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1. INTRODUCTION

This Users' Guide to the UMVCS-1 is an instruction and information
manual to enable the user to prepare an input data set for exercising
the program. The remaining four parts of the Guide describe:

- the input quantities which must be provided to the executive

section of the program

- a description and sample output of the executive system
- a description and sample of the output produced by the

computer program

- an example problem including a sample data set and exercise

of the program

2. INPUT DESCRIPTION

Input to the Vehicle Crash Simulation consists of a series of
eighty character cards describing the vehicle in very general terms.
Although this program was developed for the simulation of the vehicle
in a crash environment, the model is applicable to a wide range of
structural problems.

A summary of the cards required to exercise this program is in-
cluded as Table 1. This table contains an organization level in column
one, the shortest abbreviation for the input card identification in
column two, and a short description of the function of the card in
three.

The input to this model is organized in three levels. The
vehicle is described in terms of idealized subsystems called modules
and the connections between the modules. Examples of possible modules
are:

- forestructure



frame

- passenger compartment - rear body

- firewall - front suspension
- drive-train - rear suspension
- bumper

The modules are completely specified by the user in terms of structural

components which may be either a general frame or a rigid body, and in
terms of connections between the components.

“he frame components are specified bv a set of nodal points connected
by elements. The element library includes a large deformation plastic

beam element and a variety of generalized mechanisms.

At present, there are no defaults built into the proaram, so the
vehicle must be completely specified for each run. Table 2 contains
a detailed description of each input card. The first column of this
table shows a facsimile of the descriptive sentence which identifies
the card together with markings which indicate possible abbreviations.
The second includes sentence abbreviations corresponding to those used
in Table 1. The third column includes necessary verbal information
for comparing the data while the fourth column refers to line numbers
in Table 4 which is a complete example data set.

Underlined Tetters in the first column are those upon which the
identification of the card is made and must be included and correct.
The identification process is confined to the first two words. These
two words may be abbreviated by these two or three letters placed
contiguously or separated by blanks. Any following words must
appear as shown unless they are surrounded by parentheses or brackets.
Parentheses indicate optional information which may be included for

readability or user clarity. If optional information is included,



it must appear as shown. Sometimes optional information is re-
quired. The third column of the table will discuss the circum-
stances involved. Brackets enclose a number of choices separated
by slashes. One such choice must be made and appear as shown.
Every sentence must end with a period. Sentences may appear on

a maximum of ten consecutive cards as needed.

Many sentences are followed by a data section. In such a
case, the first column of Table 2 contains a description of the
data to be included in the order in which the data is to appear.
Column three contains a description of the format expected and
tells the number of data terms which must appear to satisfy the
sentence.

All data should be provided in a consistent set of units,
for example the inch-pound-second system. Output will correspond
to the selected system of units with the exception of acceleration
which are in "g's".

Several rules should be mentioned for the ordering of cards
in the data set. These are:

1. A CRO must come immediately after MC, CC, or NC.

2. An NO must come immediately after NN.

3. An NS must come immediately after NO.

4. A CO must come immediately after CN.

5. A CS must come immediately after CO.

6. A CRS must come immediately after CRN.




7. Each NA or NP must be clustered with an NN. It is
assigned to the last previous NN.

8. All cards describing a particular module, component,
node, connector, or table must appear contiguously.

Sentences are used as needed to describe the vehicle. Each

sentence included must be complete.



TABLE 1. PROGRAM INPUT DATA REQUIREMENT SUMMARY

SENTENCE
INFORMATION LEVEL ABBREVIATION DATA REQUIRED
For Run Control CLS Run control parameters
RT Run title
0D Standard output specification
DO Auxiliary output specifications
VT Vary tables of beam quantity
fit¥ing coefficients
For entire vehicle
V0 Position and orientation of vehicle
MC Interconnections between modules
CRO Connector orientation if applicable
For each module MN Module name
MO Position and orientation of modules
cC Interconnections between components
within module
CRO Connector orientation if applicable
For each component CN Component name
CO Position and orientation of
components within module
NC Interconnections between nodes
within component
CRO Connector orientation if applicable
CA Applied forces within component




TABLE 1. PRNOGRAM INPUT DATA REQUIREMENT SUMMARY

(Continued)
SENTENCE
INFORMATION LEVEL ABBREVIATION DATA REQUIRED
For each node NN Nodal point name
NO Position of nodes within
component
NS Nodal parameter specifications
NA Applied forces for directions
NES Node stop
NP Forced displacement for
directions
RS Special tests to stop run
For each connector CRN Connector name and type
CRS Connector parameter specifi-
cations
For each table TN Table name and specifications




TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
CONTROL SPECIFICATIONS (FOLLOW). CLS Run control parameters. 1, 2, 3
I A11 values specified as
(a) 10S SW1tEh‘ a]] beams . floating point numbers
0 = remains plastic )
40 = returns to separated by commas.
elastic End of data marked by
asterisk. Start data
(b) KMAX Maximum number of on new line.
steps Twenty numbers must
(c) TMAX  Maximum time be specified.
(d) DTK Initial time step
(e) ALR Beam length reference
(f) DR Beam depth reference
(g) ER Elastic modulus
reference
(h) AIR Moment of inertia
reference
(i) EPS Allowable error for
acceptance
(3) TR Time reference unit
(k) ALOER Allowable error to
test two quantities
equal
(1) ISTART Restart switch (not
available in UM-VCS-1)
(m) IEND Record information
for restart (not
available in UM-VCS-1)
(n) BASTEP Normal integration
time step
(o) PERAOW Fraction of maximum
increment
(p) SIZMAX Maximum displacement
increment
(q) BUNL Yield convergence
Tower bound
(r) BUNN Yield convergence
upper bound
(s) GR Gravity (in/sec?)

(t) IGSLEC

Switch:
0 = iterate all inversions
1 iterate only stiffness inversions

2 iterate no inversion
7

hon




TABLE 2. GENERAL VEHICLT

Sentence Contents

INPUT DATA FORMATS (Continued)

Sentence
Abbreviation

Table 4

Notes ILxamples

RUN TITLE.

line/line/ ... /line*

RT

Run title speci- 4, 5, 6
fication. Maxi-
mum of 132 charac-
ters per line for
a maximum of ten
lines. End of
each line marked
by a slash, end

of all titles hy
asterisk. Each
line will be
centered.

OUTPUT DESIRED (FOLLOWS)
N, N - N, N*

Note: N=1, Generalized

OD

force at nodes.

2, Displacements
nodal points.

of

3, DPosition of nodal

points.
4, Velocities of
nodal points.

5, Acceleration of

nodal points.

G, Generalized forces
at connector ends.
7, Energy dissipation
at connector ends.

a)

Output category 7,
selections are a
string of inter-
mixed entries

which are either
individual list-

ings (N), or conti-
guous range list-
ings (N - N) vhich
means N to N) ordered
as desired. This
sentence is pro-
cessed normally hy
the executive but
vields no output
since tabular out-
put is not avail-
able in UMVCS-1.




TABLI 2. GENERAL VEHICLE INPUT DATA FORMATS (Continued)

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
DEBUG QUTPUT (FOLLOWS) DO Specification for 9, ...,18
each debug switch
debug switch (time, 1level, at various times
., time, level), ...* with a debug level

for each time
point. Up to ten
time points may

be selected for
each switch. This
sentence must be
used with great
caution since the
volume of printing
is extensive.

(See Part 5) Debug
output from the
executive may be
obtained by debug
switch zero, no
time and a single
level number.




TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (Continued)

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
VARY TABLES. None
(a) Switch: Changes the default
setting of beam
= Box cross-section quantity fitting co-
2 = Channel cross-section efficient tables for
run. See CRS for
. ) explanation of beam
(b)  Switch: quantities. Thirteen
1 = Strong bending numbers must be
2 = Weak bending specified.
3 = Torsion
4 = Axial
(c¢) Switch:
1= k1
2 = kz
3 =X
m
4 =B
5 =1
6 =M
o]
(d) Ten fitting coefficients
MODULE NAMED module name. MN Marks start of a 19

specification of a
module. Each
module name must be
unique and may have
up to eight charac-
ters with no blanks.

10



TABLE 2. GENERAL VEHICLE INPUT DATA TORMATS (Continucd)

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
VEHICLE ORIENTATION (FOLLOWS). VO Specification of NONE
starting position
(a) X-coordinate and orientation.
Sentence abbrevia-
(b) Y-coordinate tion is on first
line. The data
(¢c) Z-coordinate follows on the next.
Quantities a, b, c
(d) nine direction cosines. are linear dimension.

The first three
direction cosines
are for X-coordinate,
the next for Y and
the last for Z. Iach
set are cosine of

the angle with re-
spect to X, Y, and 7,
respectively. This
sentence has no
effect since the
option is not avail-
able in UMVCS-1.
Twelve numbers must

be specified if a VO
card is included.




TABLE 2. GENERAL

Sentence Contents

Sentence
Abbreviation

VEHICLE INPUT DATA FORMATS (Continued)

Tab
Notes

le 14
Examples

MODULES CONNECTED
Nodal-point-name

( (OF COMPONENT) component-
name)

( (OF MODULE) module-name)

TO
Nodal-point-name

((OF COMPONENT) component-
name)

( (OF MODULE) module-name)

BY
Connector name.

MC

This sentence
specifies one con-
nection between two
modules. "OF COMPO-
NENT'" and "OF MODULE"
phrases are necessary
only if the respec-
tive nodal point name
is not unique within
vehicle. If only

one of the two
phrases is present,
"OF COMPONENT" or "OF
MODULE" must be
specified. Connectors
are defined separately
(See CRN) and used as
many times as desired.
All names must be

< eight characters.
Lach phrase must be
entirely on one line.
The node in the
current module must
appear first in this
sentence.

20

MODULE ORIENTATION (FOLLOWYS)

(a)

X-coordinate

(b) Y-coordinate
(c) Z-coordinate
(d) nine direction cosines

MO

See VO. for speci-
fications. This
sentence has no
effect since the
option is not avail-
able in UMVCS-1.
Twelve numbers

must be specified if
a MO card is included.

NONE




TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (Continued)

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
CONNECTOR ORIENTATION (FOLLOWS). CRO Must follow MC, CC, 21, 24
or NC to which it
A. For BEAM type: applies immediately.

For beams, ninteen
numbers must be
b. nine direction cosines specified. For

for i-end UMVCS-1, the two
sets of direction
cosines should be
the same. The 3-
direction lies along

a. connector Tength

c. nine direction cosines
for j-end

B. For all connectors except

] the beam and points
BEAM: from the node
a. connector length occurring first in

b. three direction cosines the data set to the
for 1-direction (BEND node occurring second

in the data set.
and SHAR only) Directions 1 and 2

c. three direction cosines must form a righthand
for 2-direction (BEND system with direction
and SHAR only) 3. For all other

connectors, one

number must be speci-
fied except for bend-
ing and shear con-
nectors for which

seven numbers must be
specified. Directions
1 and 2 must form a
righthand system with
direction 3 which lies
along the connector
pointing from the frame
node to the rigid body
or from the rigid body
node named first in the
data set to the rigid
body node named second
in the data set.

13



TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (Continued)

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
COMPONENT NAMED component-name CN Marks start of a 32, 60
specification of 157
(AND IS OF TYPE) [FRAME/RIGID]. a component
within a module.
COMPONENT CONNECTED cC This sentence NONE

Nodal-point-name

((OF COMPONENT) component-
name)

TO Nodal-point-name

((OF COMPONENT) component-
name)

BY connector name.

specifies one con-
nection between

two components

within a particu-

lar module. The

"OF COMPONENT"
phrases are necessary
only if respective
nodal point name is
not unique within

the module. Con-
nectors are defined
separately (See CRN)
and may be used as
many times as desired.
The node in the
current component
must appear first

in this sentence.

COMPONENT ORIENTATION (FOLLOWS).

(a) X, Y, 7

(b) nine direction cosines
(c) 61, 62, 0,
() X, Y, Z, 81, 685, 04

(e) X: Y’ Z7 81, 62, e3

(f) Fl’ Fa, Fa Ml; M2, Ms

14

CO

Needed only for 33,34,35
RIGID components.
Coordinates of the
center of gravity
coordinate system

are X, Y, Z. The
angles 68;, 0,, 63
orient the coordi-
nate system along

the three principal
axes of inertia of
the body. The
direction cosines are
defined as in VO.

The six generalized
forces are applied at
the center of gravity
along and around the
principal axes of
inertia. Thirty-

three numbers must be
specified.




TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (Continued)

Sentence
Sentence Contents Abbreviation

Table 1
Notes Examrples

COMPONENT SPECIFICATIONS (FOLLOWS) CS
(a) weight

(b) three moments of inertia

Specification of 36, 37
values pertaining

to entire compo-

nent. Needed only

for RIGID. Four

numbers must be
specified.

NODE NAMED Nodal-point-name NN

((IS) PRINTED).

"Nodal-point- 38,241
name" specifies a
connect point on

a rigid body and

a mass point for

a frame compo-
nent. "IS PRINTED"
applies to rigid
bodies and spe-
cifies a point for
which information
is to be printed.
If this point is

a connect point

and also printed
information is
desired, two names
must be provided.

NODES CONNECTED NC
Nodal-point-name
TO Nodal-point-name

BY Connector name.

This sentence 70
specifies one con-
nection between two
nodal points within

a particular compo-
nent. Connectors

are defined separately.
(See CRN) and used

as many times as
desired. Not used

for RIGID components.




TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (Continued)

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
COMPONENT APPLIED CA Applies only to NONE
B - RIGID. This
(FORCE FOLLOWS). sentence has no
effect since option
(a) X, Y, Z of point not available in
UMVCS-1. Nine
(b) Ty, Fy Fi My, My Mj numbers must be

specified if a CA
card is included.

NODE ORIENTATION (FOLLOWS). NO These cards must 39,40,
follow their NN 62,63
A. For RIGID immediately. TFor
RIGID, the X, Y,
(a) X, Y, 7 Z are specified
with respect to
B. Tcr FRAME the coordinate
system defined on
(a) X, Y, Z, 0,, 6., 03 CO cards. Three
c e e . . numbers must be
(b)Y X, Y, 7, 6,, 0,, 04 specified. TFor FRAME,
e e e e all quantities are
(c¢) X, Y, 7, 06,, 05, 034 inertial. LEighteen
numbers nust be
specified.

NODIs SPECIFICATIONS (FOLLOW).

Z
o

Specification of 64,65
values pertaining

(a) weight of mass point to this nodal point.
Needed only for

FRAME. One number

must be specified.

NODAL APPLIED table-name NA Specification for  NONE
forces (specified
(FOR DIRECTION) [X/Y/Z/1/2/3]. as tahular functions
defined by cards
TN) to be applied
at nodal points.

