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PART I SUMMARY

During the past several years, HSRI has developed and validated
two and three-dimensional models describing the motions and forces
acting on an occupant during a collision. These models have per-
formed with approximately ninety percent accuracy in parametric
studies of classical crash configurations. A three-mass, three-dimen-
sional model has been used as an inexpensive design tool since early
1970 in studies of integrated seat-restraint systems, door crash-
worthiness, and head restraints. At the same time, HSRI has developed
an "n" degree-of-freedom representation of the torso and neck.

This report describes a new six-mass occupant model combining
existing capabilities and possessing the following new features:

1. addition of lower legs to the three-mass model to represent their
known restraint capability in frontal inpact; 2. remodeling of the
vehicle interior contact surfaces to allow any shape for the force-
deformation interactions between occupant énd vehicle; and 3. simpli-
fication of input and output procedures through development of a user-
oriented interactive command language.

The report is organized into three parts and is a completely
self-contained description of the program and its use. The main part
of the report includes the physical and analytical base of the model,
a description of the input requirement and the output generated by the
computer program, sample input data and the associated output, and a

complete users' guide for model operation.



The first appendix to the main report contains information of
particular interest to the Eomputer programmer or to the engineer
interested in the internal function of the computer program. The
various subroutines are described as well as the integration tech-
neques used in the solution of the equations of motion. Auxiliary
output from the program particularly useful in studying program
function and physical variables not included in the normal program
output is also described. The appendix is concluded by a symbol
dictionary. The second appendix contains a listing of the program

which is written in Fortran IV,

PART II BACKGROUND AND INTRODUCTION

Three dimensional models of whole body dynamics have been
developed to describe human motions including auto occupant dynamics,
human gait, and self-generated motions. Beckett (1), Lissner (2),
and Weber (3) have modeled motions exper{enced by the arms and legs
during walking. This work is often applied to the design, develop-
ment, and use of prosthetic devices. In connection with aerospace
programs, Kane (4), Hanavan (5), Huston (6), and Passerelo (7)
conducted analytical studies of self-generated motions possible in
free fall and zero-gravity environments. These are applied to activities
such as sky-diving, space-walking, and swimming.

With respect to automobile occupant dynamics, Bartz (8), Furusho
(9), Robbins (10,11), Thompson (12), and Young (13) have all developed
lumped-mass, multiple-segment whole body models. The model developed

by Bartz (8) includes forty degrees of freedom and fifteen rigid body



segments connected by ball-and-socket and pinned joints. The Young
model (13) includes a simitar number of body segments while the others
include less: Robbins (10, 11) - three masses (head, torso, lower
extremities); Furusho (9) - five masses (head, two torso masses,
upper leg, lower leg); and, Thompson (12) - one mass. The last of
these is part of a large program invloving vehicle crush characteristics.
In all of these models, complex vehicle geometry is introduced to
provide an intricate array of forces acting on the segmented occupant.
In developing the new six-mass model which is the main subject
of this report, the authors have concentrated on: 1. selection of
a minimum number of degrees of freedom consistent with a realistic and
economical description of the physical problem; 2. efficient formu-
lation and computational procedures; and, 3. user requirements.
The first assumption which is made is that the main joints
of the body are the knees, hips, and neck. The knee is represented
by a pinned joint which is a good approximation. The other joints
are ball joints with limitations to their free range of motion. The
arms have been neglected on the basis of their small mass when com-
pared with the torso and the small effects on overall body dynamics
which are generated by the action of external forces on segmented arm
masses. The legs have been modeled more completely as right and left
upper and lower legs for two reasons. The first is the experimentally
observed major effect which the tensing of leg muscles can play in
influencing occupant dynamics and the second is the lack of symmetry
of most vehicle interiors with the resulting lack of symmetry of the

occupant initial position.



Although the number of masses chosen for this simulation is
believed the minimum neces%ary for a realistic approximation of
occupant motions and force loadings in most dynamic environments,
occupant interactions with the vehicle are modeled in considerable
detail. Contact-sensing ellipsoids are attached to the body masses
to sense force interactions with the vehicle. These ellipsoids can
deform under force representing body compliance.

Because this is a complex initial value problem, the number of
equations of motion have a great influence on the cost of exercising
the model. Using a minimum number of body linkages combined with
a formulation in terms of Euler angle generalized coordinates leads
to the smallest possible system of equations. An Euler angle formu-
lation admittedly can lead to solution instabilities, but these
problems have been found to be negligible during three years use of the
HSRI three-dimensional crash victim simulator, Robbins (11), which
is formulated in the same manner.

It is apparent that using a model of this type is difficult due
to input data requirements including force-deformation characteristics
of the human body, the geometry and strength of an automotive interior,
and the crash characteristics which drive the model. In most cases
the user is expert in one of those areas and less familiar with
others. For example, an automotive designer may be intimate with
vehicle characteristics but less familiar with the strength and range
of motion of human joints. Sample data sets are stored with the

model and are referenced by supervisor programs which query the user



and prepare the detailed data set automatically. In this way a
user may specify an occupant size such as a 50th percentile male
using a single simple command and provide very detailed vehicle

geometry input data as another option provided by the interactive

supervisor program,



PART IIT ANALYSIS

Following definition of the coordinate systems describing
occupant position} the formulation of the equations of motion using
Lagrangian techniques is detailed. The addition of forces to the
equations of motion is described in general supplemented by specific
analyses of vehicle-occupant contact, gravity, joints, and belt forces.

A. Coordinate Systems Describing Occupant Position

The basic geometry of the new model is shown in Figure 1 while Figure
2 shows the associated coordinate systems fixed on the various elements.
Figure 3 defines the motion allowed at each of the pinned knee joints.

The basic inertial coordinate system is

1
e= |J
¥ (1)

with the coordinate systems in the six body masses and the vehicle defined

as

€ Jn for ne b7 (2)

The generalized coordinates describing the motion of this Tinkage are chosen
to be (xy, y1, ;) describing the translational motions of mass 1, Euler
angles describing the motions of masses 1, 2, 3, and 4 and generalized re-
lative pitch describing the motions of masses 5 and 6. The Euler angles are

applied in the following order:

6
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FIGURE 2. COORDINATE SYSTEMS IN MODIFIED HSRI THREE-DIMENSIONAL CRASH VICTIM SIMULATOR.,
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v = yaw and k axis;

o = pitch about J axis;

¢ = roll about ? axis;

where k is the original axis, j is the position reached by the j axis after

the y-rotations, and T is the position reached by the i axis after the 6-

rotation.

The transformation associated with these motions is

-

cos ¥, cos 6y sm ¥y cos 6,

—_——— — —

i

e” cos V/) sin 9,) sm ¢n 5/'/) Vn Sin 9,, sfn ¢n

—3in 5’,, cos$n ] +cos ‘/n cos ¢n

—~—

e

— e}

cos ¥, sinGpcos ¢n sin¥), sinBpcos 45,,
+3in ¥, sindp -cos ¥, sin P,

—

where the subscript n refers to the body segments 1,

pact notation,

7;/ n 772 n 7;3 n
€n < T2n Tz2n 230
173-m T32n 7;3,7

-Sin 9,)

ceey 4.

— — — -

cos Bp s Sﬁn

cos 6p cos ¢n

-

In a more com-

The knee joint is represented as a pinned hinge so that the only motion

permitted between the upper and Tower leg elements is relative pitch. Thus

the position of body elements 5 and 6 is specified if one is given the posi-

tion of elements 3 and 4 plus a relative pitch angle.

10



The transformation is given by

cos 90-}2 N o —5m enfa
Cnsz = o / o € (5)
sin 9!7-'2 O cos 9,,.,2

where n=3,4, or in terms of e,

cos Bn+2 O ~5in Enyz F T/ln 7;2n 7;30
€z = O / O T2in T22n Tr3n |€ (6)
‘_an Onez 0 cosEne2 JL 7},,, 7—32” 7'33n

In the compact notation

..l
_rlln 772') 7’/3n

€n = Tain T22n T30 < (7)
T3/n 7‘-321" 753”.1

wheren=1, ..., 7.

In order to form the kinetic energy function for use in the Lagrange
equation it is necessary to form the linear and rotational velocities of

the various masses. Referring to Figures 1 and 2, the position vectors

for the six masses are

N



R =x,L+y T+ 2K

Ry=x1+y,J + ZvK*/Omk,‘/ozuka
Ry=x1 +5(,J + 2K +prk, */OPHf; + PH3 L3
Ry=xT +y,J + 2K+ 0mk - /OPH7;:*/0H‘/L4

Rs
R

n

=xT+yJ + 2K * 0,0k, "‘/UPH}'/ + 0K {3 + Oxs Ks

,X,I"%,J"‘ ZK */O/p/(, —-/OFH;_.I +/0HKL.4 'f'/dké/(é

Using the position vectors, the locations of the centers of gravity for

the six masses are shown to be

X, =
#r =
Z

!

x
n

%fz:_

X,
g‘/
ZI

X, - O Tz = Panv T32
0‘{, ‘/O/N 732, — pPan 7322
2, = PinT33 — Pan T332

X * Lo Tay +0en T2 + PuzTns

= Y0 T3z * Ppr T221 + PH3 7123

2 +0ip T331 +PPH 723 * OH3 7133

X1 0 T3 = Pen T2u * Prd Ty
i 7 Pp 132 ~ O pH T2z, *PHy T2y
2, * 00 T331 = ©0en T231 7 Prin T134

X, 70 T30 + Pon Tou T PHK Tuz * Pxs Tas
L+ Pip T321 +Ppr T22) *Puk 7123 ~Pks 7325

X, +L1p T3y — POprt To1 + POHK Tw *+Pre T3¢

= Lot e T3z2) = Orr To2p +0mk Tizy + Oxe T32¢
= 2 1L T33 = 0p T231 *LHk UEL 0 ke T33¢

12
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B. Formulation of Equations of Motion Using Lagrangian Techniques

The equations of motion are derived by Lagrangian techniques using the

formula
d |otke)| _ atke) | o(Pe) , (o) _ E, . (10)
dt| o, dq, ~ 0¢ Fe
% %L a%c F ¢
where

KE is the system kinetic energy
PE is the system potential energy
DE is half the system dissipated energy rate

F_ are the classical generalized forces

%

q; are the classical generalized coordinates or degrees of freedom

of the model.

Since the only driving force is applied to the vehicle and not directly
to the body, the Fqi terms are all zero. After the energy terms have been
written, the resulting equations of motion are rearranged so that all the
terms containing generalized accelerations appear on the left-hand side and

all other terms appear on the right-hand side. Thus rearranged, these

equations are of the form

m§=5 (11)

where m is the matrix of generalized acceleration coefficients and %fis the
generalized acceleration vector. In this analysis the right-hand side of

the equation, 6, will be called the "generalized force" and contributions

to it from the kinetic, potential, and dissipative energies in Equation (10)
will be referred to as the generalized force from that part of the model. The

total "generalized force" is the sum of the components from kinetic energy,

13




gravity, joints, belts and contacts. The kinetic energy contributions to
the "generalized force" are cen“crifugal and Coriolis force terms.

Kinetic energy alone determines the left-hand side of the equations
of motions. Equation 11 is a set of seventeen simultaneous linear
algebraic equations with the generalized accelerations %( as the unknowns.
These equations are solved numerically by Gaussian elimination., The

generalized force vector may be expanded to show the various contributions
- —>
Q:QT+QG*QC*QJ*QB (12)

where

——,

@, is due to kinetic energy

36 is due to gravity

Q.'C is due to contact forces

-

QJ, is due to joints

9 L]

R is due to belts
The seventeen generalized coordinates for this problem are the position co-
ordinates for the torso mass, the Euler angles for the torso, head, and
upper leg masses, and the pitch angle for the lower leg masses. They are

defined in the following order:

%’I-XI %/0:543
%Z:él/ %//'63
§27 2 Fiz = s (13)
G« =7 G13 = Yy
s =6, %—Mreq
%6'3 Gis = %u
ORI
=6
¢ G ¢




-

The derivation of the matrix of generalized acceleration coefficients,m,
and the various components of g is given in the next several paragraphs. A
variety of geometric, motion, and trigonometric quantities as well as deriv-
atives which are used in the analysis are listed here to provide a central
repository. During the computer solution most of these quantities are eval-
uated as the first step of each integration loop.

Trigonometric quantities making up the transformation matrices have
been defined as Tijn in Equations 3 - 7. Other trigonometric quantities

which are used are listed as follows.

S/n = sin (Pn ) C n = Cos &/n
52,-' = 5/n Sn = - 7—13n ; CZn = Cos 6n (]4) ‘
53n = S/n(\én ) C3n = cos qsn

The subscript "n" runs from 1-4 on all quantities and also includes 5 and 6

for sines and cosines of theta (6) and 7 for the vehicle.

7—,4,-, = cos %, sin ©n Tsn = cos ‘/',7 Sin®pn sin ¢n

Tisn = 5in¥, sinGhp Ten = Sin ¢n cos & 5/'n¢n

Tisn = 5in©ncos$n Tyn = SinYy S5/in6n cos P

T 2n = 5n6Gpsin®n Tgn = sin%y sin Gn sin ¢n (15)
Tin = cos ‘/,—, cosBp cos ¢n thm = cos 5”,, cos Cl‘n

Tan = cos Y, cos € sin®n T2sn = cos ¢, sin®n

T35 = cos ¥y, sin ©n cos ¢, T26n =sin%n cos ®n

Tyn = sin ¥y cos Bn cos Pn T27n =5sin%, sin ¢,—,

15



The first derivatives with respect to time of these quantities which are

used elsewhere in the analysis include

Tun == Tizn Yn = Tiyn ©On
Tizn = T/In "/')r\ - T/sn én
7/3!) = "CZn én

Tan == Tza2n % * Ton 9.n + T3n ¢n
7..22" S Toin¥n + Ten ©n * Tszn %
Tazn = = T7,5,6,+ T33n $n

T3/n = ~T32n¥n + Tin én - Tz ¢f)
T‘an = T3Ir7 ¥Yn + Tyg én - T22n Pn (16)
7330 = = Tin €p = T3, Pn

- 9&,7 an - é,, T3n - ¢n 7—Zn
- ¥n Ten ~ On Tsn + 45.,7 Tin
Tan = ¥ Tin = 8p Ton - $aTen

Ten = §n T2n - &, Ton + 95,, Ten

Tin

TZ n

i

T;:.m = - ‘7&n Tisn + én Tun
7"/30 = (I”‘n Tiun + én Tian
7‘:1611 = é,-, T33n - ¢;n Ti7n
Ti2n = 6, Tz3n + $n Tien

where n = 1,..., 4.

16



From the lower legs transformation

-

T//,mz - 73/,n+z Onsz 7 Cz,mz Tin = 52,n+2 T3n
7.-/2,0*2 < - TjZ,ﬁ-ﬂZ eq,z + CZ,/H'? 7;2n - 52,’“2 7-32,)
7-13,1742 - - 7‘33'1742 6’7#2 4 CZ,!HZ. 7130 52',,”2 T 33n

72/,n+2 = T2in
722,0-»‘2 = Ti2n
7—23”7+2
Ts/,mz = T//,nfz ©n+z * 52,n+2 T//n * Cz'r)+2 7—.3/;'7

T32,n+2 = T/Z/n-fz en*Z * 52,/)*'2 7—12,7 7 CZ n+2 7-32,.)
)

(t

7'. . .
33,012 = Ty3,042 ©ns2  * Sz psz2 Tian *+ Cp ne2 Ta3p

where n = 3,4,

17
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The second time derivatives of the transformation matrix elements are given by

7.:/,4 = = Tizn ‘7;0 = Tiun é'n - 7'-12'7 Y ~ 7.-/.,,, én

7-/2n = Tun % = Tisn Bn+ 7.’/m Yn - 7.—/sn én

Tian = =~ Con6n + Spn OF . o
TZm = ~Tazn ‘f’n + T2n B, + T3n ¢n - —i_22n q}n + én + T3ip $n
T22n = Tain ¢, + Ton6n+ T3zn $n + Toin$n + Ten 9,,’* T32n ‘Pn
TZ3n = = T2n 6n * T33n $n - Tiin 60 + T33n bn

T3,n = - Tsan‘f" + Tin6n = Tain ¢n - T30 ¥n + TinOn - Tz;n ¢n
Tsen = T3in$n + Tan6n = Toon én + T3in Y’n + Tyn©n = Tz2n $n
733n =~ Tien6n - T>3n $n - Tlén on - 723,, ¢n

where n= 1, ..., 4 and by

7l',, n+2 = 7—3,,”2 en-fZ -+ Cz n-rZTIl") - S;, n+2 7—5Ir)
= T3,0+2 ©n12 = S2 042 Tin Bn+z = Cz n+2 TsinOne2
Tiane2 = - T32, nez Bnez +Cayniz Tizn ~ S2,nt2 Tazn
- 7.—32,nf2 émz - 52,n+2 'f}Zn é"1‘2 - Cz,mz 7.—32n é“+2
7.;13,"*2 = - T33,n+2 én*z * Ca,mz 7:/3/, - S2,ns2 7:35n
- ?33,n+2 9.ﬂ“Z - S52,n+2 7",3,)9.0#!2 - CZ,n+ 2 7:330 9./712

(19)

n
w
>

+
N

!

|
[\
w

5

:7'-3/,m2 T'! n+2 Q'HZ + 52 n+2 Tun t Cz n+2 Ts,n
* T, ne2 Opez + Co nez T,,n 9n+z ~ Sz, n+2 Tsm en+2
Taz n+2 = Tz, n+29n+2 + Sz n+2 Tian + C2 n+2 T32n
+Ti2,0+26n+2 + C2.n+2 Ti2nGnsz = S2,n42 T320Bnez2
Tss, n+2 = Ti3,n+2 Bnez + Sz.pe2 Tian + C2,nv2 T33n
+ 773 n+29n+2 +C2.n4p Tian 9n+z ~S2,n+2 7'33,7 9n+2

Where n = 3,4,
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The first time derivatives of the positions of the various centers

of gravity
X, =
#1=

.
N
1]

e
w1
)

<.
«
'

are .

X,
g,
Z,

X, - p//u 7—3”"/02~ 7'_3,2

= (‘5[, /0/N T32} ~PaN T322
= 2, ~ P 33, -pPan 7332

X, *Pp T3 * OpH Tzn +Pn3 7—//3

= ;(, +Pp T321 + fPH 7221 + O H3 7/23
=%, 0w 331 +penT2z *PN3 Tias

‘ *‘/OIP 7;3/, /DPH Tzn "/OH‘f “‘1*

= #) +/01P T3z - ppHTz?_/ +/0Hq7'/2,_’
= Z; "‘/OIP T33/ /OPH 7-23, ‘f/OHL/ T/g;f

= X, +fp T3 + fPH Tau * PHK Tus * Pks 7:_3/5
= é" 4/0,p 7'32, -+/0pH Tzz/w“pHK 7_/23 +/0K5 TZZS'

=z, */9/;7 7—33/ —*pPH 7.2_3: +/0H;< 7',33 +/0,<5 7’335

X, +/d/P T 3y /UPH 7.2// */OHK 7//&,4 b /OKé 73/6

= ?‘/ * PP 732/ - AOpH TZZ/ +/0Hi< 7/24 * OKE ngg
=2, +PpT33 ~LouT 23 * Prk 7739 2L 7334
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The second time derivatives of the positions of the various centers of

gravity are

jred
Z,= 2,

X, = X, /0/~7'3u =P an T3z
g.z éb —pPm T32) = Y T322

=2, “/OIN 7‘33I ‘/OZN 7"332

X5 = X, +Pp Tau * [Ppri Tau + L3 Tus
4= ;i/ *Pip T2 '*ﬂpHTzz: + /N3 Ti23
23 Z ‘fp,PTgS' "‘/OPHTZ.B/ _’./OHS 7'133

X, = % + 0P T3 = oeu 21+ Puy Tio
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‘(;lS’ é(, +/0/p T32l -f/OPH Tzzl */OHK 7—123 "‘/OKSTBZS
2s= %, « PrrT33 +LPruTzs + Ok Tiss * PrsTsss

i = * +/0/P .7.—3// /PH 7—211 + ﬂHK 7—/1"f + pké TBIG

}‘ #/ *+Pp Ts21 - /OPHTZZ/ + Ok T,ZL, -fﬂké 7}2(,
2= 2, 1 Op Tis = Pon T231 41k T34 e T334
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Spatial derivatives are also necessary in forming the equations of

motion. The non-zero space derivatives of the positions of the various

centers of gravity are

O%Xi _
d X,

2 ' 21

..a.__zz - |

0Z,
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96,

dZ2 = /~723/
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— - 2~ 1162
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EEE :/02N723Z

9%,

3% _

o X (22)
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Similarly, the non-zero spatial derivatives of the various elements of the

transformation matrices are

7}/n,<¢ == Tizn

Tun, 6 = -Tan

Tian, ¢ = Tun
Tizn,0 = = Tisn
Tisn, 0 = - Con
7:21ﬂ,¢ =~ Tzap
7:'un,9 = Tan
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2 6n ’
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a¢n 2 nt2
3 Tian+2 - TH i
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2 Gn
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27T22,n4+2

=- Tan
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2 Taz,nt2 _ T,
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26,
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246, 32n
2 T23, nez - -T
26, {7n
3 T23, ne2
—_— = T
o4, 33n
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Y 24
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20, Sz.nu 71-5/1 * Cz,mz 7;,,
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8T33 n+2

ey = - Sa,nu Czn - Cz,mz Twn
9Ts3,nt2 _ _ C T

3¢, - 2,n+2 '23n

BT, nta _ - T
aenf’ 3/1 h+2
3Ti2,nt2 _ - T
26n+ea 32, n+2 (24)
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36,44 33,n+2
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a@n+2 i1,n+2
9 T32,n+2
—_— = T
a&nf: 12,n+2
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26,., 13,nt2

The final set of useful quantities used in formulating the equations of mo-
tion is of the angular velocities and accelerations. The angular velocities
are given by
Xyp = ¢n - %q 5_2,7
Aan = 6, Cn + q%vCJnsj’h (25)
X3n = &, CnCs, - én Sin
wheren =1, ..., 4 and
X nta = Xip Capez — Kz 52, n2
X2, pt2 = Oyt én+2 (26)
X3,n+2 = Xin Sz nes + A3 Cane 2
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where n = 3,4.

The angular accelerations are

Kin = ¢n - an San— ¢n 8'1 Can (27)
0(2n = 9nC3n - én ¢n 53,, + ('/';Czn S3n - (/;, 9.,, 5;,, 53,1 + ¢'r7 C};,, Czn Cjﬂ
'5(3n = ¢nGnCBh - ¢n GnS52n Cjn - ¢n ¢n Can Sin = ‘9n S3n- 9"' ¢n C3n

where n=1, ..., 4 and

O(l,n'f.? = o(ln CZ,"HJ. - dln &nf-z 52'n+2
~ &3n S2,nt2 = X3n8nsz Cons2

O(Z,n-u = O(Jn t 9n+2 (28)

X3, ne2 = Xin 52,n+1 tAn Qa,mz Cy,p+2
+ %3n C2,r7+2 ~X3n B2,n4, S:,mz
where n = 3,4,

C. Matrix of Generalized Acceleration Coefficients

The 17 by 17 matrix, m, in Equation 11 is determined from the kinetic
energy sections of Lagrange's Equation. The translational kinetic energy

is written

6 . . .
KE; = 52 my (%, + 4, + 3, ) (29)

n=,

Substituting this quantity into Equation 10 and using the following relations

o @

a(i,,): o Xy . (QI,, _ ai,,
ag(' o Z( Jt )—. aZ‘

each term resulting from translational kinetic energy is simply

Y, 22,
Z my (xn az Hn 32’,_- -+ 2»1‘9;‘_ ) (30)
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where 1 =1, ..., 17.

The rotational kinetic energy is written

2

-~ L
KEg = 2

IMw
2 My

I

| | mn mn (3])

Substitution of this into Equation 10 yields

3 6 d
aO(rn ’ 30(
X = mn
"\Zz é‘ Imn mn d* QZ" } + Imn dmn "

o ;‘.

!

o g". (32)

where i = 1, ..., 17.

The coefficients in m result from expressions 30 and 32, Each Co-

efficient in each of the seventeen equations is the multiplier of one of the

generalized acceleration quantities, Xi, Y1, ..., 6. In their computation

a variety of relations are used more than once including

Ay = m+my;+ Qop
Q2= =Qp + fr1p A3

as'—' 'mzﬁ‘m
A4 = Aqy 1 Ass

(33)
As; = Mg Qss
Qq = MgQysg
Ag = aea Tirs
ag = aé‘/ T/!6
COVﬂL/nued
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Q, = - Ugo T35

Qi = — Qg T3i6

Qs = g Qyy

Qs = Mg A,y

Qg = ~0g T35

Ais = - Qg T326

Qs = O Ti2s
Q7 = G726
693-' a@;f@;

Qg = G, T335

Az = Qg T136

Ay = - Qg T334
Qpz= 204 (Coe Gy=Sar Tisz)
A2z = 2051 ( Cog Ga = 52 Tiea )
Arg = Ayt Aso
Qg = Ag+ gz
Qa6 = ~Ay91Ago
QA1 = Qgi- Ay
Qg = ~CQzq

Qyq = Qu¢

Azp = (26

Ay = Q9

A3 =‘f;k'fa73
Q33 = fux + Ay
Asq = FpTut [, T

(33)
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Qg1 = My¢ FKG
Qg2 = Qg fuv

= My + Mg + Qg3
ma. F//v
ms FHB

= My fra

= f:f T3z
Fou T2

= fre Tz
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= () Tirg +2,Trea)
= Qe Tyg + 25 7374
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The quantities m‘.i are given in Equation 34, The first subscript gives
the row and the second, the column in m. Only the upper portion and diagonal

of this symmetric matrix are given.

m, =a,

Mz =

M3 =

My = -z 132/

mMis= a, 7y

Mg = "az_TZ.I/

M7 == a3 T322

Mig= az7,2

mig = ‘asTZI?;

Mo =~ (ay Ti23 +ag T323)
myn =" (ag Ty~ 2 Ty3)
M, 12z = TGy 72,3

My, 3= = (as7;34+a77_32~f) (34)
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My, 12 Aq
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My =~aslisy +ay Tay
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My 17 = Qg continved
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D. Components of Equations of Motion Resulting from Kinetic Energy included

in "Generalized Force"

The components of vector f} defined in Equation 12 are given in this
section. In their formulation those portions of T ijn X1’ y , z , and °‘mn
1
which contain products of first time derivatives of the generalized coordinates

are used many times. Those portions of the T ijn nds obtained from Equation
18 and 19 are given by
Sin =- 7"/2'1 ‘P.n - 7;/4»7 én
Sizn = 7“//n ‘/;, - 7:/5n €, i Sizn = S 9;12

San = ‘7:21;1 ¢,, + 7:2n én Tt 7%?/'1 ¢.n
S2n = Tan ¢, + Ten é,, + 7"31.1 (#n

Sa3n = ~Tjgp Gn + 715’3»1 ¢, (39)
531"7 = - 7.-32n (fn'f' 7/m 8;1 - 7:2//) ¢r1

532n = 7‘-3/17 Ql' -+ T4n 9n 7:2117 dg,,

§a3n = T/K” (9 Tz3n 45,,

where n = 1, ..., 4 and

Sit,nez = Coynre Sin = 52,m02 Ssn = Omes ( Tyones * 55,082 Tun ™ Gopea Tain)

5/2, n2 = C;) nt2 g/zn - S}Inﬂ 5_}2» -

Opss { T3z prs + Sa,m2 Tant G one 3zn)

513, nia = CoonerSizn "52,,,,; Sa3n = Opa (7}3J,,,‘2 + 5,,,,” T30 18 w2 7'3”)
Szl,nm = 52“4

5‘22,"71‘2 = 5;;.1 (36)
Szz,hn = §23n

53‘ nea = S.2 ,Nt2 Sllﬂ + (.ﬁfl 5;In+ amz (T/I nt2 Cz,mz th 52 ne2 T_;/n)

53 2 nd2 = Sa,mz 5/2/1 + [:,mz g,,, +‘9mz (7;2,'77‘2 +[;,nf2 7;24 ‘52, P2 ;’20 >
53

3,nt2 =Sy 012 Sisn ‘(’fz,wz5330%(9,7“(773”&%[’,,1&7,'3” 5'”{27;3”)
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for n = 3, 4.
The quantities derived from the second derivatives of the position

vector (Equation 2.21) can be expressed as

Wi =0

Wiz = =0 Ssir - )Dz,v Siiz

Wiz = Pp Szir * PLouSour + Fus Siis

Wie= £pS300 = SuSai t $uaSiia (37)
Wis = fip S31 + Fmgm + far Stiz + e Szic

Wit = £ Ssir = fuSacrt fanSica + 5516

where i = 1,2,3 refer to x, y, z.
From the angular accelerations given in Equations 2.27 and 2.28, the following

quantities result.

Uin = - ¢, 9',, Can

Uzn = - <9:n 8,53 48, Tism + %, 1 Tosn (38)
Usn = = % 6nTion= 40 %, Tosn — 6.4, Csn
where n =1, ..., 4 and
Uis = Cog (Upz=Hy365) = Sy (3 85 + Uy )
Uzs = Upyg
(39)

Uss = Sz5 (Uys~ %3, 6, ) + Coy (%365 + Uy, )
Ujs = Cos (Uie = %54 O;) = Sae (%, 6o+ Usy)
Uz = Uayg

Use = 5:5<U/4‘°‘34655)+C; (%485 + Us, )
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Using Equations 35 through 39 the components of the equations of motion
resulting from kinetic energy which are included in the "generalized force"
as ﬁ,r can be written as follows where the subscript n of QTn refers to the

row in which the term is entered.

Crr ZmyWa s my Wis + ...+ mg Wi

Qrz =My Wz +my Wzt oot iy Wi

Qrz = M2 Wz *my Wig+.. t g Wy
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Lo (%2 T+ Uy Toz))+ I (> Tazr + Us Tzs,)
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*my(az, Wi + azg Wo¢ Taszg W3e) (40)
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*1,, (- S350, Cs, Uzz) - 13, [63_2 %=X 3,7 U3z Sz, )
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E. Addition of Forces to the Equations of Motion

Three different force-producting features of the model add to the com-

plexity of the equations of motion -- contact, belts, and joints. The deter-

mination of force is unique to each of these features but the way in which
the resulting force is applied to the equations of motions in common to all
and will be discussed here.

Consider a typical force-producer and call it feature F. In this simu-
lation, the magnitude of the force produced by F will be a function of de-
flection and deflection rate where deflection is defined appropriately for
each feature. For example, belt deflection is elongation of the belt be-
yound the zero slack condition. The direction of the force in each case
is that which will tend to maximally decrease deflection. The force pro-
duced can be separated into deflection-dependent terms which may be called
a"spring" force and a collection of deflection rate-dependent terms which

may be called a dissipative force.

Fe = sFr * 0fr (41)
where
FF is the total force produced by feature F

SFF is the "spring" force for feature F

DFF is the dissipative force for feature F

In general

¥

f(4)

| Fel
and, > F (42)

i

| F =9
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where f(§) is a polynomial or tabular function of displacement,d , and g(é)

is a function of displacement rate, 5 . The deflection and deflection rate
(§and §) are computed as functions of the seventeen generalized coordinates.
A general description of the functions f and g is given in Figure 4.

The spring force, S?F’ will do work in the classical sense and yield

a potential energy

)
V. = 5; f(0dx

(43)
and the contributions to ( 41) will be of the form
OV OV 98 gy 23

S 08 Jf 'sFl ooy (44)

for i = 1,...,17.

The quantity fg%i will be referred to as the "lever arm." If the
generalized coordinate is rotational and the force for the feature F such that
it tends to push or pull the body segment in a direction perpendic-
ular to the Tine joining the center of rotation to the point of application of
the force, then this quantity will be the actual length of that line and hence,
the lever arm. In other cases, it contains factors which yield the perpendic-
ular component of the force as well and is an "effective lever arm". In
general, since

T
= F l|—
s ‘5 Fio g (45)

(where SQF is the generalized force vector contribution due to the "spring"
force of feature F) strongly resembles the relation,

Torque = Force x Lever arm

this nomenclature has been adopted.
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Deflection

deflection at peak inertial force

elastic Timit (yield point)
termination of use of auxiliary polynomial
saturation force limit

deflection at which unloading begins, that is, the maximum
deflection for the particular load-unload cycle

calculated permanent deflection for cycle (unsaturated)
calculated permanent deflection for cycle (saturated)
slope of saturation unloading curve

breaking point

endpoint of break down curve

total permanent deformation

force at maximum deflection

Figure g4, HSRI Representation of Force-Deflection Curves
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The quantity D?F is dissipative in nature and will yield a dissipative

energy rate.

=j§-3(x)alx (46)
o
and the contributions to (41 ) will be of the form
_2}2___ oD 12_; ’ Atg
)6 98 i )DF d 4 (47)
for i =1,,,..,17
But it 1s also true that
2 '2735 ) Z ( ):_a_)__

Mc 2 g, 4 9698704 e
since & is a function only of the generalized corrdinates and not their rates.

Therefore (47 ) will take the form of (45 ) and recalling (g7 ) as well

as correcting signs, it can be shown that

-
where QF is the generalized force vector contribution for feature F.
Equation ( 49) will hold true if it is agreed that the magnitude may
reverse signs when the force reverses directions.

One last property of lever arms should be noted. Using the chain rule,

d
yEa ST )] Z 3,§K ﬁlﬁ (50)

where the q's are the parameters including generalized coordinate upon which

deflection depends.
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Hence the terms of 5 due to body motion can be computed by summing up
each lever arm times the corresponding generalized velocity. In most cases,
this is the actual technique employed.

So the labor of either de;iving or presenting the implications of
feature F on the equations of motion can be simplified to the consideration
of deflection and lever arms. In the sections which follow concerning

the individual force-producers, deflection, and lever arms will be explicitly

defined.

Deflection rate will be discussed in terms of body motion, vehicle motion,
and motion relative to the vehicle. The exact form of equation ( 50 ) which

applies for the feature under consideration will also be presented.

The load-deflection properties which are installed in the model
and which are used to define the functions f and g (See Equation 42)
have been developed using the ideas presented in Danforth and Randall (14)
together with certain useful extensions. For purposes of explanation, let us
assume that a completely rigid ball is being gradually impressed upon a planar
panel of some flexible material such as sheet metal. The description to the

model of the load-deflection properties of the panel centers around seven input

constants:%A, 5;, 8 5,’ SF, F ., and g. The first three quantities

max
are defined as shown in Figure 4 and have been suggested by the work of
Danforth and Randall, The other four quantities control extensions of
that work. The first six quantities must be non-negative. The first two
quantities together with the fourth and fifth must form a monotonically

increasing sequence. The fourth and fifth must not be equal.
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Before undertaking a physical description of these seven quantitites,
it is necessary to glance over the balance of the model input quantities.
These are four in number. The first will be referred to as the Static
Loading Curve and consists of the seven coefficients of a seventh order
polynomial in deflection (the constant coefficient is assumed zero) or a
table of Force versus Deflection which is linearly interpolated between
points,

The second of these input quantities will be referred to as the Inertial
Spike Curve and may also be a polynomial or a table as described above., An
additional restriction that this curve assume a zero value at deflection equal
to SB must be adhered to in order to avoid possible premature termination of
the model run.

The third input quantity is the G-factor which is defined as the fraction
of permanent deflection over maximum deflection. The G-factor must be in a
closed interval from zero to one and can be supplied to the model as either
a constant value or a table of G-Factor versus Deflection as above.

The Tast input quantity is the R-factor which is defined as the fraction
of conserved energy over total energy. It too must be in the closed interval
from zero and one and can be supplied as a constant value or a table of
R-Factor versus Deflection. It should be understood that G and R factors
include all the accumulated effects for a particular deflection and are used
only at the beginning of the unloading part of each cycle.

The quantity 8, can be described as the deflection at which the inertial
effects of the panel begin to break down irreparably. Usually this quantity
is set to the deflection at which occurs the maximum of the Inertial Spike
Curve although this is not a requirement. If unloading begins before this
point is passed and the elastic yield point 8. is also not passed, loading,

unloading,and reloading are all along the Combined Curve. The Combined Curve
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is defined as the sum of the Inertial Spike Curve and the Static Curve at
each point. If the elastic yield point has been passed, regular unloading
(explained below) takes place byt reloading is again to the Combined Curve.
The quantity sg can be described as the deflection at which all inertial
effects cease. If J has been exceeded and 5g has not been exceeded, regular
loading is on the Combined Curve. If unloading begins and the elastic yield
point has not been passed, unloading is along a linear segment connecting the
point of maximum deflection () with the origin and reloading will be to the
Static Curve at o . If the yield point has been passed, unloading is regular

and reloading will also be to the Static Curve at Q.

The quantity §p can be described as the deflection at which massive
breakdown of the whole panel begins. If 8p has been exceeded and 6p has
not been reached, regular loading is on the Static Curve. If the yield
point has not been reached, unloading and reloading are also along the
Static Curve. If the yield point has been passed, regular unloading takes
place and reloading is to the Static Curve at g.

§p can be described as the deflection at which complete failure takes
place. Once GF has been exceeded, the model will always produce zero force.
If 8p has been exceeded and 3 has not been reached, loading is along a
Tinear segment connecting the point of the Static Curve at 8p with a zero

at 8. If unloading takes place before failure is complete and if the

yield point has not been reached, unloading and reloading are along the
minimum of the Static Curve and the value of the linear segment at q. If
the yield point has been passed, normal unloading takes place and reloading

is to the linear segment at Q.
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Fmax is called the Saturation Force Limit and is intended to model special
materials which exhibit the property of breaking down in such a way as to
maintain a specific maximum force until reaching the breaking point. This
feature is applied only to the Static Curve. Whenever the Saturation Force
Limit is exceeded by the Static Curve, the regular loading sequence is super-
ceded. Note that the Inertial Spike Curve is unaffected, and if the Combined
Curve is being used, the Inertial Spike Curve will continue to be added until
Sg is reached. Once static curve saturation comes into play, the force for
loading on the Static Curve is set to Fmax until 8p is reached. If unloading
takes place on the saturated Static Curve, normal unloading is replaced by
the use of the seventh input constant, 8 which is called the Saturation
Unloading Slope. If g 1is negative, the G factor is used to determine the
permanent deformation. If g is positive, it is taken as a Tinear slope to
determine the permanent deformation, In either case, if the new permanent
deformation fails to exceed the old permanent deformation or 8 is zero,
the old permanent deformation is used. Unloading and reloading are along
a linear segment connecting a zero at the point of permanent deformation to
F __ at Q. If this unloading takes place in the range where the Combined

max
Curve is used, the same rules apply as were explained above except the Fma

X
replaces the Static Curve. Note that the elastic yield point has effect
before saturation and during break down after saturation but not during
saturation.

Normal unloading is modeled by determination of permanent deformation
and conserved energy using the G and R factors evaluated at the maximum
deflection (@). Let » be the permanent deformation, FL be the force at @,

and EI be the conserved energy. Then, as was done in the

HSRI two dimensional model, a parabola is fitted which unloads
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to the permanent deformation with the proper conserved energy. It will
occasionally happen that the curvature of a parabola is not adequate to achieve
this result without the physically unrealistic effect of a negative force Toop.
If this contingency arises, unloading and reloading are computed from two
Tinear segments which maintain the proper permanent deformations and conserved
energy.

Normal reloading is modeled by fitting a cubic which maintains continuity

in both force and force slope.

It should be recalled at this time that both occupant ellipsoids
and vehicle contact surfaces can deform. This property of sharing
deflection between two interacting surfaces is also shared by belts
where two interconnected segments must reach force equilibrium. In these
two cases total deflection, lever arms, etc. are known while the force
is not known. To compute the force (equal in both interacting elements)
the amount of deflection occuring in each must be solved by an iterative
procedure. When this procedure is completed, deflections in the individual
elements are known and the force computed within a small error range

which is specified in the input data to the program.
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F. Vehicle-Occupant Contact

The force interactions between the crash victim and his environment
are modeled by impingement of ellipsoids attached to body segments into
planar surfaces attached to a moving vehicle reference frame or attached to
the inertial reference frame. This general model is illustrated in Figure
5. Both the ellipsoid and the planar surfaces can deform as each one may
have its own unique set of force-deformation characteristics. In addition
to this, forces may be generated when an ellipsoid attached to one body
segment interacts with an ellipsoid attached to another body element (e.g.,
head on chest).

The normal force generated during such an encounter is taken to be de-
flection and deflection-rate dependent where deflection is defined as the
maximum perpendicular distance, &, the ellipsoid extends into the contact
surface or other ellipsoid. This force acts to push the ellipsoid outward
perpendicular to the contact point at the location of maximum impingement.
A tangential force also may be generated during contact, which is considered
to be a frictional force. Hence, its value is proportional to the value of
the normal force. The direction of this force depends on the tangential
velocity vector which exists between the ellipsoid and the other surface.

The storage capacity of the computer program has been chosen to hold
approximately twenty body ellipsoids and thirty planar contact surfaces.
More -contact surfaces may be chosen if the number of ellipsoids is suitably
reduced. Also, it is assumed that most of the ellipsoids are reduced to
spheres, that most of the contact surfaces do not move with respect to their

reference frame, and that no inhibitions of force generation are included.
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Body Segment Ellipsoid

Contact Surface

Figure 5. Contact Force

54



The relative storage requirements are: 1. spheres - 18 locations; 2. ellipsoids -

31 locations; and, 3. contact surfaces - 55 locations with 10 locations neces-
sary for each time point for which location is specified. Approximately 2200
locations are available in two storage arrays. The logic of the program has
been chosen for any number of ellipsoids and contact surfaces. If an applica-
tion requires more surfaces or ellipsoids than are currently available, a
trivial change to the program could be made.

Each of the ellipsoids can be attached to any of the six body segments,
centered at an arbitrary displacement from the body segment center of gravity,
but always located with principal axes parallel to the body segment coordinate
system as shown in Figure 6. The planar contact surfaces, which are in the
shape of parallelograms, can be attached to the vehicle (or to the inertial
coordinate frame) and moved relative to the reference coordinate system as a
function of time to represent such physical events as occupant compartment
deformation or intrusion. Each contact surface is specified by three

corner points, given as a function of time in tabular form relative to
the reference coordinate system as shown for a vehicle in Figure 7. Only the
initial location need be specified if the surface is stationary with respect
to the reference coordinate system.
F. 1. Specifications, Edges, and Thickness of Contact Surfaces.

Contact surfaces are endowed with other special properties, some of which
are illustrated in Figure 8. The three points in Figure 8 which define the
shape of the contact surface are specified in the following order:

(1) Point 1. Any of the four corner points;

(2) Point 2. Either adjacent corner point; and,

(3) Point 3. The other corner point adjacent to Point 1.
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Figure 6, Ellipsoid 'm' Attached to Body Segment 'n'.
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Figure 7. Contact Surface Attached to the Vehicle
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The contact surface illustrated is 165 inches from Point 1 to Point 2 and 108
inches from Point 1 to Point 3. The included angle is eighty degrees. A sur-
face coordinate system is set Lp by the computer program with Point 1 serving
as the origin, Point 2 as Point (1,0) and Point 3 as Point (0,1) with the axes
taken parallel to the edges. This coordinate system sees all contact surfaces
as a unit square regardless of shape or size. The point on the contact sur-
face at which the maximum impingement takes place is represented in this sys-
tem. When the coordinates of the point are reported in the printed output,
each of the coordinates are multiplied by the length of its respective side
so that printed results are in inches. Thus, if Point P represents the point
of maximum impingement, it has internal surface coordinates of (.51,.56) and
will be reported as (85,60).

Since the total interaction of the ellipsoid with the parallelogram is
represented by what happens at the point of maximum impingement, a quantity
called the "edge constant" was introduced to handle cases where an ellipsoid
interacted with the edge of a contact surface or at a corner where contact
surfaces meet. In this case, maximum impingement lies outside the region de-
fined by the parallelogram but yet the ellipsoid makes firm contact with the
surface. It is assumed in developing an analytical tool to handle this prob-
Tem that the contact force decreases as the point of maximum impingement
moves away from the edge of the contact surface. The computer simulation
approximately resolves these edge problems by employing the following device.
The force is computed using the deflection and deflection rate in the normal
manner. The resulting force is multiplied by an "effectiveness factor" which
ranges from one in a region in the middle of the contact surface down to zero

in the regions outside the contact surface. The effectiveness factor is
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illustrated in Figure 8 by plotting its value corresponding to the various
points on and near the contact_surface above the level of the plane. For
example:

(1) Effectiveness factor for contact surface Point P is shown as Point
P' above the surface and has the value of unity;

(2) Effectiveness factor for Point E is represented by Point D, also
unity;

(3) Point A on the edge of the contact surface has an effectiveness
factor of 1/2 shown as Point K; and,

(4) Outside the contact surface at Point B, the effectiveness factor
is reduced to zero indicating that no contact will be predicted between an
ellipsoid and a contact surface.

The Tine BKD is a trace of the values of the factor as the point of
maximum impingement of an ellipsoid into the surface moves toward and beyond
the edge of the contact surface along line EAB. The result is that for a
given deflection, force will be reduced to zéro as the ellipsoid moves off
the edge of the surface. The effectiveness factor is linear along Tines
such as BKD, GHD, KC, and HCI but parabolic along DCL. The exact definition

of the effectiveness factor is given below:

E=RS ()

where

E is the effectiveness factor

0 for X& -4
O.H%\i;o, SA<X <A
Lo for AEX §I-4A
o.5+o.s('—:<i){or [FA<X I+ A
‘ 0 for X71+A

R= (52)
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|.0 -Fov A§ Y< l—}\
os’+05( )700»» -5 <Y < I+4

O for Y//“}\

(52) concluded

where X, Y are the contact surface coordinates of the maximum impingement

x is the edge constants specified as input to the computer program,
which must 1ie in the range O0< A € ©

The edge constant is the mechanism by which a user of the HSRI model
specifies the interaction of a body ellipsoid with the edge of a contact sur-
face and must be provided as input data for each contact surface in order to
exercise the model. It should be selected on the basis of a comparison of
the geometries of a particular contact surface and the body ellipsoid which
is most 1ikely to interact with the surface. For instance, the surface shown
in Figure 8 is 165 inches long along its x-coordinate. If it is assumed that
a body ellipsoid with a semi-major axis length of 54.45 inches is the most
1ikely or important interaction, then the edge constant should be selected as

A= 54%45/l65. = 033

If this value is used, a contact force equal to zero will be predicted if
the contact ellipsoid just misses the surface, but when any part of the el-
Tipsoid touches an edge of the contact surface, a small force will be computed.
This force will be at a maximum when the contact ellipsoid interacts with the
center region of the contact surface.

