, (ALPHA(29K)¢K=1,7)
FORMAT(BH ALPHA 242X, T{1PF1C.2,5X}}

WRITE OQUTPUT TAPE 3,215,(BETA(2,K)eK=1,T)
FORMAT(E8H UBETA 2,2X,T(1PE1C.2,5X)!

WRITE CUTPUT TAPE 3,22Co (GAMMA(24K 1l 1K=1,7)
FORMAT(BH GAMMA 2,2X,7(1Pt10.2,5X})

ARITE OQUTPUT TAPE 3,202

WRITE OQUTPUT TAPF 3,221,(ALPHA{3,K),K=1,7)
FURMAT(BH ALPHA 342XeT7(1PE10.2,5X))

WRITE QUTPUT TAPE 3,222,(BZiA(3,K)eK=1,7)
FORMATIBH LETA 3,2X,7(1PE10.2,5X)?

wITE CUTPUY TAPE 3,?23.{‘)A"MA( 3;K)'K=1'7,
FORMAT(b6H GAMMA 3,2X,7(1PE10.2,5X))

WRITE OQUTPUT TAPE 3,224

FOIMAT (4OHALENGTH IN INCHES, MOMENT GF INERTIA IN

29HSLUG-FI-FT,ANGLES IN DEGREES.)
RLCTUKN
(o




APPENDIX 6

COMPUTLR PROGRAM APMOD (FORTRAN V)

C APY0D ANY PUSITION MATHEMAY ICAL MODEL OF HUMAN BUDY

OO O

1¢¢

$ N

;g e

o

1
P

COMMON /BL1/N ugCHyETALZ3DELSH,
SWE1S5),SMULIS5),SLIL5)sR15)4RR(15),Y(15),
DELTATLIS) AMU(1S),AMUSQ(1S),SIGMA(L1S),,ETALLS Y,
YY(1Sh,SIXXU15),SIVYY(15),S1Z22(15)

XMQD (7)), YMOD(T) . 2MODILT)

COMMON /B27STAT SHLDHSUBH, TROCH,TiB ,UPARL , FOARL ,
CHESLyWAISD s HUTTD CHESB)WAISBy,HIPB AXILU,ELBC,
WRISC,FISTC, THIFC,LKNEC ) ANKC o SPHYH, FOOTL,
SITHHEADC

COMMON /B3/701(3,3),6(343),F13,3)

COMMUN /BA/ZTHETA{15,2)SINT(15,2),COST(15,2),
003:,3)40T(3,3)oHI15,3)4X(15,3)eXCGI{15,3,7),
Cl(3,3,17)

COMMON /B8S5/7ALPHA(3 3 T) 4 KLTAL 3,7)sGAMMA(3,7),PMOM(3,7)

COMMEN /86/7K,L1,L2

KEAL  (5,1001L1,L?

FOKMAT(215)

aoTPUT CLSIRED

NURMAL MASTER CARD PUNCHED
NU NS 0 C
XU YES 0 1
YES M i 0
YES YES 1 1

Cagl SLITE (O)

If(LL-1)02,2,3

CALL SLITE (1)

[IFIL2-1)5¢%4%

CALL SLITE 2)

READ (Sc1C1)New

FORMAT(IS 94X Fb6.1)}

READ 950102V STAT,,SHLUH,SURH, TROCH, TIHBH, UPARL , FOARL ,
CHESD.ha!S&;BUTTU.&&&iﬁ,hA!SB.HIP&,AxILC.ELBC.
WLISCoFISTCy THIFT s GKNEC, ANKLC o SPHY K, FOOTL,
HTADC, SITH

FORMAT(22F5.1)

LAaLlL DESIGN

DC &6 1=1,15

oU 6 J4=1:2

ﬁ!tTi\!l.J2=C.

K=1

CALL EULER

CALL MODMOM

K=K¢}

-1
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W N

o N e

1
2

IFIK-8)T7,8,7
CALL QutpPur
NUMBER ASSIGNED TO LAST SUBJECT SHOULD BE 99

IFin=-aQt2 310 ©
GO T0 1

I¥ (L2-1)12,11,11
END FILL 18
RE#IND 18

STOP

END

SUBROUTINE CESIGN

COMMON /B1/NenWoCwotTAL23,DELSH,
SWILIS),SM{15)sSLULS)sRULISIRR(15),Y(15),
CELTALLS) yAMULLS ) AMUSI(LIS),SIGMA(LS),ETA{L1S),
YY{15),SIXX(15),S1YY(15),5122(15)

AMOC (7)Y YMOU(T)ZMOODL(T)

COMMUGN /B82/7STAT SHLDHsSUBH, TRUCH,, TIBH,UPARL { FOARL ,
CHESC MAISLBUTTO,CHESBWAISB,HIPBJAXILC,,FLBC,
WRISC(FISTC,THIHC ,GKNEC, ANKC ¢ SPHYH, FOOTL ¢
SITH,HEADC

COMMCN /B3/70(343)9E(3,3),F13,3)

COMMCN /B4/THETA(1552)SINT(15,42)4C0S7(15,2),
O03,3),0T{3,3),H(15,3)4X{15,3),XCGL15,3,7),
CI(3,3,7)

COMMON /BS/7ALPHA{3,7)oBETAL3,7):GAMMA(3,7),PMOM({3,7)

COMMEN 7B6/7KL1,L2

Pl1=3.1415927

TuOPl=2.2P]

Cl=p{/3.

DESIGN MOUEL MAG BY USING ANTHROPOMETRIC DIMENSIONS

APPLY 2ARTER REGRESSION EQUATICN TC SUBJECT WEIGHTY

HNT={.4T72U)+12.

BUA=(.O8!R)~2.9

3FG=(J48W)~.5

GH=(.Olew)+.7

BULz(old’“’*302

Bll=(.112W}-1.9

BF=(.02eW)}+1.5

WOIFF=a=(HNT4+BGA+BFO+BR+BUL+BLL¢8BF}

WR=GDIFF/ {HANV+BUA+BFO+BH4BUL+BILL +8F)

wl=].+hWR

DISTRIBUIE LDIFF PROPIORTINWALLY CVER ALL SEGMENTS

SA(1)=.079%¢

SW23=HNT24¥R]1-Sw{1l)

Swl4)=¥HaWR1/2.

SWlb6i=RUA®NK]1/2.

Sal{s)=AFO0ewRl/2.

SallC)=8BULepR]1/2,

SW{l2)=6LLswRl/2,.

Swild)=BFesul/2,
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DEVLLOPMENT OF HEAD

3 i=1

R{TY=(SVTAT-SHLDH)}/2.
RR(1)=HEADC/TWCPI
DELTA(I)=Sull)/RRITV/RR{T)/R(1)/CL/4,
Stil)=2.3R(1])

ETA(I)=.5

Y(I)=R{])

DLVULOPMENT GOF TRUNK

4 SL{2)=SHLDOH-SUBH

SL{3)=SITH-(STAT-SULH)
R{2)=CHESHB/ 2.

R(3)=HIPK/2.
RR{2)=(CHESL+WAISD) /4,
RR{3)=(WAISCESUTTD) /4.

EFAL(Z)=.5

ETA(3)=.5

Y(2)=€ETA(2)=SL{2)
Y{3i=ETA(3)eSL{3)
DELTA(2)=Sw23/P1/{(R(2)«RRI2)aSL(2)
1 +1.017.924R(3)eRR(3)8SL(3))
DELIA(3)=1.061/7.92#DELTA(2)
SWI2)=DELTAL2)=R(2)sRR(2)«SL(2)sP]
Sw(3)=DELTA(3)eR(3I)#RR{3)eSL(3)eP]
D=VELOPMENT OF BANDS

I=4

RUIV=FISTC/TW0OP

RR{1)=R(1}

SL{i)1=2.#RR(])

ETA(])=.5

Y{I)=ETA(I)eSL(]}

Sw(l}=5H({4)
DELTALD)=SW(I)/R{II/R{IM/R{1)/C1/4.
1J=1-3

I1=5

GO TO (5,6),14

CEVELOPMENT OF UPPER AKRMS,

Y a=}

I=6

R{I)=AX]ILC/TWOP]
PR{T)=ELBC/THWOP]

SLI )=UPARL

GO TG 13

DEVELOPMENT OF FOREARMS

1J=2

I=8

RII)=ELBC/TnCPI

RR{I)=uKISC/TNWOPI

SLUI1=FOARL

60 T 13

DEVELOPMENT CF UPPER LEGS

1J=3

I=10
Q{1)=THIHC/TwOPI

PP————— UL U r i AR




(]

12

13

14

16
17

1

19

23

R2{LTY=GRNEC/THCPI

SLUE)=STAT-SITH-T 1 sh

o0 IC 13

DEVLLOPMENT OF LCWER LEGS

1J=4

[=12

REI)=GKNEC/ZInCPI

RL{I)=ANKC/Z TWOP]

SLIL1) =TIBH~-5PHYH

G=ROIYAR(I)4R(L )RR T{J+RRITYERRIT)

DELTA(I)=Sw(I)/SL{1}/7G/CY

AvulT ) =RRUTI/R(T)

AMUSC (L )=AMU(L)esAMU(T)

SIGHALT )=l ¢AMULT ) ¢ AMUSQI T}

ETA(I)=(1lo4loaAMU{T)+3,«APUS (T )/SIGMALL) /4.