16
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TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (Continued)

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
NODE STOP nodal-point-name NES If relative dis-

(FOR DIRECTION) [X/Y/7/1/2/3]

placement occurs
between NN near-
est to NIES state-
ment and ''nodal-
point-name,' then
NN one begins to
stop in inertial
space. If p > 0,
the two points
cannot approach
closer than p on
the positive side.
If p < 0, they can
approach no closer
on the negative
side. If nodal-
point-name is re-
placed by NONE,
the motion re-
striction is based
on motion from zero
time. If p # 0,
item (c) is used
while (b) and (d)
are ignored. If

p =0, (b) and

(d) are used while
(c) is ignored.
When Tj in time

is reached, the
node begins to
stop. The

18




TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (continued)

Sentence Table 4
Sentence Contents Abbreviation Notes Examples
quantity » is the stop- 107,120

ping distance if stop-
ping is based on a dis-
placement. The quantity t
is the time required for

stopping. Four numbers
must be specified.

RUN STOP [DISP/FORC] RS The model stops execution NONE
if displacement (DISP)
(FOR DIRECTION) [Xx/Y/Z/1/2/3]. or force (FORC) value
(a) Displacement or force value specified by (a) are ex-
ceeded in the specified
direction. RS applies to
the nearest previous NN
for frame elements or CN
for rigid bodies. It is
computed at the mass
point for FRAME and the

CG for RIGID. O
must be Specigﬁeﬁumber

CONNECTOR NAMED connector-name CRN Marks start of a specifi- 312
cation for a connector.
(AND IS OF TYPE) connector-type- Name must be unique. The
keyword. connector type is one of

the prescribed names
which are available (See
Table 3).

CONNECTOR SPECIFICATIONS (table name). CRS Specification of values 313, 314, 315,
F ful o . pertaining to connector. 3B, 328, 329,
A nﬁhgéﬁi(rgq&iigﬁﬁlflcatlon’ 30 Unused for RPIN, REAM, 353, 354, 356
(@) kiys kois Knis Bis fi’ Moi HPIN, CRS cards follow
for i=1, 2, immediately after CRN.
or1=1,2, 3,4 Note M04 = PO along the
where plastic bending load-deflec-
tion for each direction is
modelled by:

3-direction. Table name
provided for load-deflec-
tion characteristics

aj = Mos(agi + byi[1 + kji(xi - for EXTS, TORS, SHAR,
“Kii (X, - x.2) and BEND only. Data
Xmi ) Je 9T mi number requirements
where are in column one

for this sentence.

J = 11f x4 < Xpi, otherwise j = 2.
a = ] -fi__yi b . = fi _. __]._
14 1T -v. > 17 1T -
y] .y-i

19



TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (continued)

Sentence
Sentence Contents Abbreviation

Notes

Table 4
Examples

.)ekH i
mi

yi = (1= kpy) x

E, Young's modulus
G, shear modulus
A

J, torsion constant
e

(b)

(c)

(d)

(e) AIT, moment of inertia about
1-direction

(f) AI2, moment of inertia about
2-direction

(g) A, area of cross-section

B. For BEAM (short specification, 11 numbers)

(a) o, yield stress

(b) H, height of cross-section

(c) B, width of cross-section

(d) T, material thickness

(e) Switch:
1
2

I

Box cross-section

Channel cross-section
(f) I, Young's modulus

(g) G, shear modulus

(h) AJ, torsion constant

(i) AIl,moment of inertia about

.. l-direction (major principal axis)
(j) AI2, moment of inertia about

(3]

2-direction (minor principal direction)
(k) A, area of cross-section

Ial

C. Tor EXTS (only one number)
(a) switch, 0
1

regular spring

one-sided exten-
sional spring

2 = one-sided com-
pressive spring




TABLE 2. GENERAL VEHICLE INPUT DATA FORMATS (Continued)

Sentence Contents

Sentence
Abbreviation

EABLE NAMED table-name

(ABSCISSA, ORDINATE),

TN

Table 4
Notes Examples
Specifications of 361, 362

tables. Pairs of
abscissas and ordinates
are enclosed in nar-
enthesis and separa-

ted by commas. An as-
terisk marks end of data.




TABLE 3. AVAILABLE CONNECTOR TYPES

CONNECTION TYPE KEYWORD COMMENTS

Extensional EXTS Available between components
in all possibilities and

Torsional TORS within frame components (Ap-
plies to all except REAM and

Shear force SHAR BEAM).

Bending BEND

Special connector SPEC Not available in UMVCS-1.

Rigid beam REAM Available between rigid com-

ponents and between one
frame component and one
rigid component.
Ball Joint Pin RPIN Only one rigid or pin connector
may be used at any one node.

Pin hinge (Universal HPIN Not available in UMV(CS-1.
joint or door hinge)

Deformable beam BEAM Available only within or
between frame components

22
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PART 3. OUTPUT DESCRIPTION

The Executive Program echces each input card it reads and
then produces a summary of all interconnections between modules,
components, and nodes. Table 4 contains the echoed data set
for the sample exercise discussed in Part 4 together with the
connection summary for this case. Table 5 contains the output

from the dynamics solution processor for this same case.

Output is presented for three different time steps, k = 1
(.2ms), k=10 (2 ms), and k = 38 (4.6 ms). The step number
and time are indicated on the first line.

The remainder of the output describe external force (moment),
position, velocity, and acceleration at each of the 18 mass points
and for the 2 rigid body masses. One exception is that the
force (moment) at node points with a rigid or pin connector is
the connector force. These quantities are shown in six columns
referring to the six linear and angular coordinates (X, Y, 7, 0,,
0,2, 63). Mass points and rigid bodies are assigned numbers in
the order which they appear in the input data. The executive
system summary contains a table showing the correspondence of this
numbering with the user-supplied names of mass points and rigid bodies.

The same numbering principle is employed separately for each
of the three types of connections: beam connections, general
mechanism connections between frame mass points, and general mecha-
nism connections between rigid bodies or between a rigid body and
a frame mass point. A table for each of these three categories

of connections show the correspondence of these numbers with the
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connections specified to the executive. These numbers are used
as identification in the preliminary output.

The next position of the printout deals with forces and
moments at each beam end. As an example, consider the statement,
"BM 1 @ 1." The first number is the beam number while the second
number is the mass point number, No. 1 in this case. The mass
point number is numbered the same as the "MASS" quantities shown
earlier. The six columns of information give the forces and moments
with respect to X, Y, 7, 6,, 06,, 63. The quantities SW, YFCT,
and DISSP refer to internal activitv of the program. If SW = O,
elastic behavior at the node is indicated whereas SW = 1 indicates
plastic behavior. YFCT is the current value of the yield function
and DISSP is the total energy dissipated at the hinge.

The next sixteen lines relate to generalized mechanisms be-
tween frame mass points.

Code letters are:

EX = extensional
CN = connector
SH = shear

BN = bending

TR = torsional
The three columns of numbers refer to forces (or moments) with re-
spect to X, Y, Z axes.

The final six lines describe the connections between rigid
bodies or hetween a rigid body and a mass peint. The code letters
are the same as previously used. The integer number is the supplied
identification number assigned to each connection. The three

columns of numbers refer to forces or moments as used before.
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PART 4. EXAMPLE EXERCISE

An example problem is presented in this section as an
illustration of using UMVCS-1 for modeling vehicle structures.
The resulting data set is listed in Table 4. Although the
problem is a hypothetical structure, it has features character-
istic of realistic applications to vehicle structures.

The '"vehicle'", shown in Figure 1, is a frame structure
with bumper system, engine and transmission, passenger compart-
ment, and front and rear suspension. An isometric view of the
frame structure showing the nodes and beam elements is shown
in Figure 2. The coordinates of these nodal points and their
weights are given in Table 6.