Occasionally a body ellipsoid can approach a contact surface from either
side. Consider the case of a contact surface representing the top of a dash

panel and a body ellipsoid attached to the knee of an unrestrained occupant.
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In some vehicles the top of the dash panel is directly above the knees. Con-
sider a hypothetical case wher? the vehicle is impacted in the rear and is
pushed into the path of an oncoming truck. During the rear-end part of the
collision, the occupant is often propelled upward along the slope of the
seat back. During the frontal collision, the occupant then moves forward.
In this series of events it is possible that the knees of the occupant could
impact very high on the instrument panel due to the unusual initial position-
ing for the frontal crash event. It is desired in this case that the knee
feel a force from contact with the top of the dash panel and not a Targe
force due to the initial seating position where the knee is below the panel.
Another example of this kind of problem is the rear seat passenger which
vaults the front seat, striking the front seat back.
This simulation resolves this kind of difficulty by requiring the user

to assign a positive or front side to each contact surface. No force will
be generated unless the ellipsoid approaches from the front side. In order
to determine simply whether an ellipsoid has approached from the front or
back, the user is required to specify the "penetration Timit," a parameter
which represents the maximum penetration into the surface which can occur in
one integration time step. Then, if an ellipsoid's first deflection into
the surface is greater than this value, the ellipsoid is assumed to be coming
up from behind and no force is computed until the ellipsoid gets totally in
front of the contact surface and then comes back and hits the surface.

| The penetration 1imit is illustrated in Figure 8 by a plane in dotted
Tines drawn underneath the contact plane. CJ represents the penetration
Timit. The value of 38 inches is about ten times the normal size of this

parameter and is exaggerated only for illustrative purposes.
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The positive side specification is made by telling the program whether
the inertial origin lies behind or in front of the contact surface. The
inertial origin should not 1ie exactly on the infinite extension of any of
the contact surfaces although it is permissible to get arbitrarily close.
The front of the contact surface is shown in Figure 8by an arrow passing
through Point 1.

F.2., Calculation of Deflection for Ellipsoid-Plane Contact
The analytical expression for deflection is based on the distance from
a point in space to a plane. It is
§ - AX,t+BYo +C 2, + D
" (53)
~U__A—;/+-\B’L t C*

where (xo, Yo 5 zo) is the location of that point in inertial coordinates on

the ellipsoid, which is tangent to a surface, parallel to the contact surface,
and which represents the point of maximum penetration of the ellipsoid into
the contact surface. The quantities A, B, C, D which are the coefficients
of the plane |

Ax+ By +Cz+ D =0 (54)
in inertial space, are computed from the generalized motion coordinates at
each time point in the simulation. With respect to a moving (vehicle) co-

ordinate system this plane can be described by

Fx'+ gy + p2'+s =0 (55)
The transformation between the inertial system "e" and the vehicle system
"e7" is given by

e; = T j7 € (56)

as defined previously.
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Input data to the program defines each contact surface with respect to
the vehicle coordinate system, €5 by locating three corner points, (Ql, §,,
3,), (22, §i, fz), and (fj, §3, 23). The surface coefficients in equation
( 55) can be written in terms of this specified input data as
= 32:(9‘1“5‘3)*’21(‘3‘5“&?') + %(5,—:?,_)

A

! (Zs‘é‘l) ‘i‘i\l (i?,'f}) + £3 (é‘l‘ é‘])

Using the rotation transformation of coordinates (Equation 56) as well as
the formulas for the plane (Equations 54 and 55)' the quantities A, B, C,

D may be expressed

A= ‘T}|7 rt T Tt 7-317 -

B= T|17H+Tll7%'+T3l77Q'

C: Ty tTag, ¢ + Tasr (58)

D=5- Ax, - B4, - C2,
where (x7, Yy 27) is the specified location of the origin of the vehicle
coordinate system with respect to the inertial system. This completely de-
fines the quantities A, B, C, D at any point in time. If it is desired to
attach the contact surface to the inertial system rather than the moving
system, the quantities A, B, C, D in equation (3.8) replace p, g, r, s in

equation 57 and the points (X, ¥ , 7.), (X, §

A A A
, z,)> (X35 Y3, Z3) are

defined in inertial space.
The position in space of (x,, y,, z,) depends on the location of the
body segment mass and the location of the ellipsoid in the coordinate system

associated with the particular body segment mass. It is given by -
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X, = M7 4 k (MLA + 48 +,U$C)
Yo = fy +d (WA +HBHpsC) (59)

2, = pg th (FaA+HsB +H,C)
where
K= -Jl.-[c"\; Tar T3ap +b,, Tiin Taan + & Tig T'lh:l
o2t [CE T+ b Tidn +al Tin]
TS [03% TsimTszn + 6w Tain Tasp + 40 To T;w] (€0)
Ma=3[C5 Toln + 55 Ty + 2%, T2y ]
Ms :‘J,j [C}w T3m 7330 + gte _}:xznTa.sn + a;:h Tl;h Ttaﬂ]
Pe= _:i[cx 330 + by, Tagp + 45 77:)7]
and

,47 = Xy + 'xf?m. -r“h + 3&,“ Tllh + ZM T3‘”
/ingjn + Xon T;m-i'ﬂezmTa.w +22.MT3)_,7 (61)
Mq = Zy t Xom Tl3l7 tJem 713!7 t 2 g Tsw

=t |/ >

Pa ASt M B>+ Pl CH4 2 U, AB 425 AC 205 BC

The quantities for ,u,, /“g’}‘q are the inertial coordinates of the ellipsoid
center.  The remaining quantities are defined as

m is the ellipsoid number,

n is the number of the body segment,

b, c

am’m m

are the semi-axes of ellipsoid m,
Xem* Yem, Zem 3¢ the coordinates of the ellipsoid center in the body

segment coordinate system.
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These formulas are derived using the equation describing a plane tangent to
a quadratic surface (ellipsoid) and the fact that parallel planes have pro-
portional coefficients.

These formulas simplify for the case of a sphere and the simplified
formulas have been implemented in the computer program to reduce the cost

of exercising the model. Equations (59 ) and ( gp ) become
Xo = My +ﬂg/AA
Yo g + hpB (62)
Zo: /(qJ-ﬂ(MC

b=t Y Z/\-~_¥ |
R AL_'.B.'L_'_C-'L
fis

where

Ms
paz M

I
=

s= O (63)

M

h
1

-+

/‘s:%

where R = the radius of the sphere.
F.3. Calculation of Lever Arms for Ellipsoid-Plane Contact

Lever arms, as defined in Part III E, of this report, are required for compu-

tation of the force actions to be included in the equations of motion. Dif-

ferentiation of the deflection as given in equation 53 and considerable

simplification leads to following expression for the lever arm, L,
vy 9
bim 2 Vgt SO

= éﬁ.’. o Mg o)/"
Aaft*BW’LC(T%% (64)

4 2 ! '
+ 270 (ATan+ B oy s CTu X AT, + B Ty tCTiay)
+£1(AT BT, T. ' T, ’

™ amt+bly,, +C a.snXATgm'f'B laan *CTn.sn)

+ A5 (WTun + BT +C Tan X AT + BTS04 C T )7
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where (') implies a partial derivative with respect to q;.-
Equation 64 holds for all 17 degrees of freedom, and reduces to simpler
forms for particular combinations of qys ellipsoid index m, and body seg-

ment index n. The factors

I ) c)l“a M
J%i 2‘6“ a)fl
come immediately from equation 61 For the special case of a sphere,

equation 64 simplifies to

— IH7 o
Lm‘_‘ * Upﬂ--f-%i-.'. r‘a-[ )i‘l + B &;8‘ + C j;:] (65)

The deflection time rate is dependent on not only the movement of the

crash victim but also on both the movement of the vehicle and the movement

of the contact surface with respect to the vehicle. Therefore, Equation (50 )

here becomes

¢ )
; S Ao ¢ s
3 Zg?&%&+.- 5@ #JZO)% 5

The first term of ( 66 ) represents the movement of the body and is the
sum of each lever arm already presented times the corresponding generalized

velocity. The second term of { 66 ) represents the movement of the vehicle

where

-

X 7

J7

v, (67)

S
n
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The vehicle "lTever arms" are given below.

¥ a

D0 U g e

Jdd . 2

Jo—l‘ Vf‘+1,lrwx

.«

J 0 Uf’""‘j‘g‘i-r'"

08 . (- 9)A- (%,-%,) B (68)
J 01+- Or}>2,.f ﬁJl + P

U?fl-t "-I‘H'”‘)‘% = (10-17)( T, P +T2-7$"Tu+7 'ﬂ)
5
+ (Yo=Y X Torf +Tea 3"7‘:57 r)
- (Zo‘ Z7XT167F"'T|77% +C)-7’J)

n L)
' Sk i - - L7 Tl7 VY
(/(fw?ﬂ*)g% (x4 I)(_ 37§ - Tar p)
t (50‘ 57)(T317 ﬂ' ‘TA.L”")

t (2, 2,X Tas7 f- i35 7‘2)

The third term of (66) represents the motion of the contact with respect

to the vehicle where

£ -

(69)

U IR s
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These contact coefficients or "lever arms" are defined below.

dd 5

(V322 ;)—-—:(xo-x7)T3,7+(g,,-37)T3 H(2,2,) T __Po

Prrgt /g, 27 337 W‘
2 .

(Uf)--j' %}f rl)jf—: (Io‘ x?)Tll7+ (ﬂo'37>Tn7+ (30'27”137 - —ﬂ—-——-—

The motion of any of the contact surfaces is specified as input data to
the crash victim simulator by presenting the positions of the three defining
corner points at a sequence of time points. Implicit in this type of speci-
fication is the ability to change size, shape and orientation as well as
position of a contact surface as a function of time. Figure 9 illustrates
this general type of motion in a contact surface specified at three time
points. The arrow emanating from the contact surface shows the forward side
of the surface.

The sample contact surface starts out in the form of a square in the plane of
the figure at t=0, moves forward, sideways, rotates, and becomes a rectangle
by t=t,, and moves back into the plane of the figure as a diamond shape
oriented in the other direction by t=t,. The three defining points are
numbered with arrows showing their movements during the intervening times
between specifications.

Each of the nine coordinates defining the position of the corner points
are treated as piece-wise linear functions of time. A typical coordinate,

the x-coordinate of Point 1, is shown in Figure 10, The coordinate rate is
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Figure 9. A Moving Contact at Three Time Points
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xX>-

t
A
Xy
} i t
0] t t,

Figure 10, A Corner Coordinate Value and Rate as a Function of Time
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a step function but is made continuous by adding ramps from one level to the
next within a small time interval. Values for corner coordinates and coordi-
nate rates together with the derivatives of Equation ( 57} determine the

fj for j=1-4 used in Equation (66).
F.4. Tangential Forces

The forces which are generated tangential to a surface when a body ele-
ment ellipsoid contacts a planar vehicle contact surface are modeled by

tangential Coulomb friction forces, T)

-

T =-Cpur L )
where /7

” = velocity of contact point over surface; 415 inherently

positive
F = normal force
f£= coefficient of friction

C=1if /ipvand a linear ramp from 0 to 1 if 7< v
V = ramp length (in/sec).
As the tangential forces are chosen to be dissipative in nature, their con-

tribution to the right hand sides of the equations of motion are given in

Q =- =2 ff'(//y

the terms,

(72)
= -CMF 75?_:21_
{
Mis the speed of the motion of the contact point across the contact surface.

The extent of the contact surface with corner points (1, 2, 3) and side

Tengths (£ ,L) is shown below.
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! ! 2
The Computations in the program are based on a unit square so that the same

logic may be used for each contact. The coordinates of this same surface

are (X, Y), Y
i

e

I &$X

The velocity of the contact point in unit square coordinates is
ﬁ:l/ﬁz"“ 2\ 2 ‘
X"+ LY (73)

The equation ( 72 ) may now be written in terms of the individual contact

M ” (/Ql 9>< L* Y%—;{) (74)

planes as

I J§i
Because X = X(f—) and Y = V(j—)

— = &= ;21 _JY

=

and thus,



Because the X, Y are points on a plane for which analytical expressions have
already been presented, it is relatively easy from this point to compute the
contributions to the right hand sides of the equations of motion resulting
from tangential contact surface forces.

F.5. Ellipsoid-Ellipsoid Interactions

Allowance is made in the model for contact interaction between body
segment "ellipsoids." Regardless of whether the user provides spheres or
true ellipsoids, each interaction is modeled as one sphere against
another.

A user-supplied ellipsoid is replaced either by a sphere fixed to
the body element or by a sphere which can migrate along the major axis of
the ellipsoid to a position of minimum distance from an approaching sphere.
Whether the fixed sphere or the migrating sphere is used depends on whether
the ellipsoid does or does not approximate a sphere. The definition of this
criterion, the selection of sphere radii, and definition of the extreme
allowed positions on either side of the e]]ibsoid center for a migrating
sphere are discussed in the following text.

Since a sphere migrating along the major axis essentially reduces an
ellipsoid to a circular cylinder with a hemispherical cap at each end, the
approximation is best for ellipsoids with a»»b=c.

Figure1l is a schematic showing the approach of a sphere to a contact
ellipsoid.

The parametric equations for Tine m are

Iz:xoadr}\i'l‘ ; (= 1,23,
where
;W = Xy~ Xy
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{xoi)

o |
ﬁxﬁtu\d i

———
0

t=-1

{ Xoi} is the inertial center position of the ellipsoid,

{xy4}= f({xoi}’ 1, direction cosines of major axis).

Figure 11, Approach of Sphere to Ellipsoid
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The distance between the center of an approaching sphere and points on the

line m is given by
3

3
Al: Z(xi—Xé)l: ; (%oi <X + &‘(‘)L (78)
(=1 ¢=!
The shortest distance is found from
od* 3 _
= 0= Z_l<xog‘xg—f\.f)/f; (79)
()t -~ =y (
1-t ‘

(=1

or
3 3 _
Z hi(x-x)s 2 BT =0
(= t=
. . 3
which gWis Z }\; (X('-—xog>

3 b
LR
Now, élx((%zgis the position of the center of a sphere slid along the
major axis to a point opposite the approaching sphere as long as -1<t<l.
If [t|>1, then the sphere may be positioned at t=t1. The ellipsoid is thus
represented by a circular cylinder with a hemisphere at each end.
If t<-1, set t=-1,
If T, set t=1.
Then evaluate
(R+r)*- é‘. (%0 - X, +/\,~F)L

If this is positive then the spheres intersect and

g’-’ R*’-'“ U:%'<~xoi—><(‘+})‘-'E)L (81)
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The derivative is

3 - ﬂ~2&+ )__I_ n 0)/\(
2{1; ‘Z;, (%oi - X; +hiE) %5  J44 A"Jfft F)
J4 5—(Rev) .

Since
3

2 (- X,y fE)L = o

. J
t=!

we have that

3 _ J_Z-
Z_ <loi—><i+}\i‘t)*i_h': = O

= i
Therefore
‘()i- ZZ:'<10(‘X(+}\"t)(Jf4 4j +t %f) (#3)
& J— (R+r)
where
dXoi X T, JTi;
z *JCW o amm O’T

(- 51)3

X
This has the same form as the derivatives of Equations 61 as does;r-i,

§1

Since body ellipsoids must be attached parallel to body element axes, X,; is
as follows using the fact that m from Figure1l must be along body axes in’

J»or kn. Let

! (y
j =E;§ if the major axis is along ;1,,4( ' (85)
n
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Then, (\

xoc+114+103,ﬁz J{ (: 1..('+XUJ-+X,3£(86)

n

=X, (+ X, J. + -Yoz,'QLJfJ (Tj"a" L +7&’)” J."' 7;3,10 ﬁz) (87)

Thus,

Jin (88)
Hence, by Equation 77,

}\(:JZTW

and

b . ) 2l o)
an ’t

Figure12 is a schematic showing the approach between two body ellipsoids

{

Figure12. Approach of Ellipsoid to elllipsoid



The parametric equations for lines m and n are
X{ = X,y .
L ot + }\‘ t- (9])
f" = fO( ',h,A(_S )i:lllls
where
S = -
AT s (52

The distance between two points on the lines is

3
L Z“f”fa)l:i(xoi- £ + X,T-/a,-s)l | (93)
(=1 (=1

The shortest distance is found by minimizing d with respect to t and s and
3
[ZA (xoc“ 0( ][Z//( ] [Z /("(z (" oc' ][é I“‘}’l']

[ZM] [Z.A [m J

(2 G- [ZAN][Z 4 Gtz 4]
N

—

TL ZE<~Q;t>f)§ <4J;§>1§)fhen t and 5 dve set T

S=

é{:-:-t:l)gg-pj gglg‘

is positive, then

S Rero || 3 (xy~foi e ki - p5 )

(=)
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and its derivative is, ( Qé‘ ()}\' ) Mi>
(97)

DA M2 CL TR L S TR T,

a)%n d— (R+v)

The form of the derivative quantities are similar to those for the sphere-

ellipsoid contact discussed previously.

If the denominators of Equation 94 are zero, then the major axes
of the ellipsoids are parallel and the problem must be treated as a special

case, The details are not presented here.
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A body ellipsoid is replaced by a sphere for the purpose of "ellipsoid-
ellipsoid" interaction if it is sufficiently like a sphere. The criterion
is as follows: Where azbzc, the ellipsoid s replaced by a sphere
if %&ﬂ?OJS, whereﬂ is an input parameter. If this condition is satisfied,
then R=c and the sphere will be positioned at the center of the ellipsoid.
Alternative definitions of R, such as R=(atb+c)/3 or R=[(a"+b"‘+c“)/3]”2
were considered, but R=c is felt to be the best selection.

If an ellipsoid fails the sphere-replacement test just outlined, then

a radius must be assigned for a sphere which migrates along the major axis.

This radius is taken as R=c, where azbzc.
,
« R c}/

Figure 13, Selection of & for Migrating Sphere.

Given R for the migrating sphere, how should f be selected? The

following form is used:
f=%(a-R)

Here, ¥< | is an input parameter. Note that ¥=1 puts the sphere flush to
the end of the ellipsoid.

"E11ipsoid-ellipsoid" interaction will not in general be allowed between
jo&ning body segments. It is assumed that the JOINT subroutine
can be used to represent adequately such interactions. The standard inhibit
switch settings allow only the following interactions.

1. head vs. either upper leg

2. lower leg vs. lower leg

81




3. upper leg vs. upper leg
4. left upper leg vs. right lower leg
5. right upper leg vs. left lower leg
Thus, the major function played by the ellipsoid-ellipsoid contacts is be-

tween the various leg elements.
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G. Gravity Components of Equations of Motion

The potential energy due to gravity acting on the six masses is given

6
Vo= - (Z' " 2 (98)

When this is substituted into Lagrange's Equation, terms are calculated in
the form 0 Zq
Q .:—~—— = - 3 E wmy 'a““

A T K= b

for each of the 17 generalized coordinates. The addition to the right hand

by

(99)

side of each of the equations of motion due to gravity is given by

Q35 -9 [M; Pin Tior = (my+ mg) ay, +(m.,+m‘)asq]
Qge= =3[ mat Taart (M3 4M5)a s 1 (my s m)a )

ng = =IMy Pan Tiea

QS‘? ==3Mfay Toag (100)

Qan =3 (-™3 pus Gs+ms ay,)

Qj,ﬁ JMr Q53 Ty33

Qﬁ"*= -9 (""%Pw Cay + My “qe)

Qj,,z IMgasq Tazy

(gpe =93 ms fes Tiss

an:‘ﬁ mg Pre Tisg
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H. Occupant Joint Model

The model for the motion resisting torques which exist at the five joint
structures (neck, hip, knees) includes the following features:

1. Tlinear elastic torsional springs which tend to restore the body
position to a neutral rest orientation. (The neutral rest position does not
necessarily have to be the initial body configuration at the beginning of the
simulation. This allows application of a non-zero joint torque at time = 0);

2. stiff linear elastic torsional springs (joint stops) which are ap-
plied only at the end of the practical range of joint motion (The joint stops
are also supplemented with joint damping); and,

3. coupling between relative yaw, pitch, and roll motions between ad-
jacent body segments to provide a realistic representation for joint range
of motion (For example, the amount a person can roll his head to the side on
a Voluntary basis is influenced by the degree of extension or hyperextension
of the neck). Figure}4 shows the model for joints.

The motion resisting torques are computed from relative angular motions
between the various body segments. These are represented as a series of
relative Euler angles shown in Figure s which transforms the system of co-
ordinates parallel to the torso coordinate system to a system of coordinates
parallel to the head coordinate system. This same scheme is used for the hip
joint. At the knee the generalized coordinate used to locate the lower leg
relative to the upper leg is already defined relative to the upper leg and

is used to calculate the knee joint torque directly. The relative angles

are named
AY;; = relative yaw,

AQ%-

M”{ = relative roll, 84

relative pitch, and




Stop Torque Stop Torque

= Angle 8 /49le
Yy 0,
Symmetric Stop Pitch Stop

(shown for yaw)

Elastic Torque

&R 8, Angle

BR = Rest angle
8; = Initial relative angle

Figure 14, Joints
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Head

~—Head Coordinate
System (e;)
Neck Joint

~—System Parallel to Torso
N Coordinate System

/>
System Parallel to Head

Coordinate System

Torso Coordinate Syster;rr (ei)

-«——Torso

Figure 15, Relative Euler angles for computing joint torques (head-torso- joint)
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where the subscripts define the two body elements, i and j, between which the
motions take place. The order of application of these angles is yaw, pitch,
then roll.

To describe the relative joint angles in terms of the generalized coor-
dinates, reference is made to the body coordinate transformations

given originally as Equations 3 and 4. The inertial

system, e, rotates into one of the body segment systems by

~

Cod,‘hc‘ﬂ'ei /Mm‘h Cet 6 - i o; e
€, = | — _—— = — —
Cort;om 6 aimd. | ahm ¥ 4im 6, ain :
- pimY; Coe &, +0oed; Coa ¢;

Cre ‘"Pi WQ(' CaQ,({’(- m "P( MQ" 0044)"

. _ Cr 8 Qo
-k f; ake @ -l ¢ om @,
L—\ —
The Tiai Tisg
= Ty Tayg Tasg € (o)
T, Toai T33¢
For body element 4
and for body element ¢
‘ ¢y = A e (103)
For orthogonal transformations the inverse of A is the same as the transpose.
- T
Aj = A (104) .
and thus
e = A e = A e, (105)
§ =8 - I~
The system of relative Euler angles ALP’{ , AQ,'J', and [\4’? is defined from a

transformation of the same form as Equation (101) which rotates a system
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paral

where

Tel to ej into a system parallel to e, as illustrated in Figure !5 Sub-
stituting Equation (105) into Equation (106),
T
e = A AJ e (106)
i 4y ot bo, o A ) |
Cor A i ? Bim 4{1 cmwe7 ~ a8y R
Cor A%y 0imA Oy nin AD; ¢
AT (R R I R et L
i -

Because Aj and Ag are known, it is now possible to describe the relative

joint

Needed

— ain 8y Coa D + Cov 84y Coa b

CAQJSG% odna¢%

Corddy oindoy Co Ay | amddy 2mAOY Culdy

“
+-/M3~,A4‘,43' aun A

. -ml\‘&g u‘nAd’,j'

o

angles in terms of generalized coordinates.
T T.. 7‘ W (T . T, . Ts.
(e X “’3 ’*'j 3"3
T
A£: 2 “ Tl3( / Aj = Tu} T).Aa' T3).4'
3u TSM T?aBLJ Tlaf T):3+ T
. T
components of the matrix (A AJ)nm are
(A Ad)“ ——Tllt “1 + TI)-( “_J' + ’|3( '3}
(A A}),,\ = Tui T*'i + Tm T“j *‘Tm 733;

(ai4])

Lui 314 F T 7;11 + T T 535

(A 41)35 T:lu 3;1 'f‘Tnt T3AJ

T '334
T _—
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(107)
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The elements of Equation (109) can now be used with Equation {107) to write

the relative joint angles in terms of generalized coordinates
T

(Ai AJ )I.\.
-

<Ai Aj )u

A%d' = b

o (110)
doij = —en™ | (A A7),

-

(A A;)l3

(A A )y

The contribution to the right hand sides of the equations of motion, Qi’

Ay = fan ™

arise from elastic joint and stop forces as well as a dissipative force in

s .22
FS*FDJC)%‘&

the joint stop.

Qk: f ) =L, 1T (111)

as defined in Equation ( 111) where

Fs = elastic spring force,
?L = dissipative force,

5
1}

Let the body segment indices i and j now be called m and n respectively

deflection associated with a given set of forces,

one of the seventeen generalized coordinates.

and let i (1, 2, 3, 4, or 5) indicate the joint between segments m and n.
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Let the neutral "rest" position within the joint range of motion about which elastic
torsional spring forces are generated be defined by (A‘?,.,J,, R (Aemn)p R

and (M’M), . The locations of the stops are given for each joint, i, by

M= O(W = yaw stop location,

"Zu' = You (o) = positive pitch stop location with zero yaw,

’13& = °(9+ ("‘/w) = positive pitch stop location in the presence
of full yaw,

"Zw = °<e- (o) = negative pitch stop location with zero yaw,

”ZS( ‘—°<e_ (°(‘r+> negative pitch stop location in phe presence

of full yaw,

positive roll stop in the presence of zero

76( = °‘/¢_ (O) o(of(o))

yaw and full positive pitch,

’77(:"(4,1_ (0,0) = pure roll stop,

i = %9+ (0)0(6- 0 ))

positive roll stop in the presence of zero
yaw and full negative pitch,
'7%:05%(“% )O> = positive roll stop in the presence of full
yaw and zero pitch,
Mo =% ("(‘h,) 0) = negative roll stop in the presence of full
yaw and zero pitch,
'7,“=°(¢+ér¢+)°(6+f><¢+)) = positive roll stop in the presence of full
yaw and positive pitch,
M 12i=%%- ("‘mq’&@(‘ﬂn = negative roll stop in the presence of full
yaw and positive pitch,
Tia =°§?+@¢+)°<6_ (O‘/'h)) = positive roll stop in the presence of full
yaw and negative pitch,
”lm’ :o@_e,(w)we_(o(%)) = negative roll stop in the presence of full

yaw and negative pitch.
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In the case of the knee joints, only the positive and negative pitch
stops, " and 74& , are used. These fourteen quantities 1&3
which are used to define joint range of motion, are based on observations
of coupling between the rotaticnal modes of relative motion at a joint;
the verbal descriptions above serve as definitions for the 7&£.
Preliminary values have been determined for human neck structures through
human volunteer studies of head-torso relative motion. Only estimates
are available for the hip joint. If experimental values are not provided
as input data for the computer program, default values are providéd by
the program to insure proper program function.

General formulas for stop location combine the quantities just pre-

sented.

A,: = = :
yi = Yawr alop = M, ﬁ"”ﬂ B Y , 8Gmn ond 84, (112)

[0 1 (’Vlsi~ 7 )

4A€9£: pito&,obﬁb = qu ZXGL%%,;'C) a,%iczﬂf ZX%;wV quawn
L _lade]
Tui t
T
fr 86my K0 6md Al 8, 49,

(113)

"Zzi +

(/70*"74«')

Agi sl slep= NI (/“u - )
. ﬁ?ti (114)
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where:

and,
Ab
1% o V.=
’A.— a T T(N -Ul()v%ﬂ’t A9M7/O
bN|
JAYZ
51
o (116)
Mai 0 Ymm 70 B G 70
Ui = ”luoi A Ym 79 B o <
- Mot 0 Ymn <9) A 70
-74(. A* <0) A*M <0
,1"[ A‘VM>0) A¢M70
. Mo Dmar0) D0 (17)
H "'713.( A*mw\(a' A Qa2 0
i A Ypn<O ) A <0
ﬂ?la‘- A*M?o, A‘¢m>o
Uy ® T Atmr0y A4
(
Mk DYmn <0, Amn> 0
- Awn<o, AGmn<O



The elastic torsional forces acting at any joint, i, are (§)¢(. for relative

yaw, (FT;)G‘ for relative pitch, and (%),p for relative roll.

Ey, [Aqm_ @ ‘PM),,] - Ay < A, A,
(), ’

\f
E*(_ [L\‘PM _(ALPM)"J-F S’*z [A‘fM‘Ac(i 29 Z\‘*,,,,:]

/

A4, @ AY,.. <Ay,

(118)

L

EG‘. [AQM-(AQ"\M),-J ) Ae“ < Aemwé AG‘U.

(F5>6{= 3 [Aew ~(A9M)r] + Seu; [Aem - Aea(]
Db > A, (119)

, [ ron - (a Qm)ﬂ] + 5% [be...- Aq, ]

A Eprm £ 'Aé‘ﬂ"

!

.
N [MM - (b9, )V] , |49 ¢ 4,

(

s

o (120)
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E¢¢ = elastic yaw constant
Ee; = elastic pitch constant
Eg. = elastic roll constant
Sy, = elastic yaw stop constant
Se,; = elastic pitch upper stop constant

SQM = elastic pitch lower stop constant

Sé¢; = elastic roll stop constant
The only torsional forces which are generated for the knee joints are the
pitch forces. In those cases & Omw = 85 2 &

The dissipative forces, which are applied simultaneously with the elastic

stops, are described in general by the expression
> ' J
Fo:'C§W<ET>" (121)

where
C
)

)

When 0<§ <0/l , where 5 is measured in radians, a ramp is used to build up

damping coefficient

angular penetration into a stop, and

angular rate.
the dissipative force. For each joint (except the knee joints), three dis-

sipative forces will be applied resisting yaw, pitch, and roll. In the

case of the knees only pitch is applied.
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o w T (123)

O AQM_—AQL
2 ' |.O
—Cei(Aém)/wwn[ 5 ) ]
AQM\M <—A9‘.
L
Bé,. - A,
(Fo)y = -, (a4 M[ MOT‘ )IO]

(124)

95



J
Equation (111 ) requires computation of a quantity, f%%- , where J
generally represents a deflection associated with a force. 1In examining
J
Equations (118, 119, 120, 122, 123, 124), it is seen that all 29

Ifh

are included in

aAem W“e\M.Q k:lj"') 17

95-32 m= 21)31,41,53, ¢4 -

Recalling Equations ( 110),

LA (x;,;f (1 A7)
Tth g (hat?),

I

(Auhl). + (Ao AT (A.) aﬂ(AA

(amn) A

p) fji

(A”‘A"T>n

(125)
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Similar equations are generated for the other two quantities. This shows

the basic relationship between the "lever arm" quantities and the original
transformation matrices which have been given in detail along with all spatial
and time derivatives in Part III E. of this report.

These formulas will not be given in complete detail because of their excessive
length.

In summary Equation (111 ) shows the basic relationship to be used in
forming the components of the right hand sides of the equations of motion
which deal with forces generated due to joint elasticity, stops, and damping.
The elastic and dissipative forces (ﬁs and ﬁb) are given for each joint in
Equations ( 118, 119, 120, 122, 123, 124). The deflection & and lever
arm 5};& expressions are given in terms of quantities earlier defined ex-
plicitly in terms of generalized coordinates (Equations (110, 125 ). In

general,

s 1 dat. i | dde,..
Q‘-L’:; -Z (Fé>h +(FD)4'4' o')ﬁ_& r (FJ)94.+ (FD>64 Jﬂ.g

J469,.,
Jﬁ’ﬂi

[ (F )¢4. + ( ?olh- (126)

wherek=1, ..., 17
mn=27 when j=1 neck joint)

mn=3] when j=2 right hip)

mn=53 when i=4 right knee)

(
(

mn=4] when =3 (left hip)
(

mn=64 when i=5 (

left knee)




I. Addition of Belt Forces to the Equations of Motion

The belt model is illustrated in Figure 16. The belts are represented
by four independent segments, each anchored to the vehicle at an arbitrary
point and pinned to the torso at an arbitrary point. Deflection is defined

as elongation beyond the yprestrained belt length

and is formulated as

Sn :.ﬁn(t)-ﬂn(o) (127)

N is belt segment number
= is anchor position vector (see Figure16)
E; is attachment position vector

an is the specified slack in the belt (negative for initial belt tension)

TABLE I. TYPICAL BELT INDEX SPECIFICATIONS
Belt Index Belt Segment Name
1 Left Shoulder
2 Right Shoulder
3 Left Lap
4 Right Lap

Belt material properties are defined on M-cards in terms of either force- -
deflection relationships or force-strain relationships, as declared after the

K-card. Strain is taken as deflection Sn divided by the unrestrained belt
length zn(O). :
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Figure 16. Belts
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Inertial System
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The components of E\n and ?n are taken relative to vehicle and torso

respectively as shown in Eq. (128).

O(h: }‘n ) +/“,,ji7 +7jnﬂl7 (128)

"

En ’”nru +Sh;l "'-t"]:;'

Then the inertial position of the anchor point is

A . .
Xh :’x7+}\h0n“’7coae_,+/l,, m‘fv%a,e? -2, a6,

A

Yn -, +}\n(@ﬂ by 2 6, timd, = Aty G2 ) +/40(M¢74~A9,4&u¢7

+co¢?7coa<b7) + U, Coa 5 pim G
7 -z +£( by h 6, Qoo P+ aim ¥ M¢>+ (aw‘? >
2,2 2 ey iy Cont sty i oy (i 00y s
~too Y70 b)) + T, tuo,te d, (129)
and the inertial position of the attachment point on the torso is
h = xl+rhm%me.+ Sn/.um‘}', CO'Q,GI“T,,OJ;MQ,
Gn = Y1+ (Co0t, 2in, 4ind, - ai Y coa$,)+ S, (aimt 0in 0, 00n,

+em ¥ e d,) + T, Cov o, ax, ¢,

,\ -~
Z, =2, +F, (Cn ¢ %elwchmtl;m@,ﬁg(mcaws,wcﬁ,

"C"’Q%W‘Pl)“"tnm@md’, (130)

and

A A 2 A A \X A A\
ﬁhzmh— >CW> +(Yy;-dh>+ (Zy,— y,) (]3])
Further, lever arms take the form

_(z_{‘ 7?’M“XW 972»1_‘_ gm“ﬁ\ c)f?»,+ ém‘ZA-n é\n
X 7HND R R KPR T L ¥

(132)
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where the non-zero derivatives are

()QM _ ,

N\

v " (Sncoa.q’,-rhw '4’)0,04’9,

l

T = ~(Gnacttr Cet) i 6,1, cu g

J
Jd q.
— " (snesed-n 2in) ain6, 2ind,

— (Spain ¥ 1H, con ) o d,
J 4 .
J 6, ) Bsn%%+r}”m%)c‘191‘thme’:}w ¢

Q| o
<<

¢ n ! h 1)%9,%¢l~(5n

|

m%"’%%%)%dﬁ
+ 1, comte, Cod 9,

Jz,
= |

J 2,
J 2,
X - (snm%-m mm‘h)% 9 Cot g, +(s, A

4 + P, G q’.) A d,
Jz,
E:[(Shmtm.wncm}l’,)%é, ~'f,, v 9(] Cﬁ‘lﬁbr
J 2, : '
T8~ Con st 4 0ot i b (5,0 1y it

*‘TH C—(ﬂ.élm;v, 4),

(133)
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For belts, deflection rate is computed by Equation 134.
Y 5 6 g -
S = Z de Fa + de o (134)
ot I9;
ﬂ:l (=1

where the second term represents vehicle motions (¢ = X7,05=Y,,93=%,,
Ty=tr, 05=20;,ad 2=0,).

Then A A
28 _ Xy -X, 3>’<’n+ In-Y, JY, . 2, -2, JZ,
20y : X J 0 ~
where ¢ In 20:7 " 'J ﬁ,,, ’ 03
A | (135)
X )8
J % —A, 2n ¥ ot 8, + H, Cot ¥, C &,
~An Corty 2in 6, — U, ain Y7 0m 6, -7, Cor &,
© (136)
A 0
J Y, |
= O .
J O_J - nTll7 t Mo Tln
An T4 + M Te7 =7, Tias
)"h T3 t My, /3174-24,—/;37 (7)
, 0
J Z, O
= |
d o
j }‘hTBA’; "'IMh 7;,7
M Tz +bn Ty = 2, T
~An T*’7"“"Tl>7"yn Tas; (138) )
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Equation (127) defines belt deflection, Equation (1!32) gives lever arms
and Equation (134) gives belt deflection rate. This is all the information
which is necessary to determine the additions to the right hand sides of the

equations of motion produced by the four belt forces

Q Z Bd' 3584 for €51y, 0 (139)

The deflections which have been der1ved in thissection generate the forces
ng in the computer program using the material property options explained in
detail in Part III E. of this report.

A series of options are available to the program user to represent
slipping belts, friction, and force influences among the various belts. If
these options, which are described in the following text, are chosen, the
force contributions,‘F;jF to the right hand sides of the equations of motion
are modified accordingly. Even though the deflections which are used to com-
pute the belt forces may be modified in these special options, the "deflec-
tion" ébjdoes not change. This quantity is calculated based on the attach-
ment points of the belt on the occupant and on the vehicle. Because migration
of the belt is not allowed on the body, these lever arm quantities will not
change even if the associated forces are modified to account for slipping
belts, friction, etc.

I.1 Force Equalization (Free slipping)

Any two belts (maximum of two pair) may be chosen to slip freely thus
equalizing the forces in the belts. A schematic of this is given in Figure
17. The following simple procedure yields equal forces in the two belts.

The unstretched belt length is given by

Lt:flo+A|+'?l+/p3o+A3 (140)
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Torso Anchors

Figure 17. Slipping Belts.
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where }%a is the initial length of one belt element, 1%0 is the initial
length of the other belt element, lzis the distance between body anchor
points across the body (does not have to be the linear distance between
the points), A, is the slack in the belt 1, and A5 is the slack in belt

3. At each point in time, belt length is
L= k£ +L +1 . (141)

The quantity

L-L = (4,08 -4)+(L4,+4,-4,) (2
is then determined, If

~L>0,

-

then FBj = 0.

If not, the belt elongation is determined as
$= L-L . (143)

This deflection is then used to generate a force based on special material
properties which reflect the structural deformation properties of the
entire belt loop and the restrained occupant.

To use this option the appropriate belts must be introduced to the
simulation via complete belt specification (K) cards. The belt pair
(L) cards then specify which belt pairs are to be force-equalized. If
the belt switch = -1., then a special material name must be entered on
the appropriate card following the L card in the 4th field. If the belt
switch is chosen to be = -3., then the average value for the two forces
(computed using the materials indicated on the K-cards) is applied for each

belt segment.
105



1.2. Inter-belt Influence

In more complex belt and harness arrangements, friction and geometric
considerations lead to unequal belt tensions. Three optional methods
have been supplied with this model to allow the forces in one belt (the
influencer) to influence the forces in another belt (the influencee). They
are described in the following three sections. The computer program
Togic allows any of these three influences to be applied to belt pairs
which have previously been force equalized by the method of Section I.1.
However, examination of the equations of the following three sections
shows that equalized force values will be further modified only by the
method of Section I.2.C.
[.2.A. Normal-force Friction, The first irter-belt influence option
(INFL = 1 on the L card) is intended to simulate the effect of static and
s1iding friction between belts and the occupant. Consider a belt pair
(i,j) with belt tensions F$ﬂ> Fg? Then belt i is considered to be the
influencer and belt j the influencee. The force F?ﬂis adjusted downward
and ngis adjusted upward by an amount estimated to represent the friction
effect with the restriction that the influencee tension is never made to

exceed the influencer tension.

s (0) ©
Specifically, Fi and Fj replace Fi and Fj and

F, FA-(O) ~ ) ( F;a) _ F.co/‘)
.= F.(o) F-(o) _ _(o)
e BT

where 1 is a friction-dependent influence factor described below. £ is an input

]

(144)

quantity (8th field of L card), 0€&< 1. Values much less than 1 are considered
most reasonable; the default is zero. The following considerations go into se-

lection of the analytical forn of a.

106



o) (o) .
and Fj should be unchanged if there is no inter-belt influence,

2

j

i.e., if the belt attachment points on the occupant are considered as

fixed end points of separate and independent belt segments. This is a

limiting case, &nd by Equation 144, corresponds to » = 0. As the opposing

limit, consider x = 1/2 andg=1; then Fi =vFj, i.e., the belt segments have

equal tension. Thus, this will be considered the free-slipping case.
Further, since one belt must have more influence or less influence

on the other depending on whether the segment L, (see Figure 18) is less

tight or more tight to the occupant, A must depend on the normal force of

the belts at L,.

Thus Tet

FS = uSN (145)

be a force saturation level for static friction, where Mg is an inputted
static coefficient of friction for the belt pair and N is a computed normal
force at L,. If the difference between the tangential components of Fz

and ?} is less than this saturation level, then belt slippage is assumed
not to occur and therefore A = 0. The resultant tangential component is
estimated as being in the direction of the unit vector Qij between the

belt attachment points on the occupant (see Figure 18). The normal force
N is approximated by adding the components of f} and ?} normal to eij
and in the planes (?},gij) and (?},é}j). (Clearly, the approximation

is best when the belt anchors and attachment points 1lie in the same plane.)

Finally, A should approach the free-slipping case (A = 1/2) as an inputted

sliding coefficient of friction, uk,approaches zero.
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Figure 18. Belt Friction
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In accordance with these observations, the influence factor for use

in Equations 144 is defined as follows:
I (G S W PR
= | -F. ). | L =
' R FD £‘3 s /(As

/\"‘!5_< - léMFK?) \> otherwise,

where, in general, S Mg Note h #¥ee slipping results for My

(146)

and Mg inputted as 0; a non-slip condition is guaranteed by inputting

ug as a very large number.

The remainder of this section is concerned with the estimated

- =N
tangential and normal forces, I(Fi - Fj)- gij) and N, as described

in the foregoing text. In terms of the notation used in Equations 129,

130, and 131, the belt force vectors are

7 (X, -h)H(Y ’75)1*(2 z )b

M

where n = i and j. The unit vector eij is

A i (%, *")ﬂc‘)f« >+ﬁ(’r z,)
“ \/(x : +(f3 ‘J) +(z —%) ‘

Thus, Equations 147 and 148 completely determine the tangential force.

(147)

(148)

The complete analysis for the normal force is lengthy and will not be
-
presented here. Suffice it to say that N is determined as
A A . § d Al
) (<) A (q)
(F . > +(F0"L(3)£(0)7
A(d) . , C L. . > A
where e is the unit vector which is both in the plane (Fi’ ei.) and

inwardly normal to gij; Q(j) is defined similarly.
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[.2.b. Force Difference Saturation An inter-belt influence option
can be selected which will simulate the effect of belt friction in an
entirely different manner. Here, a "saturation force difference" is
inputted by the user (card L) for the influencer-influencee pair. When-
ever the difference in tension between the two belts exceeds this force
saturation value, the influencee is modified by an amount such that the
difference in the tensions 1is equal to the saturation value. The
influencer maintains its force level. This adjustment of the force dif-
ference is intended to represent partial slipping against static friction.
Thus, where Fi is the tension in the influencer, F;»is the unadjusted
tension in the influencee, Fj is the adjusted tension in the influencee,

and F is the inputted force saturation level, the following analysis

S,1J
applies.
(o)
it |F, -F \ T
is required. However, if ‘Fi - ﬁ;q“>Fs,ij’ then we seek the adjustment
b.. to F;o) such that

1
REAREA

<F

then no modification of the influencee tension

where
o

)
There are two cases to be considered. Case "a" arises when Fi > Fj .
The adjustment Aij must be positive in order that the difference in the

tensions will be modified downward to FS i3 Since
9

we obtain
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i.e.,

A ,.=F, -F_..-F." >0, (150)

)
Case "b" occurs when F1< F;o . The adjustment Agnust be negative.

Since
Foig = F5 ~ Fye
we obtain
__(9) ()
Fo = Fl 4 (Fy+ P qo-Fi)s
i.e.,
SF, +F P9 o (151)
RIS IR NI B
[.2.C. Percentage Influence The third inter-belt influence option

allows the user to specify the positive or negative percentage of the
influencer tension which will be applied as an additive adjustment to the
influencee. In conjunction with this option, the user supplies a "maximum
influence force bound" (L card). If the percentage adjustment, in absolute
value, is greater than this bound, then the bound itself is applied as
the adjustment to the influencee (with proper sign).

Thus, where FB i3 > 0 is the influence bound, pij is the fractional,

, . . (o), .
percentage influence factor, F, is the influencer, and Fj°1s the unadjusted

i
influencee force, the modified forces are determined as follows. If

lpij il < Fp iy
then the adjustment to belt j due to belt i is

b5 = b5 Fyo - (152)
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Otherwise,
Aij = FB,ij Sgn Pyj (153)

Finally, adjustments to F;o)are summed over all specified influencers

so that

F = FJ. +) iy ) " (154)

If the resulting influencee tension Fj is less than zero, then it is

set equal to zero.
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PART IV. PROGRAM INPUT AND OUTPUT

This part of the report commences with a detailed description
of the input data required to operate the model. A typical data set
is included. A discussion and sample of the output generated by the
program follows.

A summary of the types of exercises used to check model operation
is next with appropriate input and output included. This information
is of special interest to those groups installing the model in computer
systems remote from the University of Michigan.

A preliminary comparison of model predictions with experimental
results is included. Comparisons are also made with the older HSRI
3-mass, 3-D model and the 2-D model.

The final section of this part of the report describes a user-
oriented command language (OVERLORD) which can be used as an aid
in preparation of input data sets. This language, written in FORTRAN

IV, can be implemented for both terminal and batch use.

A. Description of Input Data File

Input to the HSRI six-mass, three-dimensional model consists of
a series of eighty character lines which will be called cards in this
discussion. Many of the cards have a common format which is shown in
Table 2.

Eight of the standard input cards trigger special reading
sequences of information which does not fit easily into the standard
format. These special reading sequences are summarized in Table 3

and presented in detail in Table 5.

13



Table 4 contains a typical complete data set for the model. The
numbers at the left are file line numbers and are not part of the data.
In Tine 1103, the letter "A" represents the position of the first
column and so on, Note the special reading sequences beginning
at lines 1132, 1134, 1136, 1138, 1140, 1142, 1144, 1148, 1152, 1156,
1158, 1160, 1162, 1164, 1168, 1172, 1176, 1180, 1185, 1188, 1191,
1229, and 1234, Table 5 contains a detailed explanation of each
card type together with all the special reading sequences. The
reader is urged to use this table to decode the run specification
contained in Table 5 and then check his impression against Table
6 in Section 4.B which contains the summary output generated using
this data set.