Y(I)=eTA(I)eSLIE)

GO TO (6910412414541 J

DEVELOPMENT OF FEETY

I=14

SL1 ) =¢COTL

cTal(l)=.429

YUI)=ETaull)sSL(I)

G=1a=2.#ETA(I)+SRT{ETALI)*ETA(])
‘(’lZ.l*lZ.'ETA(I)“Z.)

AvulIl={4.«LTA(I)-1.)/0

AMUSGC T =AML T ) =AMUI(])

SIGHAT)I=1.C+AMU{T)+AMUSGIT)

R{I)=SPrYH/Z.

RK{I)=AMU(T )eRrL])

G=R{II*R(II+R(II«RR{T)+RR( 1) 2%(])

DELTA(I)=Swil)/SL(L}75/7CY

L0 18 127'1‘);2

SHll)=Swli-1)

DetLTAll)=DELTALI-1)

R{f)=RL]I-1)

RUI)=2R(]I-1)

SLlI)=SeiIi-1)

AMUCTL Y =aMU{T-1)

AMUSQ(TI)=AMUSQIT-1)

SIGMA(T)=SIGMA(L~1)

ETA(I)=LTALI-]1)

Y{iy=yti-1)

DO 18 I=1,5

AMU(TI)=0.

AMUSCTT)=0.

SIsMAlT)=0.

CALCULATE SEGMENT MASS AND MASS CENSITY

CHECK SuM CF Swll)

Cn=0.

GG 20 1=1419

SM{I)=Swl(l)/32.2

DELTIALIY=DELTA(IL)/32.2

CH=CweSw(])

DETERMINATIOCN OF LOCAL MOMENTS OF INERTIA OF SEGMENTS

-4
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(]

kR

36

43

44

51

[Ye(R{IVeR(T)eRR{I)&RRY]))

[1eRR(I)&RKLT)

RSO ANUD LOwER TORSO

cu 33 [=2,3

SIXX{I)=Sm{lI)s(3.eR{I«R{I)OSLUTIYaSL(TI)}/12.

SIYYUI)=SM{[) {2 wRR{T)eRR(T)eSLUT)eSL(I))/12.,

SIZZUId=sMmlL)u(RRCIJ#AR{TI)eRII}2R{ 1) )/4.

HANDS

i=4

SIXX{(I)=.4uSM{[)eR(f)ent (]}

SIvyv(r)=Sixv{l}

STZZ(1)=31Xxn{l?}

UPPER ANWND LUWER ARMS AND LEGS, AND FEEY

oa 42 ’=6Q14,2

AA=9,0%{] O0¢AMYLT)+AMUSQIT e (1 ,0+AML T [)+AMUSCLI)))
/SIGMALTI)/SIGMA(T)/720./P1

Bh=3.00{1,044,22AMU(T)+AMUSI(]I)#({10.0¢4.00AMULT)+AMUSG
/SIGMA(TI)/SIGYALL)/8D.

SIXX{I)=SMUTIVe{AASM{])/0ELTALI)I/SL{TI)+BBeSL(TI)eSL(]))

SIYY(I)=S[XX(T)

SIZZ{1)=2.SM{1)oSM{T)eAA/DELTA(TI)/SLLI)

COMPLETE REMAINDER GF SEGMENTS

DO 43 [=54,15,2

SIXXCI)=SIXX{[~-1)

SIYYt{i)=styvii-1)

S122t1)=S1Z27(1-1)

CENTER OF GRAVITY OF HEADSNECK AND TRUNK

Ell,1)=SKW{1)eY (1)

E(142)=SW12)=(SLILY4Y(2))

E{1le33=5%{3)e{SLT{1)+SL(2)¢Y(3))

ETALZ23=(E{1,1)4E(1,2)4E(1,3))/7 (SWIT1)+SHI27+5wW(3))
/(STAT-TROCH)

COWERT OENSITY T SPCCIFIC GRAVITY

DO 4% 1=1,15

DELTA{I)=DELTA!])#32.2/C2

DEFINE ULISTANCES OF LOCAL CG FROM HINGE POINY

DCLSH=SITH-{STAT-TR(CH)

0 51 1=1,15

YY(1)=v{1)

YY{6)=Y(6)-Rie)

YY{10)=Y(10)+DELSH

CO 52 1=7+15+4

YY{il=yY(i-1)

UCTERMINE FIXED HINGL PUINTS

LY 53 [=1,15

Dy 53 J=1'3

H{lsJ1)=Ce

h{oe2)=CHESR/2,.4R{6)

H{643)=STAT-SHLLCH+R(6)

H{10,21=HIPP/2.-R11G)

Q
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e N el

HI10,33=SL{1}+SL{21+35L{3)-DELSH
DU 54 1=7,11,4
HileZiz=H{i=-192)

54 H{l1,43)=n(1-1;3)
PREPARE MASTER INPUT TAPE WITH ANTHRCPOMETRIC DATA,
AND CALCULATEDC SEGMENT MOMENTS OF INERTIA (LT AL)
CALL SLITET(2,K000FX)
GO TO (59,6C) KCOOFX

S5O WwRITELL12,1C1 INWETAL123,LELSH

101 FORMAT(3HIN=I3,3X,2HW=F6.1,5X,7THETA123=2P{10.2+5X,
1 6HDELSE=1PED.2)
wRITE{18,1G2)STAT,,SHLDH,SUBH, TROCH, TIBH,UPARL,FOARL,
l CHESD s WAISC BUTTD CHES by WAISB, HIPBy AXILC+-LBC,
2 WRISCoFISTC , THIHC GKNEC o ANKC o SPRYH,FOOTL
3 HEADCSITH

10?7 FORMAT(12F5.1)
mRITE(15,103)Sm

103 FORMAT{6H Sh +3E18.8/6X,6E18.3/6X,6E18.8)
wWITE(18,104)SM

104 FORMAT({6H SV 13E18.8/6X,6E18.8/6X,6£18.8)
wRITE(16,105)SL

105 FORMAT({6H SL 13E18.8/76X46C18.8/6X96£18,.8)
KWAITE(16:106)R

106 FURMAT(6H R 2 3E18.3/76X,6E18.8/6X,6E18,.8)
wITE(18,107)RR

107 FGAMAT(6H RK -3E18.85/76Xy6C18.6/6%X,6E18.3)
WRITE(1lb,108)Y

108 FUORMATI&H Y v3E18.8/6X,6E168.8/6X,6E18.8)
WRITELIB,109)0ELTA

109 FORMAT(O6H CELTA,3[18.8/76X,6E18,.8/6X,6t16.81

wWRITE{LBs110)AMY

FORMAT(OH ANMUY 2 3E16.B/EX,6E18.876X96E18.8)

wRiITE(18,111)AMUSC

111 FORMATIOH ANUSC,3C18.8/6X,6E18.876X,6E18,.,48)
wATTE(15+112)S1GMA

112 FORMAT{6H SIGMA,3EL1B.B/6X,6L18.8/6X,56E18.81)
CRATE(LBWL1ZIETA

113 FORMAT(6H LTA ,3E18.8/76X,6E18.8/6X,6E18.8)
WwRITE{lb,1140YY

114 FORMAT{E(H YY 9 JELEL.B/6X:6E1B.8/6X,6L18.8)
WRITE(16,115)SIXX

115 FORMAT(6H SIXX 43E1C.8/76X,EE18.8/6X,6E18.8)
wRITE(1E,116)S1YY

116 FORMAT(6E SIYY 3t18.8/76X:6E18.8/6X,6E18.8)
WRITE(18,117)S122

137 FORMAY(6H SIZ7 L3E18.8/76X45E18.8/6X,6E18.8)

609 RETURN
END
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SUBROUTINE MCOMCM
CUMMON /B1/hywoCWotTAL23,0ELSH,
1 Swll5)ySMIL15),SLILS),,RIL5)4RRI15),Y(15),