The beam members are shown encircled in the isometric view
of the frame structure in Figure 2. The members of the samnle
frame all have rectangular tubular cross section with three
different sizes. Because 1, 2 and 3 are in same size, call them
type A. Beams 4 through 19 and bheam 12 are in one size and called
type B. Beam 11 is another size called type C. Table 7 shows
the complete set of sectional and hinge properties of these

different cross sections.
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system can be seen in Figure 2.

Node number Coordinates

X Y

1 0 0
2 12 N
3 12 16
4 0 16
5 12 0
6 12 16
7 0 16
8 0 16
9 -8 16
10 0 16
11 0 10
12 0 0
13 -8 16
14 -8 16
15 -8 16
16 - 8 0
17 - 8 16
18 -8 0

The origin is Tocated on node 1.

49

0
-10
-10
-11

9

18
18
14
14
32
42
60
60
117
117

The orientation of the coordinate

TABLE 6. NODAL COORDINATES (inches) AND WEIGHTS (1bs)

Weight
1bs.

10.

11

15.

125.

150.
50.

.8415
8415
.96
.08
.0

.0

18
.24

0
.62
.05
.36
.16
.6

.6

.04




To illustrate the modular structure of the program, the

vehicle has been divided into a number of modules.

They are

outlined below with the components which make up the module indicated.

Component

Module: LENGTRANS

Mototran

Module: TFORESTVC

Radiator

Module: ENGMONT

Chassis

Module: PASSCOMP

Body

Module: STUBFRAM

Pasmount

Backaxle

The connections between modules,
employed in some of the frame components,

imposed are discussed in the following paragraphs.
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Type

Rigid

FF'rame

Frame

Rigid

Frame

Frame

Nodes

PT1, PT2,

»T3, PT4, PTO,
PTG, PT7

pPTS, PTO, Ptlo,
PT11

DT12

PT13, PT14, PT15
PT 16

PT17, PT18

generalized mechanisms that are

and constraint conditions




Engine and transmission are mounted on nodes 11 and 16 with pin
connectors. The center of gravity of this point is located at (9, 0, 25)
of the global system. A Tinear extensional spring with a stiffness of
5 x 105 1b/in represents a drive shaft which connects the transmission
and differential gear at node 18.

The coordinate (-2, 0, 67) is the location of the center of
gravity of the passenger compartment and is mounted on nodes 14 and
15 with pin connectors. The passenger compartment also connects to
the rear end suspension of node 17 with extensional and shear connec-
tors, The stiffnesses are 2 x 103 1b/in and 106 1b/rad respectively.

The bumper system and its support are represented by extensional
and shear connectors between nodal points 4 and 7. The force-displace-
ment relation of the extensional connector is shown in Figure 3.

The stiffness of the shear connector is 1 x 106 1b/rad. The
mechanism between nodes 2, 5 and nodes 3, 6 represent the parts in
front of the engine, such as the grill, radiator, fan, etc. The
force-deflection relation of these mechanisms is shown in Figure 4.

In the frame structures, the nodes 1, 2, 5, 12, 16 and 18 have a
symmetric condition. Nodes 9 and 17 can not move jpn any direction
except in the Z-direction. Since only half of the vehicle is modeled,
the center of gravity of the engine and passenger compartments have
a symmetric condition.

Beside the pin connectors which connect different modules,
there are three more connectors between different modules.

1. node 2 on the frame structure will contact the front end

of the engine (sign (I) on Fig. 1). An extensional
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connector is used to transmit the contact force. The force-
displacement relation is shown in Figure 5.

2. Rear end of engine will penetrate into the passenger compart-
ment. A symbol (II) on figure 1 indicates the location.
Again an extensional connector, with force-displacement re-
Tation is shown in Figure 6, B, is used to transmit the force.

3. Nodal point 3 will transmit force to passenger compartment.

It is shown in Figure 1 with symbol (III). The force-displace-
ment curve is shown in Figure 7.

The vehicle B is moving along the negative Z-direction with initial
velocity of 30 mph (or 528 ips). The three contact points, 5, 6 and 7
will be stopped (5 and 6 in .011364 seconds and 7 in 0.0075 seconds).
The velocity of these three points will be:

= §%§-(1 + coswt) in/sec 0 <t < 0.011364 seconds

<<
|

0 0.011364 < t (for points 5 and 6)

while w = 3.14159/0.011364

V= §%§_(] + coswt) in/sec 0 < t < 0.0075 seconds

0 0.0075 < t (for point 7)

while « = 3.14159/0.0075
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PART 5. UMVCS-1 PROGRAM INFORMATION

Input is presented to the executive as strings of alpha-
numeric characters arranged in 28 distinctive formats (See
Tables 1 and 2). The first step of the executive is to read
each of the strings in turn, determine the format which is
the prototype of the string, convert any numeric information
present, identify which of the possible options have been
elected and produce a hinary record in internal storage which
contains all this information.

When all the input has been read and exists in binary form
in internal storage, the process of producing the tables needed
by the vehicle crush solution processor begins by taking several
passes to locate and organize the connections between modules,
components, and nodes. The first version of the connection
control tables IV (see Table 8), IELM (see Table 9), and IFCN

(see Table 10) are produced at this time.

Next, the storage layout for the input tables and the temporary

storage tables used by the vehicle crush solution processor is
completed. This step consists of first computing the beginning
of each of the 134 tables, analyzing the piece-wise linear
tabular information the user supplied, and then offsetting each
of these beginnings for convenient use in the solution processor.
The 134 tables are arranged in four large arrays. The offset
beginnings are stored in array ID and are computed such that the
index in the appropriate large array corresponding to a reference

A(I,J,K) of a particular table of dimensions A(L,M,N) is
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index = ID(N) + I + L * J + L *x M * K,

where N is the ID index for the table "A".

If the table is one-dimensional only the first two terms are
used. If the table is two-dimensional only the first three
terms are used. Table 11 contains a listing of the ID indices
for each of the 134 tables. Table 12 contains an alphabetical
listing of the tahles together with a one phrase description of
each.

The layout of the binary output tape is completed next. There
are 45 tables of input quantities used directly by the solution
processor and 26 tables of control information which are used
secondarily by the solution processor to control the input, the
output, and certain internal features. Table 13 lists the 71
tables in the order stored in external binary output storage.

Bach of the 71 tahles is filled hy making passes over the
binary input information in internal storage and selecting appro-
priate quantities. To conserve the amount of storage needed for
this assembling process, tables are outputted to external binary
storage as soon as completed and the assembly storage is reused.

When all tables are completed and outputted, a main program
for the solution processor containing correct dimension statements
for the four large arrays is outputted. The last function of the
executive is to produce a printed summary of modules, components,
nodes, connectors, and connections.

The solution processor uses the external binary storage and the

main program produced by the executive. The solution processor
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optionally produces extensive printout of intermediate results
which is occasionally useful in finding errors in a data set.

The special output is controlled by eighteen four-level switches.
Table 18 contains an explanation of the meaning of each of the
four levels. Tabkle 15 contains a specification of the quantities
which may be printout under each of the eighteen switches. Table
16 contains a variable name dictionary for the names used in the

tables and not described in one of the tables.
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TABLE 8

CONNECTIONS NOT WITHIN FRAME (IV ARRAY) SUBSCRIPTS

7.

Connection number (beginning index)

Module

Module B number > 1

A

number =1 frame

1

rigid body number + 1

Numher of Nodal Point of Module A
(local numbering)

Number

of Nodal Point of Module B
(local numbering)

Type of connection

1

[p]
Ly

8

Number

!