Order of cards is irrelevant except that the Z-card must
always be last and special reading sequences must be together in
proper order. When the program finishes.operation using a first data
deck, it will look for a second. If it finds more data, it will
continue; otherwise, it will sign off. Each data deck is independent

and must be complete including a Z-card.
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TABLE 2, STANDARD INPUT CARD FORMAT

Card

Field Columns Description

ID 1 A letter, A through Z, which acts to identify
the information being specified on this card.

I 2-10 Numeric data in floating point format. The
decimal point must be explicitly included
except for right-adjusted integers. "D-
format" is permissible but must be right-
adjusted. Normally left-adjusted "F-format"
is used for convenience.

2 11-20 Numeric Data

3 21-30 Numeric Data

4 31-40 Numeric data

5 41-50 Numeric data

6 51-60 Numeric data

7 61-70 Numeric data

8 71-80 Numeric data
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TABLE 3.

SPECIAL READING SEQUENCES

Standard A
. . Length Termination
C$rq Which of of Description of
riggers Sequence Sequence Information Contained
Sequence

H Fixed Card count of one. Name and material of contact sensing

ellipsoids.

I Variable consis- Card count of (1+ Name, material, titling information
ting of one card 2n) where n is the and location as a function of time
plus two times number of time of contact surfaces.
the number of points, .
time points spec-
ified in I2.

J Variable Blank card termi- Series of cards containing ellip-

nates sequence, soid-contact pairs for force
inhibition,

K Fixed Card count of one, Name and material of belts.

L Sequence of one Card count equal Force limitation, friction coef-
card included for  to number of inter- ficient, percent influence or other
each interbelt belt influences. quantities relating to interbelt
influence pair . influences.
selected.

M Variable consis- Card count of one Material specification cards inclu-
ting of one card plus one if Field ding name, saturation data, if any,
plus a possibility 5 of card after M specification whether F-8 curves
of two more if card = 0, plus one are tabular or polynomial, and
polynomial coef-  more if Field 6 of polynomial coefficients if that optio
ficients are card after Mcard is chosen.
used to define = 0.
force-deformation

T Variable Negative number on Table of debug code words versus

card. effective time.

U Variable Card count of one Alpha-numeric run title.

or two based on 0
or 1 in field 1 of
U card.
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Table 5. 6 Mass - 3D Model Input. Page 3 of 7
Field Al 2 3 L3 5 6 7 8
H|body segment x-coordinate of |y-coordinate of |z-coordinate of |length of semi- |length of semi- |length of semi- |friction class
number ellipsoid c.g. ellipsoid c.g. ellipsoid c.g. axis in x- axis in y- axis in z- <M< s
T.=torso relative to relative to relative to direction, direction, direction, L$ N& S5,
Ellipsoid 2.=head body coordi- body coordi- body coordi- a_, in, b_, in. c ., in.
3.=rul nates, in. nates, in. nates, in m m m
Contacts 3 =141 ’ ’ ’ . (If sphere, (If sphere,
5': Y leave blank) leave blank)
.=rll
: 6.=111
E1lipsoid fter each H card insert special (BTank 7f rigid) Material name 4
Name card. Ellipsoid name (1-16) ~1(21-36) Z
ITT.=contact in n.=number of Field set to Penetration tEdge constant. friction class
inertial time points negative number [limit. (If Choose based on
space. for which if origin on ellipsoid cen- |most important L<ng o
0.=contact rel- the loca- back side of ter greater assumed contact=
ative to tion of this |[contact and set |[than this dis- ellipsoid
Contact vehicle. contch is to pqsitiye.num- tance behjnq 1argest axis-
Surface specified. ber if origin cgntact, ini- semi
Specification on front side tially, the Tength of
of contact. logic waits contact sur-
for the ellip- face
soid to get
out in front
and begin a O<A$'5
second pene-
tration before
applying force.
Contact Sur- Contact name (T-T6) Eé;Mater1a1 name (21-36)
face Name (Blank if rigid) Optional description of surface axes, etc. for page heading
time switch center point outer point
Contact 0. x, Y. Z, > 24 9a Z,.
zz;:ace 1. outer point, x4 Ya Z,

(2n cards will be read here, ordered in time)
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Table 5, 6 Mass - 3D Model Input. Page 4 of 7
Field 1 2 3 L. 5 [ 7 B
contace ] T STarTe Tesdims
;2232;2;0" E11ipsoid name (T-181V.7"//////E1lipsoid or contact name (21-36) EAny pairs listed here will reverse detrault condition
)Tank_card to conclude contact inhibition sequence
Belt (] K n=1.5ng4. x=belt anchor in|y=belt anchor inJz=belt anchor in[x=belt point on |y=belt point on |z=belt point on |slack, inches
Specification vehicle, vehicle, vehicle, body, inches body, inches body, inches
Cards inches inches inches
Belt Name (1-24) :::;/’ Material Name (31-46) i://’ Body Material Name (51-66) ;;j? MBELT (0.) O.=
(center for centered column headings) (center for centered 1f shared deflection between//// force based on
column heading) belt and torso; otherwise, ;jjj belt deflection
blank (must be blank if //// Hon-zero = force
//// eighth field is non-zero) ;;§§ based on belt
///// /4;3 455 strain
T belts 1-2 switch|belts V-3 switch|belts 1-4 switch|belts 2-3 switch |belts 2-4 switch|belts 3-4 switch|INFL Influence ZINFL (needed
1.=influencer 0.=no coupling |-1.=free slip- is applied. type only for INFL
influencee ping (force 0.=n0.1nfluence = 1.
pair equalization) 1.=friction
2.=influencee (A maximum |-2.=same as-l. 2.=saturation Enter
influencer of two pairs, except based on value from 0. to
pair 1-2, 3-4 or influencee- force dif- 1. Zero or a
1-3, 2-4 or influencer ference value near zero
1-4, 2-3 may applied. 3.=percent in- |is recommended.
Belt slip)ard -3.=pgre free fluence (See Section
3 ~ slippin .2.A.
Pairings then 1ntluen Pring 1.2.A.)

cee corbina-

cer-influen-|

tion.
pair number For influencer- |For Influencer- |Material name for free (Th!s card mgst be added for each pair
1.=1-2 influencee pair, |influencee pair,|slipping (31-46) having coupling).
2.=1-3 if INFL {s if INFL is (center for centered
3.=1-4 1.=static fric- |l.=kinetic fric-| column heading)
4.=2-3 tion coef- tion coef-
5.=2-4 ficient, ficient
6.=3-4 2.=AF, the sat- |2.=(not used)
(in order) uration force|3.=maximum in-

difference
3.=percent in-
fluence (fracH

fluence
force, 1bs.

tional)
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Table 5. 6 Mass - 3D Model Input. Page 6 of 7
ield Al 2 3 L 6 7 8
0 [TabTe number Time Acceleration Table numbers
Tables 1-6=acceleration|G and R tables [g's for tables 1.= % '
TehicTe 7=debug needs L =max- 1-3 7
Acceleration 28=material imum deflection R 2.2 Y,
Debug ’ (There may be up |before unload, |[Tables 4-6, radfsec 3.= 2
G and R to 60 tables) inches G or R in this 7
F-8 ’ F-§ tabTe, de- column 4.= ¢,
flection, in. F-§ table, Force, -6
1bs. 5.= 67
6.= ¢,
P{TabTe number First point in  [Final point in
Table from O-card time to partial-|time to partial-
Delete ly delete 0- ly delete O-
table. table.
Q[Modify Table T Modify Table 2 |Modify Table 3 |Modify Table 4 |Modify Table 5 [Modify Table 6
by constant
multiplier given
here.
Ristarting inte- predictor cor- |maximum integra- [velocity conver-|maximum number [veTocity change [extrapolation acceleration min-
Integration gration method rector method tion time step gence parameter |of subdivisions [limit change limit imum magnitude
Control 0.=Euler 0.=Adams of maximum time
1.=modified 1.=Milne step
Runge-Kutta [(Euler and Adams
2.=regular Runge-are more stable)
Kutta.
(1, (1) (.0005) (.005) (10.) (1.) (.5) (.0000001)
Slreal time i1nter-|time step between execution time [time epsilon, gravity, ft/sec Time output Tinear integra- | angular integra-
Miscel- val for simula- |tabular output limit sec. switch (= tion weights tion weights
laneous tion, sec. items, sec. sec; Noa-zaro
Control = msec
(.2) (.005) (10.) (.000001) (32.2) (0.) a.) (100.)
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Debug
Control
Cards

Title
Card

Table 5, 6 Mass - 3D Model Input. Page 7 of 7
Field 1 2 3 [ 5 b 7 8
T|Triggers debug
cards.
effective time hexadecimal debug
(negative value control word
terminates se-
quence)
Uln=0.=one card
read
n=1.=two cards
read
{The eighty columns on this card comprise  the first part (or all) of the title.
{The first 52 columns comprise (if used) the rest of the title.
V[DSTEPX DSTEPN FORLIM "HARDCN' LIMCNT TP EPSFAC FNU
(.2) (.02) (1000.) (15,000.) (6.) (.05) (10.) §0.)

Maximum step to
search for bal-
ance in shared

Minimum step to
search for bal-
ance in shared

Limit of change
in force for

rigid-rigid con-

Linear elastic
coefficient for
use in rigid-

Limit on number
of iterations
for force bal-

Fractional of
current ramp
length in moving

Number of maxi-
mum integration
time steps for

Length of fric-
tion ramp in
in/sec. (contact

longest semi-
major axis to be
treated as
sphere for
ellipsoid con-
tacts.

sphere center
aleng  semi-
major axis rela-
tive to posi-
tion for sphere-
ellipsoid tan-
gency at end of
semi-major axis.

non-sequential
paging of
output.

put units of
vehicle veloci-
ties and accel-
erations. 0. =
in/sec and G's
neg.= in/sec
and 1n/sec?
pos.= mph and
G's

ness to pole at
n/2 in radians
for pitch.

epsilor for
sine of pitch

near pole at n/2

placement and
velocity, feet,
‘knees, H-point,
and ellipsoid
centers. 0. =

cle origin.
inertial. 1.=
relative totime
izero H-point.

relative to vehi-
-1 =

deflection, deflection, tact before rigid contact, ancing in shared|contacts. maximum ramp friction)
inches inches halving, 1bs. 1b/in. deflection. length in moving
contacts.
W | BETELP GAMELP ILONG ISTAT ZERA ZERB VIS IACC
§.7§) tio of F(.9t); ] éo.) (0.) (.1 {.000001) (0.) (0.)
inimum ratio o ractiona on-zero Wi _ | Proximity ep- - Printing of body|Zero yields body
shortest to position of switch causes | oriteh for Ut iTon for near- |ProXimity

segment c.g. dis-acceleration in

G's. One yields
body accelera-
tion in in/sec?
(all absolute.)

~N

(GO card)




B. DESCRIPTION OF NORMAL PROGRAM QUTPUT

The printed output of this model is divided into three general
categories. The first category is normal output, that which emerges
from a successful run when no special information is required. The
second category is auxiliary or debugging output, which is extensive
information on the inner workings of the program under control of the
input data. The third category is messages which appear only when
certain error conditions arise. This section deals with the first
category. Section IV of Appendix A presents the other two catego}ies.

Normal output is divided into two parts. The first part is one or
more pages at the beginning and presents the input data which has been
supplied by the user. The second part is the bulk of the normal output
and records the simulated model parameters over the time interval of
interest.

Each page of normal output begins with a heading. The first line
jdentifies the model, the part of normal output in which this page is
included, the date of the run, and the page number. The second line is
a descriptive run title supplied by the user (See Table 5, V-card).

The next Tines are unique to each page and define units and reference
coordinate systems as appropriate.

Table 6, consisting of 29 pages, contains a sample output from the
model. The input data used to generate this result is included in Table
4. Also, this is the same run as has been used in the preliminary ex-

perimental verification discussed in Part IV C. This run was designed

to duplicate an impact sled test. The 50th percentile Sierra dummy




was seated in an automotive bucket seat and restrained by a single
diagonal harness and lap belt combination. The deceleration pulse
represents a direct side impact.

The first three pages of Table 6 list the data which has been
read by the input section of the model. Line numbers are provided and
the data file is broken up into nine columns. The first column contains
card identification letters and the second contains other numeric
information included in the first field of the particular card.

Pages 4 through 15 of Table 6 contain body kinematics. Two sheets
of data are provided for each segment consisting of x, y, and z dis-
placements, velocities, and accelerations of the center of gravity plus
the same quantities for pitch, roll and yaw. The lower legs are handled
a bit differently than the other body segments because there is only one
angular degree of freedom. In addition to x, y, z, and pitch displace-
ments, velocities, and accelerations, the location of the knee and foot
are given. It should be noted that center of gravity displacement and
velocities can be printed out relative to the vehicle origin, relative
to the H-point, or inertial. This has particular application both
to pedestrian motions and vehicle occupant motions.

Pages 15 through 18 of Table 6 deal with joint relative Euler
angles and angular velocities about the coordinate axes of each body
segment. This gives an indication of the level of motion occuring between
the various body segments. The neck, right hip, and left hip joints are
included on page 16 of Table 6. It should be recalled that knee pitch is

a degree of freedom and has been included with the particular lower leg

element.
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Vehicle kinematics are included on pages 19 and 20 of Table 6.
Displacements, velocities, and accelerations for forward, side, upward,
pitcining, spinning, and rollover motions are included.

Information on belts is included on page 21 of Table 6. It should
be recalled that each belt segment which is used has been given a name and
assigned a material on the input data card following the K-card (See
Tables 4 and 5). These names are used in dynamic labelling of the belt
tabular output. For each belt, its elongation, elongation rate, and the
resulting force are given or, optionally, strain and strain rate.

Pages 22 through 24 of Table 6 are concerned primarily with torques
applied at the various joints. Page 22 lists elastic joint moments
wnile page 23 lists stop moments for neck, right hip, and left hip. Knee
elastic and stop moments are given on page 24. This is supplemented by
potential energy stored in the knee structures as well as H-Point location.
Location of the H-point is inertia],re]ative to the vehicle, or relative to
the initial H-point position in the vehicle.

Pages 25 and 26 of Table 6 summarize energy and momentum quantities.
Kinetic energies are listea for each body segment as well as potential
energy quantities stored in individual joints, all belts, and all contacts.
A total is computed. Total moments are given on page 26. The linear
quantities are self-explanatory. The three columns under the heading
"ANGULAR," are total angular momenta. The three columns under the heading
"COMPONENT ABOUT C.G. " are the portions of total angular momenta resulting
from angular velocity (I + @), as opposed to m(? X V) terms.

Page 27 of Table 6 is a summary of the integration performance. The

heading "CPU TIME," represents the total computer time used in seconds.
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The numbers under "EVAL" give the total number of calls to the sub-
routine "ACCEL." This refers to the total number of computations

of the derivatives, forces moments, etc. necessary for solving the
equations of motion. "DENS" is a measure of the integration and is a
computation of the number of integration steps since the last print
time divided by the minimum possible number of steps which could

occur in the particular print time interval. The numbers under
"STEPS" represent the total number of integration steps accumulated up
to a particular point in simulation time. The remaining columns refer
to the number of integration steps of a particular size which have
been accumulated up to a point in time. "WHOLE" refers to the number
of times the integration time step is the maximum allowed. "HALF"
refers to the number of times it has been cut in half, etc.

The last two pages of Table 6 are samples of printout occurring
when contact forces are generated. The dynamic titling includes a
body ellipsoid and its material on the first line. Another body
ellipsoid or a contact surface and its material are included on the
other line. If no contact is sensed between two eligible surfaces,
this page will not be produced. A tabulation of the quantities
listed on this page is included as Table 7 completing the description

of normal program output.
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el

° Tidss E L1AENSIONAL CRASH VICTI® SIMULATOF OUTPUT DATA NOV 15, 1972 PAGE 1
DEBJw SERIES 7B, OLD 3-D VS. NEW 3-D, REPERENCE 3-111,3-128, AND 191,
UNITS As5Z IMCHES, DEGREES, POUNDS, AND SECONDS UNLESS NOTED.
DISPLACEMENTS AND VELOCIllc3 ARE RZILATIVE IO ThE ORIGIN OF THE VEHICLE COORDINATE SYSTEM.
ACCELERATIONS IN G'S

80DY KINEMATICS

HEAD

TIME X-DISP. X=-VEL. X-ACCEL. Y-DISP. Y-VEL. Y=-ACCEL. Z-DISP. Z-VEL. Z-ACCEL.
7.0 13.94 N.0 -C.0 -3.16 0.C -C.3 3.12 0.0 0.3
7.005) 13.94 -0.C: -n.0 -3.16 -0.52 -C.3 3.12 c.63 0.3
72.0109 13.94 -0, 1¢ -n.0 -3.17 -10.39 -0.3 3.13 1.27 0.3
0.015) 13.9u =J.23 -0.0 -3.31 -U6.26 -0.3 3.13 1.89 0.3
1.220) 13.94 -0.3: -0.1 -3.65 -87.14 -C.3 3.14 2.51 0.3
3.7251 13.93 -C.4z -0.1 -4.15 -110.1C -C.3 3.16 3.09 0.3
2.0309 13,93 -0.5¢ -0.1 -4.74 -128.71 -0.3 3.18 3.62 0.3
9.0359 13.93 -N.7 -C.1 -5.U45 -154.25 -C.3 3.19 4,09 0.2
7.7242) 13.92 =J.Eq =0.1 -6.29 -181.47 -0.3 3.22 4,49 0.2
1,045 13.92 -N.3517 0.0 -7.25 -203.uu C.3 3.24 5.1¢C 0.8
).)59) 13.91 -0.7¢ 0.3 -3.32 -223.25 1.6 3.217 8.26 2.4
2.055) 13.91 C.1) 0.6 -J.u8 -242.23 2.9 3.33 14,43 3.9
7.7601 13.32 1.€a 1.0 -17.74 -262.1C 4.1 3.42 23.09 5.0
0.7657 13.93 4.3) 1.7 -12.198 -282.23 4.8 3.56 33.67 5.9
0.270° 13.96 8.2) 2.4 -13.55 -294 .49 5.5 3.76 45.67 6.5
0.9759 14.02 13.4) 2.9 -15.03 -296.95 6.3 4.02 58.79 7.1
0.080°2 14.1C 18.7%¢ 2.4 -16.51 -291.45 8.1 4.35 73.29 8.0
0.0852 14.20 22.43 1.3 -17.93 -275.54 10.9 4,76 89.84 9.1
2.79C) 14, 32 23.84 0.1 -19.25 -250.94 14.8 5.25 108.62 10.4
7.035) 14,64 23,1 -C.8 -20.42 -216.98 20.8 5.85 130.53 12.5
0.10C) 14.55 21.50 -0.7 -21.49 -168.97 29.3 6.56 156.98 14.8
9.1057 14.65 19.83 -4.3 -22.C8 -102.81 41.90 T.42 185.62 5.2
2.1109 14.67 -23.54 -33.8 -22.38 -13.59 4u.8 8.19 90.51 -86.6
2.115) 16,42 -65.3¢ C.1 -22.24 67.71 36.2 8.27 -32.26 -9.4
2.120) 14,11 =57.u: 3.9 -21.74 126.75 27.5 8,13 -25.04 4.1
9.125) 13,84 -u43,.54 4.7 -27.58 178.58 27.2 - 8.02 -16.57 4.9
J.1300 13.€2 -39.0¢ 5.6 =-19.95 232.73 28.8 7.97 -5.17 6.8
J.135) 13.45 -27.53 7.4 -183.65 237.89 27.8 7.98 9.76 9.7
). 1409 13.36 =5.21 15.6 -17.Co 3ug.2n 32.5 8.M8 33.60 12.2
7.145) 13.39 14.71 22.7 -15.20 388392, 10.2 8.C1 -66.27 27.4
7.157) 13.61 53.1: 4.2 -13.22 41C.24 12.6 7.80 -101.20 -38.1
2.15%5) 13,35 45,32 .9 -11.1" 435,73 16.8 7.4 -162.55 © =83.5
). 10M) 19,11 5d8.C 6.6 -3.84 463.35 8.9 6.C8 -215.67 7.6
2.165) 14.u42 66.11 2.1 -6.48 477.25 5.9 S.Cu -201.80 6.6
0.172) 14.76 67.5: -0.4 -4.07 487.02 4.2 4.06 -189.55 6.5
7.1759 15.09 60.17 =-0.7 -1.62 494,40 3.5 3.15 -173.65 10.9
7.130) 15.u42 06,73 Cc.2 Q.37 506 .u0 2.0 2.35 -142.68 21.6
Y185 15.75 ol,/z -2.1 3.37 437.62 -6.2 1.76 -89.16 34.2
J.19 16.C5 57.:1 -5.1 5.81 47¢.,.14 -23.7 d.51 -7.94 49.7
J.1959 16.32 45.53 -6.3 3.01 4n3.13 -45.," 1.72 Ju.64 53.n
.206G) 16.53 49.6¢ <3.3 3.78 3%6.43 -52.6 2.44 195.1¢C 56.4

TABLE 6. SAMPLE PROGRAM OUTPUT (Page 4 of 29)



GeL

DEBUs SERIE> 7B.

Timz

J.”

0.C059
2.71C0)
0.9%150
0.020)
2.0259
0.03Co
0,352
J.04C)
7.7451
). )5¢)
0.0552
2.3
Jed65)
7.070)
0.275)
J.28C)
0.08512
0.09CN
0.395)
v.1C00
0.1652
C.110)
53.115)
0.120)
).1259
J.13239)
0.1352
2,149
0.1459
2.1522
Y1552
7.167)
J.103)
2.1709
0.1751
7. 168C3
.15
2.196)
"No198)
J.24C)

THOL £ Ja AENSIUNAL CQRASH VICTIM SIMULATOR

OLD 3-C VS. NEW 3=-D,

UNITS A»

1ae
VEL

Q.9
-1.33
-2.5.
-4,3)
-5.3d3
~7.53
-3.4)

-11.3z2
-13.51
-16.1¢
=22.04
-24.7%0
-23.4:
38,29
-43.71
-55.801i
-54.1)
-7.3¢C
91.5
233.11
373.¢€:
454,49
-174.95
-1713. 322
-2189.2:
-2217.31
-1727.21
-695,41
159, 31
4071, 2)
~u475.4:
bi3.C«
-1523.1¢
378.6/
1€48.4
2740.55
3427.7%:
465%. ¢
3977.0:
PRI
“460).¢c4

c +NCHES, DEGREES,
ACCELERATIONS IN RAD/SEC/SEC

. ACCEL.

-4.8
-4.9
-5.1
-5.4
-5.7
-6.1
-6.6
-7.1
-7.9
-11.7
-1u4.4
-15.0
-15.3
-26.8
-36.5
-37.4
Tu.u
255.8
428.8
56,9
44.8
-177.4
-4338.6
-3540,2
-359.7
6%5.1
2784.4
38u3.2
193¢.5
6135.8
-22939.8
-36324,3
773.1
5337.6
3847.1
a4cny 1
3932.8
376.7
-4021.7
-£153.2
=5 U793, 4

TABLE 6.

EGUNDS,

BOODY KINEMATICS

HEAD
PITCH
DIspP. VEL.
6.80 c.c
6.8v 1.55
6.82 2.98
6.83 4.24
6.t0 5.22
6.083 5.85
6,92 6.13
b.95 £.73
6.58 5.88
7.°° 6.0
7.04 8,72
7.19 16,53
7.23 37.09
7.59 78.44
3.15 144,91
8.98 224.96
10,27 284,117
11.68 266.39
12.70 151.91
13.78 -32.38
12,42 -223.60
10.97 -3u6.31
7.456 =133C.35
~3.74 =-2918B.43
-17.43 =2532.838
-29.73 -2128.15
-33.01 =1661.39
-45.41 =1025.53
-438.26 -2r,20
-57.74 =3680.34
-e1.05 =2758.75
-53.1 3470 ,7%
~4o.u4J 185€C .89
-34.96 2682.39
-20.48 3032.59
-5.51 2849.27
€.n3 1307.24
11.44 -124.57
4.58 =2597.81
-13.24 =-4347,u1
-3z.t3 -5 u4,uu

SAMPLE PROGRAM OUTPUT (Page 5 of 29)

ACCEL.

45213.3

OUTPUT DATA
REPERENCE 3-111,3-128,
AND SECONDS UNLESS NOTED.

DISP.

-31.6"
-31.62
-31.69
-31.81
-31.96
-32.16
-32.39
-32.606
-32.97
-33.3"
-33.68
-3u4.17
-3u.81
-35.67
-36.72
-37.92
-39.31
-41.05
-43,52
-47,22
-52.62
-59.99
-66.39
-64.90
-61.29
-59.C06
-59.13
-62.67
-69.51
~67.44
-64.76
-53,3°
-47.21
-40.35
-35.91
-29.16
=17.14
0.37
19.28
33,u0
uu.64

BROLL

VEL.

c.c

-9,27
-18.27
-27.03
-35,35
-43.18
-5 ,50
-57.33
-63.67
-7C .40
-85.09
-11C.38
-148.86
-192.87
-226.36
-256.16
-302.42
-u06.65
-6rC. 10
-895.77
-1273.03
-1662.10
-549,67
8uc .47
6C3.u45
255.35
-32C.40
-1093.17
-1570.95
2973.11
urg2.43
-223.73
2008.76
939.34
994.28
1804.82
30€5.99
3869.27
3u55.24
2178.76
4643.16

NOV 15,

AND 191,

ACCEL.

-32.5
-32.0
-31.2
-29.9
-28.2
-26.4
-24.7
-23.0
-21.3
-34.,2
-68.8
-169.8
-160.4
-134.1
-104.1
-112.3
-242,0
-5N4.4
-855.2
-1194.3
-14€C6.7
-463,5
6595.1
678.6
-970.7
-1613.,1
-2447.0
-2439.7
-971.6
-3477.7
22992.1
35987.7
-5692.4
-1581,.3
1715.1
3778.9
4216,1
1109 .4
-3688.5
-45uy,3
29874.0

1972

PAGE

3
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6€L

DEEUs SERIES 7B.

TIAdE

2.7

2.005"
).M10)
9.015)
c.”20)
3.22S50
2.73¢)
n.135"
J.aunn
0.0 ucE"
V.75
J.155)
7.%600
).G653
2.777)
2.2759
1.08C)
0.%85)
7.179G)
0.0955
J.10M
1.19689
2.11C9
J.115)
J.1209
2.125Y
Y.1300
1.135Y
Y. 1409
J.1453)
N.15))
T.1553
Salon?
J.165Y
7.179)
N.175)
).187)
Yo loo”
N7.190)
7.195Y
)

Tdbs e JaMENSIONAL CRASH VICIIM SIMULATOk

CLD 3-L VS. NEW4 3-D.

DISP.

DSDIDDINLNAO
e 0 s e e e s 4 v e
= 35

SO0 DOIS D

a0 2 e

-C.02
-C.14
-C.42
-C.99
-2.06
-3.94
-6.94
-11.238
-17.r2
-23.99
-31.83
-UC,\""‘
-48.00
-54,53
-57.79
-57.75
-5S5.67
-52.60
-51.08
~43.89
-46 .01
-46.71
-4y,75
-5C¢."6
=52.47
-S5,"74
-56.99
-So. 14
-52.37
-49.81
-4b.93

UNITS A5z AnNCHES, VEGKEES,
ACCZLERATIONS IN RAD/SEC/SEC

1ha

VEL

o e o o o e o o
O E DLW MO
- - -

]
~ID20DV0 20

.
=

-‘071
-11.0,
-3b.0¢
-80.:1

-154.7¢
-283.51
-478.11
-730.0:
-161%5.53
-1279.¢:
-1495, 3¢
=-1627.4¢
-1628.5:
-1527.41
-1C21.3)
-282,%4
239.:.
556.17:z
565,24
Tod.S¢
T3).%¢
76.11
-152.2.
~345. 34
-u51.01
-5C2.1:
-£23.17
-155.34

. ACCEL.

¢.8
7.7
c.5
0.3
-0.0
-4
-n,3
-1.3
-1.7
-15,4
-53.1
-117.0
-19r.5
-346,C
-562.4
-789.9
-950.2
-984,2
-869.C
-617.3
-237.9
139.4
1739.5
2418, 4
2642C.9
1373.7
301, 4
~1368.4
999,9
595.7
-2084,7
-955.93
-438.C
-278.0
-111.5
123.2
21%o0.4
187 3,1
-373.1
-1v0.9
u7,2

TABLE 6. SAMPLE PROGRAM OUTPUT (Page 9

PCUNDS,

BCDY KINEMATICS

KIGHT UPPER LEG

DISP.

13.¢0
12.99
12.97
12.93
12.89
12.85
12.80
12.74
12.67
12.58
12.57
12,47
12.54
12.71
12.99
13.34
13.63
13.70
13.32
12.25
12.32

T.u46

3.84

273
-7.43
-2.13

J.1)
-0.76
-%4.73
4.0

3.71
15.486
.03
23.29
25.41
26 .62
27.14
27692
25.82
cd "2
21.79

PITCH
VEL.

c.o
-3.27
-5.95
-7.74
-8.73
-9.139

-1C .43
-12.46
-15.74
-18.93
-12.52

3.03
23.8"7
46.29
6U4.61
68.27
43,50

-23.62
-137.78
-295.08
-u43n.21
-658.61
-7u42.68
-449,.74

-32.66

9N .47

-29.95
-3148.39

581.15
1056.71
1232.49
1731, 3u

779.59
53¢.25

324,73

171.38

Ju.59
-129,489
-3™M1.01
416,77
-u472.80b

OUTPUT DATA

REPERENCE 3-111,3-123,
AND SECONDS UNLESS NOTED.

ACCEL.

-11.8
-10.7
-7.9
-4.7
-2.5
-2.6
-5.1
-9.2
-13.6
2.4
4r,9
64.3
77.4
76.5
45,2
-27.2
-155.4
-315.9
-478.9
-617.8
-661.3
-563.8
331.8
1486.5
1089.5
-86.7
-778.38
-302.2
4860.3
-699.4
234,2
-717.2
-941.1
-796.7
-629.)
-458,2
-5(5'3
-ol7,1
-454.,7
-3r7.9

-37.2

of 23)

DISP.

0.0
0.00C
0.CC
0.00
0.01
0.01
0.01
0.01
0.01
9.0
-0.0C
-n.09
-0.3n
-0.75
-1.61
-3.18
-5.77
-9.6u
-14.90
-21.u8
-29.14
-37.59
-u6.56
-53.37
-54.53
=50 .41
-41.90
-26.50
-2.C9
22.54
29,14
24,63
21.1¢
18.29
16.2¢
14.18
13.74
17.27
23.8¢C
3n.20
36.172

NOV 15,
AND 191,
KOLL

VEL. ACCEL.
c.0 0.6
0.16 0.5
.30 ¢.5
C.u2 0.3
r.49 0.2
€.51 -C.C
c.u7 -0.2
C.36 -C.5
c.19 -0.7
-C.68 -11.2
-8,28 -44.2
-27.34 -91.2
-61.88 -152.8
-122.73 -287.7
-232.65 -488.2
-405,28 -717.2
-639.49 -903.3
-912.57 -981.7
-1189.C3 -926.9
-1433.u45 -766.6
-1622.01 -546.C
-1750.26 -389.5
-1745,51 1535.9
-851.17 4229.1
363.2C 3767.3
1222.28 2799%.4
2279.26 4778.1
4niCc,.Cu 7392.4
542,23 45u.6
40cr .87 -13121.9
-838.87 -5972.7
-767.29 4C1.1
-623,31 512.8
-507.42 349.2
-u408.79 326.6
-318.06 Su4.1
262.39 3062.3
1111.56 2290.7
1356.17 -479.4
123¢.86 -uc3.6
1ngr .57 =-1547.7

1972
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1972 PAGE 33

NOV 15,

AND 191,

OUTPUT DATA
REPERENCE 3-111,3-128,

AND SECONDS UNLESS NOTED.
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NOV 15, 1972 PAGE 39
AND 191.

OQUTPUT DATA
REFERENCE 3-111,3-128,

AND SECONDS UNLESS NOTED.
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SAMPLE PROGRAM OUTPUT (Page 23 of 29)
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951

2dbs e JLAENSIONAL CRASd VICLIM SIMULATOF OUTPUT DATA NOV 15, 1972 PAGE 45
DEgJde 32RIEs 73. CLD 3-L VS, NE4 3-D. KEPELRENCE 3-111,3-128, AND 191.
UNITS Aol 4MJHES, UEGLHREES, P2CUNDS, AND SECONDS UNLESS NOTED.

MCMENTA
LIdchr ANGULAR COMPONENT ABOUT C.G.

TIME £ X P X Y 4 X Y z

G.0 c. [ 2950.11 o.c -3353.80 C.0 c.o n.n

0n.fCs) C.16 c.12 2955.77 C.79 =-3353.68 C.15 c.16 -0.07
A.017¢ n.31 .23 2955,25 1.23 -3353,34 .28 r.37 <0.14
1.0159 C.uy .31 2954.62 3.77 -3352.78 C.u0 C.64 -3.20
c.023C €.55 €.37 2953.65 5.96 =3352.16 C.u8 0.97 -n.25
0.0250 £.62 C.42 2953.2°0 7.92 =3351.59 n.52 1.3n0 -2.3¢C
".03)) “.06 .48 2952.23 8.89 -3351.14 0.52 1.57 -2.33
).C330 G.o7 (-1 2951.03 8.28 =3350.98 .48 1.73 -N.35
J.04726G V.66 .05 2949.34 €.93 =3351.°c3 .38 1.75 -0.37
7.0u50 C.59 (.36 29u44.72 <1.03 -335r,27 0.u42 1.55 -0.09
2.75%0 €c.”9 1.95 2915.07 -36.15 -33u40.N4 1.68 c.63 2,38
1.7550 RN 4.71 2043.51 -1C1.46 =33%4.75 3.56 -1.1r 6.87
T N) =1.77 6.02) 274).52 -185.36 -32F6.07 4.68 -3.86 12.16
9.565C “s.h6 1r.22 2577.73 -283.45 =-3189.62 1.2C -7.98 15.42
.37 0 -31.57 ~125.5v 14044 <23u,u2 -473.%1 =3077.70 -12.83 =13.85 13.n5
J.070C “4.461 -117.40 18.%0 2011.0 4 ~£31.8rF =2923.48 =38.25 -20.00 4.08
T.0u0 -5.35 “175.¢1 23.04 1629.41 -652.18 =-2730.95 -71.21 -22.65 -1%.92
~a039) ~t.01 =3 25.55 1237.1M -732.,16 =2505.30 -123.17 -15.¢7 -29.39
1.0932 -8.17 -J4.c 2b. 0 854.u3 =776 .97 -2253.27 -126.35 5.02 -43.01
V2350 -1C.74 -57..4 26,58 522.60 =-771.26 =-1986.29 -135.18 38.86 -64.14
1270 -11.33 -33.94 21.44 247.66 -730.75 =17C6.84 -127.21 78.48 -75.¢9
7.1330 =13.2 -22.40 17.13 260.20 -664.25 =14r6.05 -103.11 113.11 -78.51
).1137° =14, 30 =3.117 12.717 -168.¢7 ~-605.52 =-11€2.97 -90.14 127.29 -83.70
1.1159 =15.44 M. B.u2 -338.21 -566.2" -810,95 -u8.79 38. 26 -156.61
c.1272 =15.94 C4av s 3.55 -454.51 -51C.71 -438€.51 29.99 -56.42 -178.79
D.1252 =i4.39 33.45 -2.7C -5490,7" -399.52 -66.06 100. 29 -83.46 -110.89
).13)0 -11.24 92.¢1 -8.08 ~599.12 -242.32 3069.33 155.81 -99.66 -36.20
Y.135v -8.40 63.c2 -13.¢9 -639.97 -76.37 725.21 183. 36 -92.57 15.98
}. 140 -€.51 7.1 =13, 34 -074 ., U0 38.92 963.43 179.83 -118.24 -37.11
Ta1400 4,42 7i.z0 -24.71 -692.t4 27C.66 1158.02 192.21 -148.07 -153.35
7.151¢ -1.m%1 B:.4¢ =3C.73 -70>5.73 476.73 1367.79 194,54 -90.38 -157.56
2.1533) 3.37 It ~34,33 -738.C5 675.86 1656.03 186.C7 -49,97 -113.6C
T.10). 7.)7 35.3 -38.72 -790.57 835.66 1912.70 157.52 -22.98 -64.25
Y.1030 9.09 1. -42,51 -833,€4 958 .20 2113.62 137.0°1 -11.53 -16.93
V.17 J.24 13,05 -45.32 -867.07 1734.03 240,83 113.92 -5.74 19.35
‘e1750 be.ol 137.1: ~46.94 -942.87 1007.82 <273.62 79.C5 -c.C8 36.19
RN 1.39 13.: -4u, 3y -1003.31 896.72 2217.42 41.05 -6.81 13.54
3.1852 -4.55 13340 -4, 00 -1223.¢€» 035,69 2120.94 1.10 -2u.95 -31.93
Y19 -17.38 137.01 -33.59 -1233.35 43c.87 2r27.u45 -50.28 -3c.95 -58.43
Na1957 =15.43 1Y5.2 -20,73 -1554.47 197.77 19446.,11 -33.85 -28.21 -69.27
T.2C0)0 -17.59 15,12 -18.33 -1674.69 5€.57 1939.67 -111.56 -6.78 -67.59

TABLE 6. SAMPLE PROGRAM OUTPUT (Page 26 of 29)
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TABLE 7 DESCRIPTION OF CONTACT FORCE

NORMAL OUTPUT

ITEM DESCRIPTION

TIME Real time in seconds.

DEFLECTION Penetration of ellipsoid into another ellip-
soid or contact surface.

RATE Rate of penetration.

FORCE Normal force generated.

FRICTION Friction force tangential to contact surface.

X-PLANE Location in contact plane coordinates of

Y-PLANE the point of application of the friction force.

VEL. Velocity at which the computed friction force
vector is moving along the contact plane.

X-PL. VEL. X- and Y- components of VEL. in contact

Y-PL. VEL. surface coordinates.

X-TAN PT. The x, y, and z components of the location

Y-TAN PT. of the point of application of the normal

Z-TAN PT. force relative to the vehicle origin, relative

to the occupant's H-point, or inertial. The
coordinate system depends on IDIS as specified
in field 7 of the W card (See Table 5).
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C. PRELIMINARY EXPERIMENTAL VERIFICATION

In developing the earlier HSRI Three-Dimensional crash victim
simulator described by Robbins (11), validation experiments were
carried out on an impact sled. The 50th percentile Sierra dummy was
seated in an automotive bucket seat and restrained by a single diagonal
harness and lap belt combination. The deceleration pulse (See Figure
19) represented a direct side impact. The photographic and
transducer data was processed to prpvide comparisons with quantities
predicted using the model. Portions of the verification exerc{se are
included in Section 4 B of this report describing normal program
output.

Several comparisons between the experimental results, the
predictions of the older 3-mass model, and the predictions of the
new 6-mass model are given in Figures 20-26. It will be noticed that
the two analyses give similar results in all cases. This is explained
by the fact that the data set used with the new analysis was based
on the data set used with the 3-mass model to serve as a check on
results.

The major difference observed between predicted and experimental
results is in angular head motions with predicted motions being too
large. The older 3-mass model does not allow coupling between yaw,

" pitch, and roll stops. The new model was exercised to simulate the
responses of the old models. When the input data is changed to repre-
sent a more realistic set of stops, the results given in Figures

24, 25, and 26 for the 6-mass model should correspond much more

closely to the experimental case.
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A series of exercises of the new model should be conducted for
comparison with the various other two and three-dimensional models
which are under development or in use today. A more complete assess-
ment of accuracy, flexibility, ease of use, operational cost, etc.,
will be possible when that work is complete. Of particular interest
will be the accuracy of the new joint model which is believed to be

the most realistic yet proposed.
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D. USERS' GUIDE FOR MODEL OPERATION

This program is designed to be used normally in batch mode. It is
also possible to make data sets for this model with the use of a companion
program, OVERLORD. The bulk of this section constitutes a description
of OVERLORD in its present form. A listing of OVERLORD is included
at the end of Appendix B but no further information is included in
Appendix A. Another companion program called BAIL for obtaining partial
normal printout in the case of a machine aborted run is also described
at the end of this section. .

The normal batch mode execution of the program in the Michigan
Terminal System (MTS) has input coming in on logical device number
(1.d.n.) one, normal output coming out on SPRINT, debugging output
coming out on 1.d.n. six, and a summary scratch file attached to 1.d.n.

nine. The full run statement for the program in MTS is

$RUN SXXX:3DE 1=DATA 6=DEBUG 9=SUMMARY SPRINT=PRINTOUT
where
DATA is a file containing the input data deck
DEBUG is an empty file to hold the auxillary output
PRINTOUT s an empty file to hold the normal output
SUMMARY is an empty file to hold the special binary output which
is used to produce the standard normal printout.
Normal batch operation calls for the run statement:
$RUN SXXX:3DE 1=DATA 9=SUMMARY
Here both 1.d.n. six and SPRINT default to *SINK* (the normal print stream.)
D.1 Introduction to OVERLORD

Since the production of data sets for this and other models is both

tedious and often routine, there is a need for computer aided data making.
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Previously, programs had been developed to carry out some of the steps
involved in obtaining complete data sets, but it was felt at HSRI that
the development of a program for the overall control of the data making
and model running processes was mandatory before the working engineer
would benefit from these large computer models. Lack of manpower has
made necessary the curtailment of all but the rudiments of such a
program. Even still, we feel that this version of OVERLOAD will

be very helpful.

OVERLORD is currently a command language which deals with the
construction and handling of portions of data sets. It is for con-
versational or batch use. It allows the user to elect one of certain
standard options in each major section of the data, to construct certain
selected pjeces of information using the program to help, or to make
use of a portion of one of his own old data sets. A command is typed in
as one or more characters followed optionally by a blank énd a four
character data set name. Only the first letter of a command need be
right for recognition.

D.2 OVERLORD Commands

OVERLORD begins with a statement printed on the teletype or printer
as follows:

ENTER OVERLORD COMMAND LANGUAGE, TYPE S PLUS EOL FOR INFORMATION.

EOL stands for whatever is the End Of Line character for your terminal.
OVERLORD prompts for a command with a ".". The proper response would be
at least the first letter of a command and perhaps a data set name. The
"S" command is the Summary command and asks for an abbreviated summary

of the command language to be printed. This is shown below:
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CONBAND

SHORT o

FORI! OESCRIPTION .
¢ DATA VORK O SILULATION CONTROL DATA,
D DATA VORK OF AGCFLERATION DATA.
F DATA SUBIIT A CONCURRFNT RUIL, A
F OUTPUT DATA DFCIC O 3 A§DD?¥?P'

N } . ‘ 0 \ Y Y

DATP MORK ON VEHICLE IRTERIOR |

l gﬁTA LOAD LIIOLE DATA SET FOR {IODIFICATION,

' LP FOR SPECIFIED [GDTL. )
hopL - SET \ OPTIONS: 1iS2D,4H53%D,183E, CGiil,

-—

TA O WORK O OCCUPHIT DATA,
g giiA VORK 0N INITIAL COEDITIONS DATA,
R NDATZ  SAVFE 1N LIBRARY UNDER RANE,
Vi DATA  VERIFY DATA SET N LIBRARY.

IF DATA 1S DLANK, CAUSES PROEPTING (FXCEPT U=ALL).
IF NDATA 1S =201 WHERE U 1S DIGIT (0"5ﬂ$92'“
TAKE HEXT SET 0N LGGICAL DIVICE N\nnﬁ, ;;T
IF DATA 1S CIAIE IN LIDRARY, LQAQS FRQL OED SET.
IF DATA 1S NONF OF THESE, CORLALD IGRORED.

Table 8 contains a more complete description of the command. The
sections which immediately follow this table deal with the organization

of OVERLORD and certain of the commands individually. The Execute

and Model commands will do nothing but print comments at this time.

D.3. OVERLORD Organization

OVERLORD uses six logical devices together with SPRINT in its

MTS version. L.d.n. one is used for input of the old master which

contains thirty-five standard data sets used by OVERLORD together with
any of the user's data sets which he has recorded in earlier runs

" or added by hand. The data sets which are on the master are in a special
format called library format which is described in a later section. The

old master is unchanged. An updated version of the master incorporating

any new data sets recorded is produced on 1.d.n.2. A copy of the

data set current when the FINISH command is given is output in regular
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TABLE 8. OVERLORD COMMAND LANGUAGE

Commands Argument Explanation

1. | CONTROL Data Set Name Work on program control section
of the data.

2. | DECELERATION Data Set Name Work on vehicle acceleration
section of the data.

3. | EXECUTE Data Set Name Submit the compiled data set
for a run while you wait.

4. | FINISH No Argument Data set is finished, put together
copy of updated master file and
output the data set in regular
card format for later running.

5. | INTERIOR Data Set Name Work on vehicle interior section
of data deck.

6. | LOAD Data Set Name Load all of an old data set on old
master in the library format for
modification.

7. | MODEL Model Name Code for model for which data set
is produced. Currently for this
model only.

8. | OCCUPANT Data Set Name Work on occupant section of data.

9. | POSITION Data Set Name Work on initial position and
velocity data section.

10. | RECORD Data Set Name Save current data set in library
format on new master for future
reference.

11. | SUMMARY No Argument Print summary of command language.

12. | WHAT Data Set Name Verify data set in library or list

all that are.
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card format on 1.d.n.8. Input commands and responses to prompts are
expected on 1.d.n.5. Both 1.d.n.7 and 1.d.n.9 have scratch files
attached to them. Prompting and other printout is done using SPRINT.
Throughout Table 8, one of three responses is expected where a
"Data Set Name" is called for. The first such response is either an
EOL or blanks followed by EOL. This response signifies that
prompting is to be made for which of the standard options is to be
elected. If a four character name of a data set present on the old
master plus an EOL is given, the applicable part of the data set
is used. The third expected possibility is of the form "=00M" plus
EOL which directs OVERLORD to use the applicable part of the next
data set on 1.d.n."m". This data set must also be in the library format.

D.4. The Control Command

When prompting is requested, the Control Command begins with:
START WITH STANDARD VALUES?
PROPER RESPONSES ARE:

YES

NO
?

If it is desired to make small changes in previously submitted
control information, respond "no," otherwise respond "yes" since you'
will not have the opportunity to supply all needed values in the
prompting which follows. OVERLORD always lists the possible responses
when there are certain expected responses. The first such response is
always the default if simply an EOL is given. The first character
of any response plus EOL is sufficient for recognition. When an

answer is expected, OVERLORD ends the prompts with a question mark.
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After the answer is received and acted upon, prompting continues with:

ENTER MAXIMUM REAL TIME FOR SIMULATION.
RESPONSE NOT TO EXCEED 5 DIGITS.
7.2

(answer shown)

This time the answer is shown as well, then continues:
ENTER SPACING OF PRINTED TIMES.
RESPONSE NOT TO EXCEED 8 DIGITS.
?.005
ENTER EXECUTION TIME LIMIT.
RESPONSE NOT TO EXCEED 5 DIGITS.
2.2

D.5. The Deceleration Command

WANT STANDARD 30 M.P.H. BARRIER CRASH PROFILE?
PROPER RESPONSES ARE:
NO

YES
?