G-t
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DELTA(LS5)AMU(LS),AMUSUILS)+SIGMA(L1S)FETAL(LS),
YY{L15),5IXX(15),51YY(15?,S1Z2(15)
XMOD(T) s YMOU(T ) ZMOD(T7)

COMMCN /82/7STAT SHLOH, SUBH, TROCH, TIBF,UPARL,FCARL,
CHESD WAISDBUTTD,CHESB WAISB,HIPB, AXILC,ELBC,
WRISC,FISTC, THIHC ;GKNEC ) ANKC, SPHYH, FOOTL,

3 SITHHEADC

COMMON /83/70(343)4E(3,3),F(3,3)
COMMGN /B4/THETA(15,2),SINT(15,21C0ST(1542),

1 0343 s0T(393),HI1543)9X(15¢3)9XCG(1543,7),

2 Cl(593,7)

COMMDN /BS/ALPHA(2,7) BETA(3,7),GAMMA(3,7),PMOM(3,7)
COMMON /B6/7KyL1.t2
DIMENSION EV(3)
K=K
P1=3.1415927
C3=p1/180.
LERO DUMMY MATRICES DLE,F
0o 1 I1=1,3
DO 1 JJ=1,3
O(1l,4J)=0.
E(11,J4)=0.
F(ll1,J491=0.
ZERD C.Gs ARRAY
DO 2 I=1,15
DO 2 J=1,3
Xii,J)=0.
LERO THE INERTIA VTENSOR ARRAY
DO 3 1i=1,3
DO 3 J4J=1,3
3CIHI1,304K)=C.
CALTULATE HINGE POINTS OF MOVEABLE SEGMEXNTS
FUREARMS
Gg 2 1(=8,9
L=LLII=-2)-R{]-2)
E(Los13=SINT(I-2,1)eSINT(]-2,2)
Et2:,1)=SINT(1-2,1)8CCST(I-2,2)
E(3,1)=COST(I-2,1)
Do v I=1.3
9 H{l,J)=H{I-2sJd)¢E{J,]1)e(
LOWER LEGSH
DO 10 [=12,13
G=SLUI-2)¢DELSH
Eliel)=SINT(I-2,1)aSINT(]-2,2)
E(2,1)=SINT(]I-2,1)eC0OST(I-2,2)
E(3,1)=C0OST(1-2,1)
DO 10 J=1,3
10 HUIJi=H{][-2,J)+E(S,1)eG
HANDC
\&U 1! l“—"Q'S

GC=3L(]+4)

E{l,1)=SINT(I+4,1)eSINT([+4,2)

E(Zo1)=0INT(144,1)eCCST(144,2)

E(3,1)=2CUST(144,1)

S o N
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11

12

13

14

15

24

DO 11 1=1,3
HlIsJ)=HlT44, 03 +F1 4,1 )05

FcteT

URSL(I-2) ¢ 58SPHYH
ECLoLI=SINV{I=~2,1)eSINV{1-2,2)
&(2.I!=51NT(1-2.1)-CCST(I*?.Z)
€03,1)=L04%011-2,1)

30 12 4=1,3

HILo S)=HII~2,3)¢E{4,1) 00

OLTLRMINE CCURS OF LOCAL CG wRT 0P OF HEAD

X{1y3)=v{(1)

X0293)=SL(1i+vi2"
KE393)=5L 11 3¢SLL2)¢Y(3)

o0 13 (=4,1%

=2YYI(]}
F(lgl)=$l“f(lsl)'$l"lf(lpZ)
F(2’1,351NT(1'1}'CDSI(loZ)
F(3,11=CUSTH{1,1)

o0 13 J=1,3
X(IOJ,-’“(I,J)*F‘Jpl'.G
KMCD(K)=2-1443ZBGO.1521804'““559
vMED (K) =0,

IMCU(K)=Q,

DO 14 1=1,15
XMCC(K)=XMUL(K)*SW([)'x(lolllﬂ
?WQD(K)=YFGL(K)*SW(l,'X(‘,Z)/H
iMCU(K)=ZMQC(K)OSH{I)’X(!,3,/H

DElERMINE CCORD OF SEGMENT CG wRY CALZ c6

00 15 I=1,15

XCGLT ol aKI=X{T01 1={XMICIK)~XMOUI1)}
XCGUI 24K =X{1,2)-YFCD{K)

XCOUL 934K =X{1,43)=2MCR(K)

09 30 I=1,15

ARRANGE LOCAL YOMENTS INTU DUMMY MATRIX 13 X 3)

Do 2‘0» !12133
L0 24 J4Jd=1,3
D11, J4)=0,
D1, 1¥=51xxt1)
Dl2,2)=51YYiY)
DE3,3¥=S1221¢3)

. ARRANGE TRANSFORMATION vATR '

)
o

Ul1,1)=COST(1,2)
G(1l25=SINT(ioZl'CUS‘!!:’,
ﬂ(l.3)=SIVT(ItZ”SINT(l.I)
002,1)==SIN1(1,2)
Ul2¢2)=COST(I+21%COST(I,41)
0(2.3)=COST(1,Z"SXNT(Ipl’
C(f'l”-&}t
O00342)==SINT(1,1}
Ul3¢3)=COST(],1)

TRANSPOSLE ThHE TRANSFRRMATION MATRIX
CTll,1¥=0¢(1,1)
uflle2)=002.1)

H=0

. ————




C1t1,3)=0(3,1)
C1{2,1)=0{1,2)
OT12421=0({2,2)
071(2,31=0(3,2)
Gii3:11=00(1,3)
07{3,2)1=012,3)
0T(3,31=20(3,3)
Call HVYMPY(UL, 0T ,E4393,3,LM)
CALL HMMPY(CyEoFy34293,LM)
C F{3¢3) 1S LCCAL MOMENT ROTATEL PARALLEL TO 8BCLCY AXES
C TRANSFERK TO CALC C5 BY PARALLEL AXIS THEOREM
DUilel)=XCO{1929KIOXCGE{T 92K )EXCGlIp34K)EXCG(T93,K)
Ol1923=-XCGHET914KI®XCG(Iy2,4K)
0{1.3)=*XC5(191.K)UXCG(I,3.K’
Ci{Z241)=0(1,2)
D{2¢21=XCO L 1K) oXCOR{TI21:%)4XCO(T939K)RXCG(T43,K)
D{2¢33=-XCS{T22:.K12XCG(1,3,K)
D02,1)=001431}
Di{3,2)1=1:4243)
De3¢3)1=XCOLTTs1o4KIRACGII14K)I4XCO(T,42,K)eXCGET92,K)
OC 32 11=1,3
LG 30 44=1,3
STl 333=SM{1 )l (], 0007144,
FL{lieJdJ)=F{1l1,sJJ)}/ 144,
30 CI(IY 4dJeKIsCHULT o dd e KISFLLT,00)40011,34)
20 32 ll=1'3
Cli 32 14=1+3
TFLABSICI{II2JddeKY)}~1,E-07121,31,32
31 CI(X"JJ'K’=OO
32 CONTINUE
CALCULATE pPRINCIPAL MOMENTS AND AXES
BC 38 1i=1,3
o 34 JJa=1,3
3o {1 4J01=CL{11sJd3.K)
CALL EIGENIL )t 4EVe396)
PHMCM(l,)=CVI 1)
PMOM{ 2R} =EVI2)
PMCM{3,K)=EVLIY)
o) 35 [i=1,2
ALPHA(TI] X)=ACOSIE(ITI,1)/C3
SETALITK)I=ACOS(EL]IT,2))/C3
35 GAMMA(IIK)=ACGS(ELIL,3))/C3
Re TURKN
Ewb