11}
i

H

extensional

torsional

shear

bending

special connector (dummy)
rigid connector beam

pin connector

hinge connector (dummy)

of table of force deformation curve

+ 100000 * ILEXT (if extensional)

where

TLEXT = 1

O
Il

regular spring

I

extensional only

3]
1]

compressive only



TABLE 9

BEAM CONNECTINONS (IELM ARRAY) SUBSCRIPTS

K

= IELM (I,J)

where 1< I < J < NUMP are mass point numbers

and K

>0
= =N

<0

connection index for deformable beam
no connection

negative of connection index for
general connector (if more than one
such connection between two mass
points last one encountered appears)
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TABLE 10

GENERALIZED CONNECTIONS WITHIN FRAME (IICN ARRAY)
SUBSCRIPTS

1. Connection Number (beginning index)
2. Mass Point A Number
3. Mass Point B Number
4. Type of Connection
1 = extensional
2 = torsional
3 = shear
4 = bending
5 = special connector (dummy)
6 = rigid connector beam (not allowed)
7 = pin connector
8 = hinge connector (dummy)
5. Number of table of force deformation curve

+ 100000 * ILEXT (if extensional, see note
in Table 8).
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TABLE 11

VARIABLE STORAGE LIST
(Ordered by ID Index)

NAME

TK (MT,MT)

DBM  (MT)

DR (MT)

DCTK (3,3,NRB)
CLF (3,NEF)

CL (3,NCRB)
DISM (6,NRB)

VO (6,NRB)

DRFE (6,NEF)
DCTKM1 (3,3,NRB)
DCTKM2 (3,3 ,NRB)
RFOM (6,NRB)

DRE (NRB6)

RMAST (NRB)

RMIT (3,NRB)

SON (NNC)

DDKT (6,NRB)
DDKTM1 (6,NRB)
DDKTM2 (6,NRB)
ZA (NUB)
26 (NUB)
711 (NUB
212

LENGTH

MT * MT
MT

MT

NRB
* NEF
* NCRB
* NRB
* NRB
* NEF
NRB
* NRB
* NRB
* NRB
NRB

3 * NRB
NNC

6 * NRB
6 * NRB
6 * NRB
NUB

NUB

NUB

NUB

NUB

NUB

NUB

NUB

NUB

NUB
NUB

w WO
*

O O WO W O O O W
*
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~

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

NAME

PO (NUB)
THOLD(ND¢§§§%MX)
RHOLD (NDOFMX)
GCNLO (NGCN)

ART (2,NUB)

AR2 (2,NUB)

AR3 (2,NUB)

DCTK (3,3,NUB)
DC2K (3,3,NUB)
FL (2,NUB)

DDK (2 ,NUB)

RK (MT)

FRK (12 ,NUB)
DISK (MT)

AL (NUB)

SCFP (2,NUB)

DU (MT)

DXKMT (MT)

UDD (MT)

UD (MT)

RNK (12,NUB)

UE (6,NUB)

AKAP (6,NUB)
BETA (6,NUB)
PANG (2,4,NUB)
AKPT (2,4,NUB)
AGRFT (2,4 ,NUB)
DRN (12 ,NUB)
DCTKPT (3,3,NUB)
DC2KP1 (3,3,NUB)

LENGTH

NUB

max (NDOFMY, *
(LND(DFMX, 144)

max (12 ,NDOFMX)
NGCN

2 * NUB
2 * NUB
2 * NUB
9 * NUB
9 * NUB
2 * NUB
2 * NUB
MT

12 * NUB
MT

NUB

2 * NUB
MT

MT

* NUB
8 * NUB
12 * NUB
9 * NUB
9 * NUB




ID INDEX

61
62
63
64
65*
66*
67*
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

86
87
88
89

NAME

RNKPT (12,NUB)
FRKP (12,NUB)
FK1 (2,NUB)
UNC (3,NCRB)
RHS (MT)

RHSB (NDOFMX)

RK (NDOFMX, NDOFMX)

DISSK (2,NUB)
IFCN (5,NGCN)
M1 (MT)
AMASS (NUMP)
DUDD (MT)
DISKPT (MT)
DXKM2 (MT)
DUB (MT)

RKP1 (MT)
DISP (2,NUB)
E1T (3,NNC)
E2T (3,NNC)
ANGT (NNC)
ANG2 (NNC)
GAMT (2,NNC)
ANG3 (NNC)

SW (2,NUB)(Integer)
IELM (NMPM1, NUMP)

IV (7,NNC)
NCV (NRB)
INRS (2,NRB)
NF (NRB)

TABLE 11

LENGTH

12 * NUB
12 * NUB
2 * NUB
3 * NCRB
MT
NDOFMX
NDOFMX*NDOFMX
2 * NUB
5 * NGCN
MT

NUMP

NNC

2 * NNC
NNC

2 * NUB
(NUMP-1) *
(NUMP)

7 * NNC
NRB

2 * NRB
NRB

66

VARTABLE STORAGE LIST
(Ordered by ID Index)

ID INDEX

90
91
92
93

100
101
102+
103*
104*
105%
106
107
108
109
110
111
112
113
114
115
116
117
118
119

NAME

IPERM (MT)
AKE (3,NUB)
BKE (3,NUB)
AKT (6,6,NRB)
SMIT (NNC)
U3T (3,NNC)
TKN (MT ,MT)
TMTXT (6,MT)
TMTX2 (6,MT)
DBMN (MT)
IMPCTL (MT)
X0 (MT)

A (MT)

AT (MT)

R (MT)

RT (MT)

ACCO (6,NRB)
AKA1 (6,NUB)
NPV (NRB)
PRPT (3,NPRT)
ZRHO (5,NSTOP)
V0 (5,NSTOP)
AKA2 (6,NUB)
KX (NNC)

ARS (2,NUB)

B (2,NUB)

BC (2,NUB)

C (2,NUB)

T (2,NUB)

AX (2,NUB)

LENGTH

max(MT,12)
3 * NUB
3 * NUB
36 * NRB
NNC

3 * NNC
MT * MT
6 * MT

6 * MT
MT

MT

6 * NRB
6 * NUB

3 * NPRT
5 * NSTOP
5 * NSTOP
6 * NUB

2 * NUB
2 * NUB
2 * NUB
2 * NUB
2 * NUB
2 * NUB



TABLE 11 (continued)
VARIABLE STORAGE LIST
(Ordered by ID Index)

ID INDEX NAME LENGTH

120 AA (2,NUB) 2 * NUB

121 AB (2,NUB) 2 * NUB

122 AT (2,NUB) 2 * NUB

123 IA (2,NUB) 2 * NUB

124 IRIV (5,IRMAX) 5 * TRMAX
125 IRPV (5, IRPMAX) 5 * IRPMAX
126 IPIV (3,IPMAX) 3 * JPMAX
127 RRTC (6,IRMAX) 6 * IRMAX
128 RTKN (6,MT,IRMAX) 6 * MT*IRMAX
129 RPTC (3,IRPMAX) 3 * IRPMAX
130 RPTKN (3,MT,IRPMAX)3 * MT*IRPMAX
131 PTC (3,IPMAX) 3 * IPMAX
132 PTKN (3,MT,IPMAX) 3 * MT%IPMAX
133 DCCLR(3,4,IRMAX) 12 * IRMAX
134 DCCLRP (3 12 % IRPMAX

.’[éﬁMAX)

* belongs in TQ array
** belongs in SQ array
NOTE: All other reals are in RQ array and

all other integers are in IQ array
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VARIABLE