ENTER DESCRIPTIVE TITLE.

RESPONSE NOT TO EXCEED 40 DIGITS.
?

TYPE CODE LETTER FOR ONE OF PROFILE TYPES.
PROPER RESPONSES ARE:

A. FRONTAL IMPACT

B. REAR IMPACT

C. LEFT SIDE IMPACT
D. RIGHT SIDE IMPACT
E. UPWARD ACCEL.

F. DOWNWARD ACCEL.
G. FRONT PITCH ACCEL.
H. REAR PITCH ACCEL.
I. LEFT SPIN ACCEL.
J. RIGHT SPIN ACCEL.
K. LEFT ROLL ACCEL.
L. RIGHT ROLL ACCEL.
M DONE

This prompt will be repeated as each acceleration table is completed

until an "M" is responded. The prompting continues.
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TYPE CODE LETTER FOR ONE OF PULSE SHAPES.

PROPER RESPONSES ARE:

A. TRAPEZOID

B. TRIANGLE

C. SINE

D. NO MORE

A profile is made up of the sum of one or more of the elementary

pulses. These pulses are individually prompted for until a "D" is
responded. Then the necessary cards for that table or profile are
added to the data set and prompting for the next profile begins.
Continuing prompting for each pulse seeks numerical quantities necessary
to describe the particular pulse shape and is self-explanatory.

D.6. The Interior Command

ENTER CODE LETTER FOR STANDARD INTERIOR YQU WANT.
PROPER RESPONSES ARE:

DRIVER SEAT WITHOUT SIDE CONTACTS.

DRIVER SEAT WITH SIDE CONTACTS.

PASSENGER SEAT W/0 SIDE CONTACTS.

PASSENGER SEAT WITH SIDE CONTACTS.

PASSENGER SEAT WITH FLOOR ONLY.

mMOOmIX
- . L] L] L]

?
These five standard options are all that are currently offered.

D.7. The Occupant Command

ENTER CODE LETTER FOR STANDARD OCCUPANT YOU WANT.
PROPER RESPONSES ARE:

A. 95TH MALE.

B. 50TH MALE.

C. 5TH FEMALE.

D. 6 YEAR CHILD.

These four standard options are all that are currently offered.
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D.8. The Position Command

This command requests vehicle velocities in the six-degrees-

of-freedom and then inquires:

ENTER BELTS USED.

PROPER RESPONSES ARE:

A. LAP BELT ONLY.

B. LAP BELT AND TORSO HARNESS.
C. NO BELTS.

At this point the slack for each belt segment announced is

inquired about and then prompting continues with:

CHOOSE CONNECTION TYPE FOR (LAP BELT OR TORSQ HARNESS).
PROPER RESPONSES ARE:

. FREE SLIPPING.

. PERCENT INFLUENCE.

. NO COUPLING.

. SATURATION.

. FRICTION.

Mmoo oo >

Depending on the choice made, the remaining information is prompted
for. The rest of the position information is picked from standard
values based on the current situation.

D.9. The What Command

If no data set name is provided, this command causes the total

1ist of data sets on the old master to be printed as below.

NATA STT HALES ON OLD HASTER.

1 *5uii
2 *35H
3 *05F
L *5YC
5 =*CON
o *DEC
7 *PAF
3 *DST
9 *DUS
10 *PST
11 *PUS
12 *D%>
13 *P95
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14 +D5Y

15 *P5J
16 *D5F
17 #PSF
18 *LGC
19  *PhC
20 *LD9
21 *LP3)
22 *1.DD
23 *LPO
24 *LD5
25  *LP5
26 *LD6
27 *LPO
26 *HD9
29 P9
30 *iDd
31 *HPD
32 *lD5
33 «lP5
34 *HDo

35 *HPH

If a data set name is supplied, this command prints a statement
about whether or not a data set with that name is present on the old
master. The printed response is for example:

DATA SET *HDP IS NOT ON OLD MASTER.
or

DATA SET *HP9 IS IN POSITION 29 ON OLD MASTER.
D.10. Library Format for Data Set

Library format is regular card format modified so that the "U"
and "Z" cards are dropped. The deck is preceded with two or three
title cards which are described in Table 9, and each lettered card
which starts a special reading sequence is preceded by a card as described
in Table 10. The data sections present need not be complete, but if any

part of a data section is present, it must be acknowledged. Table 11

specifies which cards are in which data sections.
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TABLE 9 SPECIFICATION OF TITLE CARDS OF LIBRARY FORMAT

Card No. Columns Description
] ’l ll.ll
2-5 Data Set Name (no blanks allowed)
6-8 Number of cards in data deck (150 maximum) except
this card.
9 Data Set Type
1 if contains a Control Data section only
2.if contains a acceleration data section only

5 if interior data section only
8 if occupant data section only
9 if position data section only
0 if any combination of these

10 Control Data Section Switch: 0 if absence, 1 if present
1 Decel Date Section Switch: 0 if absence, 1 if present

12 Interior Data Section Switch: 0 if absence, 1 if present
13 Occupant Data Section Switch: 0 if absence, 1 if present
14 Position Data Section Switch: 0 if absence, 1 if present
15 Model code.

0 if HSRI Extended 3-D model
1 if HSRI Regular 3-D model

2 if Extended MODROS model

3 if HSRI Regular 2-D model

2 see Data Set Type Title contained in columns
descrip- 1 1-40
tion 2 1-40
5 1-12
8 1-8
9 1-24
0 1-80
3 1-40 present if and only if data set type is zero and contains

Deceleration Title

NOTE: If Data set type zero, the format of title expected is

Cols. Contents

7-8 Occupant Title
9-12 "IN

13-24 Interior title
25-36 " POSITIONED "
37-60 Position title

61-80 . " AND SUBJECTED TO "
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TABLE 10 SPECIFICATION OF LENGTH CARDS OF LIBRARY FORMAT

Columns Explanation
'I ll.ll
2-3 Number of cards in reading seguence
including the lettered card but
not including this one.
4 Blank or Data Section Type (See

Table 11). This must be filled
in for cards which may occur in
more than one data section.

TABLE 11 SPECIFICATION OF CARD I.D. FOR DATA SECTION TYPE

Data Section
Type Description Card I.D.
1 Control Section Ry, S, T, V, W
2 Deceleration Sec- "0" cards for tables 1-6
tion
5 Interior Section I, K fields 2-4, N and matching
M's and 0's.
8 Occupant Section A, D, E, F, G, H, and
matching M's and 0's.
9 Position Section B, C, J, L and K fields 5-8.
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D.11. BAIL Program
The BAIL Program is designed to cause the SUMARY routine

of the regular model package to read the binary file and produce
normal printed output up to the point that the run aborted and infor-
mation was recorded. In MTS, the run statement is:

$RUN SXXX: BAIL 9= SUMMARY SPRINT=PRINTOUT

where SUMMARY and PRINTOUT are defined at the beginning of this

section.
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I. OVERALL PROGRAM ORGANIZATION AND FLOW

The overall functional layout of the program is implied by the inte-
gration techniques employed (see Part III of this Appendix). The program
is segmented so that the solution of Equation 11 for the generalized
accelerations is accomplished by subroutine ACCEL when it is provided with
the current time, generalized coordinates, and genera]ized velocities.
CARTIN is a subroutine which when given time produces the vehicle coordinates,
velocities, and accelerations. Figure 27 shows the overall flow of the
program in terms of calls to these two subroutines.

A11 variables are first initialized and accelerations are computed at
time zero. A time step is then chosen and new accelerations computed.
Based on this predicted value, a corrected value is obtained using a dif-
ferent mathematical forward prediction rule. This iterative predictor-cor-
rector method is used until a convergence test is passed. An additional
procedure which is applied is the limiting procedures discussed in Section
IIT of this Appendix. These tests occur in the flow diagram within the
boxes which state that one or the other integration should be done. After
acceptable accelerations are determined, the equations are integrated to
give final values for velocities, displacements, and other quantities as

required and the information stored for later output.

IT. SUBPROGRAM DESCRIPTIONS AND FLOW

The physical organization of the program consists of a main program,
forty-two subprograms, and twenty-six Fortran and MTS utility routines. In
what follows, the main program will be treated as a subprogram which is

named MAIN and is simply called first.
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Table 12 contains a short description of each of the forty-three sub-
programs together with four columns of information about interactions and
communication between them. The Flow Sequence is a series of statements
about parts of a program which indicate the steps that are taken and in
what order and can be considered a flow diagram that has been written out.

A flow sequence can be as elaborate as the whole program given step by step
in English or as simple as a general description of purpose. In order to
facilitate identification of which parts of the program code which corres-
pond to each of the flow sequence statements, a "Statement Location" column
has been provided. The statement location consists of a range of Fortran
statement numbers which includes the code which is being talked about. Often
there will be no statement number on the ends of the code to be discussed.
This problem is handled by appending a suffix of "B" or "F" (which means
"before" or "after" respectively) to a nearby statement number. "END" desig-
nates the physical last statement of the subprogram ("SRT" the first).

The "Commons" column 1lists in alphabetical order all the labeled commons
used for communication between this subprogram and others. The "Subprograms
Called" column lists all the other subprograms in alphabetical order which
this one uses followed by a Tist of all the library functions used. "Sub-
programs Calling" lists all the subprograms which use this one. "Special
Output" Tists all the auxillary output which eminates from this subprogram.

A prefix of "DB" indicates the debug switch number found in Tables 33 and 34.
A prefix of "E" indicates the number of the error message in the order found
in Table 35.

Table 13 lists each of the library functions used and gives a brief
description of each. Table 14 presents all the labeled commons, the sub-
programs which share each one, and an indication about the type of inform-

ation each contains.
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TABLE 12 SUBPROGRAM SPECIFICATIONS AND APPEARANCES (Page 2 of 13)

! Subprograms

i

generalized forces, etc., resulting from all
interacting ellipsoids.

Number Subprogram ;Statemgnt ' i ! Subprograms Special
| Name 3 Location ; Flow Sequence or Description i Commons | Called i Cal]ingi Output
i 4 g A ! !
} ! : i i ;
2 BELT ;172-216 _ If dinterbelt influence of friction type is . E :
(cont,) ! . chosen, compute new belt forces using equation ? '
i ! 147. Then skip to 219. ; |
{230-240 i If interbelt influence of either force differ- i | !
i . ence or percentage type is chosen, compute new | ; f
5 . belt forces using equation 154. : g '
5219—END % Compute contributions to generalized forces. g ; *
: ; : f
3 CARTIN g . Integrate the piece-wise linear acceleration {BUG, ! GETY i MAIN DB30
! i profile segment by segment up to the current CART, , RK
t I time using the exact solution. Certain tables !DUM, IO,} i
¢ are used which are computed in READAT for ‘T, TAB, ! :
| j efficiency sake. VX ! ;
! ‘ ’ z |
4 CMIL i ; Compute Milne corrector with Hamming's modifi- ‘C, QQ, T, NONE . MAIN NONE
f ; cation using the last four formulas in Equation [XX ‘ i
. 155. ! * ‘
+ r : T
5 CONTAC | SRT-40 Initialization | BQ, BUG, |SETACT ACCEL - DB39-
© 50-608 Unpack contact ellipsoid information for each i CART,.\LODFEL ! DB70
I ' ellipsoid. ; CON, DUM, |
| 603-190F | Pack computed ellipsoid information for each iFEC’ Io’i
‘ ellipsoid. CIT, OUT, .
’ 210-1490 For each contact plane, determine all forces, ng’Tgv’
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TABLE 12 SUBPROGRAM SPECIFICATLUNS AND APPEARANCES (Page 7 of 13)

Subprogramé Special

f
Number  Subprogram Statement « i Subprograms:
i Name ! Location : Flow Sequence or Description g Commons | Called i Calling | Output
18 ; JOINT | 20-20F . Guarantee continuity of relative angle in ‘ : i
(cont.} i : time with respect to quadrant charge. : |
i 30-60 { Compute lever arms and relative angle ve]oc1t1es i :
| ¢ for neck or hip joint. | | 3 f
l § 65F-70B % Eaée the neck or hip relative angle values at | ' i
. 70-85F | Define relative angles and velocities for | f ;
i % knee joint. f ! |
t 95-220 i Determine deflection, moment, and contribution | i ,
§ : to generalized force vector at the joint for ' }
! | each angular mode of relative angulation. ! \ ;
{ 95-95F © Compute elastic moment for relative yaw, 5 i :
‘ i pitch, or roll. i : )
' 100-1408B Compute joint stop angles for neck or hip i :
| based on coupling between yaw, pitch, and : ;
f i roll modes of relative angulation. § !
{ 140-180F § Compute angular deformation against joint i I
: 3 : stop and also the joint stop moment and total | } !
' § i moment. ;
| 180F-185B For knee joint, determine generalized force ‘ ‘
! contribution. b ,
185-210 i For neck or hip joint, determine contributions
| ;  to generalized force vector. ; i !
i T 0
19 LIMIT Carry out tests described in Part III on ; BUG, | NONE | MAIN . DB28
predicted accelerations. DUM, EP, : DB29
!Io QQ, |
| T, XX
‘ b |
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TABLE 12 SUBPROGRAM SPECIFICATIONS AND APPEARANCES (Page 8 of 13)

i i B ]

Number ~ubprogram Statement . : ! Subprograms Subprograms Snecial
Name . Location Flow Sequence or Description ! Commons | Called i Calling, Qutput
i 3
‘ ; ' ! i !
20 LODFEL | + Carry out the unpacking of material properties FEC, LC, :EVAL . BELT E22-E24
: - for an interaction and manage the shared deflec- LD, LF, gCONTAC ?
i i , tion iteration if necessary. iLP, OUT, ! g |
! 5 U _ s 1
21 MAIN ; * Flow in the main program is shown by Figure iBUG, CNT,: TRAPER i NONE DB26
: ! 27, ‘EP, 10, |GETIHC : bB27
! 30-1008B ? Compute starting values with a Runge-Kutta LT, QQ, T READAT i ‘DB 31
i ; method using subroutine RK and Equation 157. TT, XX CEXTIM 3 E1-E7
: ' 100-END . Compute continuing time steps using a pre- | - DEBUG :
! * dictor-corrector method. i CARTIN i
i 160-210B | Halve the time step using Equation 158. ! ' ACCEL 1
| 265-285B  Double the time step using Equation 159. : "ENTER
} 285-END Print error messages if corresponding conditions i . STASH :
: ; have arisen. : . UPDATE '
{ ] i RK '
i | i i PRED z
A ; : L LIMIT !
! ; : ! » CORK !
; | , | SUMRY ;
| ' PHIL |
‘ ; ! b i CMIL f
! : ' CONTRL ;
f 1 ZILTCH §
! . . SYSTEM :
’ : jMINO g
22 MATCH Match an inputted name against a stored name |FEC i NONE FINDM ‘NONE
and return location if match found. l i READAT
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TABLE 12 SUBPROGRAM SPECIFICATIONS AND APPEARANCES (Page 10 of 13)

f !

Number Subprogram Statement : : Subprograms Subprograms Soecial
Name : Location Flow Sequence or Description ! Commons; Called i Calling, Cutput
£ 1 ‘ ' ! i
29 READAT § . Carry out run initialization and real and BC, BUG, XSWTCH ?MAIN :E8 E16
! . convert input data deck. ‘CART, 'FCVTHB 5 {
| i iCON, DUM,: SIOEER | ;
s 'EP, ERR, | REDTAB ; i
; IFEC, 10, ' DATE : ’
{ JIT, JC, + PEEK ; -
{ I WV, KC, EFINDM ; |
LD, LT, PUSHER
! MC, OUT, : MATCH ;
{ : QQ, RSS, - ENTAB \
i \T, TAB, ‘DETAB |
| TL, TT. | INTAB |
: gvx, XX  :DEBUG
30 REDTAB ! Initialize all deacceleration tables to zero ETAB ;NONE . READAT NONE
' : and set size parameters. ! ! i
31 | RELTIV ! Compute cartesian coordinates for output, Qv ZNONE . STASH NONE
: E relative to cart origin or relative to H-point } !
: position in cart at t=0. |
’ l i '
32 RK Set up constants for desired Runge-Kutta method (EP, QQ, zCARTIN , MAIN NONE
and integrate a starting point using Equation T, XX i ACCEL
117.
33 SERTAB Search for the table entry corresponding to a TAB NONE DETAB INONE
particular argument. ENTAB {
| 1 { GETY \
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DABS
DARCOS
DARSIN
DATANZ
DCOS
DFLOAT
DMAX1
DMIN1
DMOD

DSIGN

DSIN
DSQRT

ERROR
FCVTHB
GETIHC
IABS

ISIGN
LAND

MAXO
MINO
SETSTA

SHFTR

SIOERR
SLE1

SYSTEM

TIME

TABLE 13. LIBRARY FUNCTION DESCRIPTIONS

Double precision absolute value of a double precision argument.
Double precision arccosine of a double precision argument.
Double precision arcsine of a double precision argument.
Double precision arctangent of two double precision arguments.
Double precision cosine of a double precision argument.
Convert integer argument to double precision. '

Obtain maximum of two or more double precision arguments.
Obtainminimum of two or more double precision arguments.

Obtain double precision argument one modulo double precision argu-
ment two.

Obtain sign of double precision argument two times the magnitude
of double precision argument one.

Double precision sine of a double precision argument.

Double precision square root of a double precision argument (which
must be positive).

Return control to MTS to terminate execution and trigger a hexa-
decimal memory dump if that has been permitted by the user. (MTS
Vol. 3, page 87)

Control I/0 blank conversion default. (MTS Vol. 3, -page 91)
Set up IHC trap catcher. (MTS Vol. 3, page 103)

Integer absolute value of an integer argument.

Integer magnitude of first argument and sign of second argument.

Obtain a bitwise logical "and" of two full word arguments (i.e.,
the result has bits on only if the corresponding bits of both ar-
guments are on). (MTS Vol. 3, page 39)

Integer maximum of two or more integer arguments.
Integer minimum of two or more integer arguments.

Set up rereading of input cards with different formats. (MTS Vol.
3, page 221)

The first full word argument is shifted right by the number of bits
specified by the second integer argument. (MTS Vol. 3, page 39)

Set up transmission error intercept. (MTS Vol. 3, page 229)

Solve the set of simultaneous linear equations AX=B by Gaussian
elimination. (MTS Vol. 3, page 235)

Retgrn to executive system as successful run. (MTS Vol. 3, page
255

Allow the user easy access to the elapsed time, CPU time used, time
of day, and the date in convenient units. (MTS Vol. 3, page 257)
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TABLE 14. LABELED COMMON DESCRIPTIONS (page 1)
Common
Number Name Subprograms Which Use Description

1 BC BELT,PUSHER,READAT,SETACT, | Physical properties of belts.
STASH

2 BQ ACCEL ,BELT,CONTAC,JOINT Contributions to the gener-

alized force vector.

3 BUG ACCEL,BELT,CARTIN,CONTAC, Debug printout control
DEBUG,EVAL,JOINT,LIMIT, switches.
MAIN,READAT,UPDATE :

4 BV BELT,STASH Belt forces and subsidiaries.

5 C CMIL,CORK,PMIL,PRED Integration rule constants.

6 CART ACCEL,BELT,CARTIN,CONTAC, Vehicle coordinates, veloc-
READAT, STASH ities, and accelerations.

7 CNT ACCEL,STASH Integration step counters.

8 CON CONTAC,READAT, STASH Contact friction coefficients

9 DEF JOINT,STASH Joint stop angle deformations

10 DUM ACCEL,CARTIN,CONTAC,CONTRL, | Temporary storage and profile
EVAL,JOINT,LIMIT,READAT modifiers.

11 EP CONTRL,LIMIT,MAIN,READAT, Program control input para-
STASH meters.

12 ERR PEEK,READAT, XSWTCH,ZILTCH | Transmission error switch.

13 FEC BELT,CONTAC,EVAL,FINDM, E1lipsoid, contact, belt and
LODFEL ,MATCH,PUSHER,READAT, | material properties, quanti-
SETACT,STASH,UPDATE ties and controls.

14 10 ACCEL ,BELT,CARTIN,CONTAC, Device numbers for debug out-
DEBUG,EVAL,JOINT,LIMIT, put, input, and standard out-
MAIN,PEEK,READAT,STASH, put. ‘

UPDATE,ZILTCH

15 IT CONTAC,JOINT,READAT, STASH Iteration controls.

16 JC JOINT,READAT,STASH Joint input parameters.

17 Jv JOINT ,READAT,STASH,UPDATE Joint forces and angles.

18 KC ACCEL ,READAT,STASH Physical properties of body
segments.

19 LC EVAL,LODFEL New values of material depen-
dent load-deflection quanti-
ties.

20 LD LODFEL ,READAT, STASH Load-deflection force balance
search controls.,

21 LF EVAL,LODFEL Position dependent load-
deflection quantities.

22 LP EVAL,LODFEL 01d values of material depen-

' dent load-deflection quanti-

ties.

23 LT CONTRL ,MAIN,READAT,STASH Integer equivalent of time
control parameters.

24 MC ACCEL ,JOINT ,READAT,STASH Numerical constants.

25 ouT CONTAC,PUSHER,READAT, Storage for contact output.

SETACT,STASH
26 QQ ACCEL,BELT,CMIL,CONTAC, Generalized coordinates, ve-

CORK,ENTER,JOINT,LIMIT,

MAIN,PMIL,READAT,RK,STASH .

locities, and accelerations.
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TABLE 14. LABELED COMMON DESCRIPTIONS (page 2)
Common
Number Name Subprograms Which Use Description
27 Qv ACCEL,BELT,CONTAC,JOINT, Building blocks for kinetic
RELTIV,STASH energy contributions to the
equations of motion.
28 RSS READAT,STASH Inputted contwols and headings
for output.
29 T ACCEL,BELT,CARTIN,CMIL, Time and integration step size.
CONTAC,CONTRL ,CORK, DEBUG,
ENTER,EVAL,JOINT,LIMIT,
LODFEL ,MAIN,PMIL,PRED,
READAT ,RK,STASH,UPDATE
30 TAB CARTIN,DETAB,ENTAB,GETY, Input table storage for pro-
INTAB,MOVTAB,READAT ,REDTAB, | files, debug, and material
SERTAB, SLOPE, STASH properties.
31 TL READAT, STASH, SUMRY, TITLE, Printout page title, print
BELT controls, and belt quantities.
32 1T CONTAC,CONTRL ,MAIN,READAT, | Time control parameters.
STASH,UPDATE
33 VX CARTIN,PUSHER ,READAT,STASH | Storage for deceleration table
computed velocities and dis-
placements.
34 XX CMIL,CORK,ENTER,LIMIT ,MAIN, | Time history of established

PMIL,READAT,RK,STASH

values of generalized coordi-
nates, velocities, and accel-
erations.
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ITT. INTEGRATION TECHNIQUES AND PROGRAM CONTROLS

The equations of motion arising in the simulation of the three-dimensional
crash victim are, in form, a system of twelve simultaneous, nonlinear, second-
order, ordinary differential equations in seventeen unknowns. In this system
the second derivatives of the seventeen unknowns appear only linearly, so
that it is possible to solve for them in terms of the first derivatives,
the unknowns, and various constants.

Hence this system of equations is integrated by employing predictor-cor-
rector techniques for an initial value problem, toggther with a starting method
for initializing the required history of established values. Two separate
predictor-corrector methods are available in the HSRI Extended Three-Dimensional
Crash Victim Simulator. The one most commonly used is the classical Milne
method as modified by Hamming for faster convergence. With the Milne-Hamming
method, and much of the logic which surrounds its use, we have followed the
approach taken in the SSP subroutines, HPCG and DHPCG:  The Mi1ne-Hamming

method can be summarized by Equation 155.

1. System/360 Scientific Subroutine Package (360-CM-03X) Version II
H20-0205-2, pp. 122-128.
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For k = ],]7:
4at

ﬁk’l = ik’_3 3 (22P 0 " zk Lt 2zk _,)
Pt = Zky-s %‘t‘(zzk 0 7 ooyt )
ey = Py = 1o - Bo)
Hk,l =P C %l%(Pk,o i} Ck,o)
155
Cei © %{9ik,o - 2k,-z * 3At(ﬁk,1 ¥ 2‘Z.k,o ) ik,-l)]
S ® %{9Zk,o Z,op * 30tG ) 2y o = Ly, )]
o= ppnet, o+ 9% )
7, - T}_-]—(nzck’l + 9P, )

where
Zk,j is the value of the k-th gencralized coordinate in the recorded
history of established values which corresponds to time t - jat where t is
the last recorded established time and at is the current integration time
step. Note: where k appears as a subscript in a formula, that formula is
evaluated for values of k from one to seventeen before anything else is done.
7, .,2, . are respectively first and second derivatives of the corres-

Ky’ 7kyJ
ponding generalized coordinates.
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Pk,j’Pk,j are the results of the Milne predictor for the corresponding
gencralized ccordinates and velocities.

Hk,l’ﬂk,l are the predictions for the correcsponding generalized coordi-
nates and velocities used including the Hamming nodification.

Hk,l are computed by evaluation of Equation 11 using the values
Hk,1 and Hk,l as generalized coordinates and velecities.

Ck,j’tk,j are the results of the Milne corrector for the generalize

.e

coordinates and velocities. Note: the k implies that H H .H

1,1772,1°" 17,1

are all being referred to here.

Zk,l’ik,l are the corrected values of the generalized coordinates end
velocities after the Hamming modification has been applied. These are the
values tested for convergence. If convergence fails with the single correc-
tion, the integration time step is halved immediately.

The alternate predictor-corrector is the classical Adems-ioultion method
which exhibits much greater stability. When this option is employed, vn to
ten corrections are permitted to obtain convergence befere the time step is
halved. The Adams-Moulton method is used both in four-point and five-point
forms based on how many established prints are available in the time history.
The two forms are presented in Equation 156
Four-point, for k = 1,17:

pk,1 Lot At(CBZk,o teoly ooy L, - Cllzk,-3)

o
~
1

a7 Do tatlenshy y v eaoly o ey ¥ Coly ¥ casly ) 156

=

o = Tgo FotlensPy | +canZy o+ ey ) * coaly L, ¥ sy )

’ =

(Continued on next page)

207



Ck 1 © Zk,O + At(Clgtk,l + C20'7.k’0 + CZI.Zk,-l + szzk’_z + C23Zk,-3)

( 156

’

Five-point, for k = 1,17: continued)

pk,1 ) Zk,o ¥ At(C15Zk,o ¥ ClBZk,-l ¥ C17Zk,—2 ¥ Clezk,—3 ' Clgzk,-u)

Proy = Tyo ¥ otleasPy | +easly o cacly |+ corly , ¥ Caply o * Caoly )

c

ky2 Leo ¥ At(CZ“Pk,l t sl o ¥ Caely .y * C27Zk,—2 * Czezk,-s ¥ C29Zk,—u)

4
b

Ck,l - Zk,o ¥ At(cz“ck,l * C25Zk,o * C262k,-1 * C27Zk » t c232k,-3 * C29Zk,-u)

.-
where

Pk,l’Pk,l’Ck,l’tk,l’Zk,j’zk,j’ and ik,j have corresponding definitions
as in Equation 155

Ek,l are computed by evaluation of Equation 11 using the values
Pk,l and bk,: as coordinates and velocities.

c; are the constants presented in Table 15,

Actual experience with the computer pregram indicates that the Milne-
Hamming method failed only once to achieve good resulis. A corresponding
run using the Adams-Moulton mcthod did produce good results but at consider-
able expense. On straightforward runs, the two methods are approximately
equivalent in efficiency with a slight advantege to the Milne-Hamming. On
runs of moderate difficully, the Milne-Haiming method is much better.

Three starting mathods are available. The normal method is a Runge-
Kutta procedure as spoecially modified by Palstonlto gain meximum cenvergence.
This method 1s highly unstable, but with a partial second iteration for irm-
provement of results, it has never failed in our actual experience. The sec-

ond integration starting method offered is a classical Runce-Kutta method

1. Ralston "Runge-Kutta Methods with Minimum Error Bounds, " MTAC, Vol. 16,
No. 80 (1962), pp. 431-437.
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TABLE 15 INTEGRATION RULE COEFFICIENTS

i C; Ralston Version
1 1.5
2 0.5
3 1.916€660666665667
4 - 1.3333333333333333
5 0.416666066666566207
6 0.66666666656666667
7 - 0.083333333333323333
8 2.29166666665006607
g - 2.4583333333333333
10 1.5416666666666667
1 0.375
12 0.79166666666666667
13 - 0.20833333333333333 Igdeﬁe{‘de”t
14 0.041666666666666567 of choice of
Runge-Kutta
15 2.6402777777717778 method
16 - 3.8527777777777778 :
17 3.6333333333333333
18 - 1.769444444480504844
19 0.3486111111111111
20 0.897222222222222?2
21 - 0.36660666666666667
22 0.147222222222222?2
23 - 0.02633805822250889
24 0.3465277777777778
25 0.90763888688508829
26 - 0.3375
27 0.1680555555555556
28 - 0.36805555555555556
29 0.0020833333333333333
30 0.5 0.4
31 0.5 0.4557372542187894
32 0.0 0.29697760924775260
33 0.5 0.15875964497103583
34 1.0 1.0
35 0.0 0.21810038822592047
36 0.0 - 3.0509651486929308
37 1.0 3.8328647604670103
38 0.10666666666666667 0.174760232262629037
39 0.33333233333333333 - 0.55145066287873294
40 0.33333333333353333 1.2055355993¢65235
4] 0.106065000E65606007 0.17118478121951903
42 C3z * C33
43 C3pC3)
44 C3s + C36 + Cy7
45 C30C36 + C32C37 These are computed
after the apprepriate
46 €33C37 values are assigned
47 C3g * C39 t Cyg + Cuyy Ci3p thl"OUgh Cyy-
48 C30C39 * C2nCip + C35Cu)
49 C33Cu0 ¥ C3¢Cu)

C37€4)
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with greater stability and less accuracy. Equation 157 presents a gen-
eral four-point Runge-Kutta method for second-order equations. Specific
Runge-Kutta methods are obtained by an appropriate set of constants ciy
through ¢, and the computed constants c,, through cs;. The constents needed
for the normal Runge-Kutta are presented in Table 15 in the left colurn and

those needed for the Ralston modification are in the right column.

For k = 1,17:
tl =t

Keo = Zyo

Ke v = 2o

t, = t + c3p0t

t; =t + ¢yt
. 157
Kk,3 = Zk,O + CuzAtZk,O + Cg3(At)2Kk’l

ty = t + cyyat

K = Zk,o + AtCuq?k + Cus(At)7Kk’l + ng(tt)7k

',0 L’Z

K= 2, 4 atessk, 4 K, .+ cypatk
}\,L} Zk,o tc”"’)}k,l CacAt}\k,z C37 t} k,3

N
i

, 7.+ atlcasK, .+ Caak .+ Cunk + K
k,1 k,o0 (cse k,1 337,02 bohg, 3 T Cul k,u)
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where
: : ~{ . . r -
Zk,o’zk,o’t’At’Cm’zk,l’ and Zk,l are as defined with Equations 155

.

and 156 , and K K. ., and Rk , are a1l computec by evaluations of

ko1 k27 Nk, s

Equation 11 using the corresponding t ot given above &s coordin-
m’k,m’k,m

ates and velocities.

The third starting method uses the Euler method to establish the second
point, the trapezoidal rule to establish the third point, and Simpson's rule
to establish the fourth point. This third option uses a regular predictor-
corrector type iteration to establish convergence at each of the levels.

Equation 158 shows the formulas used.

Modified Euler lMethod (one point)

bk,] N 2k,o +At§k,o

Pk,} - Zk,o ¥ C2At(2k,o ¥ l3k,1)
&k,l - 2k,c ¥ C2At(§k,1 ¥ ik,o)
G "ot CzAt(tk,l ¥ Zk,o)

Modified Trapczoidal Rule (two points)

Pk,l = Zk,o + At(clzk,o - szk,‘l) 158
Pk,l - Zk,c ¥ At(cspk,l ¥ cszk,o * Cvzk,-l)

tk,1 ) zk,c ¥ At(chk’] MR C7Zk,-1)

C -

ko * Zk,o + Lt(céC + ¢/ + C7Zk,-1)

k,l 07K, 0

fodified Simpson's Rule (three points)

.

pk,l =L tetle o4 Clyat csZL,-z)
Pk’l ) Zk,f A At(cllpk,l ¥ Clzzk,o ' Clzzk,-: ' Clqzk,-z)

(Centinued on 't Pege)
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C1 T Lot At(cllpk,l PR Cluzk,-z)
. . . 158
Cer = Lo At(clle’l + clsz’o te gt cluzk,-z) ConcluZed
where gefinitions are similar to those in Equation 156,

Determination of convergence is uniform amorg all the various methods em-
ployed. The absolute error of the weighted averages of first derivatives ob-
tained by twec seperate calculations of the solution to the system of equations
at a particular time is required to have less magnitude than a specified value.

The convergence test can be expressed by the following inequality.

A 17,
N © |7
k=1 K

n) _ ;(n-1)

5 17k | EF 159

where ﬁ is a method scaling constant.

Ek are the absolute integration weights. These are the relative inte-

gration weights computed from last two fields of the S-card so they are

normalized to add to one

2&"2 are defined as the current trial values of generalized

velocities at the new time

2&";1) are defined as the previous trial values of generalized

velocities at the new time

If the Milne-Hamming method is being employed, Nel, 50 s and
5(n-1) _ 4

k,1 k,l
ko o He (see Equation 155 ). If the test fails, the integration

tine step is immediately halved.
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If either Punge-Kutta method is being employed, N = %33 iéng = ik .

determined at the original time step and 2&”2 = 2k | determined by two

applications of the rule at half the original time step. If the test fails,
the time step is halved, the 2&?;1 are set to the 2&?3, and the new Zé?z

are determined by two applications of the rule at half the current time step.
This iteration is continued until convergence is attained or until the allowed
number of halvings is exceeded. Once convergence has been achieved, three
points of the required four points in the time history have been established.
The fourth point is calculated by one more application of the rule at the

half integration step. A single iteration is then taken to improve the four
established values by using four-point interpolation formulas for the dis-
placements and velocities and a revaluation of the accelerations for the
second, third, and fourth points of the history, each in turn. If the current
time is considered to be that of the last of the four established points.

and At is the half time step, then the equations used in order of application

in the iteration are those presented in Equation 160

For k = 1,17,

2k,-z ) zk,-a ¥ %§'(9 ik,—a +19 ik,-z "5 ik,-l * ik,o)

Loy = Doy P30 4198 -5 Lo * )

2k,-l ) zk,~3 * %E'(ik,-s + ik,-z * ik,-l)

By = Les b Gy 4 h 42 )

Lo = Bt ot Ty * 30, + 30 + L)

Lo = Tgyes %'At (2k,-3 +3 ik,—z +3 2k,-1 * 2k,o) 160
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where ik,-z are recomputed after the first two equations and the new values
are throughout the rest of the equations. ik,-l are recomputed after the
fourth equation, ard ik,o are recomputed after the sixth equation.
If any of the methods set forth in Equations 156  and 158 s
s(n-1) _ 5

i \ N = .(n) = ¢ Fa1
being employed, N = 1, Zk,1 K1 and Zk,l = Ck,l . If the test fails,

the Pk,1 , ?k’l are set to the Ck’l, Ck,; , and the corresponding corrector
equations are used again. This iteration is tried ten times to obtain con-
vergence before the time step is halved.

In all cases, when convergence fails and the time step interval is
halved, the missing points in the time history are supplied by use of sixth-
order Bessel central difference interpolation formulas and a single itera-

tion. The number of halvings is incremented and checked against the limit.

Then the following iteration is employed.

= At
At = 2
for k = ]’173
S R - |
Zk"% T 256 (80[k’0 ¥ ]352k.-1 ' 402k,-z ' Zk,-s)
15 “ - .
* T?g st (st’Z ¥ szs'l B Zk:o)

-
Le,-1 = 7 (00, PV )+ 00L , + T )

15 . .
tygg ot Gy, F B - T 161
3. 1 03 ; .
ky-5 = 55 (122k’0 + ]352k,-1 + ]08Zk,-2 + zk,_3)
3

* 178 At (9Zk’_2 - 187.k’_l - zk,o)

(Continued on HNext Page)

Scarborough, J. B. "Numerical Mathematical Analysis," John Hopkins Press
pp. 84, 1962.
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b = g (20, #13T  + 106 47 )
+ ng at (QEk,_2 - 182k’_1 - ik,o)

ik,-u ) ik,-z

zk,-u B 2k,-z

Zk,-h ) Zk,—z

ik,-z - ik,-l

Lo ™ Hm

T2 T T

ik,—l = ik,-% , etc.

Zk,-s = Zk’_s s etc.

242 s . .- .

Proo = G0 = 77 oo = By o)) - gt (4 o+ 32, L, +32, ,+ 7, )
B P R -

Proo ™ Ckoo = 27 By = Lyey) m g st (4 o+ 32, ¥ 3 D )
154

Concluded

If convergence succeeds by a factor of fifty better than required, the
time step is doubled if other conditions are met. These conditions are
that the current integration time step size is smaller than Atmax’ that the
time history contains at least seven good points, and that the new larger
step will not jump over the next increment of at If these conditions

prnt’
are all met, the following reshuffling and calculation takes place.
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ik,-l ) ik,-z

2k,-l } Zk,-z

Zk,-l - Zk,-z

ik,-z = ik,-u , etc. 162

Zk,-a = ik,-s , etc.

ik,-u = ik,-e , etc.

o = Ceo = 20 (o = B, g) - Mg 0t (G g # 30 L+ 3L 4 )
Pk,o " O T g%%'(zk,o ) Zk,—a) ) l%%‘At (zk,o ¥ 3zk,-1 * 3ik,-z ¥ z.k,—a)

Experience dictates that convergence by itself is not sufficient to
guarantee good results in all impact situations. Since initial value pro-
cedures seldom are capable of regaining any lost accuracy, it is of utmost
importance to prevent the solution from deviating from the true solution.
During a time interval in which impact occurs, the solution is smooth both
before and during the impact, but changes shape abruptly shortly after the
moment of impact. Calculation of a good solution often requires decreasing
the integration time step before the convergence test is violated. This
situation is recognized by extrapolating the value of second derivatives at
a particular time, based on the time history of their established values, and
comparing these against their predicted values. If the disagreement is too

great, the time step is halved. This test is formalized in Equation 163
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For k = 1,17,

Ezk,l : 4Zk,o ) 6Zk,—1 * 4Zk,-z ) Zk,-3
€ =)137.u_Z -'Z.n1)<A'Z..
k=1 KIETk,1 ky = " lim
or failing that
17 ~
¢ =1 3 i(”'l)’ gy
k=1 uk’ k2 FO and e = AZHm

or 163

1im

o
n
o
1)
>
o,
x~
" o
L
= |
=<
™
m
N
=
-
nA
o>
~N

s(n-1) . : :
where Zk,l 1s defined as it was for Equation 159 except this test is
used only when-the Milne-Hamming method or the Adams-Moulton method is beinc

employed and Az]im is the extrapolation change 1imit. To pick up sudden changes,

a two-point extropolation is also used in the same way.

Further, it has been noted that occasionally the level of activity can
become too great for computation of good results at a particular time step
without convergence failing. A test has been incorporated to limit the value
of the weighted average of the second derivatives multiplied by the integrat..n
step. This weighted average velocity change has been taken as a neasure of

the "activity load" during the time step. If the activity load is too great,

the time step is halved.

17 _ (n"l)
At kzl “klzk,l ’ < Av]im 164
where a4V is the velocity change limit

1im

ién;])is definad here as in Equation 163
b}
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Both these tests are applied only after prediction in the two pre-

dictor-corrector metheds and must be passed before correction is begun.
Either of thess tests will be skipped if the corraspondinz limit is speci-
fied as zero.

The least important feature of the integration schems used in the com-
puter solution is intended mainly to keep out the introduction of small. errors
in the solutions and normal printout. The computed values of the second
derivatives are scanned and set at zero if they are smaller in magnitude
than a specified value. If this option is not desired, the acceleration
minimum magnitude parameter is set at zero. This option felps the accuracy
in some extrere cases, but mostly it acts to remcve irrelevant detail from
the regular printout.

The basic integration control pararater is the maximtm integration time
step. Under certain conditions, which elready heve been discussed in this
section, the progrem will cut dcwn the size of tte integration time step by
halving it up to a specified number of times. Fegular pr%ntout occurs at
multiples of tha print time step paramater which itself must be an integral
multiple of the maximum time step.

The time epsilon parameter is the ebsolute cifference between two com-
puted times which must be exceeded for them to be treated as distinct by the
program. When the execution tine limit parameter is non-zero, it causes the
program to keep track of how much centrel processing unit (C.P.U.) time it

has used and sign off when this limit is exceeded.

An excellent overall treatment of the topics considered in this section

is found in Hamming, R. W., "Numerical Methods for Scientists and Engineers,"

Chapters 14, 15 and 16, McGraw-Hill, 1962.
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IV PACKING AND UNPACKING SPECIFICATIONS

The Extended Three-Dimensional Model incorporates features
which require potentially many tables of which one or more may be
quite long. 1n order to achieve this flexibility without using a
huge amount of storage for the tables, a free format storage of
tables was adopted. This implies that each table or group of
tables contains a fixed format section (called the control section)
which contains formatting information ahout the free section.

The free section is organized in terms of "typical entries," fhe
number, location, and length of which will be specified in the
control section,

The array KCON serves as the control section for the STOMAT array
which holds the physical input data describing contacts, ellipsoids,
belts, and the materials of which they are made. KCON itself has a
free section and a control section called the Standard Area.

Table 16 specifies the standard area. The first seventeen locations
are fixed format. Starting in 18 are the beginning indices of all
the contact planes connected to the vehicle, followed by the

contact planes connected to the inertial frame, and followed by

all the materials specified. The rest of the table is in terms

of typical entries which occur in the order they are formed in reading
of the input data. These contain both control and some physical
information and are specified in Tables 17 through 20. Five kinds

of typical entries occur in STOMAT and are specified in Tables

21 through 25. These are all referenced from KCON.
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The load-deflection contact force, and belt force routines
all require temporary storage for values and references to
past values. Another free format storage system was developed to
handle this information. KACT contains control information and
time history information for certain switches used in the
computation., The first entry in KACT is the number of control entries
which are present., They typical control entry is specified in Table
26. The control entries occur starting index two in the order in
which the corresponding force-producing interaction took place., Then
follows the time history entries for switches which are shown in
Table 27. The rest of the time history information (mostly physical
information) occurs in typical entries specified in Table 28
in the STOACT array. Output of force and other quantities for the
interaction is stored in the CONOUT array in terms of typical
entries and specified in Tables 29 and 30.

In addition, the table routines for acceleration profiles
have been extended to tabular Toad-deflection information and also
are in free format. The control information is in the MSTOR array
(see the Symbol Dictionary) and the table information is specified

in Table 31.
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TABLE 16 THE STANDARD AREA OF THE KCON ARRAY

Index Description
1-6 Beginning index of all ellipsoids
for each segment
7 Beginning index of belt 1 in STOMAT,
0 if absent
8 Beginning index of belt 1 material
control in KCON
0,10 Same for belt 2
11,12 Same for belt 3
13,14 Same for belt 4
15 Number of relative planes (mr)
16 Number of inertial planes (mi)
17 Number of materials (mm)
18 Beginning Index of plane controls for
]7+mr eich of all of the planes.
18+mr Beginning index of plane control for
17+mr+mi 2ach of all of the inertial nlanes
18+mr+mi Beginning index for each of all of the

+m_+m,+
17 mr m mm

1

material controls
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TABLE 17 THE TYPICAL ELLIPSOID CONTROL ENTRY OF THE KCON ARRAY

Relative Description
Index
1 Beginning index in STOMAT of ellipsoid
parameter section
2 Beginning index in KCON of material
control section, 0 if rigid
3 Body segment number attached to
4-7 Ellipsoid name
8 Sphere switch: 0 if sphere, -1 if sphere
like, 2 ellipsoid
9 Number of inhibitions against planes
10 Number of inhibitions against
ellipsoids
11 Friction class: 1 through 5
12 JX: 1,2,3 if maximum axis is along
i,dsk; 0 pre initialization
13 Beginning index of list of inhibited
planes
14 Beginning index of 1ist of inhibited
ellipsoids.
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TABLE 18 THE TYPICAL BODY SEGMENT ENTRY OF THE KCON ARRAY

he]ative Description
Index
1 Number of ellipsoids for body segment
(N,)
2 Beginning index for ellipsoid control
(Ne +1)

TABLE 19 THE TYPICAL MATERIAL CONTROL ENTRY OF THE KCON.ARRAY

Relative Description
Index
1 Beginning index of material properties
in STOMAT
2-5 Material Name (4A4 format)

TABLE 20 THE TYPICAL CONTACT PLANE CONTROL ENTRY OF THE KCON ARRAY

Relative Description

Index

1 Beginning index in STOMAT of plane
parameter section

2 Beginning index in KCON of material
control section, 0 if rigid

3 Attachment 0 if inertial , 7 if
vehicle

4-7 Plane name (4A4 format)




TABLE 20 THE TYPICAL CONTACT PLANE CONTROL ENTRY OF THE KCON ARRAY (CONT.)