[

CHVMEY MATRIX MULTIPLICATICN, SINGLE PRECISION, FL. PT.
CALLING SEQUENCFE...
CALL HMPPY(AQB'C)MgK'q'L’
WHERLD C{MN)=A[P,K]jsBIK,N)
{€C MAY BE 4, IN WwhICh CASE 2 IS CUESTRQOYED)
L=0 INLICATES OK
L=1 [NDICATCS FL. PT. GVERF\ On

OO0
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SUBRCOUTINE HMMPY[AaReCoMyKyNyl)
DIMEMSION 843,233,8{3,315C{3237,R(3)
MM=M
Kk=i
NN=N
LL=0C
DC 120 I=1l,WMM
DG 1C0 J=1,NN
R{J)=0.
DO 100 Kl=1,KK
1C0 x(J)=Al1,KLl}eB(K1,J)+R(J)
Ly 110 J=1pNN
119 C(I,4)=R1J)
CALL OVERFL (LC)
GU TG (130,12C),L0
120 CCNTINUE

125 L=LL
R TUKN
13¢ LL=1
60 TG 125
EAU

SURRCUTINE EIGEN (A,EpaeNA,L)
UDIMENSICN A(3,3),E(3,3),6(3)
I=A
CC 110 =1,
pd 100 J=1,
1C5 t{l,41=5.0
11¢ Cti,y1)=1.C
Fy=Jl.0
FuI=0.9
O 130 [=1,h
o0 12C Jd=1,AN
FN=FN+A{] ,J) 82
FNO=FNI+A(l ;1) ee?
FNZ=FII-A(] ] )ne2
Fu=FN# .58 1D, e {-L1})
IF (FND-FMNJ 243,240,135
125 ;0 230 I=1,N
0L 230 Jd=1,0
IF {(1-J) 140,230,140
40 jF (All.d)) 155,233,152
153 R=A{1,1}-A(J,J)
S=SURT{A(LlyJien240,25e22R)
T=a{i,I)¢A(J, 1}
C15S=049%+0.2543/5
COSTH=SUKRT(ICOCSST)
SINEH=SYRT{1.0-CCSSL)
IF (A(1,d)) 160,239,117
120 SIaTh==S{NTH
170 Atl,1)0=5.52T7+5
A(JyJ)=.9%T-5

- e
W\
O

o

=190




MEAT

T phutlih bl o n i T A LY

FNOFN)=2.0(A(l,J)es2)
All,J)=0.0

00 €20 K=lyN
IF{I~K)180,205,180

3 IFf (J=K) 160,230,190
150 A(I,K)=A{l,KI#COSTH+A{J,K)eSINTH

A(JeK)=A{Jyh ) 2CCSTH=-A(K, 1) &«SINTH
A{KyJ)=AlJyK)
239G ALK, 1)=A(1,K)
2C5 T=tll,K)
210 EllaK)=E{l oK) aCCSTH+E(J,K)eSINTH
220_ El(JoeK)==TaSINTHEE J,K)=2COSTH
IF {FNJO=-FN) 240,240,230
230 CONTINUL

60 TC 135
240 DO 280 I=1,N
J=1

D3 260 kKz]IN
IF(A(S,J)~AL{K,K))25C,260,260
250 J=(
2693 CONTINJE
Glli=A0J,J)
AlJed)=AlI,1)

SUv=0,9

00 270 M=1,N
27C SUM=SU¥+E(J,MV)ea?2
SUM=SQRT(SUM)
DO 280 M=1,yN
A{l . M)=C(J.M)/SUVM
289 E(JyM)=c(],V)
DO 290 I=1,N
PO 290 Jd=14N
290 c{l.,Jd)=Aa(1,J)
RETURN
£4D

S wN e~

(VO NI ]

1
2

SUBROUTINE CuTPuT
CUMMON /81/NeWysCWocTA123,DELSH,

corMiny

CMMCN
COMMCN

covmMoil
COVMCN

SA(1S)sSMUILI5),SL(15),R(15),RRI15),Y(15),
DELTALLS) 4AMU(15),AMUSLCT1S),SIGMALLS),ETA(LS),
YY(15),SEXX(15),SIYY(15),512Z(15])

XMOD(T) ,YMOD(T7 ), ZIMOD(T)

/B27/STAT ySHLOH , SUBH, TROCH, TIBF,UPARL 4 FOARL ,
CHESD o WAISD,BUTTDCHESBWAISB,HIPB, AXILC,ELBC,
WRISCoFISTC, THIHC GKNEC  ANKC, SPHYH, FUOTL,
SITH,HEADC

703/70(343)9E(343)9F(3,3])
/BS/THETA(L1542),5INT(15,2),005T(15,2),
U0393)90T0393)9HI15,3),X(1593)eXCGU1593497)y
CI(3,3,7)
/BS5/ALPHA(3,7),3cTAL3,7),GAMMA(3,7),PMNV(3,7)
/786/7KyeL1,L2
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cuTeuT
CALL SLITET(I,KCTOFX)
LG TU(200.300) ,KGCOFX

™ 1afs®

WRITE (642013 NuwyTwylinlds

FORMATI3HIN=T445X, 3H W=F6.1,410X, 3HCW=3PEL1D41y5X,

THETAL123=2PE9. 1)
WRITE (64207)

202 FORMAT(IHO, 12Xy 1HL,14X, 1H2y14X,1H3, 14Xy 1H4, 14X,y 1H5,

1

14Xy 1016 14X 147}
nRITC (6,203)XM00
FCRMAT(GH XMCD 24X, 7(1PEYD.2,45X))
wrRITE (6,204)YM00
FORMATIONH YVYOD 44X, 7L1PEL10,295X))
WRITE (6,205)2M0D
[ORMAT (61 ZMCD 44X, 7T(2PF10.1,5X))
wWITL (6,202)
WRITE (64206)(CT(1414K)sK=1,7)
FORMAT(GH IXX 24X, T(1PEL10.245X 1))
WRITE (64207)(C1(2924K)sk=1,7)
FURMATIG6H LYY 36X, T{1PL10.2¢5X))
WRITE (69208 (CI(3,39K),K=1,7)
FOKMAT(G6H 122 44X, 7! 2C10.245X))
WRITF (6,2C2)
WRITE (652090 (C1()1429K)4K=1,7)

) FURMATION  IXY 44X, T{1PELID.2,5X))

ARITE (6421CHICTIL 3R] K=1,7)

. FCRMAT(OH  IXZ 44X, T{LIPELC.2,5X))

ARITE {65211)1(C112,43,K)9K=1,7)
FORIMAT(5H 1YZ 44X, TUIPEIDL245X1))
wRITE (6,202

WUITE (64,2120 (PPTM{14K)K=1,T7)
FORMATI{TH NCM L,4Xx,7T{1PLC1ID.2,5X1))
WRITE (6421 3) [(PMONM(2,K)K=1,T7)
FORMAT(TH PMOM 2,4X,T(1PL1C.2,5X))
WRITEF (64214){PFMCM{3,K)9eK=1,T7)
FORFKATITH PMOM 2,64X7T{1PEL1D,2,5X))
WRITE (6,2C2)

WCITE (62215 (ALPHALL ZK) yK=1,7)
FORMAT{cH ALPHA 1.2X,7(1PE10.2,45X))
ARITC (69216){BETA(14K)yK=1,7)

. FORMATIEH HETA 1,2X,7(1PE1C.2,5X))

AITE (6,21 7V (GAVMA(] oK) gK=1,Ti
FORMAT (84 GAMMA 1,2X,7{1PE10.2,5X))
wRITE {6,202)