A (MT)

AA (2, NUB)

AB (2, NUB)
ACCO (6, NRB)
AGRFT (2,4,NUB)

AKAP (6,NUB)
AKAT (6,NUB)

AKA2 (6,NUB)
AKE  (3,NUB)

EKPT (2,4,NUB)
AKT (6,6,NRB)
AL (nUB)

AMASS (NUMP)
ANGT (NNC)
ANG2 (NNC)
ANG3 (NNC)

ART (2,NUB)
AR2 (2,NUB)
AR3 (2,NUB)
ARG (2,NUB)
AT (MT)

AT (2,NUB)
AX (2,NUB)
B | )
( )

BC

2,NUB
2,NUB

ID INDEX

102%*
120
121
106
57

53

107

112
91

56
93
45
71
80
81
83
35
36
37
114
103 *

122
119
115
116

TABLE 12

VARTABLE STORAGE LIST

(Ordered by Name)

DESCRIPTION

Accumulated displacements for selected degrees of freedom.
Strong axis first plastic bending coefficient.
Weak axis first plastic bending coefficient.
Accelerations of rigid bodies at time zero. (Input)

Gradient of yield functions at beam ends (force and 3
moments).

Coefficients for plastic load-deflection of bending
around direction 1. (Input) (Strong axis)

Coefficients for plasting load-deflection of bending
in direction 2. (Input) (Weak axis)

Extensional force along direction 3. (Input) (Axial)

Computed coefficient of 2nd order elastic rotation
for each beam.

Total plastic deformation for beam ends.

Temporary storage for computed quantities.

Length of each beam. (Input)

Mass of each node point of frame structure. (Input)
Total rotation in the 1-direction.

Total rotation in the 2-direction.

Total rotation in the 3-direction.

Maximum moment at each bean end around 1-direction.
Maximum moment at each beam end toward 2-direction.
Maximum moment at each beam end toward 3-direction.
Maximum force along 3-direction.

Test values for accumulated displacements for selected
degrees of freedom. (Input)

Torsion first plastic bending coefficient.
Axial first plastic deformation coefficient.
Strong axis second plastic bending coefficient.

Axial second plastic deformation coefficient.
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TABLE 12 (continued)
VARIABLE STORAGE LIST
(Ordered by Name)

VARTABLE ID INDEX DESCRIPTION

BETA (6,NUB) 54 Input torsional coefficient of plastic
region of load deflection curve for
beams. (Input)

BKE (3,NUB) 92 Computed constants for each beam.

C (2,NUB) 117 Weak axis second plastic bending coefficient

CL. (3,NCRB) 6 Coordinates of rigid body connect
points. (Input)

CLF (3,NEF) ) Coordinates of rigid body external
applied force points. (Input)

DBM (MT) 2 Terms of RHS due to past time points.

DBMN (MT) 99 Temporary version of DBM.

DCCLR (3,4, IRMAX) 33 Temporary storage for coordinates and
direction cosines for rigid connection.

DCCLRP (3,4, IRPMAX) 134 Temporary storage for coordinates and
direction cosines for pin connections.

DCTK (3,3,NRB) 4 Direction cosines of each rigid body
for current time. (Input)

DCTKML (3, 3NRB) 10 Direction cosines of each rigid body
for last time. (Input)

DCTKM2 (3,3,NRB) 11 Direction cosines of each rigid body
for next to last time. (Input)

DCIK (3, 3,NUB) 38 Current direction cosines for each
beam at i-end. (Input)

DCIKP1 (3,3,NUB) 99 Next time direction cosines at i-end
of each beam.

DC2K (3, 3,NUB) 39 Current direction cosines for j-end of
each beam. (Input)

DC2KP1 (3, 3,NUB) 60 Next time direction cosines at j-end of
each beam.

DDK (2,NUB) 41 Dissipated energy at each beam end due to
plastic deformation.

DDKT (6,NRB) 17 Positional increment for each rigid body

at current time. (Input)

DDKTM1 (6,NRB) 18 Positional increment for each rigid body
at last time.

DDKTM2 (6,NRB) 19 Positional increment for each rigid body
at next to last time.




VARIABLE

DISK (MT)

DISKP1  (MT)
DISM (G,NRB)

DISP (2,NUB)
DISSK (2,NUB)

DR (MT)
DRE (NRB6)

TABLE 12 (Continued)
VARIABLE STORAGE LIST
(Ordered by Name)

ID INDEX

44

73
7

77
68

DESCRIPTION
Position of each nodal point at
current time. (Input)
Position of each nodal point at next time.

Inertial coordinates of each rigid
body. (Input)

Total energy dissipated at each beam end.

Incremental dissipated energy at each
beam end due to plastic.

Generalized force increments.

External applied force on each rigid body.
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TABLE 12 (Continued)
Variable Storage List
(Ordered by Name)

VARIABLE ID INDEX DESCRIPTION

DRFE (6,NEF) 9 Resultant force due to each applied force.

DRN (12,NUB) 58 Force increment on both beam ends.

DU (MT) 47 Positional increments of nodal and rigid bodies.

DUB (MT) 75%* Solution of positional increments.

DuDD (MT) 72 Acceleration increments of nodal and rigid bodies.

DXKMT (MT) 48 Positional increments of nodal and rigid at last
time. (Input)

DXKM2 (MT) 74 Positional increments of nodal and rigid bodies at
next to Tast time. (Input)

E1T (3,NNC) 78 Unit vector in 1-direction of connector. (Input)

E2T (3,NNC) 79 Unit vector in 2-direction of connector. (Input)

FK  (2,NUB) 40 Current yield function value for each beam end.

FK1 (2,NUB) 63 Next time yield function value for each beam end.

FRK (12,NUB) 43 Current force on beam ends relative to local coordi-
nates.

FRKP (12,NUB) 62 Next force on beam ends relative to Tocal coordinates.

GAMT (2,NNC) 82 Shear deformation of shear connectors.

GCNLO (NGCN) 34 Length of general connector in frame (Input)

IA (2, NUB) 123 Yield function computation control switch.

IELM (NUMP-1,NUMP) 85 Connection switches (See Table 9). (Input)

IFCN (5,NGCN) 69 Controls for general connections in frame (See
Table 10). (Input)

IMPCTL (MT) 100 Control of controlled force and position options for
mass points and rigid bodies. (Input)

INRS (2,NRB) 88 Global connect and forced point base indices for rigid
bodies (partial sums of NCV and NF arrays for 1 and 2
respectively. (Input)

IPERM (MT) 90 Used as temporary storage for solutions of equations.

IPIV (3,IPMAX) 126 Used as temporary storage of pin controls in frame.

IRIV (5,IRMAX) 124 Used as temporary storage of rigid connector controls.

IRPV (5,1RPMAX) 125 Q%ﬁgm%i temporary storage of pin controls out of

IV (7,NNC) 86 Connection controls outside frame (See Table 8).

KX (NNC) 113 Last step number for connectors.