Relative Description
Index
8 Number of times specified in STOMAT
9 Current index in STOMAT
10 Last index in STOMAT
11 Friction class - 0 if no friction
12 Beginning index in STOMAT

TABLE 21 THE TYPICAL BELT ENTRY OF THE STOMAT ARRAY

Relative Contents
Index
1 x attachment
2 y attachment
3 z attachment
4 X anchor
5 y anchor
6 z anchor
7 slack
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TABLE 22 THE TYPICAL MATERIAL ENTRY OF THE STOMAT ARRAY

Relative Description
Index
1 8y
2 8g
3 8¢
4 5
5 I
6 F max
7 B
8 G constant or table number if negative
9 R constant or table number if negative
10 FOREPS force epsilon for
shared convergence
11 Title location
12 Static curve: table number
or coefficient location if negative
13 Inertial curve: table
number or coefficient
location if negative
14 Static and/or inertial
coefficients if any
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TABLE 23 THE TYPICAL CONTACT PLANE ENTRY OF THE STOMAT ARRAY

Relative Contents

Index

1 penetration limit

2 edge constant

3 direction factor input

4 direction factor (inertial)
5 r vehicle relative version of
6 . plane coefficients

7 p

8 S
9-20 BB(1) - BB(12)

21 x surface side length

22 y surface side length

TABLE 24 THE TYPICAL PLANE POSITION ENTRY OF THE STOMAT ARRAY

Relative
Index Contents
] t
2-4 il: §1’ 21
5-7 %25 92, 2
8-10 X35 Y3s 23

226




TABLE 25 THE TYPICAL ELLIPSOID ENTRY OF THE STOMAT ARRAY

Relative Contents
Index
1 Xam .
2 Yem
3 Zem
4 Xem inert
5 Yem inert
6 Zan inert
If ellipsoid If sphere
7 max of a , b - R2
and ¢
8 a2m R
9 b2 R2/2
10 2 absent
1 R absent
12 L absent
13-18 H1-Hg absent
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TABLE 26 THE TYPICAL CONTROL ENTRY OF THE KACT ARRAY

Relative Description
Index
1 Beginning index of ellipsoid in KCON or if negative belt

beginning index in KCON  (IKC) (IA)

2 Beginning index of contact in KCON or if negative begin-
ning index of ellipsoid in KCON; if belt 1,2, 3, or 4,
shared deflection on a corresponding belt segment; if

5, 6, 7, or 8, shared deflection on a corresponding

belt segment of material 1; if 9, 10, 11, or 12,

shared deflection on a corresponding belt segment of
material 2; if 0, no shared deflection; -1 or -2 is
material 1 or 2 only  (JKC) (IB)

3 Beginning index of entry for interactions in STOACT
0 if none (ISACT) (IACT)

4 Beginning index of entry for interaction in CONOUT
0 if none (ICNOUT)

5 Beginning index of time history entry for interaction
in KACT, zero if none  (IKACT)

6 Beginning index of ellipsoid in STOMAT if both soft,
of the soft one if only one soft, or zero if both
rigid (KNA)

7 Beginning index of contact or ellipsoid in STOMAT

if both soft, 0 otherwise (KNB)
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TABLE 27 THE TYPICAL TIME HISTORY OF THE KACT ARRAY

Relative Description
Index
1-4 IALF history
5-8 I history
9-12 J history
13-16 NPRENG
17-20 Secondary computed coefficient
switch (Lx(1))
21-24 Saturation switch history
(ISP) .
25-28 1x(2)
29-32 Lx(3)
33-36 Lx(4)

NOTE: 1-36 repeated as 37-72 for second soft material

if present.
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TABLE 28 THE TYPICAL TIME HISTORY ENTRY OF THE STOACT ARRAY

Relative
Index Description
1 Beginning index for this interaction
in KACT
2-6 t history: current, the last three
previous times, 0
7-10 § history D
11-14 § history DD
15-18 w history 0G
19-22 Q history BOG
23-26 E history E
27-30 Flw) FOG
31-34 F'(w) FBOG
35-38 F(s) FD
39-42 F'(s)  FDD
43-46 coefficient history 1 Px(1)
47-50 coefficient history 2 PX(2)
51-54 coefficient history 3 PX(3)
55-58 coefficient history 4 PX(4)
59-62 coefficient history 6., PX(6)
63-66 coefficient history 0 1 PX(7)
67-70 coefficient history 0 2 PX(8)
71-74 coefficient history 0 3 PX(9)
75-78 coefficient history 0 4 Px(10)
79-150 for other soft material if present
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TABLE 29 THE TYPICAL ELLIPSOID-PLANE ENTRY OF THE CONOUT ARRAY

Relative

Index Description

1 § deflection

2 § deflection rate

3 F normal force

4 T tangential force

5 X x position on plane

6 Ly y position on plane

7 N resultant tangential velocity on plane

8 #X X component tangential velocity
on plane

9 Ly y component tangential velocity
on plane

10 X5

1 A tangential point in inertial coor-
dinates on ellipsoid

12 Z,
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TABLE 30 THE TYPICAL ELLIPSOID-ELLIPSOID ENTRY OF THE CONOUT ARRAY

Relative

Index Description

1 § deflection

2 § deflection rate

3 F normal force

4 XE(1,1))

5 XE(2,1) Ycenter of 1stellipsoid in inertial
coordinates

6 XE(3,11J

7 XE(1,2)

8 XE(2,2) »center of 2ndellipsoid in inertial
coordinates

9 XE(3,2)
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TABLE 31 ORGANIZATION OF TABLE ENTRIES IN THE STOR ARRAY

Relative
Index Description
0 Period if scan type is periodic
otherwise absent
1ton Table Abscissas for n points

n+l to 2n Table Ordinates for n points

2n+1 to Computed slopes for each table
3n-1 interval

3n to 4n-2 | Computed intercepts for each table
interval

NOTE: The MSTOR Index reference points  to relative

index one whether or not the period is present.
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V  DESCRIPTION OF AUXILIARY PROGRAM OUTPUT
Auxiliary or debugging printout for this program is organized in
terms of sixteen four-level switches. Each switch corresponds to
a particular section of the program. The levels of a particular
switch control the depth of detail of the debugging printout from
the section of the program which the switch covers. Higher levels
of a switch include all the printout from lower levels from the switch.
The four levels are represented by integers zero through three.
Zero represents no debugging printout, and high levels are represented

by larger integers as described in Table 32.

TABLE 32 DEBUG SWITCH DEFINITION
0 = summary output only
1 = primary debugging information such as forces

2 = secondary debugging information such as the contributions
to the generalized force vector of each force component.

3 = tertiary debugging information to allow a detailed inspection
of the inner workings of the program.

To avoid needless volume of printing, each of the sixteen switches
is allowed to vary its level as a function of simulated time during a
run of the program. In order to avoid inputting sixteen separate tables
of debug level versus effective time, advantage is taken of the binary
characteristics of the IBM 360/67 computer. The four levels of a

debugging switch can be represented by two binary bits. The possibilities

for all sixteen switches can then be represented by thirty-two bits.
Eight hexadecimal digits also represent thirty-two bits. Hence, debugging

control is achieved by use of a table of eight hexadecimal digit control
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words versus effective time. When any or all of the switches change
levels, a new control work in the table is needed. The switches
correspond to groups of two bits from the left of the word, i.e.,
switch one is controlled by the left-most two bits, switch two by
the next two, and so on. The switch will take on the specified level
at the first time step in simulated time beyond the effective time
specified.

As an example setup of the hexadecimal debugging control word,
consider the case where printout of the quantity "PDA," the joint
force lever arms, is desired. This is specified under debug switch
4, debug level 2. As each digit of the hexadecimal word covers two
debug switches, this printout will be covered by the second two
bits of the second digit. Because no special printout is desired from
debug switch 3, the first two bits describing the second hexadecimal
digit must be "00." Because the desired debug level is 2, the last
two bits of the second digit must be "10." Therefore the second digit
takes on the value "0010" or "2." Thus, the hexadecimal word will be
"02000000" at the effective time.

The table of effective times and control words is specified to
the program by means of the T-card described in Table 5. The total
span of simulated time for the run should be covered by effective
times of control words if the T-card is used at all. Removals from
control word tables can be made by use of the P-card with a table

number of seven and new additions by the T-card again.
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The user is warned that the volume of printout is startlingly huge

and hence utmost discretion must be exercised in the use of this

feature,

Table 33 contains a detailed 1ist of the sixteen debug switches
and the quantities which will be printed for each debug level of
each switch. Table 33 should be used in conjunction with the Symbol
Dictionary (see part VI), Table 37 and (in some cases) the listing of
the program (Appendix B). Each line in Table 33 corresponds to
one line in the printed output so this table can be used to 1deﬁtify
individual quantities. In some cases, it has been necessary because
of space to enter more than one line for a single printed line in
the output. Such "continuation" lines are marked with a *,.

Under the column entitled "Quantity" there appears a facsimile
of each output 1ine including the line identification and showing
the Fortran name of each printed quantity. The name of the sub-
routine from which this printout is made is given in the column
labelled "Subroutine."

These printouts are organized on Block Number (which is printed
as identification) on the order in which they appear.

Table 34 contains a summary of the material presented in
Table 33 for the convenience of the user. A short description of
each set of quantities is given instead of the explicit format.
Table 35 gives Block Numbers in terms of debug levels.

Error messages produced by this simulator are shown in Table

36, which is self explanatory.
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TABLE 33. DEBUG FORMATS (page 1)
Debug Debug Block
Switch  Level Number Quantity Subroutine

1 1 1 DELB(J) DELD(J) FB(J) for d =1 to 4 BELT

1 1 2 BXA(1,Jd) BYA(1,J) BZA(1,J) BXA(2,J) BYZ(2,Jd) BZA(2,J) BELT
(blocks 2, 3, 4, 5 inside a 4-deep loop on J)

1 2 3 BX(J) BY(J) BZ(J) BXD BYD BZD BELT

] 3 4 BC(1) BC(2) BC(3) BC(4) BC(5) BC(6) BELT
BC(7) BC(8) BC(9) BC(10) BC(11) BC(12)

1 3 5 PDB(J,1) PDB(J,2) PDB(J,3) PDB(J,4) PDB(J,5) PDB(J,6) BELT

2 1 6 IR IE FAC(I) AB(I) FS(I) FN(I) FE(1) FE(2) CTHETA BELT
(blocks 6, 7, 8 inside a 0- to 6-deep loop on I)

2 2 7 AA(T) BB(1) cc(1) DD(1) AA(2) BB(2) cc(2) DD(2) BELT
AAP(1) BBP(1) CCP(1) DDP(1) AAP(2) BBP(2) CCP(2) DDP(2)

8 DC(1) DC(2) DC(3) TSD

2 3 XX(1) YY(1) ZZ(1) XX(2) YY(2) 72(2) BELT
XX(3) YY(3) ZZ(3) XX(4) YY(4) ZZ(4)

3 : 9 FB(1)  FB(2)  FB(3)  FB(4) BELT
FBMOD(1) FBMOD(2) FBMOD(3) FBMOD(4) INFL

3 2 10 FMOD(I,1) FMOD(I,2) FMOD(I,3) FMOD(I,4) BELT

for I =1 to 6

3 3 11 BR(1) BR(2) BR(3) BR(4) BR(5) BR(6) BR(7) BR(8) BR(9) BELT

BR(10) BR(11) BR(12) BR(13) BR(14) BR(15) BR(16) BR(17)
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TABLE 33.

DEBUG FORMATS (page 7)

Debug Debug Block
Switch  Level Number Quantity Subroutine
62 | JKC XDDC XDMC(1) XDMC(2) XDMC(3)
14 3 YDDC YDMC(1) YDMC(2) YDMC(3) XYDDS CONTAC
44 | IKC J ISM STOMAT(ISM+12) STOMAT(ISM+17)
6 1 CONTAC
*STOMAT(ISM+3) . .  STOMAT(ISM+5)
6 1 45 | IKC J ISM STOMAT(ISM+3) STOMAT ( ISM+5) CONTAC
' 46 | IKC JKC XZ YZ 7z ETA FK
7 3 XZA YZA ZZA TSP XIB YIB ZZB TSQ CONTAC
7 1 47 | IKC JKC ETA ETAD FT TSQ SFAC TSR RFAC CONTAC
48 | IKC JKC  BS(1) . ... ... oBS(9)
7 3 BS(10) . ) .. . BS(17) CONTAC
49 | 1kc Jk¢  oo(1) . i . . . . . pp(9)
7 3 DD(10) ) . . . oo(17) CONTAC
50 | IKC JKC K XEM YEM ZEM HALFK
GUM(1,1). . e e e .. .ooGUM(1,9)
GUM(1,10) ) ... emM@(1,17)
GUM(2,1). . . .. ... 6uM(2,9)
7 3 GUM(2,10) . . ... GUM(2,17) CONTAC
GUM(3,1). . . .« . . ... cuM(3,9)
GUM(3,10) . . . . . . GUM(3,17)
DUM(1) . . . . DUM(6) DDD(1) DDD(2) DDD(3)
IGCHK(1). . . IGCHK(17) IDDCHK(1) . .  IDDCHK(3)
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TABLE 34. SUMMARY OF DEBUG FORMATS (page 1)

Debug
Debug Debug Block
Switch Level Number Description Subroutine
1 1 1 Belt deflection, rate, and unmodified force BELT
1 1 2 Components of vectors to belt attachment and anchor points BELT
1 2 3 Components of belt anchor-to-attachment vector BELT
1 3 4 Belt intermediate results in rate calculation BELT
1 3 5 Belt lever arms (direction cosines) BELT
2 1 6 Forces and other quantities used in determining interbelt influence for friction BELT
case (inputted INFL = 1)
2 2 7 Coefficients for planes used in determining interbelt influence for friction BELT
case (inputted INFL = 1)
2 3 8 Inertial coordinates of belt attachment and anchor points BELT
3 1 9 Belt forces and interbelt influence modified forces BELT
3 2 10 Belt force modifications from interbelt influence BELT
3 3 11 Belt genera]iied force contributions BELT
4 1 33 Relative Euler angles and rates JOINT
4 1 35 Joint elastic and joint stop moments JOINT
4 2 32 Relative Euler angles JOINT
4 2 34 Joint Tlever arms JOINT
4 2 36 Joint generalized force contributions JOINT
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TABLE 34. SUMMARY OF DEBUG FORMATS (page 2)

Debug
Debug Debug Block
Switch Level Number Description Subroutine

4 3 37 Joint stop angles, deflection, and moment JOINT

3 38 Relative direction cosines for appendages JOINT
5 1 39 Calculated inertial contact surface corner point coordinates CONTAC
5 1 40 Coefficients of contact surface plane CONTAC
5 1 70 Inputted contact surface corner point coordinates, relative or inertial CONTAC
5 2 41 Contact surface intermediate results CONTAC
5 3 42 Terms in vehicle contribution to contact deflection rate CONTAC
6 1 44 Inertial coordinates of ellipsoid center and intermediate results for ellipsoid- CONTAC

contact calculations

6 1 45 Inertial coordinates of sphere center CONTAC
7 1 47 Deflection, force, and associated quantities for ellipsoid-contact interaction CONTAC
7 2 43 Total generalized force contribution from ellipsoid contact forces at a surface CONTAC
7 3 46 Inertial coordinates of possible contact points on ellipsoid CONTAC

3 48 Partial sums (through the IKC contact ellipsoid) for the generalized force con- CONTAC

tribution of contact forces for a surface

7 3 49 Contact force lever arms for an ellipsoid-plane interaction CONTAC
7 3 50 Intermediate results for determining ellipsoid-contact lever arms CONTAC
7 3 51 Intermediate results for determining sphere-contact lever arms CONTAC
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TABLE 34. SUMMARY OF DEBUG FORMATS (page 3)

Debug
Debug Debug Block
Switch Level Number Description Subroutine
8 | 1 30 Vehicle coordinates, velocities, and accelerations CARTIN
9 1 26 Current integration step level, last established time, execution time and MAIN
integer versions of time
9 2 27 Last integrated values and corrections MAIN
9 3 31 Time history of integrated values MAIN
10 1 71 Principal switches together with input and output of load-deflection evaluation EVAL
10 3 72 Current values of load-deflection quantities EVAL
10 3 73 Special unloading switches EVAL
10 3 74 Control table storage check UPDATE
11 1 12 Body and vehicle kinetics ACCEL
11 2 13 Sines and cosines of angle generalized coordinates ACCEL
11 2 14 Rotation matrix elements for vehicle and each body segment and building blocks ACCEL
for kinetic energy contributions
11 3 15 Partial and time derivatives of body segment CG coordinates ACCEL
11 3 16 Partial and time derivatives of rotation matrix elements ACCEL
11 3 17 Partial derivatives of rotation matrix elements ACCEL
11 3 18 Building blocks for kinetic energy contributions ACCEL
11 3 19 Building blocks for kinetic energy contributions ACCEL
11 3 20 Velocity dependent building blocks for kinetic energy contributions ACCEL
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TABLE 34. SUMMARY OF DEBUG FORMATS (page 5)

Debug
Debug Debug Block
Switch Level Number Description Subroutine
14 3 60 Partial sums (through the IKC contact ellipsoid) for the generalized force con- CONTAC
tribution of friction forces on a surface
14 3 62 Vehicle motion contribution to tangential velocity at contact surface CONTAC
15 1 63 Ellipsoid-ellipsoid deflection, force, and center coordinates of migrating spheres CONTAC
15 2 64 Center coordinates of interacting contact ellipsoids, inertial and relative to CONTAC
body segment CG; lever arms for ellipsoid-ellipsoid force
15 2 66 Migrating sphere position parameters for sphere-sphere case or sphere-ellipsoid CONTAC
15 2 67 Migrating sphere position parameters for ellipsoid-ellipsoid case CONTAC
15 2 68 Quantities calculated for case of interacting parallel ellipsoids CONTAC
15 3 65 Ellipsoid center coordinate contributions to ellipsoid-ellipsoid force lever CONTAC
arms and partial sum of generalized force vector elements (through the IKC-JKC
ellipsoid-ellipsoid interaction)
15 3 69 Semi-major axis direction numbers contributions to ellipsoid-ellipsoid force CONTAC
lever arms
16 3 - Triggers a hexidecimal memory dump if that has been permitted by the user UPDATE
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TABLE 35.

DEBUG BLOCK NUMBER, DEBUG SWITCH, AND SUBROUTINE CORRESPONDENCE

Debug
Block Debug
Number Switch Subroutine
1-5 1 BELT
6-8 2 BELT
9-11 3 BELT
12-20 N ACCEL
21-25 12 ACCEL
26-27 9 MAIN
28-29 13 LIMIT
30 8 CARTIN
31 9 MAIN
32-38 4 JOINT
39-42 5 CONTAC -
43 7 CONTAC
44-45 6 CONTAC
46-51 7 CONTAC
52-62 14 CONTAC
63-69 15 CONTAC
70 5 CONTAC
71-74 10 EVAL
- 16 UPDATE
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TABLE 36. ERROR MESSAGES (page 1)
Number Message Condition and Action Required Subroutine
1 time limit in The user's specified execution time limit
AT TIME =  XX.XXXX  RUN LIMIT EXCEEDED msec has been exceeded. Execution will be MAIN
XXXXX stopped. If not deliberate, recheck in-
* msec of put for bad control values.
execution
XXXXX
2 time Recheck input data looking for para-
AT TIME = XX XXXX FATAL ERROR, MAXIMUM NUMBER OF meters that would cause unusually large
forces such as misplaced contact planes, MAIN
*INTERVAL SUBDIVISION EXCEEDED. ellipsoids, belt anchors, or initial body
positions.
3 time An error has occurred which makes contin-
AT TIME =  XX.XXXX  FATAL ERROR RETURN. uation of the run impossible. A prior MAIN
error message will state the cause.
4 INTERVAL HALVING PROCEDURE FAILS. It has become impossible to evaluate the
accelerations in procedure for halving
integration step size. If due to other MAIN
than convergence, reason stated. Look for
excessive forces.
5 DATA NOT PROPERLY READ IN, SKIP DATA SET. A mispunched card has been encountered.
Vital information is assumed lost and the MAIN
data deck is not processed. Check your
input data.
6 Program States Word A program trap has occurred such as a
PROGRAM TRAP XXXXXXXXXX division by zero, overflow, or underflow. MAIN
XXXXXXXXXX Check your data deck.
7 time IHC A Fortran supplied routine has received
AT TIME =  XX.XXXX ICH ERROR NO. Number  FATAL ERROR an illegal argument. Check your data MAIN
XXXX deck.
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Number

TABLE 36 .

Message

ERROR MESSAGES (page 2)

Condition and Action Required

Subroutine

ILLEGAL CARD SKIPPED.

An input card with an illegal I.D. field
has been encountered. This card is
skipped and execution is not interrupted.

READAT

Pair No.
Expected
XXXXX

BELT PAIRING CARDS OUT OF ORDER

Pair No.

Read
XXXXX

Belt input cards which specify pairing
properties out of order or one is missing.
Check your data deck.

READAT

10

KCON FILLED, RUN ABORTED.

Alotted storage for contact control in-
formation is exceeded. The number of
contacts, ellipsoids, or material proper-
ties must be cut down. Revise your data
deck.

READAT

11

STOMAT FILLED, RUN ABORTED.

Alotted storage for contact quantities

is exceeded. The amount of information
and/or the number of contacts, ellipsoids,
belts, or material properties must be cut
down. Revise your data deck.

READAT

12

CUR FILLED, RUN ABORTED.

Too many entries in input vehicle accel-
eration tables (nos. 1 through 6). Re-
vise your data deck to include fewer
time points.

READAT

13

END OF FILE.

There is no more input data to be pro-
cessed. Normal termination.

READAT

14

CONVERSION ERROR.

Check your
If no errors,

An I/0 error has occurred.
data deck for bad cards.
try again.

READAT

15

TRANSMISSION ERROR.

A transmission error has occurred. Check
your data deck for bad cards. If no er-
rors, try again.

READAT
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TABLE 36 .,

ERROR MESSAGES (page 3)

Number Message Condition and Action Required Subroutine
16 MASS OR INERTIA ZERO. At least one of the inertial properties
of the occupant were set zero. Program READAT
will not operate properly so this input
deck skipped. Revise data deck.
17 ID field 8 Numeric Fields IT1egal character punched in a numeric
XXXX XXXXXXXXXX  XXXXXXXXXX . . XXXXXXXXXX field. Revise data deck. PEEK
ILLEGAL PUNCHING, RUN ABORTED.
18 now set to 60 Too many tables (see D-card) specified
. MORE THAN XXX TABLES REQUESTED. in data deck. This includes profiles, ENTAB
material properties, and debugging. This
table skipped. Revise data deck.
19 now set to 3000 Too many entries (see O-card) specified
MORE THAN  XXXXX TABLE ENTRIES REQUESTED. in the tables specified. Revise data ENTAB
deck. This entry skipped.
20 Table No. Entry No. Impossible to update table for lack of
NO ROOM FOR TABLE XXX EXPANSION AT  XXXXXX room. Revise data deck. This entry MOVTAB
skipped.
21 ERROR RETURN. Termination of run due to error. This
will be accompanied by a statement about ACCEL
cause.
22 time Search for appropriate base entry in
AT TIME  XX.XXXX  LOAD-DEFLECTION TIME HISTORY EXHAUSTED. load-deflection time histories fails.
Let us know; this should normally LODFEL

never happen. You may try small
changes in data deck since this can
occur only in very special circumstances.
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TABLE 36 . ERROR MESSAGES (page 4)
Number Message Condition and Action Required Subroutine
23 time Force balance search fails for shared
AT TIME  XX.XXXX  INCOMPATIBLE LOAD-DEFLECTIONS IN SHARED case. If fatal, check load-deflection
curves for ambiguous force balances. LODFEL
*CASE. Time interval halved and execution con-
tinued.
24 time Too large of a time step for the contact
AT TIME  XX.XXXX  EXCESSIVE FORCE CHANGE Ellipsoid Name of two rigid bodies. If fatal, supply
El1ipsoid or material properties for one of the bodies. LODFEL
*AGAINST BOTH RIGID. Normally leads to time interval halving
Contact Name : :
and execution continued.
25 time Conserved energy too much to fit under
AT TIME  X.XXXXXX  BAD UNLOADING CURVE, ENERGY NOT RIGHT reasonable unloading curve. Unloading
curve replaced by a straight line seg- EVAL
* Static Control Spike Control ment from maximum to permanent deforma-
XXXXX XXXXX tion. Execution continues.
*  Permanent Maximum Force at Conserved
deformation deflection maximum deflection energy
XXXXXXXX XXX XXXXXXXX. XXX XXXXXXXX.XXX XXXXXXXX. XXX
26 No. of Ellipsoid Contact Conout Incompatibility in storage of contact
CONTACT ERROR  contact index . index index surfaces for printing. Printing dis- SUMRY
in continued. If persists with repeat
storage run, contact us.
* Ellipsoid Contact
name name
index index
27 INCOMPLETE DATA RECORD. End of summary file reached without
normal file termination sequence. SUMRY

Printing discontinued. If otherwise

all right, repeat run.
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Number

TABLE 36 . ERROR MESSAGES (page 5)

Message

Condition and Action Required

Subroutine

28

REPEATED INPUT TRANSMISSION ERRORS, JOB ABORTED.

Ten transmission errors in reading input
data deck. Run abandoned. Check data
deck then rerun.

ZILTCH

29

MBELT MUST BE EITHER ZERO FOR ALL BELTS OR NON-ZERO FOR

ALL BELTS.

Check cards following K-cards (eighth
field). Belt forces must be based either
on deflection or on strain (a combination
is not allowed). Revise data deck. Make
sure that M-cards for belt materials are
for deflection or strain, accordingly.

READAT

30

TOO MANY SLIPPING PAIRS.

A maximum of two belt pairs are allowed
to slip freely: 1-2, 3-4 or 1-3, 2-4
or 1-4, 2-3. Revise data deck.

READAT

31

SHARED DEFLECTION HAS BEEN DISALLOWED.

Shared deflection between belts and

torso is not allowed if belt forces are
based on strain. Processing of data deck
was continued after negation of shared
deflection input.

READAT

258




VI SYMBOL DICTIONARY

This section consists of three tables which offer an aid to a
more detailed examination of the program code and its correspondence
to the analysis behind the code.

Table 37 is the main symbol dictionary which is ordered on the
Fortran name given to each quantity. The "Symbol" column contains
the analytical symbol used in Part III. The third column gives either
the label of the common in which this variable resides or the name
of the subprogram in which it is used if it is not shared between
subprograms. Columns four and five are used together to detail
quantities which have been stored in arrays instead of individual
variables. If a number appears in column five, it refers to the
corresponding value in the first column of Table 39 which defines
the quantity or type of information for each value of the subscript
up to the number in the "Dimension" column,

Table 38 is provided to ease getting from the analysis to the
program code and is ordered on symbol. Table 39 specifies the

meanings of most of the subscripts used in arrays.
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TABLE 37. SYMBOL DICTIONARY
5
E @ Units or
e Subprogram | 2 Subscript o
28 | Symbol or Common | 5 Reference Definition
A - ACCEL 96 - Building blocks for kinetic
energy terms in equations of
motion
A - SUMRY 41 43 The first 150 values in DYN
150 -
Al - CONTAC 1 - Test parameter for ellipsoid-
ellipsoid
A2 as CONTAC ] - Sauare of sami-x-axis ellipsoid
AA - BELT 2 21 X-coefficient for plane deter-
mined by two attachments and an
anchor point
AAP - BELT 2 21 X-coefficient for plane per-
pendicular to
AAx+BBy+CCz+DD=0 and through
two attachment ooints
AB - BV 6 12 Absolute tangential component
of net belt force for each pair
of belts
AB - SUMRY 41 43 DYN(151) to DYN(203)
53 -
ABC - SUMRY 41 43 DYN(204) to DYN(212)
9 -
ACCM AZ]im EP 1 - Extrapolation change Timit
AF Ath . RK 17 3 First Runge-Kutta acceleration
’ evaluation times the tims step
AFSAT FS N - BC 4 11 Absolute influence force 1imit
i 4 11 for belt i on belt j
AGL Ax JOINT 3 28 Relative joint angles
nm 2 |3
AL - QV 3 10 Body segment angular velocity
6 18 components
AP - STASH,RELTIV | 6 - Temporary storage
ARE R EVAL 1 - Fraction of conserved energy to
total energy
AX - CONTACT 2 - Vestiqial
B 5 BQ 17 3 Total generalized force vector.
B - SUMRY 41 43 The tirst 516 values in CON
516 -
BT to CONTAC 1 - Test parameters for ellipsoid-
B4 ellipsoid
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TABLE 37. SYMBOL DICTIONARY

[

2
3 v Units or
} S .

£ Subprogram | & Subscript s

Eé Symbo] or Common | 5 Reference Definition !

B2 b2 CONTAC 1 _ Square of semi-y-axis of
ellipsoid !

BA1 kn BELT 1 - Anchor or attachment x-coordinate
in cart or torso system

BA? My BELT 1 - y-coordinate (see BAI1)

BA3 bn BELT 1 - z-coordinate (see BAI1)

BANG - BV 4 11 Belt projected angles

3 2 .

BB - BELT 2 21 y-coefficient (see AA)

BB - CONTAC 12 - Contact surface intermediate
results

BB - SUMRY 1 43 CON (517) to CON (546)

30 -
BBP - BELT 2 21 y-coefficient (see AAP)
BC - BELT 12 in. Belt intermediate results
in rate calculation
BC - CONTAC 31 13 Contact surface information
array
BC - SUMRY 41 43 CON (547) to CON (582)
36 -

BC27 A CONTAC 1 - Edge parameter

BD - SUMRY 41 43 CON (583) to CON (614)
32 -

BE - BQ 17 3 E1lipsoid-ellipsoid
generalized force vector

BE - SUMRY 41 43 CON (615) to CON (620)

. ' 6 ° ,

BETELP - IT 1 - Minimum ratio of shortest to
longest semi-axis to be treated
as sphere for ellipsoid contacts

BF - BQ 17 3 Contact friction generalized
force vector

BF Atkk RK 17 3 Second Runge-Kutta acceleration

a evaluation times the time step

BF - SUMRY 41 43 CON (62T) to CON (625)" = =

5 -
BG 66 BQ 17 3 Gravity generalized force vector
BG - SUMRY 41 43 CON (626) to CON (690)
65 -

BJ ﬁJ BQ 17 3 Joint generalized force vector

BL zn(tj’ BELT 4 11 Belt segment lengths

BLC - BELT 6 12 Belt-pair length across body.
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TABLE 37. SYMBOL DICTIONARY
=
2
5 v Units or
-E o Subprogran Y Subscript Definition
o3 | Symbol or Common | 5 Reference erinitio
BLZ zn(o) L 4 N Initial belt segment lengths
including slack.
BMVK My BC 6 12 Kinetic friction coefficient
for each belt pairing
BMUS u BC 6 12 Static friction coefficient
> for each belt pairin
pairing
BOG Q LF 6 48 Maximum deflection array for
| EVAL. Units are inches.
BOGP Q LP 2 50 Last value of BOG for this
interaction
e BQ 17 3 Belt generalized force vector
BR (i
BS GC BQ 17 3 Contact generalized force
vector
BT 6T BQ 17 3 Centrifugal generalized force
vector
BX - BELT 4 11 Inertial x-component of belt
vector, anchor to attachment
BXA X BELT 2 9 Inertial x-component of torso
n’=n 4 1 CG-to-belt attachment vector
or of cart origin-to-anchor
vector
BXD - BELT 1 in/sec Rate of change of belt length
inertial X-component
BY - BELT 4 11 Y-component (see BX)
S 2 9 Y-component (see BXA)
BYA yn’xn BELT 1 1
BYD - BELT 1 in/sec Rate of change of belt length
inertial Y-component
BZ - BELT 4 11 Z-component (see BX)
B2A | 77, | BELT : g Z-component (see BXA)
BZD - BELT 1 in/sec Rate of change of belt Tength !
inertial Z-component B
C c; C 29 - Integration rule coefficients for,
predictor-correctors, Table 15
lines one through twenty-nine
C - Qv 3 6 Cosines of generalized angles
7 18
C c1+29 RK 21 - Integration rule coefficients for
Runge-Kutta methods, Table 15,
__ lines thirty through fifty




TABLE 37. SYMBOL DICTIONARY

<
2
§ 0 Units or
Te Subprogram g Subscript o
o5 pBymbol or Common! 5 Reference Definitio
Square of semi-z-axis of
C2 c2 CONTAC ] - é111pscid _ o
CARD - READAT 8 - Temporary storage for numerical
fields of input data cards.
CATC - LIMIT 1 - Difference between accleration
and four point extropolation
CATD - LIMIT 1 - Difference between two point and
four point extropolations
CC - BELT 2 21 Z-coefficient (see AA)
CCP - BELT 2 21 Z-coefficient (see AAP)
CE - EVAL ] in.1bs Conserved energy
CETA - READAT 14 33 Coupled neck joint stop angles
CF AtK RK 17 3 Third Runge-Kutta acceleration
ks3 evaluation times the time step
CFTAN - CONTAC 1 - Tangential friction force
CGF - EVAL 1 1bs Force at COG
CM - EVAL 1 1bs/in Force slope at COG
CMASS - READAT 4 32 Masses and moments of inertia
6 18 for 50th percentile male
CMU - CON 5 22 Friction coefficients for
10 23 eilipsoids against planes
CMUG - CONTAC 1 - Friction coefficient
COG - EVAL 1 in. Maximum deflection last
1oading
COMP - UPDATE 1 - Three times maximum time step
CON - STASH 690 - Output vector for contact
interaction values
CONOUT - ouT 690 - Contact output storage array
COST - JOINT 1 - Relative pitch cosine
COSTSY - JOINT 1 - Square of relative yaw cosine
COSTSR - JOINT T - Square of relative roll cosine
CQ - CART 3 19 Vehicle kinematics
6 20
CTHETA - BELT 1 - Cosine of angle between two
planes, for debug output
(belt friction); value near
to 1 indicates good approxi-
mation in analysis
CUR - VX 1200 - Storage for deceleration
table computed velocities
and displacements for each
linear segment
D - C 4 - Milne integration coeffi-
cients
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TABLE 37. SYMBOL DICTIONARY

| =)
2
B 0 Units or
v Subprogram o Subscript it
S 3 | Symbol or Common | 5 Reference Definition
D 8 LF 6 48 Deflection array for EVAL.
Units are inches
DA S LC 2 50 Deflection at peak of inertial
spike. Units are inches
DA AX Jv 5 26 Relative Euler angles
nm 3 28
DAMPJ C JC 5 26 Joint stop damping coeffi-
3 28 cients
DAZ - JOINT 2 5 Initial joint relative
3 6 angles
DB BB LC 2 50 Deflection at end of inertial
spike. Units are inches
DC - BELT 3 2 Direction cosines
DC GC LC 2 50 ETastic Timit.
Units are inches
DD - BELT 2 21 Coefficient for plane
(see AA)
DD - CONTAC 18 42 Lever arms and deflection
rate for contacts
DD K LF 6 48 Deflection rate array for
EVAL. Units are inches
per second
DD Ainm JV 5 26 Relative Euler angle
3 28 velocities
DDC - BELT 3 2 Direction cosines for a
2 21 contribution to normal
force for belt pair
DDC - CONTAC 1 - Vehicle contribution to
contact deflection rate
DDD - CONTAC 3 16 Saved contact Tever arm
values
DDE - CONTAC 18 42 Lever arms and deflection rate
for ellipsoid-ellipsoid force
DDP - BELT 2 21 Coefficient for plane
(See MAP)
DDP § LP 2 50 Last value of DD for this
interaction
DDS - CONTAC ] - Contact surface contribution
to contact deflection rate
DE - CONTAC 18 42 Lever arms and tangential
speed for friction force
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TABLE 37. SYMBOL DICTIONARY

=
< 2
< i Units or
PR Subprogram g Subscript
© 2 |Symbol or Common | 5 Reference Definition
DE GD LC 2 50 Breaking point - Units are
inches
DEF - DEF 5 26 Joint stop deformation
3 28
DEL § EVAL, 1 inches Input deflection to evaluation
LODFEL section
DEL - LIMIT, 1 - Weighted averages of various
MAIN test quantitities
DELB S BV 4 11 Belt elongations
DELD : BV 4 1 Belt elongation rates
n
DELD - LODFEL 1 in./ Deformation rate
sec.
DELDEL| - LODFEL i inches Change in total deflection be-
tween last evaluation and now
DELDLA| - LODFEL 3 inches Evaluation of deflection change
for first material from last
deflection
DELDLB| - LODFEL 3 - vestigial
DELTAT Atmax 1T 1 sec. Maximum time step
DELTIM| At LODFEL 1 sec. Time increment from last force
evaluation for this interaction
DER - CONTAC 3 10 Partial derivatives of ellipsoid
2 25 center coordinates (XE)
17 42
DET - | CONTAC 1 - A determinant
DF Sk LC 2 50 “DefTection at which completely
broken. Units are inches
DF AtE RK 17 3 Fourth Runge-Kutta acceleration
K, evatuation times the time step
DFAC - VX 6 20 Factor to change the amplitude
of deceleration table
DFORE - LODFEL 3 pounds Evaluations of force unbalance
. of first material force minus
second material force
DH - SUMRY 20 - Temporary storage for contact
interaction information to be
printed
DHAT - CONTAC 9 1 in/sec Contact surface corner coordinati
rates
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TABLE 37. SYMBOL DICTIONARY
[ =
2
§ 9 Units or
ve Subprogram | ¢ Subscript o
o5 |Symbol or Common | 5 Reference Definition
DK - CONTACT 1 - Part of the contact normalizin-
factor
LAM - CONTAC 3 10 Partial derivatives of XLAM
2 25
17 42
M B LC 2 50 STope of saturation unToading
line. Units are pounds/inch
DMC - CONTAC 3 - Intermediate results in computing
DDC .
DP $ LP 2 50 Last value of D for this inter-
action
DPIT - JOINT 1 - Difference between appendage
pitch and torso pitch
DPR - STASH 1 deg/rad Value of 180/«
DR - QV 9 4 Partial and time derivatives of
7 18 R
4 5
DR14 - QV / 18 Time derivative of R14
DR15 - QV 7 18 Time derivative of R15
DR16 - Qv 7 18 Time derivative of R16
DR17 - QV 7 18 Time derivative of R17
DRL - Qv 9 4 Partial derivatives of R for
2 7 lower leg angles
DSTEPN| - LD 1 n. Minimum step to search for
balance in shared deflection
DSTEPX| - LD 1 in, Maximum step to search for
balance in shared deflection
DTMIN €t EP 1 sec. “ Inputted time epsilon
DTPRNT Atprnt 1T 1 sec. Inputted print time interval
DTR - Qv 8 - Time derivative of TR
7 18
DUM - DUM 48 - Temporary storage array
DUR - JOINT 1 - Partial derivative of relative
direction cosine
DUY - JOINT 1 - Partial derivative of relative
direction cosine
DVR - JOINT 1 - Partial derivative of relative
direction cosine
DVY - JOINT 1 - Partial derivative of relative
direction cosine
DX - Qv 3 10 Partial and time derivatives of
6 18 X
18 42
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TABLE 37. SYMBOL DICTINNARY
_ ]
2
E @ Units or
P Subprogram g Subscript o |
°=  Pymbol or Common | 5 Reference Definition
DXDQ - CONTAC 17 42 Partial derivatives of US .
DXYZZ - CONTAC 3 10 Partial derivatives of XZ, YZ,
17 42 ZZ (Or approximations if not |
sphere)
DYAW - JOINT 1 - Difference between appendage !
yaw and torso yaw
DYDQ - CONTAC 17 42 Partial derivatives of WT =
DYN - STASH 212 - Output vector for body kinetics
and dynamics -
E 3 LF 6 48 Total energy on Toading phase
or conserved energy on unloading
phase array for EVAL. Units
are inch- pounds
EDEPS ei KC 1 - Inputted acceleration minimum
magni tude
EI Iin KC 3 10 Body segment principle axis
6 18 moments of inertia
EIT - STASH 3 10 Inertia tensor with respect to
3 10 inertial coordinate frame ]
EJ - JV 5 26 Joint elastic moment
3 28
ELAS E.. JC 5 26 Joint elastic coefficients
X 3 28
EL1 - CONTAC 1 - Same as A2
EL? - CONTAC 1 - Same as B2
EL3 - CONTAC 1 - Same as (2 ]
EL2T tg - CONTAC 1 - Intermediate results in calcula-
EL26 “tion of FK ]
EL27 - CONTAC 1 - Inertial X of ellipsoid center
EL28 - CONTAC 1 - Inertial Y of ellipsoid center
EL29 - CONTAC 1 Inertial Z of ellipsoid center
EM m, KC 6 18 Body segment mass
EMAT m ACCEL 17 3 Generalized mass matrix
17 3
EP E LP 2 50 Last value of E for this inter-
action
EPS € CONTAC 1 sec Parameter for linearizing con-
tact surface corner point veloc-
ities
EPSFAC| - IT 1 - Number of maximum time steps for
maximum ramp length in moving
contacts
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EPZA Avlim EP 1 - Inputted velocity change
limit
EPZV €, EP ] - Inputted velocity conver-
gence parameter
EREST (Axmn) JC 5 26 Rest position for elastic
‘ 3 28 joint forces (or switch)
ESG g MC 1 in/sec? Earth standard gravity ,
(386.4 in/sec?) 5
ETA 8 CONTAC 1 in. Deflection of contact |
surface by body ellipsoid |
ETA Ny JC 12 30 Joint stop Timits
J 3 26
ETAD % CONTAC 1 in/sec Deflection rate |
FA - EVAL 1 | pounds Static force o
FAA - EVAL 1 1bs/in. Static force slope
FAC A BV 6 12 Fractional influence factor
for adjustment of smaller
force toward larger force, ’
and vice versa. for each belt
pair (belt friction)
FB F BV 4 11 Unmodified force for belt i
i
FB - EVAL 1 pounds Inerial spike force
FBB - EVAL 1 1bs/in. Inertial spike force slope
| FBMOD | - BV 4 11 Modified force for belt i
FBOG F(q) LF 6 48 Force at maximum deflection
array for EVAL. Units are
pounds
FBOGP | F(3) LP 2 50 Last value of FBOG for this
interaction
FD F LC 2 50 Last value of force for this
interaction
FDD F LODFEL 2 50 Force slope for interaction
Units are pounds per inch
FDEL - LODFEL 1 1bs. Difference of two evaluations
of the force difference for
the two materials
FDEV F EVAL 1 |pounds/inch Output force slope from
evaluation section
FE - BELT 2 21 Contributions to normal
force for belt pair
FEE - CONTAC 1 - Ellipsoid-ellipsoid force
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FK K CONTAC 1 - Normalization factor in con-
tact calculations for deflec-
tion
FM Fmax LC 2 50 Static curve saturation force
1imit. Units are pounds
FMOD - BELT 6 12 Additive modification of
4 11 belt force FB
FMU - CONTAC 1 - Half of square of sphere radius |
FN N BV b 12 Normal force -to body from belt
pair i
FNU - CON 1 in/sec. Length of velocity ramp from
zero relative velocity for
surface friction coefficients
F0G FrQ) LF 6 48 STope of force at maximum T
deflection array for EVAL. Units
are pounds per inch
FOGP F'(a) LP 2 50 Last value of FOG for this
interaction
FORA - LODFEL 3 pounds Evaluations of force for first
material
FORAP | - LODFEL 3 Tbs/in. Evaluations of force slope for
first material
FORB - LODFEL 3 pounds Evaluations of force for second
material
FORBP | - LODFEL 3 Tbs/in. Evaluations of force slope for
second material
FORCE | F EVAL, 1 pounds Output force from evaluation
LODFEL " section
FOREPS| - LODFEL 1 pounds Minimum of the force convergence
epsilon for the two materials
FORLIM| - LD 1 pounds Limit to force change for
rigid on rigid case before
halving
FPSUMT} - LODFEL 1 1bs/in. Sum of force slopes for both
materials
FPSUMZ2| - LODFEL 1 1bs/in. Sum of force slopes for both
materials
FRIC - CONTAC 1 - Switch, sum of all friction
coefficients .
FS - BV 3 12 Tangential force to body from
belt pair i in static case
FT - CONTAC 1 1b. ‘Total contact force ]
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FT - READAT ] - A conversion factor, inches
to inches or degrees to
radians

FTAN - CONTAC 1 - Friction coefficient times
normal force

FUM - CONTAC 3 - Intermediate results in evel-
uation of contact lever arms i

GAMELP| - IT 1 - Ratio of sphere center posi-
tion on semi-major axis to
that position which would
cause the sphere and ellipsoid
to be flush at the extremity |

GEE G EVAL 1 - Fraction of permanent deforma-
tion over maximum deflection |

GI G LC 2 50 Fraction of permanent deforma-
tion over maximum deflection
for current loading cycle

GRAV | g MC 1 in/sec” Local gravity constant

GSE - STASH 1 - g's per unit acceleration,
1/ESG

GUM - CONTAC 3 - Intermediate results in eval-

17 42 uation of contact lever arms

HALFK | - CONTAC 1 - Half of FK

HARDCN| - LD 1 1bs/in. Linear elastic coefficient
for use in rigid on rigid case

HIPZ - STASH 3 10 Cart relative H-point
coordinates at t=0

I i MANY 1 - General index

IA - CONTROL 1 - General index

IA - LF b 48 IALF switch array for EVAL

IA - SETACT ] - ETTipsoid control index for
interaction

IA - TRAPER 18 - Vestigial

IAA - JOINT 1 - General Index

IAB - JOINT 1 - General Index

IACC - RSS, SUMRY 1 - Switch which specifies units
for output of body segment

. linear accelerations .

IACT - LODFEL 1 - Beginning index of entry for
interaction in STOACT

IALPH | - READAT 20 - Input card identification
letter storage

IAP - LP 2 50 Last value of IA for this
interaction L
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IB - CONTRL, DETAB ] - General Index

IB - LODFEL 1 - Index of current large side
evaluation

IB - SETACT 1 - Plane or ETTipsoid control
index for interaction

IBEG | - PUSHER 1 - Index of where insertion
is to be made

IBLANK| - READAT 1 - EBCD Tor blanks used in
making formats

IBLNK | - MATCH 1 - EBDC for blanks used for
comparing with Al format input

IBUG - BUG 16 - Debug output control switch
array

IC - DEBUG 16 - Shift control array in debug
unpacking

IC - LODFEL 1 - Index of current evaluation

IC - NUPAGE 1 - Argument which is set non-zero
if new page was required

IC1 - CONTAC 1 - Moving contact switch

IC2 - CONTAC 1 - Starting index for storage for
corner point coordinates of
contact surfaces

IC4 - CONTAC 1 - Pointer for storage for corner
point coordinates of contact
surfaces

ICF - SUMRY 1 - General Index

ICHOP | - JOINT 1 - Indicator of relative roll
sign

ICNOUT| - LODFEL, 1 - Beginning index in CONOUT

SETACT for interaction

ICOUNT| - CNT 21 - Number of time steps at each
of the possible halving levels.

ICOUNT| - CONTAC 1 - A counter

ICOUNT| - SUMRY 1 - General Index

D - READAT 1 - Input card identification letter

IDATE | - TL 3 - Date label storage

IDC - SUMRY 8 - EBCD for plane or ellipsoid name
and material

IDCON | - RSS, SUMRY 20 40 Beginning addresses in KCON for
contact planes .