WwRITE (64210 (ALPHA(T (K} yk=1,71)
FORMAT(EH ALPHA 2,2X,7:17PL1C.2,5X))
WRITE {64210 {(HETA(2,K)K=1,T7)
FORKI'AT{uH LES A 712XQ7(1P£‘10Q?15X)’
WRITE (69220 (GAYIAL7 . K)K=1,7)
FURMATIBH GAMMA 242X 781PE10.2,5X)})
wWRITE (6.207)

aklTt (6,221 (ALPHAL3,K),K=1,T7)
FORMAT (6H ALPHA 3,2X,T(1PE10.2,5X))
I TE (64,222)(ZETAL3,K)oK=1,7"}

6-12




222 FURMATIGEH DHTA 2,2X,701PE10.295X)Y)
wWITt (092230 (CAMMAL( K )Y ¢K=]1,T)
223 FORMATLBH CAMMA 3,2X,7TU1PEYC 245X}
aRITEH ‘6922’!)
224 FURMAT(QOHALENGTH N INCHES, MOMENT OF INLRTIA [id
1 2HSLUG-FT=F T, ANLLES IN DEGREES )
7 L Tuly
b
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1C7

12+

APPINCIX H

COMPUTER PROGRAM GULICT (FORTRAN I

Dk DESIGN GUICE CF CYNAMIC CHARACTERISTICS OF Man
COMMCN h,STAT,SHLDH.SU&H;TROCH,TlBH.UPAkL,FUARL.CHESU,
1 WALSDytUTTOD, CHESBonAISByHIPRyAXILC,ELRC,WISC,
2 FISTC, THIHC ,GKNET ) ANKC y SVHY K, FOOTL,, SITH,HEADC
CcOoOMMON SweSVMeSLyRyRR, Y, UELTA AMU,AMUSC,SIGMAL,ETA, YY
COMMON SIXX+SIYYLSI1Z/

COMIKON THETAGSINTCCx1 90 9EyFytl, OT

COMMON Hy X, XCG,CI

COMMON PST«PIXX,PIYY,P122

COVMON [JeKoKK,; 1P, NP

UDIMENMSION SWULS ) oSMUI9)4SLELS)sRI13),RRI15),Y(15),
1 DELTA{YS) 4y AMU(15),aMUSULL5),SIGMA(LS),,tTA(L5),
2 YY(15)

DIMEASTON SIXX(15),S1YY(15),5122(15)

DIMENSION THETA(15,2),5INT{15,2),CCST{15,2)

D(3,3),E(3+3)4F13,3) ARE DUNMY MATRIZES

DIMOCNSION DU3,3),E(3,3),+13,3),013, 3),07(3,3)
DIZENSTION H{15,3),X(15,3),XCG{15,3),C1(3,3}
UIMoNSION PFRMANI2596) o TABLE(1055931),NP(5)

READ I~PUT TAPE 2,99,:NP

FORMAT {515)

0 1 11=1,25

READ INPUT TAPL 2,107, {PekKMANTTIT,33),4U0=1,6)
FURMAI(Ab.Fb.l,IBX.Fb.1.24K,F6.1/30X.F6.19luXofbol,
wBITE CUTPUT TAPF 3,101

FAIMAT(1HL)

aRITE QUTPUT TAPF 3,192

FORMAT(2H 4 915X 15HGA/PHYSICS/H64-3,55X,1H, )

WRITE CUTPUT TAPE 3,103

FOMAT(LIHB, 21104 4 40X BHTARLE Iv/2FKB., 31X,

1 2THANTHROPCMETRIC DAFA CF MCDELS)

aITE CUTPUT TAPZ 3,10«
FORMATI2RBe 915X, 30K, IOHFERCENTILE ) 30X, I8, )

AaRTID CUTPUT TAPL 3,105,9p

FOXMATIZ2H «925X,16,4110)

wRITE UJUTPUT TAPE 3,106

- FORPAT(1HD)

B2 TI=1,425

wdl§: CUIPLT FADE 311?79(PERPAN(lI’JJ,'JJ=1'6)
FJQM:‘\T(Z‘H - 'll")\bglf"f'f'b-l'l'FlOo ll 13" lH.,
wrITE CUTPUT ToPt 3,128
FORAGT(2HB . g 17Xy Y4HwETISHT I8N LB,.,

1 2218 DINFENSICNS 11 INCHES./Z1t1)

n-1




DO 10 [J4=2,06
1P=C
W=PERMAN(L ¢ [J)

STAY=DEUMANI2 15}

SHLDH=PEAMAN(3, I ))
SUHH=PERMAN(4,1J)
TROCH=PEXMAN(S,1 J)
TIBH=PERMAN(6,1J)
UPARL=PERMANL T, 1Y)
FOARL=PERMALN(8,11)
CHESU=PERMAN{G, I )
- WAISOD=PLRMAA(10,1J)
BUTTD=PERMANIL11,14)
CHESR=PERMAN(12,1J)
WAISE=PERMAN(13,1IM)
HIPL=PLKMAN(14,14)
AXILC=PERMANI]1S,13)
ELBC=PERMAN(16,14)
ERISC=PERMAN(17,12)
FISTC=PERMAN{1B,14)
THINC=PERMAN(19,14)
GKNEC=PERMAN(20,14)
ANKC=PERMAN(21,14)
SPHYH=PLRKMAN(22,14)
FOOYL=PLK¥AN(Z23,14)
SITH=PERMAN(24,1 )
HEADC=PERMAN{ 35,14)
CALL DISIGH
uu 10 K=1,7
IF (K=T7)7,6,6
IP=1P+1
K=K
CALL EULER
CALL MCDMONM
VTABLE(l41J-1,iP)=XMCD
TABLel2,1J0-1,1IP)=2NCD
TABLE(3:1J-1,IP)=CI(1,1)
VASLE(4,1J-1,1P)=C112,2)
TARLE(S914d-141P)=C1(3,3)
TAGLZ(6,1U0=-1,1P)=CI(1,43)
TABLE(7,1J-1,1P}=PS1
TARLE(2,1d-1,1P)=PIXX
FAELE(9,1J-1,1P)=P 1YY
TABLE{LC 1 J-1,IP)=pP122
oG 16 190
DG 9 KK=1,5

d IP=[Pe]

K=K

KK=KK

CALL EULER

CALL MCOmMOM
TAPLE(L 1 J=~1,5P)=XMCD
TARLE(Z2,13d=1,IP)=ZMCD
TABLE(3,10-1,1¥)=C1(1,1)

H-2

PG PR O IR YR

e MG OMETRGIR ¢ IR0 .

T W AP £ S

T Yo

P in e AT e




TABLE(S 1 U=-1,IP)=C1(2,42)
TABLE (21 3=1,IP)=CI(3,7%)
TAELE(6,1d-1,IP)=CI(1,3)
TARLE1T7,1d-1,1P)=PS!
TARLE (3,1 d=1,[P¥=PI XX
TARLEtS,1J=-1,1P)=PlYY
TABLE(1O,14-1,1P)=P122
9 CONTINUE
10 CONTINUL
vt 20 JP=1,11
WRITE QUTPUT TAPE 3,122
DC 15 [mP=1,3
[P=3e(JP=-1)¢[MP
wRITE OUTPUT TAPL 3,109,I1IP
179 FURMAT(2HAL, 193X, 8HPOSTTIGH,13)
wRITL QUTPUT TAPE 3,11C
110 FORMAT(26Be /1H /2HB922X94HC eGoy 8Ky LA4HIMERTIA TENSOR,
1 11Xe 17HPRINCIPAL MOMENTS, 9Xy 1H.)
WRITE OUTPUT TAPL 3,111
111 FORMATI(Z2H o+ 915X 3HO/0,42Xs LHX 25X 1HZ 33X 3HIXX 93X,y 3IHIYY,
N 3Xy3HllZo10X, 1’*.,
DO 12 JJ=1,5
12 w}ITF QUTPUT TAPE 3,112,3NP(J3J),
} {(TAGLE(II,34d,1P),11=1,1C)
112 FDRNAT(EH O’ISX' 120F602,F5.1'4F6;2'F601' 3F6.2,9X' IHQ,
FF(JP-11)15,13,13
13 wRITL QUTPUT TAPE 3,113
113 FORMAT(2HO. 915%,2THALL PCGSITIONS ARE SYMMETRIC