M10 (NUB) 28 Maximum moment for each beam along 1-direction. (Input)

M20 (NUB) 29 Maximum moment for each beam along 2-direction. (Input)
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VARIABLE

M30 (NUB)

NCV (NRB)

NF (NRB)

NPV (NRB)
PANG (2,4,NUB)

PO (NUB)
PRPT (3,NPRT)

PTC (3, IPMAX)
DTKN (3,MT, IPMAX)

R (MT)
RFOM (6, NRB)
RIOLD (NDOFMX)

RHS (MT)
RHSB (NDOFMX)
RK (MT)

RK (NDOFMX, NDOFMX)
RKP1 (MT)

RMASS (NRB)

RMIT (3,NRB)

RNK (12,NUB)

RNKP1 (12,NUB)

1D

TABLE 12 (Continued)
VARIABLE STORAGE LIST
(Ordered by Name)

INDEX

30

87

89

108

31
109

131
132

6S*
66*

42%

76
14

o1

61

DESCRIPTION
Maximum moment for each beam along
3-direction. (Input)

Number of connect points in each

rigid body. (Input}

Number of applied points on rigid

body. (Input)

Number of points at which accelerations

to be printed on each rigid body. (Input)

Accumulated plastic rotation at each
beam end.

Maximum axial force for each beam. (Input)
Points on rigid bodies at which
accelerations are to be printed. (Input)

Used as temporary storage for pin quantities

storage for matrix
by pin constraints.

Used as temporary
elements replaced

Accumulated force
of freedom.

for selected degrees

Resultant force on each rigid body
due to motion and applied force.

Temporary storage for matrix equation
residual.

RHS of main equations.
RHS of reduced equations.

Current inertial force on each nodal
point and rigid body.
Reduced stiffness matrix.
Next time RK (MT).

Mass of each rigid body. (Input)
Moment of inertia of each rigid body. (Innut)

Current time force on each beam end
relative to inertial coordinates.

Next time force on each beam end relative
to inertial coordinates.
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VARIABLE ID

RPTC (3, IRPMAX)
RPTKN (3,MT, IRPMAX)
RRTC (6, IRMAX)

RT (MT)

RTKN (6, MT, IRMAX)

TABLE 12 (Continued)
VARIABLL STORAGE LIST

(Ordered by Name)

INDEX

129

130

127

105*

128

DESCRIPTION
Used as temporary storage for pin
quantities.

Used as temporary storage for matrix
elements replaced by pin constraints.

Used as temporary storage for rigid
quantities.

Test values for accumulated force for
selected degrees of freedom. (Input)

Used as temporary storage for matrix
elements replaced by rigid constraints.
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TABLE 12 (Continued)
Variable Storage List
(Ordered by Name)

VARTABLE ID INDEX DESCRIPTION

SCFP (2,NUB) 46 Scaling factor for each beam end at current time.

SON (NNC) 16 Initial length of connectors. (Input)

SMIT (NNC) 94 Current length of connectors.

SW (2,NUB) 84 Switch which indicates elastic or plastic for each
beam end.

T (2,NUB) 118 Torsion second plastic bending coefficient.

THOLD  (NDOFMX, NDOFMX) 32

TK (MT,MT) Txx Combined mass and stiffness matrix.

TKN (MT,MT) 96 % Temporary TK.

TMTX1 (6,MT) 97 Storage matrix.

TMTX2 (6,MT) 98 Storage matrix.

ub (MT) 50 Velocity of each nodal point and rigid body.

ubD (MT) 49 Acceleration at each nodal point and rigid body.

UE (6,NUB) 52 Relative elastic displacement between each two beam
ends.

UNC (3,NCRB) 64 Current inertial position of all rigid body connect
points.

U3T (3,NNC) 95 3-Unit vector in inertial space.

VO (6,NRB) 8 Initial inertial velocities of each rigid body. (Input)

XM (MT) 70 Displacement at last time step. (Input)

X0 (MT) 101 Displacement at current time step. (Input)

ZA (NUB) 20 Computed constant for each beam.

ZG (NUB) 21 Computed constant for each beam.

Z11 (NUB) 22 Computed constant for each beam.

712 (NUB) 23 Computed constant for each beam.

721 (NUB) 24 Computed constant for each beam.

722 (NUB) 25 Computed constant for each beam.

731 (NUB) 26 Computed constant for each beam.

732 (NUB) 27 Computed constant for each beam.

ZRHO (5,NSTOP) 110 Node stop control (#, o, t, 2, T) (Input)

ZV0 (5,NSTOP)

111

Temporary storage for matrix decomposition.

Node stop working storage (t], t,, A, B, C)
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TABLE 13
LAYOUT OF EXTERNAL BINARY STORAGE

NAME LENGTH NUMINP INDEX
1. NUMINP(NQINP,3) 3*NPINP (starts line 6)
2. ID (NQID) NPID 3
3. NUMQUT (NQUT,2) 2*NQUT 4
4. DMASKS (KDBPWD) KDBPWD 19
5. DSHIFT (KDBPWD) KDBPWD 49
G. CMASKS (KCHPWD) KCHPWD 50

CSHIFT (KCHPWD) KCHPWD 51
MSTPR (KTBCSZ*NUMTAB)  KTBCSZ*NUMTAB 52
STPR (NUMENT) NUMENT 1

10. AL (NUB) NUB 2

11. M1O (NUB) NUB 5

12. M20 (NUB) NUB 6

13. M30 (NUB) NUB 7

14. PQ (NUB) NUB 8

15. 711 (NUB) NUB 9

16. 712 (NUB) NUB 10

17. 721 (NUB) NUB 11

18. 722 (NUB) NUB 12

19. 731 (NUB) NUB 13

20. 732 (NUB) NUB 14

21. 7A (NUB) NUB 15

22. 7G (NUB) NUB 16

23. AKE (3,NUB) 3*NUB 17

24. BKE (3,NUB) 3*NUB 18

25. DCIK (9,NUB) 9*NUB 20

26. DISK (M6) M6 21

27. NF(NRB) NRB 22

28. NCV (NRB) NRB 23

29. SPN (NNC) NNC 24

30. IV (7,NNC) T*NNC 25
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42.

NAME

RFQM (6,NRB)
RMAST (NRB)

AKAP (6,NUB)
AKAl (6,NUB)
BETA (6,NUB)
AKA2 (6,NUB)

IELM (NUMP-1,NUMP)

RMIT (3,NRB)
DISM (6,NRB)
V@ (6,NRB)
DCTK (9,NRB)
CL (3,NCRB)
CLF (3,NETF)
DRFE (6,NEF)
EIT (3,NCNBS)
E2T (3,NCNBS)
AMASS (NUMP)
Xp (M6)

XM1 (M6)

AT (MT)

RT (MT)

ACCP (6,NRB)
NPV (NRB)
DRPT (3,NPRT)
INFC (5,NGCN)
GCNLQ (NGCN)
DC2K (9, NUB)
U (6,NUB)
IMPCTL (MT)
INRS (2,NRB)

TABLE 13 (Continued)
LAYOUT OF EXTERNAL BINARY STORAGE

LENGTH

6 *NRB
NRB
6*NUB
6*NUB
6*NUB
6*NUB
(NUMP-1)*NUMP
3*NRB
NRB6
NRB6
9*NRB
3*NCRB
3*NEF
6*NEF
3*NCNBS
3*NCNBS
NUMP

M6

M6

MT

MT

NRBEG
NRB
3*NPRT
H*NGCN
NGCN
9*NUB
6*NUB
MT
2*NRB
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NUMINP

INDEX

27
28
46
38
71
29
30
31

33
34
35
36
41
42
37
39
40
43
44
45
47
48
55
56
57
58

60



61.

B3,
q.
65.
66 .
67.
68.
69.
70.
71.