IDDCHK| - CONTAC 3 16 Switch for minimizing calcula-
tions for ellipsoid lever arms
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IDESCR| - RSS, SUMRY 10 - EBCC for optional input
20 40 describing planes
IDI - SUMRY 10 - EBCD for ellipsoid name and
material
IDIR | - MATCH, 1 - Input argument which controls
PUSHER subroutine options |
IDIS - RSS, SUMRY 1 - Switch which specifies coordi- !
natz system for cutput of body
segment CG displacements and
velocities and position of feet,
knees, H-point, and ellipsoid
centers
IDT - PUSHER 1 - Index of array into which
insertion is to be made
IDUMM | - BELT 1 - Dummy argument
IE - BELT 1 - Belt number of influencee
IE - CONTAC ) - Index for ellipsoid (or sphere)
1E - STASH 1 - General Index
TEND - SUMRY 1 - Index of last Tocation in CON
to be printed for a particular
1ine of output
TENRG | - TL 1 - Qutput times in msec if non-zero
[EOF - STASH, 1 - Causes END OF FILE in pTace of
SUMRY STASH output if non-zero
IEP - EVAL 1 - Switch which when non-zero
causes total energy to be
- accumulated
[ERR - ENTAB 1 - - Error switch: non-zero if not
enough room in table storage
for new point
IERR | - MOVTAB 1 - Switch set non-zero if
not enough room to make
soace for new entry
IERSWT| - ERR 1 - Switch set non-zero if 1/0
error has occurred in reading
card
IFCHK | - CONTAC T - Switch, for minimizing calcula-
tions for ellipsoid lever arms
IGCHK | - CONTAC 17 42 Switch, for minimizing calcula-
tions for ellipsoid Tever arms
THCERR] - MAIN 1 - Number of IHC error which has
been intercepted
IHCLIS| - MAIN 5 - List of IHC errors to intercent
IHIB - IT 3 18 Switch, non-zero inhibits force
6 18 production between body segments
i and j
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II - LF 6 48 Operational index for static
curve array for EVAL. Nega-
tive is table index, positive
and greater than LENMAT is
computed polynomial index in
STOACT. Otherwise 1is input
polynomial index in STOMAT

I1 - MANY 1(or 4)] - General index |

II - SUMRY, ] - Control for page heading K

TITLE

[TA - LODFEL 1 - Index of current small side
evaluatien

ITACT | - LODFEL 1 - Beginning index of entry for
interaction in KACT

IIF - SUMRY 1 - General Index

11P - LP 2 50 Last value of II for this
interaction

IJ - MANY 1 - General index

1JKC - STASH 1 - General index

IK - DETAB 1 - Current entry index for
deletion

IK - F INDM, 1 - Switch, negative if new material

MATCH entry

IKA - LODFEL ] - Push down copy loop index

IKA - MANY 1 - General index

IKACT | - CONTAC 1 - Control index

IKACT | - LODFEL 1 - Beginning index of time history

. entry for interaction in KACT

IKACT | - SETACT 1 - Beginning index of time history
entry for interaction in KACT,
0 if none

[KAT - SETACT 1 - Beginning index in KACT of
interact entry which has been
created

IKB - MANY Al - General index

TKC - CONTAC 1 - Control index

IKC - MANY ) General index

IKC - SUMRY 1 Same as IMC

[KD - MANY 1 - General Index

IKF - PUSHER, 1 - General index

READAT
IKG - PUSHER, ] - General index
READAT
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IKH - READAT | - General Index B
TKHH | - READAT ] - General Index B
TKI - PUSHER 1 - General Index T
READAT
UPDATE
IKJ - PUSHER 1 - General index
READAT
UPDATE
1KJJ - READAT 1 - General index
IKK - PUSHER 1 - General index
TKM - CARTIN, 1 - General index
READAT
IKN - SUMRY 1 - Beginning address in KCON for
an interaction
IKONT | - SETACT 1 - Number of Tocations needed in
KACT for interaction
IKOUT | - SETACT 1 - Beginning index of CONOUT entry
or zero if none
TKX - READAT 1 - General index
IKY - CARTIN, 1 - General index
READAT )
IKZ - UPDATE 1 - Beginning address of entry for
interaction in KACT
ILIM | - CNT 1 - Current time step halving level
ILONG | - IT, SUMRY 1 - Inputted switch: zero for con-
tinuous paging of output when
there are more than 41 time point
- to be printed; non-zero for
discontinuous paging
IM - BELT, 1 - Impingement history index
CONTAC
IM - STASH 1 - General index
IM - UPDATE 1 - General index
IMAT - BC 3 52 Index of material properties
for slipping belts
IMC - SUMRY 60 39 Plane-ellipsoid (see ITOT)
number for plane (or ellipsoid)
involved in an interaction
IN - BELT 1 - Interaction control index
CONTAC
IN - STASH 1 - Device number (9) for storage
SUMRY of results printed by SUMRY
IN - TITLE 3 - EBCD of printout part
3 - subtitle labels
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IN - ZILTCH 1 - General index B
INAME | - RSS, SUMRY 6 - EBCD for belt names :
4 11 :
INAMEZ | - READAT 6 - EBCD for column heading in
4 1 case a belt is not present
(belt name)
INF - BC 3 }% Influence beTt connections
INFL | - BC T - Influence type for all belt
pairs
INFLPR] - BC 3 12 Belt number of jth member of
2 14 ith belt pair, zero if inactive
INR - STASH 1 - One to three for displacements,
four to six for velocities
INS - STASH, ! - Number of planes plus ellipsoids
SUMRY in excess of 24
INSERT| - ENTAB, 1 - Relative index of table entry
GETY, at or just in front of where
MOVTAB, insertion is to be made
PUSHER,
SERTAB,
SLOPE
INT - STASH, 1 - Same as ITOT, or 24 if ITOT
SUMRY greater than 24
INTRAC| - FEC 1 - Seven times the number of inter-
actions having occurred
INZ - . LODFEL 1 - Switch set non-zero if no estab-
) - lished time history in STOACT
INZ PMIL, PRED, 1 - Switch to recognize the first
UPDATE time through these routines aftel
loading to initialize constants
10K - PEEK 20 - Storage array for allowable
characters for input card
I0UT - STASH, 60 39 Beginning address in CONOUT
SUMRY for an interaction
IOVER | - STASH 1 - Argument which is non-zero cause
by-passing of the normal print
time test in order to record
data for printing
IP - SUMRY 1 - Zero for non-continuous .
paging if there are more than
41 time points; non-zero for
continuous paging
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IPAGE | - TL 1 - Printout page counter
IPAIR | - READAT 6 12 Internally defined data statir
2 14 belt pairings
IPC - EP 1 - Inputted predictor-corrector
selection switch B
IPENG | - CONTAC 1 - Switch which records if an inter
action produced force or was '
approached from behind ?
IPERM | - ACCEL 24 - Temporary storage  required |
by SLE1 :
IPIK - MOVTAB 1 - Pushdown ending index
IPN - SETACT 1 - Switch set negative if plane
approached from rear or positive

if produced force

IPUT - ENTAB . 1 - Absolute index in STOR of
entry at or just in front of
where insertion is to be made.

IQ - JOINT 1 - Appendage angle coordinate
number

IR - BELT 1 - Belt number of influencer

IREG - MAIN 18 - Storage region for PSW infor-
mation in case of processing
interrupt

IREW - SUMRY 1 - Switch to control inserting

ending record on binary file

IRIG - SUMRY 1 - EBCD for bBRI (rigid material)

IRIGID| - STASH 4 - EBCD for "Rigid Material”

IRK - EP - 1 - —Inputted integration starting
method selection switch

IS - CONTAC 1 - Index for sphere (or ellipsoid)

IS - LF 6 48 Saturation switch array for EVAL
Non-zero if saturation has taken
place

ISA - MANY 1 - Number for identifying blocks

or (or 14) of debug output

ISAA

ISACT | - SETACT 1 - Beginning index of entry for
interaction in STOACT

ISFT - MATCH 1 - Index which contains proper

offset to pick up name from
various tables '
ISIZE | - PUSHER 1 - Number of locations to be
added to table

Belt number of jth member of
14 ith pair of slipping belts

ISLPPR} - BC

N P
]
(84

276



TABLE 37.

SYMBOL DICTIGHAR

Y

=
= 2
© P Units or
= Subprogram o Subscript o
25 |Symbol or Common | 5 Reference Definition
ISM - BELT 1 - Control index for belt materi-’
ISM - CONTAC T - Control index L
ISOFT | - STASH 1 - The- number of non-rigid par-
ticipants of a force-producing
interaction pair
ISP - LP 2 50 Last value of IS for this
interaction . .
ISTAT | - IT, SUMRY 1 - Switch controlling units for out-
putted vehicle velocities and
accelerations (W-card)
ISUM | - DEBUG 1 - General index
ISUM - STASH b - Partial sum of ellipsoids on
body segments through the ith
ISW - MATCH 1 - Switch which is non-zero if
inertial planes being dealt with
ISW - UPDATE 1 - Switch set non-zero if working
in second material region
IT - DEBUG 1 - General index
IT. - MAIN 1 - Correction number index in the
Adams-Moulton type of predictor
corrector
IT - SUMRY 1 - Non-zero if print time history
has not been exhausted, for
continuous paging of output
groups
ITABL | - SLOPE 1 - Index of current input table
ITHRU | - - READAT 1 - Similar to INZ but for READAT
ITITLE - TL 33 - Inputted subtitle storage
ITOT - STASH, 1 - Number of planes plus ellipsoids
SUMRY o
ITRY - LILTCH 1 - Count of number of read errors
which occurred
IUPA | - BELT, 1 - Control index for Tocation of
CONTAC ISM
IpB | - BELT, 1 - Control index for Tocation of
CONTAC IUPC AND IUPD
IUPC - BELT, 1 - Control index for slipping
CONTAC ~pairs
IUPD - BELT, 1 - Control index for slipping
CONTAC pairs .
IUPE - BELT, 1 - Control index
CONTAC
IUPF - CONTAC 1 - Control index
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e | - CONTAC ] - Control Index |
IUPH | - CONTAC 1 - Control Index o
I0PT | - CONTAC 1 - Control Index .
IUPM - CONTAC 1 - Control Index
IUSEA | - FEC 1 - Number of locations in STOACT
which are used
IUSEC | - VX 1 - Number of locations of CUR
which are used
IUSEK | - FEC 1 - Number of locations in KCON
which are used
IUSEKA] - FEC 1 - Number of locations in KACT
which are used
IUSEM | - FEC 1 - Number of Tocations in STOMAT
which are used o
IUSEO | - ouT 1 - Number of Tocations in CONOUY
. which are used
IX - GETY, 1 - General index
SLOPE
17 - LILTCH 1 - EBCD for 'Z' L
J - DEBUG 2 - Equivalenced to double precisior
table value to enable access
. to last 32 bits
J Jj MAIY 1 - General index
JA - DETAB B - Table entry index for beginning
of deletion interval
JA - LODFEL ] - Second material index corres-
ponding to IIA
JB - DETAB ] - ~ Table entry index for ending
of deletion interval
JB - LODFEL 1 - Second material index corres-
ponding to IB
JC - LODFEL 1 - Second material index corres-
ponding to IC
JC - STASH, ] - Maximum index used for a sub-
SUMRY division of a storage array
for contact interaction valves
JCHOP | - JOINT 1 - Indicator of relative pitch
sign
JD - STASH, 1 - Similar to JC
SUMRY
JE - STASH, 1 - Similar to JC
SUMRY
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JEL - SUMRY 1 - Zero if ellipsoid-ellipsoid,

one if plane-ellipsoid
JELL - STASH 62 39 Zero if contact interaction

- ——

is ellipsoid-ellipsoid, one
if ellipsoid-plane
JF - STASH, 1 - Similar to JC
SUMRY
JG - STASH, ] - Similar to JC
SUMRY .
JISWT | - 1 LODFEL 1 - Depository for KISHT

JJ - o LF 3 48 Operational index for inerticl
spike array for EVAL, Negative
is table index., Otherwise is
input polynomial index in

STOMAT

JJ - | MANY 1 - General index

JJdJ - | CONTAC 1 - General index

JJP - LP 2 50 Last value of JJ for this
interaction

UKC - CONTAC ] - Control Index

JKC - SUMRY 1 - Same as JMC

pKONT - SETACT 1 - Number of Evaluations needed in
STOACT for interaction

JMC - SUMRY 60 39 Plane-ellipsoid number (see

ITOT) for ellipsoid involved in
an interaction

INZ - LODFEL 1 - Switch non-zero if necessarv to
quarter interval to get started

JQ - | JOINT 1 - Torso angle coordinate number

JSM - i CONTAC 1 - Control Index

JUPA | - CONTAC 1 - Control Index

JUPB - CONTAC 1 - Control Index

JUPC - CONTAC 1 - Control Index

JUPD - CONTAC ] - Control Index

JUPE - CONTAC 1 - Control Index

JUPF - CONTAC 1 - Control Index

JUPG - CONTAC 1 - Control Index

JUPH - CONTAC 1 - Control Index

JX - CONTAC 2 25 Major axis indicator, one for
X, two for y, three for z

K - JOINT 1 - Joint number, 1 to 5 for neck,
right hip, left hip, right
knee, left knee

K k MANY 1 - General Index
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K - SUMRY 41 43 Same as KK in STASH

14 34

KA - SETACT 1 - General Index .

KACT - FEC 3472 - Control indices for storage of
interaction quantities in
STOACT, CONOUT, and STOMAT

KASE - CONTAC 1 - Switch indicating relative
position of parallel ellipsoids |

KB - SETACT X - General Index .

KBUG - BELT 1 - Sum of debug switches for BELT
debug

KC - STASH 1 - Zero for ellipsoid, one for
plane

KCHA - JOINT ] - General Index

KCHB - JOINT ] - General Index

KCHOP | - JOINT 1 - Indicator of relative yaw sion

KCON - FEC 835 - Control indices for ellipsoids,
contacts, belts and materials
in STOMAT and within KCON

KELL - CONTAC 2 25 Control Index

KG - EVAL 1 - Table index if G-factor from
table

K1 - CONTAC 1 - Body segment index

KISKT | - LODFEL 1 - Vestigial

KJ - CONTAC 1 - Body segment index

KK - CONTAC ] - General index

KK - STASH 14 34 Output vector for integration
performance measures

KKA - UPDATE A - " General index

KKB - UPDATE 1 - General index

KKK - CONTAC 1 - Switch, one if sphere-sphere,
two if sphere-ellipsoid, three
if ellipsoid-ellipsoid

KKONT | - SETACT 1 - Number of Tocations needed
in CONOUT

KNA - LODFEL 1 - Beginning index in STOMAT if bot
soft, of soft one if one soft,
or zero if neither

KNA - SETACT 1 - Beginning index of ellipsoid
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KHB - LODFEL 1 - Beginning index of contact or
second ellipsoid if both soft
otherwise zero
KNB - SETACT 1 - Beginning index of contact or
ellipsoid in STOMAT if both
soft, 0 otherwise B
KNTACC| - CNT 1 - Number of times ACCEL has been
called i
KNTDUB| - CNT 1 - Number of times convergence
has been good enough to double
the time step but other re-
quirements were not met
KNTOT | - CNT 1 - Total number of time steps
of all sizes |
KONECT| - JOINT 5 26 Digitized description of which
2 24 segments each joint connects
KPW - JOINT 1 - Indicates quadrant for relative
pitch and the corresponding
set of relative angles
KR - EVAL 1 - Table index if R-factor from
Table .
KSEG - CONTAC 2 25 Body segment number for ellip-
soid
KSEG - STASH. 40 37 Body segment number for ellip-
soid
KT - ENTER 1 - General index ]
KTA - ENTER 1 - General index
KTYPE | - CONTAC 2 25 ElTipsoid type j
L 1 MANY 1 - General index
LA - DETAB 1 - Lower ccpy down index limit
for deletion |
LA - LODFEL 1 - STOACT index for second material
corresponding to IACT
LA - SETACT 1 - General index
LA - STASH 5 35 EBCD names and material names
’ 2 36 for planes and ellipscids, ani
40 37 control indices o
LAA - SUMRY 5 35 Part of LA (for the first 24
2 36 planes and ellipsoids
24 37 .
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LAB - SUMRY 5 35 Part of LA (for planes and
2 36 ellipsoids after the 24th)
16 47
LAALAB| - SUMRY 40 37 LAA for the first 24 and ‘
LAB for the last 16 B
LADD - ENTAB ] - Period spacer index for new
table
LAP - EVAL ] - Last value of [A
LAST - STASH ] - The number of equivalent full
integration steps at the pre-
ceding call to STASH
LB - DETAB 1 - Upper copy down index Timit
for deletion
LB - INTAB 1 - General index
LB - SETACT 1 - Absolute value of IKACT
LBD - ACCEL, 1 - Same as LDB
CONTAC
LC - SUMRY 1 - Number of time point for a
given page of output
LDB - 10 1 - Output device number for debug
printout
LDTPRT| - LT 1 - Integer equivalent of DTPRNT
LENACT| - FEC 1 - Length of STOACT, 6432 N
LENCUR| - VX 1 - Length of CUR, 1200
LENKAT| - FEC 1 - Length of KACT, 3472
LENKON| - FEC 1 - Length of KCON, 835
LENMAT] - FEC 1 - Length of STOMAT, 2258
LENOUT| - ouT 1 - " Length of CONOUT, 690
L1 - LODFEL 1 - Ending index of time history
of times for interaction
IMENT] - LD 1 - Limit of number of iterations
for balance in shared deflec-
tion
LIMENT] - TAB 1 - Maximum number of entries |
: allowed for all deceleration
tables (3000).
LIMTAB| - TAB 1 - Maximum number of input tables
both deceleration and others
(60).
LJ - LODFEL 1 - Beginning index of time history
of times for interaction
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LK - LODFEL 1 - KACT index for second material
corresponding to IKACT

LKA - JOINT, ] - General index

UPDATE

LKACT | - LODFEL 1 - Index of prover TALF entry in -
KACT time history entry for
interaction @

LKB - JOINT, T - General Index ¢

UPDATE
LL - EVAL 1 - Input material number index
LLX - LC 4 51 Last value of LLXX for this
2 50 interaction
LLXX - LC 4 51 Current values of computed
6 48 polynomial control switches

LM - INTAB 1 - Absolute index of slope in
STOR

LOOK - PEEK 80 - Storage array for first look
at a new card in 80A1 format

LQ - JOINT . ] - General index

LTDCUR] - LT 1 - Integer equivalent of TDCUR

LTIME | - LT 1 - Integer equivalent of T

LTPRNT| - LT 1 - Integer equivalent of TPRINT

LU - JOINT 1 - General index

LX - LODFEL T - Index of matched time just
prior to current time in STOACT
time history

LY - INTAB 1 - Absolute index of ordinate in
STOR

LZ - LODFEL 1 - Index of STOACT entry for
second material in time history

LZKACT| - LODFEL 1 - Index of KACT entry for
second matiral in time histery |

M MANY 1 - General index

MA - SETACT 1 - Absolute value of IA

MASK | - DEBUG 16 - Two bit masks for extracting
each switch value from the
total control word B

MAXCON| - STASH 1 - Number of Tlocations in CONOU:
which are used ﬁ_

MAXTDC| - LT 1 - Integer equivalent of DELTAT

MAXTIM] - LT 1 - Integer equivalent of TMAX

MB - GETY 1 - Absolute index of slope in
STOR

MB - SETACT 1 - Absolute Value of IB .

MBELT | - TL 1 - Non-zero if force-strain reid-
tionship is used for belts
instead of force deflection.



TACLE 37.

SYHIOL CICTITHARY

ey
c 2
o 2 Units or
P g Subnrgoren o Subscript
© 5 |Syrbol or Ccmn |5 rafzrence Definition
MC - STASH, 1 - Interaction number
SUMRY
ME - STASH ] - Beginning index in KCON for
ellipsoids on a particular
body segment
MIKC - STASH, 60 39 Beginning address in KCOil
SUMRY for ellipsoid in force- ;
producing interaction i
MILL | - CNT 1 msec Total CPU time of execution |
so far
JKC - STASH, 60 I 39 Beginning address in KCOH for |
SUMRY plane or ellipsoid in force
producing interaction
MKA - UPDATE P - General index .
MKB - UPDATE L] - General index
ML - CONTAC 1 - General index |
MLIM nax EP ] - Inputted maximum number of ?
halvings which will be per-
: mitted ]
M - CONTAC, 1 - General index
GETY,
SUMRY -
N - CONTAC 1 - General index
NAME | - RSS, 4 - EBCD for belt material names
SUMRY 4 11
NAME2| - READAT 4 - EBCD for column heading in
4 1 case belt is not present (belt
material)
MOVE | - UPDATE 1 - General index
MSTOR | - TAB 60 44 Input table information
5 45
MT - CONTRL, 1 - Number of estimated points
CORK, MAIN, in time history
PRED
MX - EP 1 msec Inputted CPU execution time
Timit
N n MANY 1 - General index
N - RELTIV 1 - Zero if relative velocities
are not to be determined
N - SUMRY 1 - Same as NHN 1n STASH
NA - EVAL 1 - Current value of II




TABLE 37. SYMBOL DICTIGHARY
j
2
E n Units or
'~ Subnroaran 2 Subscrint o |
© = |Svmhol or Ccuon | 5 Reference Definiticn /
NA - JOTHT 1 - General Index
NADD - MOVTAB 1 - Index which contains proper
number locations for adding
one new entry
NAM - F I.DM, 4 - EBCD storage array for 16
MATCH character name in 4A4 format
NAMES | - READAT 8 - EBCD ellipsoid, contact, or
material names
NB - DETAB, 1 - Beginning address in STOR for
ENTAB, table NTAB
GETY,
INTAB,
MOVTAB,
SERTAB,
SLOPE
NB - EVAL ] - Current value of JJ
NCOUNT]| - LODFEL ] - Total number of evaluations
NE - INTAB, 1 - General index
SERTAB .
NE - STASH 1 - General index
NELL - STASH 1 - Total number of body ellipsoids
(or spheres)
NEND | - ENTAB 1 - Temporary value of last index
' used in STOR
NEWT - MOVTAB 1 - New value of NUMENT after one
new entry added to table
NID - 10 1 - Input device number
NIX - EVAL 1 - , Return contrel index from force
evaluation section
NKA - UPDATE ] - General index
NKB - UPDATE 1 - General index
NL - CONTAC 1 - General index
NM - CONTAC, ] - General index
INTAB,
MOVTAB
NN - CONTAC 1 - General index
NN - ENTAB 1 - Input table number
NN - STASH, 1 - Number of force-producing
SUMRY interaction combinations
NNB - THTAB 1 - General index L
NN . STASH ] . Similar to JC
NOD - 10 | - Standard output device number
INPLANE] - STASH 1 - Total number of contact planes
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TABLE 37. SYM30L DICTIONARY

e
c 2
© . Units or !
g Subprogran @ Subscrint i
° 2 IS ™ol or Coron | = Reference Definiticn ’
NPNT - INTAB 1 - Pointer index at current X in
scanning, flagged negative if
table needs reordering
NPOINT| - SERTAB 1 - Index of pointer for current
place in table scan :
NQR - CONTAC 17 42 Internally supplied data used .
2 24 by ellipsoid-ellipsoid logic
NR - STASH 6 17 Indices of displacement and
9 4] velocity elements of the DYN
vector )
NS - MOVTAB 1 - Index of slope at point of
insertion
NSC - ENTAB 1 - Input table scan switch |
NSCAN | - ENTAB, 1 - Input table switch. Only
DETAB, types used are piecewise-
GETY, Tinear and piecewise constant
MOVTAB,
SERTAB
NSWT - STASH,. 1 - Similar to JC
SUMRY
NTAB - DETAE, 1 - Index of current input table
ENTAB, ’
GETY,
MOVTAB,
SERTAB,
SLOPE
NTOP - MOVTAB 1 - Index of last location to be
- _moved in current push down lcnp
NTOT - DETAB, 1 - Number of points in table
ENTAB, NTAB
GETY,
INTAB,
MOVTAB,
SERTAB,
SLOPE |
NUMC - PEEK, 1 - Number of input card
' READAT
NUMCON| - READAT, 1 - Contact plane number
SUMRY
NUMENT| - TAB 1 - Number of table entries in
STOR
NUMTAB| - TAB 1 - Number of tables in MSTOR
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TABLE 37. SY'30L DICTIONARY
S
§ pal Units or
ve Subnreoran N Subscript o
S8 |Sumbol or Ccioon | 5 Reference Definition |
NX - MOVTAB 1 - Index of X at point of insertir
NY - MOVTAB 1 - Index of Y at point of inserti-
0G w LE 6 48 Permanent deformation array fou
EVAL. Units are inches U
0GP W LP 2 50 Last value of 0G for this inter-
action ]
OR - JV 5 26 Relative EuTer angTes from
3 28 preceding time point.
P Py KC 12 8 Body segment center of gravity
J to joint distance
PC - JOINT 1 - Sign factor for relative pitch
cosine
PCV - XX 17 3 Difference between predicted
and corrected velocities
PCX - XX 17 3 Difference between predicted
and corrected generalized coor-
dinates
PDA - JOINT 3 16 Joint Tever arms
6 27
PDB - BELT 4 11 Belt Tever arms (direction
6 20 cosines)
PE - STASH 5 26 Joint potential energies
3 28
PERCNT} p, . BC 4 11 Positive or negative percen-
J 4 11 tage of influencer force i to
be added to influencee force
j (for belts)
PERD - ENTAB 1 sec - Vestigial, period of a periodic
table
PETA | n.. JC 2 29 Upper and lower stop limits
N 5 26
PI T MC 1 - Value of =
PITWO | n/2 MC 1 - Value of n/2
PPX - STASH 1 - i component of total Tinear
momentum
PV ﬁk : XX 17 3 Predicted generalized velocities
PX - LF 10 49 Computed polynomial array for
6 48 EVAL
PX Pk 1 XX 17 3 Predicted generalized coor-
> dinates o
PY - STASH 1 - J component of total Tinear
| momentum



288

-

TABLE 37. SYMBOL DICTIGHARY
-
2
E @ Units or
o Subrroaran g Subscript o |
o |Svmbol or Corren | 5 Reference Definition ;
PZ - STASH 1 - k-component of total linear
momentum
Q q QQ 3 19 Generalized coordinates, ,
K 17 3 velocities, and accelerations !
qQl - ACCEL, 1 - Temporary storage !
STASH |
Q2 - ACCEL, 1 - Temporary storage
STASH
Q3 - ACCEL, R - Temporary storage
STASH
QA q ACCEL 17 3 Generalized acceleration
k values before possible editing
(see EDEPS)
QQ - ACCEL ] - Temporary storage
QI - READAT 2 19 Body initial conditions
17 3
R - Qv 3 - Rotation matrix elements
3 -
7 18
R14 - QV 7 18 Trigonometric combination
R15 - Qv 7 18 Trigonometric combination B
R16 - Qv 7 18 Trigonometric combination
R17 - Qv 7 18 Trigonometric combination
R24 - Qv / 18 Trigonometric combinaticn
R25 - Qv / 18 Trigonometric combination
R26 - QV / 18 Trigonometric combination
R27 - QV / 18 Trigonometric combination
RE - CONTAC 2 25 Radius for contact sphere
associated with ellipsoid
RFAC R CONTAC 1 - Contact surface edge effect
factor
RFSAT | - BC 4 11 Magnitude of maximum allowed
4 11 difference between force i
and force j for belt influences
RI R LC 2 50 Fraction of conserved energy
over total energy for current
loading cycle ]
RKE - STASH 6 18 Rotational kinetic energy for
body segments |
ROLLJ | - JOINT 1 - Torso roll angle
RNMIT| - JOINT 1 - Direction cosine with respect
to torso ]
RNM12| - JOINT 1 - Direction cosine with respect
to torso




TABLE 37. SYMZOL DICTIONARY
. |
~ 2 !
© 2 Urits or !
2 Subnreoaran Q Su?scr1rt e I
° 5 (Smhol or Corvonl 5 Reference Definition ,
RNM13 | - JOINT 1 - Direction cosine with respect
to torso
RNM21 | - JOINT 1 - Direction cosine with respect
to torso B
RNM23 | - JOINT 1 - Direction cosine with respect
to torso l
RNM3T | - JOINT 1 - Direction cosine with respect
to torso K
RNM33 | - JOINT 1 - Direction cosine with respect
to torso }
RPD - MC 1 - Value of /180 B
S - Qv 3 6 Sines of generalized angles }
7 18
SAVE | - MAIN 17 3 Temporary storage for first
attempt with Runge-Kutta R
SFAC S CONTAC 1 - Contact surface edge effect '
factor !
SGF - EVAL ] 1bs. Force at SO0G i
SJ - Jv 5 26 Joint stop moment ]
3 28
SLOPE | - SLOPE 1 - Calculated slope for abscissa
X for table NTAB
SM - EVAL 1 1bs/in. Force slope at SOG
S0G - EVAL - 1 in. Last unloading deflection
before reloading
SS Si‘n ACCEL, 3 - The part of R - elements
J STASH 3 . )
6 18 containing no generalized
acceleration factors
STEPS | - STASH 1 - Ratio of print time interval
SUMRY to maximum integration step
sine
STOACT - FEC 6432 - Time histories for force-
producing interactions |
STOMAT] - FEC 2258 - E1Tipsoid, contact plane, bel.”
and material constants and
Kinematics
STOP S 3 JC 5 26 Joint stop coefficients
X 3 28 B
STOR - TAB 3000 - Storage for input table time
points ]
STP - JC 5 26 Upper pitch stop coefficiente
SUM - BELT, 11 - Temporary storage
CONTAC B
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TABLE 37. SYMDOL DICTIGIARY
=y
2
§ pal Units or
v Y Subrrecran ¢ Subscrint o
T |Svibol or Cc.en | 5 Refererce Definition '
SUMRKE | - STASH 1 - Total rotational kinetic
energy
SUMTKE| - STASH 1 - Total translational kinetic
energy
T 1 sec Simulated time
TBAR - CONTAC 2 25 Position parameter for migra-
ting sphere
TBBAR | - CONTAC 2 25 Parameters for evaluation of
TBAR for parallel ellipsoids
TDCUR | at T 1 sec. Current integration time step
TINEST| - LT 1 - Smallest possible time siep
under integration scheme J
KE - STASH 6 18 Translational kinetic energy |
for body masses 5
M t LF 6 48 Current time array for EVAL.
Units are seconds |
TMAX max 1T 1 sec, Program run simulated time
duration
MP t LP 2 50 Last value of TM for this
interaction |
TN - UPDATE ] sec. Current time recorded in
STOACT entry
TNEXT | - SUMRY R - Value of time for the first
' new record of the next page
of continuously paged output;
negative if none
106G w' EVAL 1 in. Permanent deformation computed
- from saturation unloading
TOTLKE] - STASH 1 - Total kinetic energy L
OTLX | - STASH 1 - i component of total angular
momentum *
OTLY | - STASH 1 - j component of total angular |
momentum
OTLZ | - STASH 1 - k component of total angular
momentum 1
PC - IT 1 - Fraction of next time segment
during which the contact sur- !
face corner point velocity is .
to be linearized |
PRINT| - 1T 1 sec Computed next print tire B
TQ - CARTIN, 1 sec? Factor used in vehicle inte- |
READAT gration N
S - LIMIT 1 - Temporary storage B



TABLE 37. SYMGOL DICTISHARY
=
2
§ P Units or
v Subrremro g Saoscript o
©.T | Sumho] or Conoon | g Referance Definition ,
TR - Qv 8 ; Trigonometric combination
7 8
TS - BELT 6 17 Inertial components and rates
of change of cart origin-to-
torso CG vector 1
TSA - MANY 1 - Tempo: ary storage K
TSB - MANY 1 - Temperary storage i
TSC - MANY 1 - Temporary storage |
TSD - CONTAC, 1 - Temporary storage N
BELT .
TSE - CONTAC 1 - Temporary storage
TSF - CONTAC 1 - Temporary storage
156G - CONTAC 1 - Temporary storage
TSH - CONTAC 1 - Temporary storage
TSI - CONTAC 1 - Temporary storage
TSN - CONTAC 1 - Temporary storage
TSP - CONTAC ] - Temporary storage
TSQ - CONTAC 1 - Temporary storage
TSR - CONTAC 1 - Temporary storage
TSS - CONTAC ] - Temporary storage B
TSXZ | - CONTAC T in. Factor in contact calculations
TSYZ | - CONTAC 1 in. Factor in contact calculations |
TSZ - LIMIT 1 - The maximum of the weighted
average of CATC and CATD's
1577 - CONTAC 1 in., Factor in contact calculations
T - CARTIN 1 sec. Time on current deceleration
table segment
1T - XX 10 38 Time history time storage |
TTT - READAT 1 sec. " Length of current deceleration
table segment
/ Yin ACCEL g %g The parts of &'s containing no
“generalized acceleration facters
VALUE | - SERTAB 1 - Abscissa of input table
V1 - READAT 2 19 Vehicle initial conditions
6 20
VX - STASH 1 - Contribution to i component o~
total angular momentum from
Tinear velocities N
VY - STASH ] - Similar to VX for j component
VZ - STASH 1 - Similar to VX for k component
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TABLE 37.

SYMBOL DICTISNARY

292

<
2
§ . Units or
e Subprearam Q Subscrict .
O3 | Syrbol or Comon | 5 Refercrce Definiticn
W Win ACCEL, 3 10 The part of body segment linear
STASH 6 18 accelerations containing no
generalized acceleration factor:
WGT " EP 17 3 Weighting factors
k
WS X CONTAC 1 - X-coordinate of special contact |
surface system, see Equation 52
WT Y CONTAC, T - Y-coordinate of special contact
SLOPE, surface system, see Equation 52
SERTAB ’
WX - STASH 1 - Contribution to 1 component
of total angular momentum from
angular velocities
WY - STASH ] - Similar to WX, for j component
WXYZ - STASH 3 10 Inertial components of angular
velocity vector
X - ENTAB, 1 sec, Abscissa of input tabTe T
GETY
X - Qv 3 10 Body segment CG coordinates
6 18
XA - RELTIV, 6 17 Inertial coordinates and veloc-
STASH ities returned by RELTIV as
relative guantities
XA - DETAB, 1 secC. Lower endpoint of time range for‘
SERTAB deletion or search
XB - DETAB, 1 Sec. Upper endpoint of time range for
SERTAB deletion or search
XAA - DETAB 1 - . Either endpoint of time range
to be deleted (with XBB, defines
a closed interval)
XBB - DETAB ] - Either endpoint of time range
to be deleted (with XAA, defines
a closed interval)
XC - RELTIV, 6 17 Inertial coordinates and veloci-
STASH ties for cart origin or time-
zero H-point in cart
XDDC - CONTAC 1 - Vehicle contribution to x-
component of tangential velocity
XDEL | - CONTAC ] - Ellipsoid-ellipsoid deformation
XDMC - CONTAC 3 - Intermediate results in com-
puting XDDC
XDOT - CONTAC 1 in/sec. Time derivative of WS



TABLE 37.

SYHEOL DICTIGNARY

s 2 Units or
s Subner-oon 2 Sudscrict
o8 | Swrhol cr Ce oal g Reference Definition
XE - CONTAC 3 10 Inertial coordinates of
2 25 ellipsoid center
XEM Xam CONTAC 1 - X-coordinate of ellipsoid
center in body segment system |
XHAT - CONTAC 9 1 Contact surface corner point
coordinates
XLAM - CONTAC 3 10 Direction numbers of semi-
2 25 major axis .
XL - CONTAC 2 25 Distance along semi-major axis
between ellipsoid center and
migrating sphere center
XX r BELT 4 11 Inertial X-coordinates of
n belt attachments and anchors
XX - GETY, ENTAB,” | ] sec. Abscissa of input tabTe
SLOPE
XXX - XX 10 38 Time history of body kinematics
17 3
3 19
XYDDS | - CONTAC 1 - Factor in contact surface
contribution to components of
tangential velocity
XZ X CONTAC 1 in. X-coordinate of actual contact
0 point
XZA - CONTAC 1 in. X-coordinate of first possible
contact point
XZB - CONTAC 1 in. X-coordinate of second possible
contact point
Y - DEBUG, 1 - Ordinate of input table
ENTAB.
GETY
YY Sh BELT 4 11 Inertial Y-coordinates of belt
attachments and anchors
YDDC - CONTAC 1 - Vehicle contribution to y-
component of tangential velocity
YOMC - CONTAC 3 - Intermediate results in com-
puting YDDC
YDOT | - CONTAC ] in/sec. Time derivatives of WT
YEM Yen CONTAC 1 - Y-coordinate of ellipsoid
center in body segment syster
YZ y CONTAC 1 in. Y-coordinate of actual contact
° point L
YZA - CONTAC 1 in. Y-coordinate of first possible
contact point o
YZB - CONTAC 1 in. Y-coordinate of second possibie
contact point
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TABLE 37.

~ Ny n"""?’l‘ '\r\\l[
‘..4"‘... Usrul s

7 s or

. . -

o St - MINIVA RSN

23 | Swent ar = ERNE Defipitica

ZEM z CONTAC 1 - Z-coordinate of ellipsoid

em X

center in body segment system

ZERA | - IT 1 rad. Inputted proximity epsilon
for nearness to pole at /2
for pitch

ZERB - IT 1 rad, Inputted proximity epsilon
for sine of pitch near pole
at m/2

ZINFL| & z 1 - Input factor which modifies
adjustment to inflyencee force
for belt friction %INFL-])

_ default = 0.

7 t, BELT 4 11 Inertial Z-coordinates cf
belt attachments and anchors

¥ z CONTAC 1 in. Z-coordinate of actual contact

0 point

ZZA - CONTAC 1 in. -coordinate of first possible
contact point

L7B - CONTAC 1 in. Z-coordinate of second possible
contact point
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TABLE 38. SYMBOL AND FORTRAN NAME CORRESPONDENCE
Fortran Fortran Fortran Fortran
Symbol Name Symbol Name Symbol Name Symbol Name
Py i2 N FN X WS o AGL,0R
? \
b B? [ MLIM Yem YEM (8% ) EREST
c DAMPJ ¥ PERCNT |y, YZ B DD
c c2 Pro P v, BYA : EPS
C. C ,
i Pk,l PV y WT ey DTMIN
E E,EP q ) 2o 7EN £y EPZV
s ELAS q B 2 11 s EDEPS
F FD,FORCE QB BR z. BZA oy ETA,PETA
i FDD,FDEV 3 BS B M X BC27,FAC
C
?i FB GG BG 8 ETA,D, \ BA1
DEL,DP
M ) BJ § DD,DDP, y BMUK
max J ETAD k
Fe o AFSAT GT BT 5 DA m WGT
F(q) FOG,FBOGP | r XX 85 DB by BA2
Fi(e) | FOG,FOGP | R ARE ,RFAC,| DC b BMUS
RI
g ESGLGRAV | s YY 5 - N BA3
G GEE,GI S SFAC |['&; OF - P
PITKO
i I s].jn SS 5 DELB Pi P
Is, EI Sxs STOP 5 DELD W 0G,0GP
J J t T,TM,TMP Atk'k 1 AF o 106
k FK,K th 2 B, BK Q BOG ,BOGP
32
T L T THMAX AtkK oK
23
]n(t) BL Uiy U Atkk . DF
Th(o) | BLZ Win W by TDCUR,
DELTIM
m EMAT ,M X XEM A
em tmax DELTAT
. EM X, Xz A | DTPRAT
n N Xn BXA AVfl_im EPZA




TAGLE 39.

CUCSCRIPT REFLRINCE EXFLANATIONS

SUBSCRIPT
REFERENICE

SUSSCRIPT

NUMBER VALUES SUBSCRIPT EXPLANATION UNITS SYI'S0L
1 1 X-ccordinate of first corner point in. %,
of contact surface.
? Y-ccordinate of first corner point in. Y,
of contact surface
3 |Z-coordinate of first corner point in. 7,
4 X-coordinate of one adjacent cor- in. Q
ner point. >
5 Y-coordinate of one adjacent cor- in. A
ner point. Yo
6 Z-cooirdinate of onz adjacent cor- in. %
ner noint, 2
7 X-coordinate of other adjacent in. ~
corner voint. . 3
8 Y-coordinate of other adjacent in. ~
corner point. Y3
9 Z-coordinate of other adjacent in. 5
corner point. 3
10 Time at which contact surface as- sec. ¢!
sumes this position. If the di-
mension is nine, this one is omitted.
2 1 For projected angle with inertial i - -
2 For projected angle with inertial j - -
3 For nrojected angle with inertial k - -
3 1 Inertial X-coordinate for torso in.or 1b. X,
center of gravity.
2 Inertial Y-coordinate for torso: in. or 1b. Y,
center of gravity
3 Inertial Z-coordinate for torso in. or 1b. zZ,
center of gravity.
4 Inertial torso vaw angle. rad or in.1b |
5 Inertial torso pitch angle. rad or in.1b | g
!
6 Inertial torso roll angle. rad or in.lb 6,
7 Inertial head yaw angle. rad or in.lb Wy
8 Inertial head pitch angle. rad or in.1b o
>
9 Inertial head roll angle. rad or in.lIb ¢
2>
10 Inertial right upper leg vaw angle. |rad or in.lb Vs
i Inertial right upper leg pitch angle.|rad or in.lb o
2
12 Inertial right upper leg roll angle. {rad or in.Ib 0,
13 Inertial left upper leg yaw angle. rad or in.lb v,
14 Inertial left upper leg pitch angle. | rad or in.lb E}
d:
15 Inertial left upper leg roll angle. |rad or in.lb @q
16 Right knee relative ptich angle rad or in.lb ,93
17 Left knee relative ptich angle rad or in.1b 8,
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TABLE 39. SUCSCRIPT REFERENCE EXPLANATIONS

SUBSCRIPT
REFERZHCE
NUMBER

SUCSCRIPT
VALUES

SUBSCRIPT EXPLAATION

UNITS

SYI'BOL |

——

Elements of R(3,3), by columns

4
5

Partial with respect to partinent v

Partial with respect to partinent &

Partial with respect to pertinent ¢

Time derivative

Yaw

Pitcn

Roll

Partial with respect to 8,

Partial with respect to g
6

Torso center of gravity to neck

in.

Head center of gravity to neck

in.

Wl N = PO =N BN — O

Right upper leg center of gravity
to right hip.

in.

Left upper leg center of gravity
to left hip.

in.

Right Tower leg center of gravity
to right knee.

in.

Left Tower leg center of gravity
to left knee.

in.

Right upper leg center of gravity
to right knee.

in.

Left upper leg center of gravity
to Teft knee

in.

Hip to knee

in.

—

[en] i)

Hip to knee

in.

.
—)

Torso center of gravity to pelvis
(H-point)

in.

—|

Pelvis to either hip

in.

€pu

Attachment point

Anchor point

10

X,i-direction

y,j-direction

z,k-direction

11

1
o~

Belt number

12

Belts 1 and

Belts 1 and

Belts 1 and

Belts 2 and

OO WP ——lw] PO[—1| N —| N

Belts 2 and

wlrolne] —
BSlslwlalow]|ro

Belts 3 and
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TABLE 39, SUBSCRIPT REFERCNCE SXNLANATIONS
SUBSCRIPT
PEFERLCE[SUBSCRIPT
NUMBER VALLES SUBSCRIPT EXPLANATION UNITS SY:30L
13 1 Coefficient rates of surface relative 1nﬁ/sec
to vehicle.
2 Coefficient rates of surface relative . /sec
to vehicle,
3 Coefficient rates of surface relative . /sec
to vehicle.
4 Coefficients of surface relative in¥
to vehicle.
5 Coefficients of surface relative in%
to vehicle
b Coefficients of surface relative in%
to vehicle.
7 Coefficients of surface relative in?
to vehichle.
8 Coefficients of surface relative int
to inertial space.
9 Coefficients of surface relative in.
to inertial snace.
10 Coefficients of surface relative in%
to inertial space.
11 Coefficients of surface relative in®
to inertial snace.
12 Direction frctor -
13 Coafficient rates of surface inﬁéec
relative to vehicle.
14 These are intermediate results . in¥
15-17 These are intermediate results. in3
18 These are intermediate results. in¢
19-21 These are intermediate results. in3
22-23 Surface side lenqths. in.
24-29 Combinations of (8,9,10) taken in pairs. | in%
30 Sauare of (31). ) int
31 Normalizing factor. in%
14 1 First member of belt pair -
2 Second member of belt pair -
15 1 Any of six belt pairs (see subscript -
reference 12)
2 The pair of belts not included in the -
pair.
16 1 Torso yaw direction. -
2 Torso pitch direction -
3 Torso roli direction. -
17 1 x-coordinate. in.
2 y-coordinate. in.
3 z-coordinate. in.
4-6 Time rates of change of x,y,z in./sec
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TABLE 39.

SUCSCRIPT REFERENCE EXPLANATIONS

SUBSCRIPT
REFERENCE
NUMBER

SUBSCRIPT]
VALUES

SUCSCRIPT EXPLANATION

UNITS

18

1

Torso

Head

Right unper leg

Left upper leg

Right lower lea

Left lower leg

Vehicle

19

Coordinaio

Velocity

Acceleration

20

X-direction

y-direction

z-direction

Yaw

rad

Pitch

rad

Roll

rad

21

=1l O] O] -] QO] N =2 QO N =3 S| OY| O o N

For plane containing influencer belt
anchor point.

nNo

For plane containing influencee belt
anchor point.

22

Ojo

E1lipsoid friction class.

Plane friction class

24

Neck or hip joint.

Knee joint

25

— o] — =] 1

First of ellipsoid-ellipsoid interaction
pair. )

~N

Second of ellipsoid-ellipsoid
interaction pair.

26

Neck joint

Right hip joint

Left hip joint

Right knee

OV Bl ol N —

Left knee

27

—]
1
w

Partials with respect toy,,4, ,¢,

i
o)

Partials with respect to

& of
appendage ?,8,0

28

Relative yaw

Relative pitch

29

Relative roll

Upper stop

Lower stop

30

Stop Timit 1

Stop Timit 3

W)
|
N

Stop limits 5-14

31

i =1 o =t ro| =] Lol o] —

Relative pitch inside range (-

N

%,%5)
-T
1

Relative pitch outside range (

32

i moment of inertia

J moment of inertia

Slwiro]—

k moment of inertia

Mass
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TABLE 39.

SUBSCRIPT REFERENCE EXPLANATIONS

SUBSCRIPT
REFERENCE
NUMBER

SUBSCRIPT
VALUES

SUBSCRIPT EXPLANATION

UNITS

SYMBOL

33

]

Yaw stop

location

rad.

ny

2

Positive
yav/

pitch stop locaticn with zero

rad.

n2

3

Positive
presence

pitch stop location in the

of full yaw

rad.

I]3

ilegative
yaw

pitch step location with zero

rad.

Ny

Negative
presence

pitch stop location in the

of full yaw

rad.

ns

Positive
Zero yaw

roil stop in the presence
and full positive pitch

of

rad.