1 20H (UXY,1YZ ARLC ZERU) 923Xs1He/

2 17Xs30HXeZ IN INCHES, IXX,1YY,412Z,41X2

3 29H IN SLUG-FT=FT, ThHITA IN DiGey 11X, 1H.)
0 10 25

15 CONTINUE
ARITEL QUTPUT TAPE 3,113
20 wr[TC QUTPUT TAPE 3,101
CaLt EXIT
LG

SURROUTINE CESIGN

COMMON we STAT ,SHLDH,SUBHIROCH,TIBH,UPARL,, FUARL o CHESD,
1 WAISDy FUTTL yCHEISB, WAISB s HIPHyAXILL oL BC4WRISC,
P2 FISTO s THINC o GRMEC o ANKE g SPHYH,FCCTL,,SIThyHEADC
CO»MON SN,Sy'SL'RgKR. Y.UCL’A' AMU' AMUSQ'S!GMA,E'A' YY
COMMCN SEXX,SIYY,S122Z

CUMMON THETA,SINT, ST oCyLF:0,0T7

COFMEN hoXoXCG,C1

CORMON XMOL 2 MC0,DLLSH

CCMMON PSTaPIXX,PIYY,PIZ22

COMMON 204K KKy IPyNP

DIMENSION Sall5)eS7I15),5L115),R1U15),RR(15),Y(15),
1 DeLTACLIS ) AMU(CLIS) , AMUSQI LIS ) SIGMA(LS),ETA(LS),

t=-3

——— —— T i e



N

é YY(15)

DIMENSION SlXX(l5)cSlYY(l5’9Slll(15’

DIMENSTION !hETQ({5'23cS{N?(l5cZ3cCﬁST(15:2)
0(303)15‘3,339F(3.3) ARE DUMMY MATRICES

DIMONSION 3{303395(395i|F(503’00(3:3)907(3,3’

DIMENSIOUN H(1503)QX(1§'3’QXCG(1503,'Cli393)

PI=3.1415927

TWCPL1=2,ep]

Cl=pllio

C2=62.427/1728,

DESIGN MODEL MaAN BY USING ANTHROPOMETRIC DIMENSIONS

APPLY 8ARTER REGRESSICN EQUATICN TO SUBJECTY wFEIGHT

HNT=(.“7‘“’*120

5““"'(.‘)8'“)’209

BFO=(.04*W)~,5

BrA=(.0len)+.7

BUL=(.18!H)f3.2

BLLl=l.1l1leW)-1,9

EF=(.0284)+1.5

NDIFF=»°(HNT*BUA*BFC*BH*BUL*BLL*BF,

HR=HCXFF/(HN74BUA*BTO*BH'BUL*&LL*BF,

WRi=1.¢06R

DISTRIBUTE wDIFF PROPORTIDNALLY CVER ALL SEGMENTS

Shli)=.0C79an

SW23=HNT#WR1~SW(1)

Snil4)=Riian /2,

SA{L)=CUAeEK1/2,.

Swilo}=BFQswR1/2.

Shll10)=nULenRizz,

SH{i12)1=BLL#%NR]/2.

SWwll4)=6Fenil/2.

DEVELOPMENT CF HFAL

i=1

R{II={STAT-SHLDH)/ 2,

RE(I)=HEADL /T w(iPl

DELTA(I)=SN([)/RR(I’/RR(I)/CI/Q./R(I)

SLUIY=2,R(])

ceTA(I)=.5

Y{I)=x(1])

DEVELOPMENT GF TRUMNK

SLIZ)=SHLDH-SUKH

SL!2)=SITH-({STAT-SUBHK)

R{2)Y=CHLSB/2.

X{3)=HIPK/2,

RK{2)=(CHESL+WAISD) /4.

RRI3)=(nAISL+BUTTD) /4,

CiA(2)=.5

ETAL3)Y=CLTA(2)

Y{Z)=.52SL(2)

Y(3)=.5«SL{ 3}

DEL‘&f2)=Sh?3/pl/fR(2)'RR(Z)'SL(Z)

| 01.01/.92*R(3)'RK(3)'SL‘3’)

UELTA(3)=I.Ol/o92'95LTA(2’

SN(Z')=!}[L¥A(2l'R(Z?*R'((Z"SL(2"91

F-4




(@]

[\

()

10

12

14

SW(3)=DELTA(3)eK(3)eRR(3)eSL(3)eP]
DEVLLOPMENT OF HANDS

I1=4

R{II=F131C7 INCP]
RRUID)=K(])
SLIT)=2.2RR ()

ETA(1)=.5
Y{I)=ETA(])eSLI(])
SWwll)=Sw(4)
DELTA(Li=SWl{I)/CL1/R{T}Y/RUT)M/R(I)/4,
fJ=1-3

=5

GO TU (5:6),14
DEVELOPMENT OF UPPER ARM
1J=1

1=6

R{I)=AXILC/ZTwGP]
RR{1)=ELBC/Tw0P]
SL(I)=UPARL

6O TC 20

DEVLLOPMINT OF FOREARM
[4=2

[=d

R{I)=ELBC/Tn(CP]
RRU[)=wKISC/TWCPI
SLUI)=+DARL

o0 TC 20

DEVELOPMENT OF UPPEFR LEG
[J=3%

-
i N

RT)=THIHC/ TwDPI

RR{I) =5KNEC/TKWCP]
SLII)=STAT-SITH-TIEH

6O 1C 20

DEVELOP“ T CF LCWER LEG

1d=4

I=12

R ) =GKNEC/TRUPT

R(1)=ANKC/ Tw2P ]

SLII)}=TIBH=-SPHYH
O=RAT)ex(I)+R{])eRR(TJ*eRR(])=RR(])
DELTA(I)=Sw(I)/Cl/SLITY/G
AMUCT)=RR{TI/R(T)
AMUSG{TI)=AMU(T ) «AMU(])
SIGMA(TI=1.+AMU{T)eAMUSL(])
ETALL)=(letzoma?yg{1 )43, 2ARUSLIT))/SIGMALTL) /4.
Y(I)=ETA{Ll}e«SL{I)

';0 T{, ‘{;'1C9121l‘0"!u

DUVELOPMENT NF FELET

I=14

SL{I)Y=+COTL

tlall)=.429

Y{I)=LTAa{l)eSLI(])
O=le~2%ETA{I)4SCRIT{ETA({T ) ®ETA(T)
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30

61

6?7

63

71

.(-120 )‘120 ‘f.TA(l)'Z.)
AMULE)=(4.oLTA(I)-1.)/6G
AMUGSU T I=ARL {1 )eAMU(])
SIGMA(l )=l ¢AMUL T}« AMYSQ(])
RITV=SPHYH/Z W
RA(IY=AMU(]I)eR{ )
G=R(I)®R{II4R(I)eRRIII+RR{I)exR{T)
DELTALTI)=SW(I;/C1/SLIT)/G
HY 31 ‘:7115'2
Sh(l)=Swll~-1}
ODZLTA(I)=DELTA(]-1)
R{I)=R{]~-1)

RR{I)=RR(I-1)
sttr)=stti-1)
AMU{T)=AMU(]--1)
AMUSLIT }=AMUSQLI-1)
SIGMAL/)=SIGMA(I-1)
ETA(I)=ETA{1-]1)
Yl{i1)y=v{i-1)

G 41 I=1,5
Atu(I)=C.
AMUSQII)=0.
STuLMA(T)=0.

CALCULATE SCGMENT MASS, MASS DEANSITY,

20 31 [=1,15
SM{1)=Sw(l)/32.2
DELTAli)=DELTA(I)/32.2

UEFINE DISTANCES OF LOCAL CG FROM HINGE POINT

DELSKE=SITH=-(STAT=-TROCH)

DO 60 I=1,15

YY(I)=Y(])

YY{6)=Y{6)-R(6)
¥Y(10)=v(10)+DELSH

YY(14)=0.