TABLE 13 (Continued)
LAYOUT OF EXTERNAL BINARY STORAGE

NAYE

KTITLE (KRUNT)
PPSCON (5, NONP)
PPSVAL (3, NOND)
KCM@D (LGM@D)
KCOMP  (LGC@M)
KCN@D (LGNQD
KCONTN ( 3*NPCPNN)
KCPNTR (LGCTR)
MASN@PD (NUMD)
KRBCPM (NRB)
7RHQ (5, NSTQP)

LENGTH

KRUNT
5*NOND
JENQND
LGMOD
LeCQM
LGNOD
3*KNOCONN
LGCTR
NUMP
NRB
5*NST@P
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NUMINP

INDEX

66
67
63
69
70



TABLE 14

DEBUG SWITCH LEVEL DEFINITION

Level Description
0 No Debug Output
1 Values printed to five

significant figures

o

Values printed to five significant
figures except k = 1, 6, etc where
values printed to sixteen signi-
ficant figures

3 Values printed to sixteen
significant figures.
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TABLE 15

DESCRIPTION OF DEBUG PRINTOUT

DEBUG SWITCH VARIABLES PRINTED ROUTINE
1 ZA (NUB) K 1 only GTKMTX
7G (NUB) K 1 only
211 (NUB) K 1 only
212 (NUB) K 1 only
721 (WUB) K 1 only
722 (NUB) K 1 only
731 (NUB) K 1 only
732 (NUB) K 1 only

AKTl (3,NUB) = 1 only
BXE (3,NUB) = 1 only
DCIK (3,3,beam)
DC2KE (3,3,beam)

2 PANG (2,4,beam) GTKMTX
TH (2,06)
B (2,3)

3 RNK (7-12,beam) GTKMTX
STIT1 (6,6)

4 AKRT (6,3) GTKMTX
BKRT (6,3)

5 DUEL (6) GOMAIN
DUE2 (@)
DUE3 (6)
DUE (6)
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TABLE 15 (Continued)

DESCRIPTION OF DEBUG PRINTOUT

DEBUG SWITCH VARIABLES PRINTED ROUTINE
6 STK (12,12) GTKMTX
7 DUB(NDQITMX) * GPMAIN
DU (MT) before scaling
DR (MT) before scaling

S DCIK™1 (3,3,beam) N@DFQAC
DC2KP1 (3, 3,beam)

9 FK1 (2,beam) NPDF@C

10 DU (M&) after scaling GOMAIN
DR (M6) after scaling

11 increments of plastic CHDISP
deformation
DISSK (2,beam)

12 RNKP (12) NPDFQ@C
FRKP1 (12)

13 HP (12,12) HINVB
BP (12,12)

14 RK (ND@FMX, NDQFMX) * ASSEMB

RHS (MT)
RHSB (NDQFMX ) *
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TABLE 15 (Continued)

DESCRIPTION OF DEBUG PRINTOUT

DEBUG SWITCH VARIABLES PRINTED ROUTINE
15 TK (I,I) , I =1, M6 GOMAIN
16%* connection no BENCNT

three force components EXTCNT
or moments
SHRCNT
TORCNT
16** old regular output QUTP
17 TKN (MT,MT) ASSEMB
DU (MT)
18 AK (6,6) RGBMEQ®
BK (6,6)
CK (6,6)
19-30 unused

NOTE: Where '"beam'" appears, all quantities for each beam appears
together followed by all quantities for the next beam if
any and so on.

* Only actual degrees of freedom are printed, NDPFMX is the
dimension and maximum number ever printed.

* ok Switch 16 is permanently set on in the absence of the
output processor.
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TABLE 16

VARIABLE NAME DICTIONARY

VARIABLE NAMI

AK (6,6)

AKRT (6,3)

BK (6,6)

BKRT (6,3)

CK (6,6)

CMASKS (KCHPWD)
CSHIFT (KCIPWD)
DMASKS (KDBPWD)
DSHIFT (KDBPWD)
DUE (6)

DUE" (6)

DUE2(6)

DUE3(6)

TRKP1 (12)

ID (NQID)

IPMAX

IRMAX

IRPMAX

KCHPWD

KCMPD (LGM@D)
KCNPD (LGNQD)
KCOMP (LGCOM)
KCONTN ( 3*NQCQONN)
KCPNTR (LGCTR)
KDBEWD

KRBCOM (NRB)

KTBCS7Z
KTITLE (KRUNT)

DESCRIPTION

Rigid body quantity

Beam quantity

Rigid body quantity

Beam quantity

Rigid body quantity

Masks for character unpacking and packing
Shifts for character unpacking and pakcing
Masks for debug switch unpacking and packing
Shifts for debug switch unpacking and packing
Beam quantity

Beam quantity

Beam quantity

Beam quantity

Beam quantity

Offset beginning indices for variable
length arrays

Number of pin connectors in frame

Number of rigid connectors outside of frame
Number of pin connectors outside of frame

Number of characters per machine word

Summary of modules specified in input

Summary of nodes specified in input

Summary of components specified in input

Summary of connections specified in input
Summary of connectors specified in input

Number of debug switches packed per machine word

Cross reference list of beam number to
connection number

Number of words per table control entry
Run title = 4 + KWDPNM in packed characters

82



TABLE 16 (Continued)

VARIABLE NAME DICTIONARY

VARIABLE NAME

KRUNT
KWDPNM

LGCOM

LGCTR

LGM@D
LGN@D
MASN@D (NUMP)

MST@R (KTBCSZ*NUMTAB)
MT

M6

NCNBS

NCRB
NDPFMX
NET
NGCN
NMPM1
NNC

NQCMPT
NPCONC
NPCONN
NPID
NQIND

Number of words of title =

DESCRIPTION

132*N@LINE/KCHPWD

Number of machine words per packed name

Number of words in component summary
= NUN@PDE + NQCMPT*(4+KWDPNM)

Number of words in connector summary
= N@COPNC * (1+KWDPNM)

Number of words in module summary
= N@CMPT + NQM@D* (2+KWDPNM)

Number of words in node summary
= NQCPNN + NUN@DE*(5+KWDPNM)

Cross reference list of mass point numbers

to node

beginning number in KCNOD

Table control array

6*(NUMP +

6*NUMP total d.o.f.

NRB) total d.o.f. with no constraints

in frame

Total number of shear and bending connections

in vehicle

Number of
Number of
Number of
Number of
NUMP-1

Number of
of frame

Number of
Number of
Number of
Number of

Number of
in NUMINP

83

rigid body connect points
d.o.f.

constant applied forces for rigid bodiec

in reduced matrix

generalized connections in frame

generalized connections outside

components of both types
connectors defined
connections

tables laid out in ID = 134

external binary tables laid out
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TABLE 16 (Continued)

VARIABLE NAME DICTIONARY

VARIABLE NAME

NYLINE

NOMPD

NOND

NQUT

NDRT

NRB

NRB6

NSTQP

NUB

NUMENT

NUMINP (NQINP,3)
NUM@UT (NQUT, 2)
NUMP

NUMTAB

NUN@DE
PYSCON (8, NPNP)
RNKP (12)

STIF1 (6,6)

STK (12,12)
ST@R (NUMENT)
™ (2,3)

TH (2,6)

U (€,NUB)

DESCRIPTION

Number of lines in run title

Number of modules

Number of nodal position control specifications
Number of output categories in NUMQUT = 7
Number of print points on rigid bodies
Number of rigid bodies

6*NRB Number of d.o.f. in rigid bodies
Number of nodal stop specifications
Number of beam connections

Number of words used in STQK

Control array for external binary storage
Control array for output processor

Number of mass points in frame

Number of tables used

Number of nodes of all types

Nodal position control array

Beam quantity

KUKL matrix for heam

HINVB matrix for beam

Storage array for table values

Beam quantity

Beam quantity

Beam quantities: E,G,AJ, AIl,AI2,A
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