Ne

Pure roll stop

rad.

nz

O0] ~4

Positive
Zero yavl

roll stop in the presence
and full negative pitch

rad;

g

Positive
full yaw

roll stop in the presence
and zero pitch

of

rada.

ng

10

Negative
full yaw

roll stop in the presence
and zero pitch

of

rad.

n1o

11

Positive
full yaw

roll stop in the presence
and positive pitch

of

rad.

n1

12

Negative
full yaw

roll stop in the presence
and positive pifch

of

rad.

ni2

13

Positive
full yaw

roll stop in the presence
and negative pitch

of

rad.

N3

14

Negative
full yaw

roil stop in the presence
and negative pitch

of

rad.

N1y

34

CPU time

sec

Number of calls to ACCEL

wWwiPo—

Number of successful integration time
steps since the preceding print time

Number of successful integration time
steps

Numoer of successful 1ntegration'thne
steps at each level of halving

35

Beginning index in KCON if second index

is 1; KC if second index is 2

Plane or ellipsoid name if second index
is 1; corresponding material name if
second index is 2

36

See subscript reference 35

37

Plane-ellipsoid numter, less than or
equal to ITOT, with planes first,
then ellipsoids

38

One for each of the established sets
of body kinematics stored backward

in time
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TABLE 39, SUBSCRIPT REFERTNCE EXPLANATIONS

SUBSCRIPT
REFERENCE
NUVEER

SUSSCRIPT
VALUES

SUBSCRIPT EXPLARATION

UNITS

SYHB0L

39

1-60

Number of different force producing
interactions occurring in the course
of the integration

40

1-20

Number of contact planes{Timited
to 20 only for plane description in
output page headings; see IDESCR)

41

Head linears to be put into relative
coordinates

Torso linears

Right upper leg Tinears

Left upper leq linears

Right lower leg Tinears

Left Tower leg linears

Right knee and foot positions

Left knee and foot positions

H-point position

42

One for each lever arm

Deflection rate

43

First time point on a page of

output, either a repeated time point
from the preceding page or time equal
zero

Time point numder on a page of output

44

See subscript Reference 20

Debug hexadecimal control word

Material tables as needed

45

Number of points in table

Beginning line in STOR

Scan type switch

Pointer at address of current x;
negative if changes in table

Beginning Tine in CUR or 0

46

Refer to LAA, LAB, and Subscript
Reference jjumber 37

47

Refer to LAA, LAB, and subscript
Reference HNumber 37

48

First evaluation of quantity for
first material

Second evaluation of quantity for
first material

Third evaluation of quantity for
first material

First evaluation of quantity for
second material

Second evaluation of quantity for
second material

Third evaluation of quantity for
second material
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TABLE 39.

SUCSCRIPT REFERLCINCE EYPLANATIONS

SUBSCRIPT]
REFERE!CH
NUMBER

SUSSCRIPT
VALUES

SUBSCRIPT EXYPLANATION

URITS

49

1

Zeroth order coefficient of computed
unloading or reloading polynomial
in deflection

pounds

First tnrough third order coefficient
of same polynomial

2/9n. ,
etc.

Vestigial

oo

Deflection at which to use the following
secondary computed unloading or re-
loading polynomial on deflection

inches

7-10

Leroth through third order coefficients
of scondary computed coefficient

4, #/in.
etc.

50

Last value of quantity for first
material

Last value of gquantity for second
material

51

Switch which is non-zero if secondary
computed polynomial is to be
considered for use

Value of II for last loading portion

Value of JJ for last loading portion

B =Kol a)

+2 = reqular unloading

+]1 = partially initialized unloading
0 = first loading

-1 = partially initialized reloading

-2 = regular reloading

52

Beginning index of material -properties
for slipping pair one

Beginning index of material properties
for slipping pair two

3-6

Beginning index of material properties
for "soft" body, i.e., shared deflection

for belts one through four respectively
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PHYSICAL FACILITIES

Tke Copputing Center ruiiding 1is located at 1375 peal Avenue on Nortn

Campus (rawcdiately south or trne IST Buildinyg). The xain entrance is on the
nortn side of the building; 1t provides direct access to thz sg2on floor.
Two additional fuplic entrances are locat2d on tne east side Of tae
ouridirig,; tnese entrances are at tne rirst rilcor level. A large par4ing lot
at tae corner of Ze€diL anad Glacler %ay nds ORe area reserved ror staif  paid

parkinj and anctuer area that 1s unrestricted.

The rcllowing 15 a descripticn or various areas and services oL tne
Computing Center which are available to tne authorized us2rs or the
equifpment:

Business 0Office (Room 5204)

21l questions dealiny Wlth the autnorization IO th2 use OL the
computer aad the financial accounting procedures related to its
use are nandled 1L tnis office. Questions pertaxrnlhy to  program=-
mrag are dealt with elsewnere (see Couaselinyg). Tac various
application forms for Tre€g uODtlno the computing services, tne
renewal oL service, rebat 5, lost passwords, anda tne restoration
of files are processed nere.

Work hkoom ({Gkocm 1202)
Tais 1s a genﬂ l WworLk area where the users of thc Coaputer nay

ecscakle tnoir nngvt oY Loview  taelw  outdputb. Tue  £ooa  also
contaius tae sHaC& set aslile tor tae couns2lors (see Couaseling
room) vho provide assistance when aeaded. Jarcious adRuals  and

write-ups  (Coaouting Cenrter Hews and Cofnputin; Center Menos) on
the use or the conputer are also availanle 1a tuls rooa 1oL <€da3y
rererence.

A IV display gives continuous infornation on tne status of the
user's katch joos rrom the time that +*uey are accejpted at  tne
Input window ana assigned a Jon nuaber to the tiue tney are
coupleted. When the status code 1naicates a job 1s conmpletad, the
user shoula await the anncuncement over the public-adaress systen
that 1t 15 ready tor pick-up 4t the Output window.

Counseling nccw (Rooa 1206). See also "COUNSELING" 5=ctron below.

"re Computing Center provides a co 1oe11ng Stdrf Lo auswer

rograzrinyg questious for all users. At ledazc one c¢ouns2lor 1s on
Gdt] from »:00 42 to ncon, 1:00 pn to 5:90 pa, and /:70 pm to
11:0 pua ionday turougn Fraiday (except Fcirday nigat), and 5:00 pa
tc ncen on Saturday ¢uring the norsal University twori. uring
noliday periods, reduced scnedules are in =frect., Jsually tacre
1s a counseling scheaule pested on  the pulletin poard 1a  the
Counselinyg koon.

I
d

Keypunch and Ierminal roou (hocm 1208)
The keypunca Rcom curreutiy contains eleven foael 225 Key~-
fuliches. Tnese aie avaliavle to usoers Ifor  preparation ot card
decks to be surmittea to the computer unier an authorized

14 Unaiversity or {dicnigan Computing Center
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Conputing Center 1ID. Users of tnis equipaont should Llimit
themselves to nc more than one hour within tne Keypunch Room when
there are others waiting to use the eguipaent. Qna of the
keypunches 1s reserved fcor  Yexcress" jons, Use of the express
keypunch is linmited to tive cards or one winute per person.

All maliunctioning or tne keypuncnes snould be reported itamedi-
ately tc an attendant at tne Hodel 20 Window. Unautnorized
persons should not try to "fix" nalfunctioning equiprent in the
Conputing Center.

This rooa also contains six lodael 35 KSK Teletype terminals.
These are public teroinals which are availabla to anyone with a
valid Ccmputing Center ID. There are approximately tnirty other
public Teletype terminals at other locations on campus; an exact
list 1is given later in the Iniroduction,

The Keypunch Ecom also contains an IBY 083 <Cara Sorter. The
card sorter should not be used hy persons unfaaziliar wita this
aevice; a manual 1s available 1in tae library for reference, and
the counselors are ready to give basic instruction on its use.

A limited number of bins are available in the work room to
frovide storage for a maximum of two card hoxes per user. Tne
Computing Center aoes not assume responsibiity for the contents of
the boxes storea in these bius. Boxes are reaoved and discarded
at the end of the second week of each nev teri unless they display
a prorperly dated sticker. The user amay obtain date stickers in
the Counseling Rooa berore¢ the deadlines.

Input Window
Input 4Hindous are located on the north sice of tae first floor
Machine Roonm (Room 121%) tfor the input of card decxs aad tapes.
Cards supmitted for batch runs at these windows are run through a
card reader by an attendant and immediately returned to the user.
Letails on the processing of batch jobs w.ll be found later in
this intrcduction under *"Cperations",

Output dindcw
Several output windows face the user's wor? ared. Ouatput and
plots from batch runs waicn are picxed up by the user at this
windoy rmust be 1dentified with the associated j¢d cara and nuuber.
See the instructions in the section entitled "Pickiny Up Jobs"
later ain this Introduction.

Hodel 20 Window
Listings, repreduction, intecrpretation, etc. of card decks can
te obtained by subaitting the decks at this vindow. Sae *"igodel 20
Services" later in this voluune for details. All nalfunctioning
equirrent should be reported at this window.

University of Michigan Coamputing Center 15
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Hours

The current Ccpnpucting Center nours can always be optained by signing onto
TS and issuing a #COPY *CChOURS commanl. The nours in effect as of this
publication are as follows:

Publiic Areas (Keypunch Room and Terminal Room, Worx Room, Input d#indod,
Cutput #Winaow, ana Hoael 20 Winaow)
Tnese areas are open coktinuously during tue following periods:

am t¥crday tnrough 10 pun Saturday
pm tnrouyn 10 pw Sunday
(the Input Winacow is closed until 2:30 pa on Sunday)

Eusiness 0Office
8 am - 4:30 pm doraay through Friday.

Duaring hclidays and ena-ci-term periods special scheiules go into effect.
The specially schedulea hours are posted within tne Conmputing Center darea 1in
advance of tanese per1ods ana can also b2 obtained at taese tires fron
*CCHCURS.,

North University Fuilding Station (NUBS)

The Computing Center alsc operates a central candus station. This
station 1s located in the Yorth University building (Building 145 on tne
official University canpus wmap) on Forest Avenue at the pelestrian overpass.
The main entrance is on tane south side of the building fac.ng the pedestrian
OVEeIfdSs. The NUBS areda can also be enterea from the east side of the
puilding where meter and statf paid parking accommodations are provided.

The rcllowing is a aescraiption of various areas and sesviCes Wanlcn are
availanle at NUBS to the authorized users of the equipment:

AOLCK ROOW (&coa 1013 NUB)
Tnis 1s a geacral workK area where toe users Ot the colputer may
asschhle tnelr input cor review their ouatput.
A limited numbeéer of bpins are availabls 1n the worx roon to

frovide storage for a raximua Oof tWOo Card DOXeS DEr  perLson. Tne
Coaputing Center does NCt assule Lesponslioulilty Jor the contents
cf the boxes stored 1n these bins. Boxes are renoved and

discaraea at the end or the second week of each new term unless
they display a properly dated sticker. The user may obtain date
stickers in the Counseling Rooun pnafore the deadlines,

Counseiing Foom (xoom 1015 NUB). See also "COUNSZILING" section below.
Tne Couputing Center provides a counseling staff to answer
programming questions for all users. At least one counselor 15 on

duty from 6:00 am to noon, 1:00 pm to 5:00 pm, and 7:00 pno to

16 University cf Michigan Computing Center
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dours

4TS and iscuing a SCOPY #CChOURS coamand.

February 197

The current Ccmputing Center hours can always be obtained by signing onto

thas publication ere as followus:

_—=

18

Public hkreas (Keypunch Room, Terminal Roon, Hork

Cutput ¥Window)

The hours at NUBS in effect as of

Room, Input Wincow,

Thesc areas are open during the following periods:

% an tnrouck midnight Monday through Friday

P oA P e L

Tne following telepnone nunkters serve the Coanputing Center on North
Cangus.

General Informaticn (during Business Office hours)

Eusiness Office

Computing Center Staftf
(ror mecre detaii, see official U. M.

Telephecre Directory) or

Lirectort's Office

Status Infcrraticn (answvered 24 hours a day):
Status cf Batcn Job
Status cf lIS (recorded message)

Lines fcr Interactive Terminals (low-speed)
Via the IBI 2703 Transpission Control
todel 33 and 35 Teletypes
IBY 2741,1050 Terminals
Via tre Pata Concentrator (all terminals)
Via the Audio Response Unit

Lines fcr Lemcte Job E£ntiy, Graphic Devices, etc.
Via the IBY 2703 7ransmission Control
Via the Lata Concentrator and 201 Adapters
Via the Data Concentrator and 202 Adapters

Urniversity cf Michigan Computing Center

T64-2121

T64=~2121

764-2121
764-9595

164-9572

716 3-3360
763-0420

763-0300 (24 lines)
763-0510 (24 lines)
763~1500 (16 lines)
763-0590 (4 lines)

(mediun-speed)
763-0440 (8 lines)
763-0570 (4 lines)
7664-4208 (1 line)

S
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RATES FOR COMPUTING SERVICES

The rates charged for counputing services are determined 1in accordance
wlith the principles established by the federal governient (Jircular No.
A-21, Burteau of the Budget) for uefining the costs incurredi by eduvcational
institutions in the conpletion of wcrk perforned under grants and contracts.
These pranciples require that over any cost-recovery period tne user's share
of the total <cost of opcrating the sService rtacllity 15 1n the sanme
proportion to the whole as his use of the conputer is to the total of all
use during this period. Thus, the racte of chargs for a spocific type of
service is the quotient obtained by dividing the total of the costs over a
fiscal rperiod attributaonle to the perforaance of tnls service by the total
nunber of charqgeable units of service performed during the peried.

The rates aprlied by the Coaputing Center are revieue at regularc
intervals and arc modilied in accordance witn the crarglng ut ilization of
the conputer and costs of operation. They are at all tiwes subject to

reviex by and apULoval of the Cost Reimburseaent Orfrice ot the University.
The rates currently in effect can be obtained from the coupinter by 1ssuing
the rollowing comiand in 4TS: 3COPY *RATES

The services for whica charges are nade under MIS are measured in terms
of cbservatble quantities derined as follous:

Terni

al _Time - For those using
froa a Lerulnal this is t

batch, thig 1s zevro., For those operating
e total real-time signed on.

Processaing _Time =~ This is a coatination of the intervals of time the
central prccessor unit (CPU) is assigned ta tae aser!s program and
tae space occupied in virtual nmenory by the prograa duxing these
periods of tinme, Tae expregslon for this vaiue 1n aocurs is (CPU
tine) + C.01(VMI), «wnere VXI is ecqual to the virtual aecnory
integrated over CPU time. CRU time 1s in nours, whe constant 0,01
is reciprecal pages (4096 bytes per vpage), and virtual mnemory
integrated over CPU tiwe is in page-hours.

Lines _¥rinted - This is the number of lines printed by the printers on
tue 300,67 at the Counputing Center as well as lices pciated on the
renote-joc-entry devices,

Pages__Printed <~ This 1is the rnumber of poyes of paper printed by the
"300/67 printers as well as rages printed by the f:note~jobmentry
devices,

Cards_Punched - Tais 15 the number of cards punched on the 360/67 punches
at the Compuiing Center as well as on renote-job-entry devices. The
charge for cards punched includes cost of the cavds at 50,90 per
thcusand cards.

Cards_Read - This is the number cf cawds read by the 350/67 readers at

he Computing Center as well as thcse read by the reiote-~job-entry
devices.

University of Michigan Cemputing Center 23
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storage on <314 airsk storage 1n pajes intejrated over real-tize.

file Stcrage_cn_Data Cell - This 1s the amount of

e Al il e r e ik AL 48 D e e Tt e e 22 Do

per

manent L[ile (data

cell) storage on data cell in pages integrated over reai-time.

Elotting - This 1s tne amount of time tne CALCOMP plotter 1s devoted to
€

th user.

—_—— e —-m——-

magnetic ta

pe or paper tape

occuples a tape drive or the paper tape reader or punca, l.e., tne
elapsed time trom *MOUNT being run untii *DISHOUNT 1s run for tae
same tape, c¢r until tae user signs olf.

readlny OL puUacCulig.

kaper_Tape Purnched - This 1s the nunber oi feet oL paper tape puncnead.

P e e TP

TneLre are tWwo sets Ot

rates ana Industrial rates.
bi1lled at the lnaustrias rat

24

Terminal Time »
Processing Time

Lines Printed

Pages or Parer Frinted
Caras Funcaed (and caras)
Cards =zxeaa

Disx Storaye

Data Cell Storage
Flotting

Tape Drive Use

Tape Hourt Charge

Paper Tape Furched

razes for

e¢s and alil

3.00 per
312.C0 per
0.4 fer
3,90 ger
Jeel per

0.98 rer

0.00722 per pg.-day

0.00320 per py.-day

13.00 fer
3.65 per
.24 fper

1.00 fer

ATS. Tanese are University-sovernment
Generally, signon ID's starting wita I or J are
others are pilled at tne University-
sovernsens fatez.  The fates Cuiieint at tug tide oL pablication are:

hour
nour
1000
10090
10090

1500

hour
hour
mount

1600 feet

University of #dichigan Coaputing Center

1.20

S.01

0.90

36,90

per 1CJ0

per 1030
J per pJ.-day
4 per pg.-day
per hour

per hour

per mount

per 1030 feet
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dispatcher adds a pink S-8 card to the front of the deck and places the deck
in a tray tc be read latcer. After the conputing system is again operating
and the card aecis hela in recerve have been cead, tihe usec snould return to
the Inpnt _tindqu, present his receipt card, and retrieve his dock. The pink
DECK card c¢n the frcnt of his deck is then used to retrieve nis output after
the job has been run.

The Conputing Center and its North University Building Station contain IV
monitors that display the status of all batch jobs subaitted to 4TS. On the
nonitors, each jot 1is represented by its six-digit job nuuber and a
character denoting its status. The status characters and their meanings are
as fclliows:

A Job is awaiting execution

E Job is in execution

4 Job 1s finished executing and is awaiting printing

P Job is printing

"

Job has finished printing and is avaiting punching
U Job is punching cards

* Job is dcne - the clerks will announce the job'’s nurber over the
public address systen when they are prepared to dispatch the job

Jobs wnose numbers do not appear on the wonitor have been conpleted and
purgea frou the display. A completed job's number is retained approximately
ten rinutes.

in aadition to the status of tne batch jobs, the mcnitors display the
current time, the nuamber of active and iaie terainal lines, and the total
nunber or jobs in the batch execution, print and punch qucues.

Cutput from tatch jobs should ke picked up at the Output Yindow. It is
given out in excnange for the white (or pink) DICX card, vhich is usad as a
receipt. Output <should be picked up as soon as possible because of the
limitations on the space available for storage. Tae Conputing Center will
not be responsirle for output that is left longer than one week. Xormally
output for a job is returnea to the station at which the job was subnitted.
However, the systen allows for the routing of output to any oane of tae batch

University of Michigan Computing Center 27
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stations 1in the system. This is accoaplished by specifying RAUTE=XxXXX on
the SIGNJON card for the job. "xxxx" is a four-character mnhemonic code for
the various stations; the code 1s CNTR for tne Conputing Center and NJbS for
the Nortn University Builaing Staticn.

SYSTEd STATUS LNICHUATION

m

The telephone number 7€3-C420 1s the nunber of an automatic answering
service staticn that gives the curtent stdatus of the computing systea. This
number should be called ror inrcrmation on the state of tane system 1f, after
attcuopting a ccnnection witn the computer £rom a Treiote teraminal, 4 busy
$1Jhal 1S recelved, Or Q0 responce whitsoever results. When tals aappens,
the computer 1s prokaply aot operatiny or 1s being readied <for operation,
In tnis case, the recording on the automatic answeraing unit will give tae
propaple time at wnich the counputer will ajain be available for service.

If, on araling the computer from a terminai, the vocal n=ssaje "J4IS IS
02ExATLNS" 1s receivea, but connection witn the computer cannot be com-
vleteu, tals 1naixcaces tnat all available lines on tne trancmission control
device to whiCh tue call was uilrectea are pusy. In thl3 case, tae answering
service will report tae sane status 1nfcormition a3 tnat recelved oL tne
terainal ana snoyld not be called.

JOB 3TATUS INFCEMATION

Ine telephone number 703-3360C can pe dialed 2¢ hours a Jday to see 1r a
batch Jjoo 1is <rtinished or rot. Thls nunbel 1S answer=a Dy & mekbel of the
starf in the Machine roon.

SYSIEN KLLCAOING ECLICY

Zxcept tor failure of hardware orC Jsoftware that precludes {urther
computing system owperacion, the operating sycted ol tas Computing Center
Wwill pDe snut dewi £or tne purpose orf reloadaing 1a 1 iiffcreat  ¢oyaf) jucation
only a4t fixed tiaes. The gchedule2 of regalar and ovtronal snutlowhs 15
Jiven pelow. The user of a reaote termiaal canuld vecoae famyliar wita this
schedule 1n oraer to anticipate peossible i1aterruvtions un tas secvice and be
prepared rcr a zelf-imposed termination of  a ternlhil ses33101 sHhould  a
shutdosn L2 annouaced. Sucn  cocperation will allow ma<in) the L:lussacy
changes 1n  the computing systen's operating configjucation {UlcCkiy and
smootnly.

Ubviously, hardware ana coftware f£i1lures 4re unantlicipated events taat
precluae forewarning the users ct the system., 3Sucn Ia1lures are H3coning

28 University cr Michigan Coaputing Center
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less and less frequent as errors in the systerm ensemble are detoected, and
corrections and improvemeats are made.

P?lanned interruptions of the systen will, as stated above, confora to the
"Scheaule of Systea Reloading'. Snutaowns which are screauled as "Optlonal"”
w1ll generally ke pypassel uniess it 15 deened aecessary Lo recoafigure the
operatiny system at that timec. A Eroadcast vessaje to each active rerminal
connectea to tne system prior to the next scneduled shutdown will inform the
user 1f the shutdown 1s to taxke place as scheduled (and as  announced), and
eacn terminal Ser  muUSt S1gn  OLI prior to the scheduled time. Any user
failing to siga ofr 1n tize will be stopped automatically by tne systea.
Relcadiny the systen rfor restart 1< wucn rore involved aazd, therefore, will
pe delayed if entorced stdps wrust be made to termindte onjolng sessions at
terczinals. Thus, the operaticn of tne system will pe restored more gJuickiy,
and better service will be available +to all, 1i teruinal sessions are
prouptiy terminated before tne anncunced shutdowns.

University or dichigan Coaputinjy Center 29
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Schedule_of Systen_Feloadinj MNomaday througn Friday

et s e

Tiae

to

vent
41dnight Crtional system shutdown.
12:15 am Systen reloadea and 1n service.

3:00 am (Tuesday only) System shutdown fov file-save (no 035 run ou
this day).

* 4:00 anm System shutdowr for CS/360; system reloaded and tile-siave run
at tae end of 0S/360 production.

3¢

5: 45 aa Systen shutdown ror preventative naintenance.

6:00 an System reloaded in reduced capacity. The entire system wiil
unavallable rrom b am to 8 am on each Monday ROLNLGL] ANd each
Friday wmorningyg.

¥ 3:00 am Systew shutdown at end of normal preveuntative maintenace.
* 3:15 anm System reloaaed and in service.

10:00 anm Cptional systen shutdown.

10:15 an Systen Letroaued and in secvice.

12: 30 fm Crticnal systex shutdown.

12:45 gn Systen reloaaed and in service.

6:30 pm Cptional system shutdoun. Previously this osnutdown was
scheduled for 5:30 pr.

6:45 gn System reloaaed and 1n service.

Ine times marked with an ¥%" are tne only systes reloading times that are
almecst certain to occur every day. The other times nay be used for
relcading if needed, and the user will be notified o0y bproadcast (or at
51JLoL) ot tne next scnedulea relcading time. heloading will not occur at
any ctner times except ror recovery from system failure.

«nen the Computinyg Center 1S nct open, such as on holidays ana at certain
tim=< over tne weekend, tae computer nlght be operated by the systeas
prograaming statf and be available for use rron a reaote terminal. Duriny
such unscheaaled cperating periods, a terainal user nay bhe requested to sign
orr cn shert mnctice. Also, since ncne of the reqular operating staff 1s  1n
attenaance, tapes w1ll not pe mounted for the reaote terminal user. Wonen
the system is available in this manner, the signon message so 1indicates.

30 University cr Micuigan Ccaputing Ceater
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INTRCDUCTION_TO_MTS

The style and format of this introduction were nodeled after the writeup
"Sc You Want to Use the IBM 360/67" (U67-0) by J. if. Kennedy of the
University of British Columbia. For that matter, a lot of the content was
borrowed too.

The IBM 360/67 can serve a large number of users concurrently offering
each a wide variety of services. The job of keeping track of all the
programs in the machine and of devoting some attention to each of then every
seccnd or two is handled oy the MTS operating system (Michigan Terminal
System). In order to request service from the computer, you mnust £first
identify vyourself to MTS and then comnunicate your requests. This communi-
cation is done through the HTS Comnmand_lLanquage. Because the system is both
powerful and complex, the command language of MTS is a rich one. Fortunate-
ly, HMTS usually has a default option wherever it offers you a choice; that
is, if vyou don't state you: choice explicitly, a plausible assuuption is
made and the job continues. Ia the following sections, <ccme of the nore
impcrtant commands will be discussed. For a complete listing, see the
saction entitled "A Brief Over a7t of HMTS" in this volume.

You may operate within ¥TS in one of two modes - batch or conyversational.
In conversational mode, you ikt at a terwinal and conmunicate divectly with
MTS through a typewriter-like <eyboard. HTS processes cach cormand as it is
received and reports the results. Based on the results, you can decide what
conrand to give next. Thus, conversational mode of operation 1is highly
interactive.

Batch mode, on the other hand, 1is not interactive. You mnrust coapletely
pre-plan all requests, punch them on cards, and submit them to the Computing
Center. Some time later--minutes or hours, depending on how long your
program is and how busy the coaputer is -- yon may pick up the results.
Feedback is not immediate. ("The University of Hichigan Computing Conter™,
the "Conversational Usage of WMISY, and the "Batch Usage Guide", all of which
are contained in this voluame, provide details on submitting a program in
batch and using a terminal.)

The command language ard its usage are essentially the saame for both
batch and conversational modes. Tne prinary difference is that in conversa-
ticnal mode MTS replies after most commands, confirming what it just did or
prcopting you <for further infornation. The descriptions that follow apply
to fkoth modes; any substantial differences between them will be noted as
they occur.
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INTEODUCING YOURSELF TO MTS

Here, and in later sections, the emphasis will be on illustrative
examples accompanied by "rules®. This is not the whole HNTS story by any
means, but it should put you in the proper frame of nind to read the nmore
detailed descriptions in the rest oif the manuals.

Example 1 is a trivial jo» that illustrates three rules about the MNTS
comrand language:

Rule__1: The first character of a
conmand to MTS is a "s", In Dbatch
— 1 node, the "first character" is the
| $SIGNON MYID PW=SESANE | character in column 1 of a card. 1In
| $SIGNOFF | conversational mode, the "first
— ! character" retfers to the first
Exanmple 1 character yon type in a line. (A
blank is considered to he a charac-
ter.) Though there are cases in
which the "3" need not appear, it is

alvays acceptable to include it.

Bula 2. The first card or typed
line wmust say $SIGHON and must Dbe
imnediately follcwed by one or more
blanks and your ucer aidentification
code. This first part of the iden-
tification is the four-character 1ID
cede (e.g., HYID) given to you by
the Computing Center. +The next part
is the password associated with the
ID. More 1s given on passwords
below.

fule 3: The last cormand should be
$SIGHNOFF to tell ¥75 that you have
finished uzing its facilities. HTS
will then give statistics on the
coupleted run, e.q., how mnmuch it
cost, how long it took, etc.

The purpose of the password is to keep others fron using your ID.
numter. It is prudent to conceal it. One step toward this goal is to leave
the passvword off the $SIGNON command and to supply it omn the next card or
line. This second card is not printed with your output in batch mode, and
it is recommended that you turn off the printing on the keypunch or terminal
when you type it. The "three-line" sequence in Example 2 has exactly the
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same efrect as Example 1 and is the prererred method of signing on. we will
use this metnod in all our supsegueat exaaples.

r 1
| $SIGLON HYID |
| SESAUE |
| $SIGNUFF |
L d

In ccnversational moae, 1L you don't incluae tne passwora OL tne Lirst line,
47S wilil prempt ycu 1or 1t Dy typing "ENTZR USEx PASSWORD".

When you get an ID number from tne Conputing Center, a password will
alreaay oe assignea to 1it. Icu prorapiy will want to caange 1t td sozething
nore Geanlingrul ana nence 1ore e€asily remeanered. Tne »Szl coanand 1s  used
to change your password. To change fronm your curreat password, uvlLDeiS, to a
new cne, NEAPAS, yCu CdL luclude tae $3ET command 4s part oi any job:

r 1
| $SIGHUN ¥YID |
| GLDEAS |
| $SET EW=NLEWPAS |
| »SIGNUEFF |
L J
Example 3

Frcm tnls point cn, your password is NZWPAS.

Wnen ycu »SIGNON 1n  patcn, MIS allows yOou a Mmaxihald Of 3) sSeconds oL
processinyg tire, £0 pages or printed output, ana O puucael caLds. 1z you
Want Qaore or itess cf any Ot these 1tenms, you can SpeCLIy the LeJuest Oh tne
2SI6h0Od card as snown 1n sxauwple 4 Lelow.

kule_4: To set tuwe tipme, you write

"I=tiwe" 1iu seconds. Jnls exadple

r | re jueses Y0 seccrnds. II you Gpleter
| »SIcHON GYID 1=90 P=10 C=50 | to use units oL LlLUte€s, you 1Ay
L ] wCite TI=1.54, Wa2re o 1.dlcates
Exangle 4 Q1DUtEH. To S5peClLy  Jajes  aLnd

cards, you wiite "P=pumber ot pages"

aiha "C=pumper  oOr cards", nls

exaaple as<s ror 10 rpajes ana 50
punched Cards.

nls commana aoes not meah thdt yOoUu @USt d4S<e tnls mdCh; 1t Sluwpl,; 4€iLs that
you caanot use ILorLe, for a more detailea aescription or tnese and
additional options ror the $SIGNUN coamaLd, Sec tne de3CLipt.on OL tae
compand language 1in this vclunme. In  terminal @oae, taese OpL1ONLS are
13nored.

Introductioa co 175 39



4TS 1: MIS 4l TEE CUJPUTING CENTER

)

-—
Lo
~1

Page hevlsed Septenber 1971 ‘ebrdary

.

NOW THAT HTS KNChS wdO YOU ARE ...

Now you <can get the computer to do some real Work ror you. Let's say
that you nave some problea ror whilca you aave Written a FukThdN projraam. ia

oraer to run tnlis prograa, 1l.€., to have tane computer <CarCLy Out your
instructions, several steps are required:

1. The program jyou wWrite in FORTXAN or any other salgudaje 15 aNOWH as tae
Source proqram., a translator mast translaete your source program to a
nachine language objcct program. Ii you wrote tne projram 1n FORTRAN,
tnen ycu use eitner tne FUKTRAN codpller or the wATFIV Ccoapiler to
translate your FORIKAN statements. Siwmilarly, £or otmer languages.

3. YIS «can then execute ycur okbject progyram, that 1s, it can carrcy out tne
instructions 1in your progrém. let's look at some sample 4ATFLIV jobs.

Rule 5: oYUV *WATFIV tells MIs to

execute the .rojrdam contdaiaed in tae
public rile #walilV, Tae proyranm 1n

r 1

| »SIGUNON MYID | r1le ®*WATSIV 1s tne vATEFIV compiler.
| SESAME | (A codipiler 1s dlie Ty pe ot
| 2RUN *aATrIV | trans.ator.)

| $CCUPILE |

I REAL,X |

| U=SGaT (X) | hule 6: Tne control caras $COUPILZ,
| PrIdnt, 4,U | y0ATA, 55T0P are couianas to waltolV,
| STOE ] not to 113, JCUAPLLE  says "nere
| END | comes & program Lor cowmpitation™.
| 3LATA | $DATA denotes the eni of tane 3o0ULCe
| 2z1.67035 ] coae and calisd for execution oL tae
| $ST0P | conplleu JroJrau; Lt aust be
| SSIGNOFF | included waetwer oif 210t you Lave any
L ) input data. ;SI0P tells WAITIV to

Exawplie 5 turn control bhack to 4TS,

| A successicn cf hATFiIV tasks can be run by alternatinyg »COWP2iILEL and 3LDAIA
conmands as showWwL 1n Exanple 6.
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rule_ _7: Alternating $COXPILE and

r 1 PADE Soa RPN
| $SIGHNCN MYID | 3UATA cards 1s amore efticient than
| SESAME | executing the w#a1fIV prograx separ-
| | $XUN *WATEFIV | ately eaca tine, Note tnat these
| 3CCUPILE | tasks are independent. I[f you have
| (Source cards for Jop #1) | a maln preygran and several sukrou-
| SCATA | tines whicn are to b2 executed
| (Data cards for Job #)) { together as a unit, they constitute
| $CCUPILE ] ore task and taus need only one
| (Scurce cards for Job *2) | SCOREILE and one $2ATA card. In
| $LATA | this «case, walriV distinguishes tne
| (Data cards for Job #2) | end of one routine from tae begin-
| $S10¢ | n1ng oOr the next routin2 by the ZND
| FSIGNOEFF i cara which nust be tne last card of
e 4

any WATFIV routine.
Exargle 6

Examgle 7 chows a sample FOkTKAN jot.

kule 8: 3HRUN #FTN perforas a simi-

lar function to 3aUN *4ATEIV in
Example 5; 1i.e., 1t tells HTS to

r 1
| 3SIGNON MYIL | execute the program in the file
| SESAAE | ¥FTN, which contains tne FORTRAN
| | SECUN *FTN | compiler.
| (FOFIEAN source cacds) |
| SENDFILE |
| | $EUN ~LOAL | Rule 9: $ENDFILE is uscd to signify
| 21.67035 | the end of the source cols any again
| SEZNLFILE | to signify tne end or tihe data. It
| $SIGNOFF | is not a command.
L J

Exarple 7.
kule 10: Executlon or yvour compiled
program 1s i1nvoked by tae carc $RUN
-LOAD. This instructs A4IS to run
the prograr storaed in a rile called
-LOAb. Fortunately, this 1s where
FORTRAN has Jjust put your object
program since cae rirst RUN command
dxd not specliy where the object
prograr was to vpe stored.

| This example points out a major difference between WATFIV and FORTEAN:
namely tnat rCRTRAN requires that the translated program be stored sonedhere
| befcre running it, while #ATFIV does rnot.
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AND NOs, ANOTHEF RCED AEOUT TL: CONPAND LANGUAGE

So far, we have encountered several words of the ¥1S command langyuage.
‘here dare many more, some or wnlch will be nmet in tne Section on riles tnat
tollcws. In general, tue command statezents nave a rairly rree rocamat. A
safe rule 1s:

bule_11: Don't leave a space betwecen the dollar sign
and the comnaad word. In general, voa snould leave a
space ketween "words" when thera is no explicit separa-
tor, such as in 3SIGNON MYID. lHowever, if tnere is a
separatcr such as an egual sign (=), you =should rot
leave any spaces around it. For exaaple, within the
"'phrases" PW=SLSAKE and TI=30 there should be no bDblanks.

The experts kncw abbreviations for the command words taat will do just as
well as the full word. Generally, the first three letters of the cozzand is
sufficirent. Check to be sure.

Several difterent tasks can be performed opetween a single ISIGHON-»
SIGNOFr pair. Examplie 6 showed a sequence of WATFLV tasks; you can have a
sequence c¢f WATITLV and FORTRAYW tasks; in gencral, ypou can have almost any
scguence of tasks, whether cr not they are related.

THdE AYSTERY OF FILES UNVEILED

¥e nave menticred riles 1in our examples but have not explained what a
rile 1s. 4TS stores tiles on di1sx apd data cell storage. 7Tne best way to
thiak ot a file 1s as an area ot this disk or data cell storage in which you
can store information.

Files are cciupcsed of lines cf information., 1f information 15 put in the

Lile via the cara reader, tnen a line is the coateats of one card. If the
inroraation 1is put in the file by a FCaTwhl program, Uhen Jeneraily a liae
1s the i1nformatior contained 1n one FURTIAA  output record. It thae

infcermetior is& put 1n  tre rile via 1 typewriver t=rkinal, a line 15 the
intormation typea betore the ‘Yreturn" coae 15  typed. Toe  1nrercation
contained in a f£ile could be acta, an ooject prograw, the rFORIFin conpiler,
a source progjram, a letter to the President, etc. Every fi1le hdas a name S0
that you can ccmzunicate with ¥%S abtout it.

Here are scme of the operations you can do with files: J3CRLEATI thex and
PDEST&OY them, $LIST thea ana $COPY thew, 3G6LT them and 3RELIASE them, 3RUN
thea, and JrHETY them. How to carry out these operations is the subject of
this secticn.

de nave already seen some exanples of $RUNning files. SRUN  *AATFILIV

commanas HMIS to execute tne prcgram stored in tae file called +4AIFIV.
Since the WATFIV compiler 1s the program contained 1in the file naned

#2 Introduction to 1S5
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*WATFIV, MIS will make WATFIV start compiling or translating your prograam.
Similarly, »RUN *FTN will result in the execution of the FORTRAN comprler in
tne file named *FIN. $LUN -LOAD, in Exanple 7, requests the execution of
the program in file -LOAD. Since your object program has just been stored
in -LOAD by FORTRAN, 1t 1s your progran that will he run.

Tne most conmcn type of fiie is cme in which every line in the file has a
nunber associated witn 1t. These are, very conveniently, called line files
ana ror the purpcses of this introduction, wncen the word “"file® 1s used, we
w1ll be referring tc a line file. Tne line file 1is ordecred by the line
nunbers. Thus, regardless oI the order in which information was entered
intec tne file (even 1L you gave line 10 berore line 9), tse 1nrormation 1is
effectively stored in tue file with the line numbers in ascending order.

There are twc ways to specify the line number wnich 1s to be associated
witn a line. One way is to write the numbers yourself at the beginning of
eacn card or typed line. However, files are usually filled inatially with a
set of sequentiaily numberea lines, and we might as well let MTS number them
for us via a $NUNRER commana shown belodw.

Creating_a File

Example 8 shows a simple batch job that creates a file called FILIFACTS,
puts five lines of information into it, and tnen lists it. Example 9 1s the
same Job but run in conversational mode.

Rule 12: A file of nodest size can

be created by $CREATE followed by
the name you wish to attach to 1it.

[ b

| $SIGNON MYID i It is retained for your later use
| SESAHUE | until you 5DESTROY it.

| $CEEATE FILETFACTS |

| SNUMBER |

| THIS SAHPLE FILE CONTAINS SCME | kule_13: The connand 5NUMBER
| INFORUATICH CN FILES IN HIS. | instructs HrS to nuanber tne lines
{ 1« A FILE IS A SET OF HUMBERED | that follow, In batch aode, MNTS
| LINES STORED UNDER SOME UNICUE | nunbers the lines a5 they are put in
| NAME { the file. In conversational nmode,
| SUNNUMBER | MTS types the line nuaber for you
| $LIST FILEFACIS | and then waits for you to type the
| $SIGNOFF | content of that line. Tae nuabering
L 3

starts witn 1 aand jces up hy 1incre-
Exanple 8. ments of 1 thus giviag 1,2,3,...
Sec the NUNBEXR conaand description
10 tne Comnana Language section of
this volune for ways of specifying a
different starting nunber or dif-
ferent increnment. If the HNUMBER
command i< not given, lines to be
put into the file must be numbered
explicitly.

>
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Ine 1cllowing exanple was acone on

Peornary 1871

Lule_14: Once a file has been
ICR:ZATZu, YOU Mmay &nter rarorration
into it. A7S nust pe able to  Jis-
tincuish commands to pe executed
fron text to we stored in a file,
All lines or intormation which (1)
start «ath a line nugper (eltner
explicitly or wvia $4U43ER) and (<Z)
4o not nave a single "3" roilowing

1y active file. Tue currently
active rile is the file whose rnane
most recently appeared in a #CKEATE
or 3GET statement. ($GET 1s
explainead below.) Any line not
Startify With a line numper or con-
taining a single “"y" atfter a line
numbel 1s assumed to pe 4 cormand to
be executed 1imnediately. It the
coamand 1is not legai, MIS will give
al erCror comment.

Kule 15: JSUGNUMEER turns oIf the
automatic line numpers erffacted by
SNUMBaR. UWTS otill puts any lines
with explicit line numbers into tne
tile unless a siugle "$'" follows the
line nunber, or the tile is
SRELEASEQ.

hule _16: SLIST, followed by a file
naue, calls ror a 1listing of the
contents of the file starting from
line 1. If the rile nas line nua-
bers less tnan 1, they will not he
listed. ‘1he listing 1ncludes the

line nunbers.

& terminal, Tne statements typed by

tne programmer ar€ 1in lower case anc¢ the output to the user 13 in upper

case.

4y
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MTS (LA33-0107)

4HO ARE YOU?

#3signon nyid pw=sesame

##*LAST SIGNONW UAS: 13:39.04 06-05-70

# USER "“HYID"™ SIGNED ON AT 11:39.44 ON 06-12-70
#$create filefacts

# FILE YFILEFACTS'" HAS BEEN CREATED.

#$number

#APPROX. REMAINING BALANCE: $20.35

r 3
| i
| |
I |
| |
| |
I |
| |
| |
| # 1 this sample file contains some |
| # 2 information on files in nts. i
| # 3 1. a file is a set of numbered |
| # 4 lines stored under some unique |
| # 5 name. |
| # 6 $unnumber |
| #%list filefacts |
| > 1 THIS SAHMPLE FILE CONTAINS SOME |
| > 2 INFORIATION ON FILLES IN MTS. |
| > 3 1. A FILE IS A SET OF NUMBERED |
| > 4 LINZS STORED UNDER SOME UNIQUE |
| > 5 NAUE. |
{ #END OF FILE |
| #3signoff |
! #0FF AT 15:49.,42 01-26-71 |
| HELAPSED TUHE i.583 MIN. $.95
| #CPU TIME USED 1.193 SEC. $.10 |
| #CPU STOR VHMI . PAGE-MIN. $.01 |
| #WAIT STOR VMI .17  PAGE-HR. |
| #DRUN READS 7 |
| #APPROX. COST OF THIS ROUU IS $.19 |
| #DISK STORAGE .15 PAGE-HR. |
| |
i J

Exanple 9

Rule_ 17: The prefix character is typed by the systen
and 1s the first character of every line of output and
the first character on a line cxpecting input. This
character identifies who is producing the output line or
who 1s expecting input. Each segment of the system has
a distinct character. In this exanple we see the "in
when we're in TS command mode and ">" when a listing is
being produced. A complete listing of the system prefix
characters 1is given in the "System Command Lanquage"
section in this volure.

CE

Introduction to MTS

(o

-3

ta
2o}

45




MTS 1: MIS AND THE COUPUTING CENTER

February 197

Suppose that you find after creating a file that you have left out a line
in the middle and intended to say more in line 5. You can edit your file on
a subsequent run as shown in Example 10.

Rule 18: At the start of this run,

there is no currently active file.
$GET 1is wused to notify MTS of the

r -

| $SIGNON MYID | name of the file to be the active
| SESAME | file. $GET FILETACTS nmakes FILE-
| $GET FILEFACTS ] FACTS the active file, regardless of
| 2.5, YOU SHOULD LEARN THEM. | whether or not another file had
| 5,NAME ASSIGNED BY THE USER. | previously been the active file.
| $SIGNOFF | $RELEASE will release a tile fronm
(. J being the currently active file,

Example 10. thus returning to the status of no
currently active file.

Rule__19: TIf SVUMBER isn't used,
each line nust be numbered explicit-
ly; the number is separated from the
text by a blank ot a comma. (When a
blank 1s used as che separator, it
remains part of the text. & connma,
however, wused as a separator is
generally stripped otf.) TIf there
is no line number, }MTS assumes the
line 1is a «command to be executed
impediately.

Rule 20: A line <can be inserted
between existing lines by giving it
sore intermediate number. This
number can be tfractional, or even
regative. (But note that as stated
in Rule 17, $LIST still lists stavt-
ing from Line 1 (unless you take
special precautions) even if your
file has a line numbered .5).

A line with a number already in use in the file calls for a replacement
of the old line with the new. Thus, in this exanmple, the old 1line 5 is
replaced by the new one.

After running Example 9 and then 10, FILEFACTS has 6 lines:
1,2,2.5,3,4,5. .
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Copying a_Iile

After a certain anmount of editing and insertion of ney lines, a file nay
get rather rwmessy, 1.e.,, full of interpolated lires. For tnis or otnher
reasons, you may want to copy the information into a new tile. Example 11
shows how to dc¢ this.

kule _21; Tne 3COPY ccamand copiles
tane contents of one file into anoth-

[ e e e e e e er. In this process the linhes are
| ESIGNCN MYID | nuabered segueatially from 1 as they
| SESAME | enter the new file, whatever their
| $CREATE NEWFILE i numbers may be in the old file. The
| $COPY FI1EFACIS TO NEWFILE | old file is retained unaltered. For
| $SIGHOLF | vays of copying only part of a file
L = e e d or of alterinj the nunbering in tne

Exanple 11, new file, se2 the COPY command

description in the "Command Lan-
guage" section of this volune.

Bule__22: Information that 1is no
longer wantea can be deleted either
by a cormand of the form

SE4PTY FILZFACTS
WN1CR resoves che conteats of the
file put retaias its i1dentity, or by
a conmand of the fornm

SDESLROY FILEFACTS
which deletes tne file and returns
the space on the disk to the pool of
available storage.