DU 61 I=7,1%04

YY(l1}=yvY(I-1)

UETEKMINE FIXED HINGE POINTS
U0 67 (=1415

L 67 J=],2

Hll,J)=0.
H{642)=CHESS/2.4R(6)
H1693)=STAT-SHLDH+R(6)
H{10,42)=HIPU/2.-R{10D}
HU1G,3)=SLUL)YASLL2)45L{>)}-DELSH
DS 68 [=T,11,4
H{I¢42)=-r{]-1,2)
H{ls3i=H{]I=-143)

DETCRMINATICN CF LUCAL MOMENTS OF [INERTVIA OF SEGHMcNTS

HeAD
=1

SIXXK{I)=e2eSM{I)#(R{I)aR(IIARR(1)eRR{])]}

SIYY(H)=SIXX(1)
STL2(I)=,4eSM{])eRR(])enR(])
UPPLI! TORSO AKD LOv ER TORSG

H-0

AND SUM GF SW(I)

RGOV DRI (RO L o
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16

120

06 72 1=2,3
SIXX{Id=SM{Ite{3.extidsR{iI+SLITINSLUTNIF 12,
SIYY(I)=SM(I)#(3.eRR{I)ERROLI4SLETYOSLLTIY) /12,
STZZi11=53MIT e (RR(II*RR{L)+RILI®R{ 1))/ 4,

HANDS

I=4

SIXX(I)=o4eSV{[}aR{])e{])

STYY(Ii=STXX(])

STLZE1Y=S1XX(])

UPPLR AND LCWER ARMS ANG LEGS, AND FEET

VO 82 [=641442

AA=9, 0 (1, +AMULT I+ AMUSQ(T)ef 1 +aMULT ) +AMUSCET) ) )

i /SIGMA(T)/SIGRA(L)/20.7P1

dh=3,#( 10""00.A~U( [Y+AMUSULT ,.(lOO*QO.AH’J‘ I 1+ AMUSQ( ] ,,,

H /SIGMALT)/SIGMALL/EC,

SIAX{I)=SM{[)e(AAeSM{T)/DELTACTIN/ZSLI)+GBeSLITYeSLLT))
SIyv{iy=SIxxt1)
SILZUIY=Z.eS¥(1)aSM]}oRA/0CLTALT)/SLET)

COMPLETE REMAINDER OF SEGMENTS

Uil 120 1=5,15,7

SIXX(I}=SixX{I-1}

SIYY(Ti=S1YY{i-1)

SIZZ{1)=S1Z2Z(I-1}

RETURY

END

SUHKRCUTINE tULER

CONMON Woe STAT ,SHLDH,SUBN,TRICH, TIBHy) UPARL y FOARL 4 CHESD,
1 WATSD,BUTTO,CHES B kAISH HIPB AXILCL ELBC,WR{SC,
Z FISTC , THIHT , GKNEC o ANKE s SPHYRFCCTL,; SITH,HEADC
COMIMUN SWeSNMeSLeRyRRZYIDELTAANU,AMUSO,SIGMAL,ETA,YY
CUMMON SIXXSI1YYESI1Z/

COMMON THETA,SINT,COST,0,L,F,0,0T7

CUVMNON He Xy XCGHCH

CUOMMCN XMOD+IMCC,DELSH

COMMON PSIPIXX,PIYY,PLZ2

CIMMON [TJsK KK, 1P, NP

DIZENSION SrU153)4SMI1S5),,SLILS ) RILS)RRI1IS),Y(15),
1 DFLTA(15) s AMUL1S) o AMUSC(153),SIOMALLS),LTA{LS),
2l YY{15)

"UIMENSTION SIXX(15),51YY{15),512Z(15)

DIMENSION THETA(1542) oSINT(15,2)4C0ST(15,2)
DIMENSIGN D(343),80343),F(3,3),0(3,33,0T71(3,3)
DIMENSION HM{15,3)eX{1543)¢XC5G115,3),C1(3,3)
PI=3.1415927

C3=¢r1/150.

c3 1 I=1,15

£l J—‘i,Z

THETALL,J)=C,

SINT(1,4)=L.

Cusfiledr=_g.

K=y
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19

11

12

30 TO (203959709911 ,13),K
ARMS AY ATTYENTICN

K=1

60 TO 18

ARMS OIRECTLY CVER HEAD

K=2

DO 4 X=4.9

THETA(I,1)=180.«C3

GO 10 18

ARMS SPREAD IN CRUCIFORM POSITICON
K=3

00 6 125,9,2
THETA(1,1)=-90,#(3
VHCTALI=1, 1 )==THETA(IL,1)
0 TO 18

ARMS EXTENDEC IN FRONT OF BODY
K=4

DG 8 i""t.q

DO b J=l.2

THETA(l »J3=90,.¢(3

60 TO 18

ARMS Bcil 9C AT CLBOw, FORCARMS IN FRONT OF BODY
K=2

U0 10 1=5,9,4

00 10 J=1,2
THETA{1,J)=90,.2(3
THETA{I~1,J)=THETA(I,J)
GG 10 18

UPPER ARMS AT SHCULDER LEVEL, FOREARMS EXTENCED
K=6

V0 12 1=5,9,4

0 12 J=1,7
THEIA{l,J0)=GN, (3
THeTAL{I-1,J)=THETA( . 4)
IHETA(6v1,=—'90.'C3
THETA(T7,1)=-THCTA(G,1)
G0 16 15

SP.CIAL POSITION

K=/

OC 14 I=4,5
THETA(L,1)=00.9C3
THETAL{L 42)=9C.=C3

US 1% I=8,11
THETA(L,1)=0:0,.0(3
ThHeTA(T,2)=3G,C3

30 16 I=12,13
Tuetall,l1)=12.¢C3

DE 17 1=14,15

CU 1T =12
ircTA(YJ)=90 03

«0 T0 31

- KK=KK

G0 TO (19921423425,29)1,KK

H-¢

inN

RO

}

[
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20

21

22

24

25

26

21

23

23

30
31

32

STANDING

KK=}

CU 20 [=14,15

DO 20 J=1,2
THETA(],4)=90,#C3

W0 TC 31

KNELLING

KK=2

DO 22 1=12,13
THETA(I,1)=9C.eC3
THeTA(I,2)=-90, #C3

o0 TC 31

SITTING

KK=3

DO 24 1=11,19,44

DO 24 J=1,2
THETA(I,4)=90,.8(3
THETA(I=1,2)=THETA(]L,J)
60 70 31

SITVTINS, LEGS CXTENDEC FCRWARD
KK=4

pu 26 1=10,13

DG 26 J=1,2
THETA{,4)=9C.e(3

DU 27 [=14,415
THETA(I,1)=180.+C3

6 Tu 31

STANDING, LEGS AT 30 LCEGREES
KK=5H

DO 29 [=11,13,2
THETA{L,1)=-30.+C3
THETAL{I-1,1)==-THETA{1,1)
00 30 [=14,15

DU 30 J=1,2
THETA(I4J)=9C.#C3

DO 32 1i=1,15

DO 32 Ju=1,2

SINT (LTI )=SINF(THETA{IL,34))
COSTL{IT ¢JJI)=COSFITHETA(TLIL4J4))
RETURN

ERD

SUHROUT INE ~MCDMCV

COMMON wy STAT, SHLDH, SUCH,TROCH, TIBH,UPARL  FUARL CHE SO,
i WALSD,BUTTD CHESH WAISByHIPByAXILC,ELHC, WRISC,

< FISTCyTHIHL yGKNEC g ANKC s SPHYH, FOOTL,,SITH,HEADC
COMMEN SwySVMySLsRyRRyY,,DELTA, AMU, AMUSG,SIGMA,ETA,YY

COMMON SIXX,SIYY,S[Z2Z

COMMON THETA,SINT,COST,0L,E9F,C, 0T

COFMON HyX,#CG,CH
COMMCN XMODoZMCD,DFLSH
COMMGN PST,PIXXPIYY,P12{7
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GO

1
2

10

11

COMMON T1J,K KK, IP,NP
DIMENSION Sn{15)4SM{15),SLIL5)R{15)4RRI15)yY(15),
CELTA(15)4AMU(15), AMUSQI15) . SIGMALLS),,LTAL]LS),
YY(1l5)
NIMENSION Sty¥i1s) CSTvyiis),SI22115])
ODIMENSION THETA(1542),SINT(15,2),COST(15,¢2)
D(3,3)sE(3,3),F(3,3) ARE DUMMY MATRICES

DIMENSION D(343)9E(3,3),F(3,3),0(3,3),07(3,3)
DIMENSIOUN H(15,3)9X(1593)4XCG(15,3),C1(3,3)
Pi=3.1415927

C3=P[/180.

ZERD DUMMY MATRICES D,E,F

DD 1 Il=1,2

DO 1 Ji=1,3

D(Il,J4)=0.

El{ll,J4J)=0.

F{I1,JJ)=0.

ZERD C.G+ ARRAY

DO 2 1=1,15

Ll 2 J=1,3

X“'J)-'-O.