Host of the time, you will uvant to use files for programs or for data.

| bExamgle 1z shcws the coapilation and execution of a small WATFIV progran

whicn 1s set up in such a way that the scurce prograa is left in a file for

later wuse. One retnod for pntting lines that start with "$" into a file is
iliustrated. An alternate method is shown in Example 17 below.
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fule_23: To prevent a card like

-——e il

$COnPILE from looking like an KIS

[ ——
$SIGNON MYID

SESAdT coarand for frzeodiice ewocution, the
3CREATE EhOG rule 1s that lines bejyinning with a
ENUUBER single Ui%,  wnether taney are pre-
$3COMPILE ceded by a line nuader or not, are

DIMENSICH K (5)
LO 10 I = 1,5
10 K(I) = (I*5)+7

|
!
|
I
|
| not  ecnvered into files but are
|

l

| SICe

!

|

|

I

|

|

L

treated as NIS <c¢ommands. Lines
beginning with a line nuwber fol-

b e o o o e e — . — . — o — e =)

lowed by "33" are entered 1into a
END file with the first "3" renoved.
s3CATA
$FSTOP
SUNNUMEEE
SRUN *WATFIV SCAKDS=PROG
$SIGNOFF

Exanple 1c.

ine $RUON card needs some tfurther explanation, HATFIV has to read
input--your sotrce program. It must know where to find the input. Is it on
a card reader ¢r cn a termiral or ir a file? Ana in which of the nany card
readers, terainais, or files 1s 1t? It is undesirable to have WATIFIV always
expect its input tc conme freom a particular input device., Imayine what would
nappen 1f  #ATFIV 1nsisted tnat all users inpit thelr projrims from the 3rd
terminal 1n &ccia 1007 or the Coaputing Center--there woald be dn intolerable
line at tnat particular terwiral anc the others would probably be idle.
This same prcblem arises for any prograr--be it the FORTRAYN or WATFIV
compiler or your own program wanich wants to read or write data.

To avoia the necessity of specifying a particular input or output device
at the time o¢f writing the program, MTS provides tfor logical I/0 (input-
output) units. Trece ate syabolic names ana do not refior Lo actial puysical
units. The wost ccmpenly used logical 1/G units are SCREDS, SPZIND, SFUNCH,
0,1v,2,¢..,9. The WATFIV coapiler is an exampie OL a proyran wnlch uses tae
logical wurits SCAEDS and SPKRINT. 1t reads the source stateirents rron
logical unit SCAFLS and writes the source listing on  loagical unit SPRINT.
It depends on FIS to tell 1t gt ezecution tine whicn puysical devices are
associated witn the logical units. It 1s up to you to give HMI3 this
informaticn.

At the tire the 3$kUN command is giver, you zust specify for eaca logical
I/0 unit used by the program to be rtun which actual phvsical unit shouid be
used. (In many cases, if you do not speciiy which device should be attached
to tae logical I,/0 wunit, UTS rakes a plausible assuaption. This is
discussed telow.) Thus, in Example 12, tre speciiicition 3CARDS=PROG on the
SEUN command tells WIS to tell WATFIV that the souvce program is in a file
named PROG. The reason thnat our earlier examrples didn't have to specify
SCAxDS and SPRINT is that it KIS is not told explicitly, it assuames that
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SCARES refers to the device from which tac $RUN coamand cane and that SPRINT
refers to the device that it has been using to grint tuae coamand cards.

In tue abcve exauzple, if you wanted your program to read data ahd nad a
statement such as kbab,X as in zxauple 5, ®ATFIV would assaze th2 Jata could
be found 1in the filec FKOG siace you said sCARDS=PROG. Lut 1. youl are likely
to te varying tne data, you uould nct want to put your data ain  PaOG. You
m1ght want to keep your cata on cards or 1in a dirferent file. Example 13
illustrates how tc¢ reaa your data rroa cards, even wunen your source progran
1s 1n a tile.

kule 24: Tne statenments READ (5,1) X
ana  WRITZ  (6,1) X,U tell wA”rIV to
use logical unit 5 for input and

-
|
-l

| $SIGNOH FYILD | logical unit 6 for output. Only tne
| SESAdEL | numpers 1,...9 are acceptanle 1in
| $CREATE EROGG | tnese statements. Use of diifferent
| INUuBLR | nuabers or of SCAXDS, SPKINT, SPUNCH
| $3COAPILE | 1s 1llegal. This is tru2 in FOxTERAN
| READ (5,1 X | as well as WATFIV.

|1 FCEHAT (2E10.5) |

| U=SurT (X) |

| ARITE(6,1) X,U | Fule__25: In the $RUN coxmand, you
| STCE | nust tell MTS with what to equate
| ENL | logical units 5 and o Thus, we
| 33DATA | nave oot 5=%3QURCIe, A=%I0NY¥%, nhere
| $3STOP | *SQURCS*® and #*SINK® are Known as
| 3UNNUMBER | pseudo-device names whica we will
| BRUN *WATFIV SCRARLS=PKOG - now explain.

| S=#SCUKCL* O0=+«SINK* |

| 21.67C35 |

| $SIGNOFF | fule 261 If aL 5I5 comnand line is
| IR o ——— J

too loag to 1t on a sinygle input
Exarple 13, line (card or teuvminal 1iine), a
qLRuS S1gn may be placed in the last
coiunn to rndicarte that tihe next
line 1s to be considered as a con-
tinuaticn  of the rirst line. Tae
last columrn of a puached <card 1s
corumn ¥0; tape last column of a
torwinal line 15 tae last  character
typea before "reocurn" 1s signaled.

ke want LTS to teil WATFIV that, 1f we are in batch wmole, lojical unit 5
is tc be the card reader that our ccnnands have been coaing from or, 1f wWe
are 1a conversational aoae, logical unit 5 saould pe the teruinal that we
nave been typing cn. Siailarly, we want 6 to be a 1liae prunter or a
terminal, depending on what node we are in. But, 1n the case of patch node,
we do not care on wWhich card reader our deck was placed or wnich line
printer we are using. If a particular lire printer, for exarple, 1s Lroken
Or 1S ©pe1ng usea by someon else, we would prefer tnat ¥U5 give us a
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difrerent one insteaa oi wailting for that particular one. If We are using a
terrinal, we wculd prefer not to have to warry about finding out some
1dentification rnuuber for the terninal at which we ave sitting. SO We use
anotaer gimmick to avoid having to be too specific, the 1aea of a
pseudo-device. Fseudo~devices aliow you to tiaxe advantaya or the fact that,
even 1r you den't krow, iS5 dcegs kacw what aevice your $SISNON ciame from and
wonich iine printer 1t can dase 1I you require onc.

herever you nave to nane a file or device, you can use a pseudo-dcvice
nane and let ¥iS assign a real physical device or 1ile tc the nane.
Pseudo-device rares are characterized by the fact tnat they start with an
astcrisk followed by some string orf alphapetic characters and end  with an
asterisk. Tne mcst 1mportant pseudo-cevices which are predefined ny M7US are

&

¥*SOURCE*, *3INK*, *EULCH*, and *DJyiuy*:

*SQUECE* means that you waut the same devace from walch 473 has been
receiving its coanands. Thus, in batch mode, *S0URCE* 1s =equated
Wwitn the particular card reader frou which your puatcan job is Lteing
read. In terminal mode, *SOURCE* 1s assigned to tae terainal wnich
ycu are currently using,

*SILK* refers to the current cutput file or device. In 9»atch wode, HTS
assigns *SINK* to the 1line printer assigned to your jopn. 1In
terminal operations, *SINK#* 1s equated with the terziral vou are
using.

¥PUNCa* relers to the card punch 10 bhatch mode., It 1ds NO 43dallij 1n
conversational mode,

*DUMKY* 1s a name tnat can be used as an input or output device. I you
read frco *DUNMYT*, you always get just an cnd-cri-file. Used as an
output device, it acts like an infinite wastepasket-- you wmay write
as auch as you want on it, but 1t is lcst forever.

zxample 14 shows how you can put your data into a file callel wATA and
then run tne gprograa that you put in file PRCG usiny the data in tane file
DATA.

— gule_27: How logical unit 5 1s  set
3SIGNCN MYID to TATA s1nce  tnat 1s  wnere tae
SESAME

progran 1is readiny the vita irom.
SCREATE DATA

—
|

|

|

| SNUMBER

| 2.173

| 3.576

| 4.873

| SUNNUMBEE

| SKUN *WATFIV £C2
| =L

|

[

I ra
¥ U
O
a2
1

SINK*
$SIGNOFF

e o . . — . . . — -

Exaxple 14,
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Ixanples 1% and 16 show tne correspcnding proceaure fer [ORTRAN.

FPRCG

XEAL (5, 1) X

1 FORMAT (2£10.5)
U=SyRT (X)
WRITa (6,1)%,U
SIOP
END

SUNNUMbBIE

SCREATE CBHFILE

21.67035
pelNufILE
$5LGNOFF

e e e e e e S e e e — —— — -

3XUN *FIN PAE=SCUsCo=FPuQG
LCAL=CBrILE
$xUN OBFILE 5=*SQUXCE* 6 =%SINK*

S |

!
|
|
I
!
I
|
|
I
|
|
|
-1
!
|
l
|
|
d

Exazpie 1o,

r 3
| $SIG4GN MYID |
| StSAdE |
| Si&JN GBFILE S=4SQURCE* 6=*SINK* |
| 2.1416 |
| $ENDFILE i
| $5IGHOLF I
L —— —— 4
Exaaple 16.
It we wanted to gput the

procedure as in txauple 14,

In cxamgple 12, we put o

roilowing exarple snows a

wady

data

WATEFIV program 1nto

2ige nuvised Septuenper 1371
Rule 23: dnen the sourc2 carads are
rcad Lron a4 privaa 1t 1s not

L2,
S$LULDTILI cara  to
oL tne input. WIS
"ernd  of

necessacy O Use a
signar  taz  <al

autonatical oy sunulias  an

file! 1nu.catocr waen tue a2nd of tne
file 15 reacacd,

anle_23: To tell FORTRAYV to tut tne
objeck progran iuhto 4 private f[file,

one speciries "LOMD=fileaada™ 1n the
"PAX="  tfield oL cne LAUN ¥FIN card.
Ir a file 1n warch to put the object
Progran 1s not speciriea, tne upject
program is howd tenporavily in -LOAD

but is tnen not available: for subse-
quernt jobs. by saving the object
progran as in sxanpie 15, w2 do not

have to rzcoapite tne SCiCLCe projram

1 Example Is, dote tnat coils could
not be done wita SALFIY since  tae
~ATEIV conpiler dogs 20t providte

CaCiLlLien ful toe:

progran.

Cetatning cheCt

in a file, we¢ would folloy tne saune
crivate tfile PGS, Tne
cf getting the saue LNLOCmAtLn into BAOG

witncut worrying abcut double declliar signs.
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JSIGNON MYIT
SESAME
“CRCATE PRGG
SCOHPILE
DIKENSICK K (5)
po 10 1=1,5
10 K(I)= (I%5)+7
STQP
ENL
SCATA
5STOP
SENDFILE
SERON
JSIGNGOFF

- e e e A e e e S . Ao e

SCCPY #5CURCE* TO PROG

*HATFIV SCARDS=PROG

site 203 The  SCOPY coarand  tells
LTE Lo Coby  ergrvtarnl o up to the
= - Slioe eud=oo~Lli¢ 1DdLCAcOr 1t sees.
Siren NI 1o oo louvwina for  the
cLe~on-Iile oK, 1ines whlch
ordinavily wourue DLe counanls requic-
ir;  esecution  are  covi=i  wlindly
inwo  tne fiie.  Jhen »0PYing fron
WSOHSCTY, tae LGDULLD Line  serves

as the end-oi-c2le aindicator.

e e ame S e e e T — e S s S g e

Exauple 17.

BUT HERc'S MOK:L

ou an create  and
! The Onl
created are G
you snould use
teuporary file; an
you zpecify SEUNCH

A publag
Anyore may uss
cxanples sucn a
files available,
thraee nore
shoWs a run
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uave
his

ther types, tLiooar
¢ files. A teaxporary frle Las
use
Lrerepce 1s
oye de
eppcravy files s
Lhls CAse subinlis
to be

'y has

ona2, but only tn: ¢lecu may cuente

S OAVETILIV

see Voluse 2 or the

thaot mignt no
that coxbines

AFOUT FILES +.

iea, Liles
Letolied ob to  Jjob.
LS Caiecd ooy “iles and
LAN1QT Wlta L LeJatlve  S1gn.
as yon do ondwnary private
tuac at  S5TGNOL atl tenmporary files you
gligibilivy for private Liles 1s lisited,
cnever possible. ~LOAD L5 an «vacple of a
dgitoRalicaley crieates Lt Lo you unless
grle,

dealt praimaraly
rerectal

L 1 1- ;. v
b

Use artid

(.Lnkt)s ary fjl(‘):)

o

o]

—

\‘l
DR \.: ct

-
L, U
e

As jyocuc

50Mn@ onher
not epdrng, with 1o asterisk.
Cil2.  we pave already seon
Lisviing ol all cue public
Here o4 rllogust aention
1I7.  Jxraple 198

Vo
LAt

4 racge bogluning,

aisa YETH.  for a coaplete
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L
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-

zule
ac i

-
Ned

FSIGKHON MYID
SESAME

$nUN *STATUS
SKUY *CATALCG
JSIGNOFF

r—__—_._..l

!
noney
left

space

e e e e

— -

Exanple 18,

Ordinarily,
you created.

you

are
If ycu want

gule_
lists
files
PYL1ng
l.8.,
iCREA
3DEST

the only cne who ca
to let other pcople

"peramit code" that allows it. Ir, for example, you zfeel tnat UEWFILE
created in Examrle 11 ought to be nade avallable to others, you can so
specirty. Example 19 shows how this is done.
sule _33: To :RUN ®*PER¥IT, youa then
name the file you want to PEIXMIT and
r ——— | say what Lerkission 15 to be
| $SIGNOWJ MYID { extended, ¢ stands for "read
| SESAHE | ornly". Thic reans that the file may
| 3RKUN *PEBUIT | only be ievad  Irou. deither  the
| NEarILE KO | owper of the rile oL wuyone  else
| $ENDCILE | nay alter tso coutents of the rile.
| $SIGNOFF | You can later reverse this effect by
L 4 cunning APERNLT and specilying  NONE
Exanple 19. arter the nane oI the fLile 1nstead
of KO,
Now anotner user can read your tfile: he can copy it, uun it (if it 1s an
object progranm), or read it as data. Ixanple 20 shcws how user AnCD night

copy NEWFILE.

all your couap
You gat inzor:

CENTER

ey s
conpu

1: Urs &40 Inida XS]

Paje Revised Septeaber 1971

in  ®STATUS
sannary of
vitn the ID.
AS now REUCh
how auch is
nucn  file

3
-
=
o

21z

J1S to

progran
17e vou a
\ asage

such

PG

rioro

]

Jou .ave
1N your
Ve

how

program in *CATALOG
privace (pernanent)
YOU hdve currently occu-
space on disks or data cells,

all those that you have
TEd at some time but never
ROYed.

n read or write on a tfile whica
read vour tiles, you may set a
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$SIGNOU
LI1.IBAB
~CoBATE XZaCX

JCCP2Y HYIDINIWFILE TC
Z5IGNOIT

ﬂECE

XDLOX

r—-..——-—.-—--..-1
e —— e o A

Exaeple 20,

To conclude this section, it i
1nput-output devices and filar
erther think or a fiie as a suLsiog
Leverse, e  rave senn alanples

G

N

February 1971

Referoence to
OwWn regquires
ani a colon (@)
tie r£ile nane,
cince aozens of

wd
cairled HEJFILZ,.

files other
the owner's
1anedrately
ihis 1s
UsSers aay

L,‘LV‘L' [N I

[P
Ladv.-

BN

LUy
- N ~
fLLes

wortn ronarking
are aintercringeable  under HYS.  You may
e Loi an input-output device, or the
tnls intercaangeabilaty in such phrases

tnat, within reason,

y e
ug

as SCARDS=*5QURCE* wnlichn rerers to a device and SCARDS=MYFILZ which refers
to a file.
A LAST wORD CCNCEFNINu TZaMINAL ¥S. DATICH

All ot cur exanples are applicable to batch ov conversational modes. The
nain  dirfereace Ltetween thne two 1s taat Ln conversatlonal node, you get
irnuediate feedback fros HuS aftev giving 1t 4 coraand. This can Dbe very
helpful 1f you nave pade an cerror. For 2x2nhple, 1f you nissrell the name of
a file and M7¢ cannot f£ind it, jt will as< you to try anotaet nana. If you
A58 4TS to IDRSTHECY or SEAPWE rul., if wtil =220 von te con®ipgn tae ‘41.\)t.
Yo do talg, you tyse in erther (1 ctv U.&. [1 you cnange your wiad, type in
0, or enter a line witnout auy cnhdracters,

Anorhet Jifrererce in conventriouc bedrween batch ana  teroinal orerations
occurs  in tne runnany cof *rIh ard AULTIIV,  Wiereas in batch nole you get a
Listing of tre source projraid and €Cror Co.iieits, On o tLrllhal the source
code 1s nerzally not Ilisted. Luly fthne ercoaeods lines and taelr error
ressages appear.

Rule_ Z3f8: I you want your source Loogran  Listed when
cuaning  ATCH from o a typewricer tertinal, add the pnrase
EAn=SCURCE to your &LUL <k liuo. Note tnabt there  atre
LO acterisxs L ZOULCE, o WATEDIV o jRt o your source
progran Listed, you quct ancliae the partoseter SOUNCE on
veur CCHEILL caira ov line.

Waen you are entecring taxt into a tile, the vroxt bajins atter the line
number aand any separator o»vtkel that accosvaaies i1t.  Thus, Lf you are
eatering a FOXTRAN or WATFLY proqxac and you want the texh o start 1n
column 7, you nust give six Spaces betors vou type the line.  (There ate two
ways to avold all the “spaca~ubL hittin;”. il terailnals have tab sctting
teatures which may be usea. Sece the wuupropriate user's guide for the
particular terziral being used. In adorilol, tae projraa in file *F{N nay
be usea to cornvert your scatcnents frou ifree-fornat to stanaird FORTIRAN

tornmat. See Volure 2 for

o4 Introduction to HTS
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If you wish,
you have  us
the errors
you can
vould rothe
LplntIU“”EYt\ ,
this ¢an be cone,

— —
-
f=2 & BT
fot

0 e
ket

C
<
o
o
:—:

a natcn reb.
Lthe line priuter
you sunould create a

[T T e e T e et s e e e 1

rigaet -telp

fabatdie

Lenushen

i l
| I
| |
f o« 1 vhsiqnen myid |
{ ¢ 2 sesanc |
| ¥ 3 {Srun #{tn par=souyrce=p {
[ 4 2lrun ~loac |
{ # 5 Sisignofr |
| # 6 IuaanuviLer {
| #plist -tong |
| > 1 SSICLCH LYID |
[ > z SESKUR {
P> 3 JLUN *FIN DPAR=SOURCL=F|
[ 4 $¥rUK ~LCAD {
| > 5 $LIGUOTYP |
| #¥LlL U rli: |
| #icopy «%e“" *Latcn* |
| 2 *DLAWCI~ ASSIGHEL RECEIPY NUMBER |
| €03772 {
| #isigncif |
| #OfF AT 15:44,35% 01=-206~71 |
| #LLLPSLD TillZ 1.933 ElN. |
| #CPU TIKL ©¢SILC 1.27 SiC. |
| #CPU STOL VML « 116 PAGE-UIY|
| #xAlT STOR Vi 207 EXGE-HE|
| tDRUH REXDS 1 ]
| #APPROX. COST CF THIS RUN 1S A
| #DISK STGEAGE .3 FPLGE-HE|
| #APPrCX. REIUVAINING BALAKCE: 3154
L J

Exarple z1.

All that rerairs tc be rcfaid is:

[ e e e e e e

| $G0Cs
l SRUN

| ——

Lica
TG COUNLS

‘Cu can Croate a rhatch job from a terainal. If,
to ¢dehug your proJdran (i.e.,
uant to run the wiole prograz on the

Cr ir you vant a listing of your program and

batch job.

EIOPS IN ®OCH 1013,

MTS 1: MTS AND THE COH#PUTIXG CEWTE

Page Revised September 1571

for example
locate and correct
terninal,
{which is faster) instead of tne
Exanple 21 illustrates how

Rule _36: To crLeate a tenporary
filz, you nerely have to nention the
naica Thus, ir this exanple =-TEUP
is cr<ated inplicitly in  the $GET
statoenenc.

Iule _37: To run a batch
tern.nal, copy a flle, in this case
~-TCHP, to *BATCI#*, TEYP pust con-
tain a conplete batch job ancluding
$SIGUON  anada SSIGNOFL. A six-digat
rece.pt number «ill be typed out
vhicl nmust be presented at the Qut-
put Window to collect the job. 1f
the sone sigauon is used for both tae
batcl dob  aund the piresent terminal
sess.on, the hatlch job will be run
as soon as possible after the sign-
off «t the terminal.

job frem a

fule 38z
$S16L0rE, {ile ~TEHP
since iiL is only a

This, nowever,

Note that vhen you
is destroycd
scratch file.
is no proplea since
the program in  *BATCH has already
gotten all the informaticn it needs
fron ~TLMP. If you expect to use
this secuence of comuands again arnd
wvoulc like to have tnen saved, vyou
shouid use a permanent file 1nstead
of a scratch file.

b e
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MIS CO#H¥AND LANGURAGE

In order to use the coaputer, onn ~ust £irst get tae attention of MTS and
ident1ify himself through the 3SICNON coamand. Once ne has done this and MTS
nas ajyreed that he is a legitinate user, the IBY 350/67 is at ais disposal.

In this section, the comminds will be listed in their nost conzmon formn
followed by a brief explanataon of their functicn. Not every possible
option and rpararmeter will be mentioned. A devailled explanation of the
comgands will be found in "The Systenm Compand Language'.

As stated earlier, cowmand lines start wita a "3%" follouved immediately by
the conmand name or the command apbreviation, The "3" 1s rejuired for batch
runs but not necessarily for conversacional runs. In a conversational
interaction with MIS, the "$" for a command 1s not ne2eded 1L (1) there is no
line number at the front of the input line, and (2) autoratic line numbering
is off or there 1s no curtently active rfile in wnich to place data lines,
Undet tlese condrtions, tne coapand line may start with the coamind hame Or
the command abbreviation. 1f these conditions do not nold, then the leading
"gn 1s required on all MTS commands. Yote that these restrictions
essentially say that MTS will attenpt to dinterpret an ipput line as a
command line, even without & leading "35", if 1t is5 not prepared to accept a
data line from the user and 1if tne user 1s in convy satlonal nmode.

SSIGNON yyyy tells MIS that the user with ID number "yyyy'" wants
to use tne nachine, Ihe pAas 3s5¥ord  associrated with
the ID nmust be enteccd elther with the 3SIGHON
command or on tae following line.

FSIGNOFF signs the user otf the npachine and gives hin a
supmary oL tne cost of the rcun.

$SuT is wused to set wvarious svitches and vatiaples in
the systea. Tnese control sucn tuncilons as  set-
ting the uses's passvord, antonatic errordumping,
the line nurber separiter characeer, uprer- and
lower-case conversion, i1iplicit concatenation, rlus
a few more esoteric s¥itches,

FSINK xx aakes the pseudo-device +SINI* pefar to the file or
device "xx" 1astcad of the printer (ia hetch node)
or the tecminal on which the user 1s typing (in
conversaticnal node).

to the rile
1ie (in batch
er 1s typing

$SOURCE xx makes tne pseudo-device ¥S50URCE% rere
or device "xx" rasteal of tune card re
mode) or the ternminal on which the us
(in conversational node) .
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FRUN XX tells HMiS <to load apd erccute the progran in the
file vxx", ‘Qavse tires  can be  punlic, such as
FEORTRAN o ¥STALUS, orf private, sucn as MA{PxGGR or

-TENE.

3LOAD xx tells 1TSS to load bnt not execute the prograa in
the file "xx", 1r2 progead can then  be  displayed
ancé/or  altered. Lxecutiou  can be started by the

35TART cougand.

START starts the execution of a program wnich has already
been loaded by a 3LUAD cowmand.
$IESTAET will restart the pzogram at the point ot the last
interrupt or at a (vn(tLi ¢ location. JSTART and
. JRESTAKT may be used interchangeably.
$INLOAL relerscs storage  and  devices [rom  tae previous

SLOAD oy 3RUN. It is usertul when the execution of
a prcycranm aid not terminate noraally.

o

‘e Ior_Delhugqing

{ PALTER XX yYy allows the usec to change the contents of a gcneral
register, a fleoatinyg point reglster, or a specified
| Locaticn 1in virtual meuwory. "yy" necomes tae
| cortents of "xxY,
$10DLTY is a syuonyn for $ALTZR.
£DLSPLAY  xx dizplavs the contenty of "aox", where "xu' uway be a

gereral register, fleating-polat Legister, or a
specillied region of virtual Lemory.

SAEXADL  xx  yy prints  out the neoxadeciral suuw of the hexagecinal
nunbers “xx" and "yy',

F1EASUE XX yy prirts out the hexadacimal alirerence hetween  the
hekadecinal nuambers "xx" and "yy',

$DUHP prints  ouv  tne contents of tae general registers,
fleating-peint reglstecs, and  all  tae vittual
merory locations assoclated witi the culrent job.

SERRORLUNUP provides a duap of ¢ll the registers anil storaye 1if
the execution o a progran Eu;l]nat&s abnorually.
This cor~and is efvective i1n batch node only.
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$CREATE XX

$DESTROY xx

$GET xx

$COPY xx TO yy

$LIST XX

$EMPTY xX

SRELEASE

$NUMBER

MTS e MTS AND THE COUPUTING CHENTER

creates a file named "xx". If it is not a
tenporary file (that is, if its name does not begin
with a minus sign), it is retained wuntil the
creator destroys it. "xx!" becomes the currtently
active file.

destroys the file named "xx" and returns the space
on the disk or data cell to the pool of available
storage.

nmaxes "xx" the currently active file. TIf "xx" is a
private file, it nust have been created previously.
If #xx" is a temporary file and does not already
exist, it will be implicitly createa by this
statement.

copies the contents of the file "xx" into the file
yym, Unless gspecified otherwise, the lines are
nunbered sequentially from 1 as they arc entered in
the new file regardless of their numbers in the old
file. The old file is retained unaltercd.

lists (with line numbers) the contents of file "xx"
on the line piinter (batch mode) or the terminal
(conversational mode) .

enpties the contents of the file "xx" but retains
its identity. Thus the file can ke reused later.

releases the currently active file ir there is one.
tells MTS to automatically nuaber the lines that
follow as they are put in the currently active

file. Unless otherwise specified, numbering starts
with 1 and increments by 1.
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carriage will actually backspace and type over the deleted
characters when the user corrects errors; on others such as Hodel
33 and 35 Teletypes, tne carriage will not backspace.

(3) To end an input line and to transnit the entered line to HTS.

(4) To signal an end~of-file.

(5) To signal that the rext character should not ©De interpreted to

have any special meaning, but should be transmitted literally.

Table of Control Characters

L T 1 1
I | ] |
| Teletype | Teletype | IBU 2741 |
| via | via | via |
| IBM 2703 | Data | IBHM 2703 or Data |
| | Concentrator | Concentrator |
| | | {
r + + t %
i | | I |
| End-of-line | CONTROL-S | RETURN | RETURN |
| Character | | | |
- { } t 1
| | | | |
| Delete-line | CONTROL=-N | RUBOUT | B |
| Character | i | (underscore) |
- + + { - 2
| | | | |
| Delete-previous i CONTROL-A H | CONTROL-H | BACKSPACE |
| Character | | | |
— + t + {
I I | | |
| Literal-next | CONTROL-2 | CONTROL-P | ! i
| Character i | | |
— + } + {
| ) | I | |
{ Attention | BREAK | BREAK | ATTHN
| Irterrupt | | or ] |
| | | CONTROL~E | |
H } t e !
| I I | |
| Erd-of-file | CONTROL~C | CONTROL-C | Z |
| | | I I
[ 1 i L ]

Inptt Restrictions

Some terminal devices are able to produce lower-case as well as
upper-case characters. Normally alphabetic characters in an i1input line are
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For the user sitting at a terminal, there are several levels o
processing that an input or output line must pass throujh. Fach of thes
levels analyzes the line looking for a particular set of control chatacter
or commands and rerforming the appropriate conversions. This process ray be
best explained by using a picture and an exaaple.

£
e
S

Consider the case of a user sitting at a terminal and atlemptinyg to enter
a line into a file. If he is at a terninal wnich supports bhoth upper and
lower-case letters, he will be concerned about 1if and when lover-case
letters are converted to upper-case letters. This conversion may cccur at
any one of several levels depending on which device comuands, global
switches, or I/0 modifiers have been specified.

| Terminal Device |

o ——

Transmission
Control Unit

- — e -
o —— —

T
i
|
L

Terminal Device
Support Routines

b e —

1 |
HTs | |
DSR b TS

Interface | |

4 | -

3]
|
|
L

o — e

e o —

P — e —

File Routines |

e ——

| File |

After a line has been terminated and transnitted, an interpretation must
be pade of what has been typed. Line editing will be perforned either by
the transmission control unit or the terminal device support routines,
depending on which transmission path is used.
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all lower~case letters coming from #*S0URCE* would be coaverted to apper case
DYy tne interrace to HTS wnen the line is being sent to the file routines for
precessing. Hence tne 1ncterface to HIS vill nave tuwo chances to process the
input line and perfcra upper-case cchversion.

The last rpart of the system tc process the input line will be the file

ppert routines. The file support routines perfors such  functions as
indcxing (the 2 rpodafier). After all the line processing is coapleted, the
input line will finally be written into the file,

Batch_Jobs _frox_a_Terminal

It is pessible fer the user to submit a4 job in batch from the terminal by
using the pseudo~device npame *BATCH*., The input must contain the FSIGNON
command and password as tpne first input lines, aad aust contain all the
necessary MisS ccrrands to contrcl the progran.

In the following exanple, a1 batch job is s»t up by the uscr to run the
program frem the file SFo7:&AK3 using the file “SETu2" for input data. The
punched output will be cavea 1n a file called "“ZEOUTH, and tno cards will be
punched. A& listing will be made of the punched cards. AZter tne batch job
1s set up and initiated. a *OrTHAN copilation 1s run whica 2ill convilce the
contcuts of "INIILE" 1nto the file MFOXYVILEM, Tne listiuny 1s printed onto
H-FILaT, Tae listing 1s then coried onto the liae pr:ntnr when the user
determines tnat the coxpirlation was successful. The lincs typed by the user
are in lower cacse; the lires from the system are in upper case.

#get -rfile

#EACY.

fnumber

# 1_%3signon ccid t=2m p=100 ¢=100C *batch demo!
# <_tassgwecrd

# J_tfcreate zeout

# G_%3run ef67:ran3 H=zeout S=setup G=*sink*

# 5_Z%scopy zeout *punch¥*

# 6_»3list zeout

# 7_$3signoff

E 3

8_~un4umcer

#copy -rile *batch*

> *BA1CH* ASSIGHED RECEIPT XNUMEER 600012
#enppty -file

#DCNE.

#run *fin par=source=infile print=-rile load=fortfile
#nXECUTICL EEGINS

#EXECUTIION TERUINATED

#copy -file #printx*

> ¥PRINTI* ASSIGNED RECEIET NUMBER 600045
#
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1 4TS conmands in
5  conuand lines

The dcllavr  gcigu comsaud flag ¥ o fg weapuped bofove ol
tatch mode. 1pis 1S necessary 1o o2iu iatoeredecing dawa o
And causing Lrreversible datiage to 1. las.

In  batch acde, MIS recoynizes ohe 2oiinuing glooal poraniters rroa the
;508 comzand:
1y Bofanlt

30 L eronds

..MGJS:p Tit 1 RESEESE-1

CasS=cC : [N 0 cands
CCPIES=n Ninber of co,ﬁ"s ol cmipntsd oatout T o0y
PLIN'T={E4]TN} Princes chavedtes o0h &V chatacter set
ROUTE=s5tatlon outpur staticn rep priatad and Thputl stc,ion

penched oncput
Z0UTE=staticn  Cabpnue siaclcen toc »Iilataa oniout Inwut station
CiOUTE=stataon  Qubhput staticu To1 037 2 oihinul Inoit station
(“tatioa is CLUh 1o oo w.nog
sration L4% Do prasororg o rdat.)

If the nser doos not sunply £he porewciess «0¢> dor e 316800 conmand,
the default vaiuves will be su:plicd ance Goddlly ool o Jon d1ll be neld
tu trea. The dapove global paractérs are o o7t Lo con - oniwioaal gode

Tre 3DESILOY and SEEPTY comnands do pob woguive coa ceaation  an batch
rode. Conilomataicn 1s rejuited oaly ia conwsiie :

The FERAQORDUNP and 3SuT peLCRLOLP-{01' %,  corrancs ire cifective in
atch aode allowing tae usar to predlce €0 2o GIRps Ler aLs job, These
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Lad

Tae MTS rpscudo ~dev1co names have tad follouwing éofaults wn batch and
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et files or
1

Cata for a user's coasmands and programs is accessed fr 1t
i ation. A
a

9
devices. A file is a logaical entity - a set of lines of in“
c

QJ i'l =

C
I

device 1is a pn"51CAl entity such as a nagnetic tape unit, a reader, or
a pert for a user's terminal to call. The ageneral specificatﬁon of a file
or device 1is «called a File c¢r Davice Nape in the T35 nanuals, and is
abtreviated as FDnane. The puvpose of this section of the rdanual is to

describe the kinds of <fi.es and devices available, to give rules for
constructing File or Device HNames, and to show how they are used.

FILES

A file is an ordered set of zero or more lines., A liae is a string of
one or more characters (bytes). Both the narimum nunber of characters in a
line and the maximuw nunber of lines in a file depend on the type of file
organization, which is discncsed below. In the most restiictive case (line
files), the maxiaun linc lenqgth 1s 255 characters, and the exinun nunber of
lines 1s about 10000 for an «verage file (depending on the lengch of  the
lines).

long-tern gstorage in HTS is organizad on the basis of files and hence is
referred to as file storage. These L[iles nay contain source decks, object
decks, data sets, output listings, writecups, etc.

There are thtee bases of classification of a file:
(1) The availability of the file,
(2) The type of organization.

(3) The type of direct-access storage device on which it is
located.

created. The

These three characteristics are fixed at the tine the file i
r1e; the other tvo are

first 1is determined by tae form of the file nat
specified by keywords on the (TS $CREATZ connand.

The_Availability of Files

ch as
language translators and utilaity programs. Public files may be acc 0

EFublic files are files containing conmnponents of the cysten, suc
cssed by
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devices. See the aescription ¢t (CUCY 1a Voilune 2, aaa tape YLiguetic Tape
Userts Gurde!" and tae “pPaper tiape User's Gande" in Voluwe 5 for letalls.)

Cseudo~device tuids  are

,._‘

The predefined ps-—udo -acvice nnnes are as follows:

¥S50URCE#  is  defined Ly 655 as the carrcent ingie (or source) file or

evice. Iuilciasly, tue syste. detinaes  *3O0JRCRE¥  to  be the
Sare as  *¥UAS0LICL-, Thns, for batca xuaneg, #FSOURCEx 1is
taltratly detrred oL tac locatiow of fae nsect's  input deck,
valle Lo, tewvoaaal usade, 50! rniutially Jefined as
The couninal at ek Lhe uus “n.  Ineretfore, any
tefcreace by oo Loansh vs-o LG e wvalent tooQ
reference vo che pauch jupat decks,  Tae batca user pay  thus
Gse o the pave SGURCEY in place of tae (unknown) nauwe of the
laput streaw.

The uoser can wedeiiine  *8CURCTY by using  the "iTs  $SOUKRCE
Coundnd. [ Aobiae s Blon rede!liod oLy o1 aser, an
atusabroln 1aveiouot s o denatantl, o 2u wha-oL-f1le  on
ASONLCEY  thon CE VP RUR TS resd a Cluwand, Wi1ll cause

ASCHRUE® ¢y re [ad Lo 2 MSOURS T,

RSIhE* 15 i {or z1as)  File or device,

Iricia { *San<v o to Lo the sane as
SRLLUEAL raun, ooc LPDointlaat ', felircs ASTHKS

as tho piintad siau Last oL, ¥uoirlz ror taerwminal
t

JEaje, 5[‘&’ €3 L,;' rts o telnlos L, {(inus the
Fatch tser 1401 ol L1l pane ot tne niice being

ced  to (Jla‘l; his yatyut, siune he a1y rerfer to it
Lhe puseudo~ae iCce nale RSLude,)

The user caa v20ofine 451LEES using rue dr0s HSINK connand.  If
ASINGY has Doy Lededines by ooa  uger ALt oA te2rainil,  an
attantion interrugt will cause 351NK* to be rederined back to
FERITUK*.
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*MSOURCE* defined as the master inp
which 1s thne ternminal 1in
file or device froa which ta
batch operation. *HSCURCE*
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yhich is the terainal
printed output for
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batch
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TYFES OF FILE ORGANIZATION

The three types of file organization arte

r T 1
: LINE : Line file (default) :
: SEQ : Sequential file :
: SEQWL 1 Sequential-with-line-nunbers file :
! | ,'

The file organization can be specified as the value of the TYPE keyword on
the $CREATE command when the file is created. Tor exanmple,

$CREATE SF TYPE=SEQ

creates "SF" as a sequential file. Note that since the default is LINE, all
terporary files that are implicitly created (by the first usage of the file)
will be line files. If a different type is wanted, the temporary rile nmust
be explicitly created using the $CREATE comnmand.

The SEQWL type is really a variatjon of the SEQ ty=2, hence inr the
following discussion of line riles versus seguential files, what is saia for
sequential files will also apply to sequential-with-line-nunbers files.

Lire Files

The basic MTS file type is LINE. A line file is an ordered set of zero
or rore lines. Fach line consists of 1 to 255 characters (bytes). fach
lire has associated with it a uanique line nunber (for that tile) which is
not part of the line. The lines in the file are numevically ordered. An
exact definition of line nuabers is given helow; for the discussion here, 1t
is a nuaber from -99999.999 to 99959.999 inclusive. Note that ubile the
line number for each line nmust be stored in the file, the line number is not
part of the content of the line.

Ey using its line nuamber, any line in the file may be directly accessed,
either for reading or writing. An input or outputbt operation on a file which
explicitly indicates a specific line to be read or written i1s called an
indexed operation. The more common input/output overations on a file
specify a line number at which to begin reading or writing, and continue
with the '"next' line fortr successive records read or written. These are
called segqusntial operations. These two methods may be intermixed, for
exarple, using an indexed read operation to get to a given position 1in a
file and then reading sequentially from there.
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The type of operation used dopends on the sequential/indexea nodifier
bite supplicd for each FDnarme or ianutsout»nt cubroutine call. If, in  the
call on a subroutine, the modifier word supplied has the indexed bit set, or
if @I was appended to the ©Dname won:o 1t wvas given, facen an inuexed
input/output operation will be done. The drsiault operotion 15 sequential.
(See Appendix A for the description of the rodifier analgamation process.)

Indexed Operations

When an indexed read or write operation is done, the line anumber
given in the I/0 subroutine call is used to specify the line to be
accessed. A return code of U (end-of-:rilc) cccurs if there 1is no line
in the file with that linre number, or if the line nuaber is outside the
line number range given with the FDnane. (The begraning and ending
line numbers, 1f not specified explicitly 4in a lin= nunber range,
default to 1 and 99999.999, respectively.)

Implicit and explicit concatentation with an indexed operation are
handled in the following manner:

For an indexed read operation, 1if the 1line selected is a
"SCONTINUE WITH" lire and implicit coucatenation is enabled (the
default case), +then concatenation will ocecus and the sase line
neaner will be selected for the new file ot device spzcified by

PR T - . L. ae v Sy e creremrrar ) 4L
Che TDhaefme Lia cue "ICO0HTLWOO JITH" line.

Tf the file is part of an explicit concatenation (and not the last
member) and a condirtion that wouid anorwally produce 1 return code
of 4 occurs, a transfer to the na2xt nember in  the concoteanation
will occur instead. Thus, a return code of 4 on an index2d rcad
to a concatenation indicates that mnoen2 of the z:inbers of the
concatenation had a line of that nuvrber; a successinul indoxed read
on a concatenation will selnct the specified line from the first
menber of the concatenation witn that lise nuuber.

Sequential Operations

.

ihen a line file i1s written or read with an indexed operation, the
line nusber 1s explicitly given. However, for soyueanti
a line file, the gquestion of the beginning aund ending line nuabers
arises. These are specisied via the 1line nuaber range (aiccussed
earlier) which has the forn

(b,e,1)
where b, e, and i are each line numbers as described below.

For a read operation, the beginning line number is b (which defaults
to 1, if nrot given) and the ending line number is ¢ (which dcfaults to
99999.999, 1f noc given). If the increment i is not explicitly given,

it is not used. Thus
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is identical to
A(1,99999.999)

and specifies all lines with numbers between 1 and 99999.999 inclusive.
If, however, the increrent i is explicitly given, then it is used to
select the next line. Thus

A(,, )
is identical to
A(1,99999.999,1)

and specifies only the lines with integer line nunmbers from 1 through
99999 inclusive.

For a vwrite operation, the beginning 1line number 1is b (which
defaults to 1, if not given) and the increment is i ( which defaults to
1, if not given). The first line written will have line number b, the

second b+i, etc.

Note that b may be greater than e, and that 1 may be negative.
Thus, reading from

A(LAST,1,-1)

will read the integer-numbered lines of A in reverse order (if LAST is
integer-valued) .

Mixed Operations

The following discussion applies to mixed sequential and indexed
operations on the same logical I/0 unit or FDUB-pointszr. Accesses  to
the same file via other logical I/0 units or other FDUB-pointers are
independent.

An indexed read or write operation operates on the line specified by
the line number parameter in the I/0 subroutine call, regardless of the
previous I/0 operation.

If the first operation on a file is sequential, the behavior 1is as
described above: +the line is specified by the beginning line number b.

For a sequential operation that is not the ficst operation, the
"next" line is chosen. For a read without an explicit increnment,
"next" is the next line in the file aftetr the last on= read or written.
For a read operation with an explicit increment, the "next" line has
the line number of the last line read plus tne first nultiple of the
increment for which there 1is a line. For a write operation with an
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explicit increment, the '"next" lire has the line number of the last
line written plus the increment.

Iine Numbers

do

A

‘::
corsists of 1 to 32767 characters (by
t

Externally, a line number is one of three forms:

(a) +nnnnn.nnn

where "n" is a decimal digit (0 through 9). The minimum and
maximum line numbers are therefore -69999.599 and 99999.999,
When writing a 1line number, leading nlus-signs and leading
zeros, trailing decimal points, and <trailing =zeros after
decimal points may be onitted. Examples of line numbers of
this form are:

5 5.1 5.13 5.137 32505.137 ~-32505.137
(b) LAST

wvhich has the value of the last (algebraically greatest) line
number in the file. If the file is empty, the value is zero.

(c) LAST#m

where M"xm" 1is a number of the form "#nnnun.ann' as describhed
above. The value of this 1s tue algebraic sum or difference of
the two components; thus LASTI-1 does not necessarily specify
the line number of the next-to-last line, but merely a line
number 1 less than that of the last line.

The internal form of a line number ig a fullword ©boinary integer
whose value is 1000 tines the external form. Thus, a live nunber whose
external form is 1 is stored internally as 1000 (accinal) or 000003ES8
(hex) . The internal form of a line number must be supplied to the
input/output subroutines when requesting an indexed operation, and the
internal form of the line number of the line that was read 1s returned
after a sequential read (or a sequeniial write in the case that the
RETUXNLINE# modifier was ¢cpecified -~ see the Appendix A rnodifier
description).

sequential file 1s an order et of zero or nore lines. Fach line
) The lines of a sequential file

es) .
be Jdirectly referred to by line nunber

0 n

not have line nuabers and canno

frcnr a program or command.
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$COPY A SHWF(LAST+1)

will add the lines from A to the end of SWF.

LOCATICN OF FILES

There are two kinds of direct-access storage on which a file mnay be
located. It may be on a disk pack mounted on an IBH 2314 Direct Access
Storage racility or on a data cell volume mounted on an IBH 2321 Data Cell
Drive. All types of files may be on disk, but only sequential (and
sequential-with-line-numbers) files may be on a data cell volune.

In terams of access and transfer time (i.e., the amount of real time it
takes to find and then read or write a record of information), the 2314 disk
drive 1is on the average five to ten tiuwes faster than the 2321 data cell
drive. O0On the other hand, in terms of storage costs, data cell storage 1is
about half as expensive as disk storage (based on current rates).

CREMTING FILES

The availability, crganization, and location cf 2 f£.12 arc all ¢
liched at the time the file is created. Files are ctreated by using the HNTS
$CREATE command or by calling the CREATE subroubtine from a program. The
syntax of the $CREATE command is given 1in the comwand description. The
CREATE subroutine is described in volume 3. The following discussion covers
the specification of the file characteristics when wusing the SCREATE
comnand.

The MTS $CREATE command has the basic form:
$CREATE filenanme
which causes a file of this name to be created (unless there already exists
a file of the same name, or the user has cxceednd his file space allotnent).

There are several options which «can be gpecified in the fora of keyword
exrressicns.

SIZE=n n is number of average (50 byte) lines
SIZE=nP n 1s number ot nages (1 page = U096 bytes)
SIZE=nT n is numsber of 2314 tracks (one 2314 track = 7294 bytes)

For most files, this parameter is not needed. The default size
for permanent line tiles is the spallest possible (one 2314 track)
which 1s enough for about 75 average lines. Since files expand
automatically when possible up to 16 times, most data scts can fit
into a file of default size. (As a nmatter of interest, acout U0%
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of all user files in the systen are one-track files, and about 20%
are two-track files.) The following table gives the default

sizes:
r LI} -1
| Pernanent |1 Temporary ]
| 8 + T |
| Line | Sequential |1 Line | Sequential |
l — T 1 F e 1
] | Disk | Data Cell {| | Disk | Data Cell |
r } } T +1 t T 1
| | | | I | | |
| Amount | 1 | 1 | 6 I 5 | 5 { 6 |
| of Space | 2314 | 2314 | 2321 [t 231 | 2314 | 2321 |
| Allocated | track | track | tracks |l tracks | tracks | tracks |
t } t t -+t + i s
| | | | (R | | |
| Pages | 2 I 2 | 3 ] 9 | 9 | 3 I
| Charged | | | n | | |
| | | I i | | |
L 1 1 "l L1 L 1 ]

For larger files, it is necessary to specify an estinated size.
When estimating «<cize in terms of pages (or tracks), 1t should be
noted that there is a certain wminimum overhead for each line or
record in the file., These ovetrheads are as follous:

T - —/
| Type | ¥in. Overhead |
b + 1
| LINE | 8 bytes/line |
| SEQ | 6 bytes/line |
| SEQWL | 10 bytes/line |
1 A K|

Information on the internal structure of files and approxinrate

formulas
Appendix

Files
systemn.

(N
(2)
(3)

for the size required for a file will be found in
C.

will be extended automatically vwhen possible by the
The conditions for autonatic cxpansion are:
The user has not exceeded his disk or data cell space
allocation.
Space is available on the direct-access volume on which
the file wis originally created.
The file coansists of no more than 15 distinct allocations
called "extents").

If any of the above three conditions is not met, the evror comment

FILE "filename": SIZE EXCEEDED
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