ZERC THE INERTIA TENSOR ARRAY

DO 3 1(=1,3

DO 3 JJ=1,3

CI{1I4J4)=0.

CALCULATE HINGE POINTS OF MOVEABLE SEGMENTS
FORE ARMS

DO 9 [=8,9

G=SL{1-2)-R(1~-2)
E{le1)=SINT{I-2,1)eSINT{I-2,2)
E(Z+1)=SINT(I~2+13)2COST(][=2,2)
E‘39‘)=COST(’“2'1’

50 9 J=!,3

H{T2Jd)=H{1=29J)¢E(Jy1) G

LOWER LEGS

00 10 I=12,13

G=SL(I-2)+DILSH
E(l,1)=SINT{I-2,1)eSINT(]-2,2)
C(2:1)=SINT(1-2,1)2COST(1-2,2)
E(3.7)=C0ST(I-2,1)

LO 10 J=1,3

H{I o J)=H{]=2,J)¢E(J,1)86

HANDS

CC 11 I=64,5

G=SL{I¢4s)

Ello1)=SINT(I44,1)0SINT(]¢4,2)
E(291)=SINT(144,1)eCOST([+4,2)
E(3,1)=C0ST(1+4,1)

00 11 J=1,3

H{ls )=l 1444,J0)¢C(J,1 )G

FEET

ODC 12 1=14,15

G=SLII=2)¢.5aSPHYH
Cllel)=SINT(I-2,1)eSINT(]-2,2)

H-10
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13

14

15

24

2%

E(241)=SINT({I-2,1)eCCST(1-2,2)
E(3,1)=COST{I-2,1)

O 12 J=143

MET, 0)=HET=2, 004603, 1)28
ODETERMINE CCORD COF LCOCAL CG wRT TOP GF HEAD
X(1,3)=Y(1)

Xi{2,3)=SL(1)+Y(2)
X(3,3)=SLL1)IeSL(2)+Y(3)

DO 13 I=4,.15

G=YY(Il)
FOly1)=SINT{I,1)eSINT(],2)
Fl21)=SINT(I,1)eC0OST([,2)
F(3,l)=COST(l.I)

DO 13 J4=1,3
X(:'J,:H‘l'J’*F(JQI,'G
XMUD=2.14432340.15215042WA15D
XREF =X™M0U

IMCe =C.

DG 14 I=1,15
XMOD=XMOD+SwlI}eX(I,1)/W
IMCD=ZMOC+SwlT)eX{]1,3)/%
DETERMINE CCCRD CF SEGMENT CG wRT CALC CG
DO 15 =115
XCC{l91)=X(191)-(XMOD~-XREF)
XCG(192)=X(1,2)
XCG(I93)=X{1,3)-2MCD

GO 30 I=1.15

ARRANGE LOCAL MOMENTS [INTO DUMPY MATRIX (3 X 3)

DO 24 1I=1,3

DO 24 JJ=1,3

D(II,JJ)=0.

D(1,1)=SIXX(1)
D(2,2)=S1YY(]1)
0(3,3)=S1z221(1)

ARRANGE TRAMNSFORMATION MATRIX
0(1,1:=C0OST(1,2)
021;23=SINT(1,2)eCOST(],1)
Clly3)=SINI(I,2)sSINT(I,1)
O(241)==SINT({}:2)
0(2,2)=COST{.o2)alOST{,}
002,3V=COST{L,2)2SINT({i.])
C(3,1)=0.
0(3,2)==SIRT{I,1)
Cl3,3)=COST(I,1)

TRANSPOSE THE TRANSFORMATION MATRIX
Ci{l,1i=0(1,1)

OT{1,2)=0(2,1)

0T{1,3)=0(3,1}

0T(2,1)=06{(1,2)

CT124,21=01(2,2)

0T(2:31=0(3,2)

01T(3,1)=0(1,3)

gr(3,2)=012,3)

CT‘313‘=0(3'3)

H-11




CALL HMMPY({L+0OT 4E93:3,3,LM)
CALL HMMPY(CoE Fy3,3,3,LM)

C FUL3,3) IS LOCAL MOMENT QCTAYID PARALLEL TU BGDY AXES

c TRANSFCR TO CALC CG BY PARALLEL AXIS THEOREM
DUL, 1= X0Gl 1981 #RCOiT14Z21¢ACOT{T43)0X(G(1,3)
DEley2)==XCG(I,1)eXCG(i,2)
D(143)=-XCGUlI,1)eXCG(],3)

D(2,i)201142)
D(2,2)=XCOLI41)eXCGlI,1)4XCG(I,3)eXCG(]I,3)
D(243)==XCG(1,2)eXCG(I 3)
Dt(3,1)=0(1,3)
D(3,2)=0{2,43)
D{3,3)1=XCO(T,1)eXCGUT,1)4XCG(],2)eXCGLE,2)
00 30 11=1,3
DO 30 J4J=1,3
DUILoJdI)=SM{1}eD(I]1,JJ)/144.
FIIT,J04)=FtT1,dJ)/144.

30 CI(IE9Jd)=CI{IL s Jd)4D(I1ndJ)eH{I134)

C CALCULATE PRINCIPAL AXZS AND PRINCIPAL MOMENTS
PSI=.5#ATANFI-2,2CI11,3)/7(CI(1,1)-C1:3,3)))
PIXX=CI{1,1)2COSF(PSI)eCUSF(PSI)+CI(3,3)}aSINF{PS])

1 #SINF(PSI)=2.8CI(143)eSINF{PS:)eCOSE(PSI)
PILYY=C1(2,2)
PLZZ=CIl{1e1)oSINF(PSI)sSINFIPSIY+CI(3,3)sCOSF(PS])

1 eCOSF(PSI)42.8CI(1,3)eSINFIPST }aCOSF(PSI)
PSI=PSI/C3
IF(PIXX-PI127)31,32,37

31 o=PlXX
PIXX=P122Z

Pl122=6

PSI=90,+P5H
32 RETURN
END

LHMMPY MATRIX MULTIPLICATION, SINGLE PRECISION, FL. PT.
CALLING SEQUENCE...
CALL HMMPY(A,8,C MK N,L)
WHERE CIVM NI=A{MK)aE{K,N)
{C MAY BE A, IN WhilLH CASE A IS DESTROYED!}
L=0 INDICATES OK
L=1 INDICATLS FL. PT., OVERFLOW
SUSBROQUTINE HMMPY(A,B,CsMyKyNylL)
DIMENSION Af(3,3),8(3,3),C{3,3),R({3}
MM=M
KK=K
NN=N
LL=0
DO 120 I=1,MM
DO 100 J=1,AN
R{J)=0.
DO 100 Kl=1,KK
1C0 RUJ)=A(1,k1l)eB(K]1,4$)tR( S}

AR N aNaN AR e

h=—-12




ilc

120

125

119

vt 110 J=1,N\N
ClIyJ)=R1J)

I+ ACCUMULATCR CVERFLCw.
TUMTINUL

L=LL
RcTURN

LL=
S0

kab

1
To 125

130,120
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ERRATA - January 196S

The following corrections apply tc Technical Report No. AMRL-TR-
64-102, A Mathematical Model of the Human Body.

Line

2

13

14

10

10

19

3 SwW
4 R (RR)® PI

Eq (2g) should read: DELTA =

SM_(3(R)® + (SL)?)
12

Eq (3j) should read: SIXX =

SM ( 3(RR)® + (SL)?)

Eq (3k) should read: SIYY =

12

2 2
Eq (31) should read: sizz = 3SM_( (’*)4 (RR)* )
Eq (4ij should read: SIXX = “same as Eq (3j) above
Eq (4j) shculd read: SIYY = {same as Eqg (3k) above]l
Eg (4k) shculd read: S1ZZ = fsame as Eq (31) above;
Eq (7a) shouid read: R= ELBC

2 PI

Delete "The Y location of the center of gravity,
YNAA, is" and insert "The Z location of the center
of gravitv, ZNAA, is"

TA3LE IV, entry for WAISB under 75%, delete “10.2"
and ‘nsert "11.2"

Delete " (Ref 27:3%)" and insert " (Ref 27:58)"

Units for DELTA(I), delete "SLUG/IN-IN-IN" and
insert "LB/IN-IN-IN"
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