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PART 4. DETAILED PROGRAM INFORMATION

4.1 Overall Model Organization and Flow

The MVMA Two-Dimensional Crash Victim Simulator is a large and com-
plex computer program which is designed to provide many features with
great freedom of choice in election of options, of numbers, of placement,
and of movement. This part of the report discusses the model as a com-
puter program describing the concepts employed for organization and
storage minimization, followed by a detailed examination of the realiza-
tion .of these concepts. The subsections of this section deal with the
overall concepts. The remainder of this part of the report presents the
details for each of the five processors into which the program is organ-
ized. Each processor is described in terms of program organization and
flow, packing techniques, binary output formats, auxiliary program output,
and, in some cases, additional sections.

First, a table called "Subprogram Specifications and Appearances "
is provided for each of the processors (see Tables 13, 25, 54, 96,
and 107). These tables contain a short description of each of the 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 correspond
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 include the code which is being described. 0ften
there will be no statement number bounding the code to be discussed. This
problem is handled by appending a suffix of "B or "F" (which means
"before" or "following," respectively) to a nearby statement number. "END"
designates the physical last statement of the subprogram ("SRT" the first).

The "Commons" column lists in alphabetical order all the labeled
commons used for communication between this subprogram and others. The
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"Subprograms Called" column lists all the other subprograms in alphabetical
order which this one uses, followed by a list of all the library functions
used. "Subprograms Calling" lists all the subprograms which call upon

this one. The last column lists all the auxiliary output which emanates
from this subprogram. A prefix of "DB" (found only in "G0") indicates

the debug block number found in Tables 89 to 92. A prefix of "E" indicates
the number of the error message in the order found in the respective Error
Message Tables (Tables 23, 51, 95, 103, and 119).

Tables are also provided which indicate each of the labeled commons,
the subprograms which share it and an indication of the type of informa-
tion which it contains (Tables 14, 26, 56, 97, and 109).

4.1.1 The Five Processors. The MVMA Two-Dimensional Crash Victim
Simulator has been broken into five processors which must be executed in
succession for each run. This type of organization was used to reduce the
total computer region size required to run the model. Each processor
carries out & definite functional step in the execution of the model and
loads only the routines required in carrying out its step. Communication
between the processors is handled through use of four external files or
data sets. Table 12 Tists the functions and the communications for each
processor. Figure 135 illustrates the flow of information between the
five processors and the use of external data sets,

4.1.2 Techniques for Efficient Use of Storage. Since the MVMA
Two-Dimensional Model is a large program of over twenty thousand source
cards and since the storage needs for complicated simulations is possibly
immense, it has been a matter of prime importance to minimize necessary
storage without reduction of the usefulness of the model by needless con-
straints on the flexibility inherent in the model. In addition to the use
of processors for discrete steps, use has been made of the technigues of
"packing" of tables or arrays, dynamic dimensioning of critical arrays,
transfer vector routines, and external storage. The remainder of this sub-
section treats each of these techniques in turn.
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Table 12. The Five Processors

Processor General Function
Input Preprocessor a. Reads data deck éards 100 thru 1000
{INP) b. Makes preliminary counts of optional
quantities
c. Writes preliminary binary tables
d. Generates majn program for Input
Processor
Input Processor a. Reads preliminary binary tables and
(IN) counts

b. Creates final counts and produces
packed binary tables

C. Generates main program for the Dynamic
Solution Processor

d. Generates "transfer vector! routine
for the Dynamic Solution Processor

e. MWrites the packed binary tables

Dynamic Solution a. Reads the packed binary tables
Processor (GO) b. Carries out the simulation specified
in these tables
¢. Updates the binary tables for the
solutions obtained

Output Preprocessor a. Reads data deck cards 1001 thru 16060
(outp) b. Updates binary tables for output
controls
c. Generates main program for Qutput
Processor

d. Generates "transfer vector" routnne
for Qutput Processor

Qutput Processor a. Reads binary tables with output
(OUT) controls

b. Updates binary tables for acceleration-
dependent guantities

C. Writes specified formatted printout
of both inputted and computed quantities

d. Produces specified comparisons and
printer plots
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It should be pointed out that the first and last of these techniques
were employed in Version Three whereas the second and third are new with
Version Four. The Version Four techniques are emplayed in a manner which
is upwards compatible with Version Three. The Version Three user can use
the same packing tables as the Version Four user but must ignore the tabies
describing the placement of the packing tables within the larger structure
of Version Four. In the case of the external data sets, only one was
modified in Version Four and this by addition of a new section at the front
and another at the back of the data set. These changes will be detailed
in Section 4.1.2.4,

4.1.2.1 Packing techniques. The term "packing" is here used to
describe a style of free format table organization in which the locations
of information in the table(s) are successively stored in the table{s).
Thus, such tables contain not only model information, but their own tables
of contents as well. Let us begin discussion by defining a few additional
terms which will be useful. Any part of any table which is distinguished
from the rest of the table is called an "entry." Entries may either be of
fixed length, called "fixed entries," or of length dictated by the circum-
stances, called "variable entries,” or “free entries." If one entry con-
tains Jocation information about a second entry, it is referred to as the
control section for the second entry. Location information will usually be
in the form of the beginning index of the entry in the Fortran array which
contains it and will always be so called. If one or more entries are
positioned with specific beginning indices within a Fortran array, this
group of entries is referred to as the standard area of the Fortran array.

In this model, each table or group of tables contains a standard area
which includes control sections which serve as the first link in a chain
of control sections which encompass all the information stored in the table
or group of tables. This general approach is applied in several ways
throughout the model. These applications will be discussed in detail in
sections entitled "Packing Techniques" under each of the affected pro-
cessors (see Sections 4.2.2, 4.3.2, 4.4.3, and 4.5.2).

Specific examples of the use of these descriptions will be found
in Appendix A,
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4,1.2.2 Dynamic dimensioning. The technique discussed in the last

section gave Version Three greater flexibility for a fixed amount of
storage than would have been available with arrays dimensioned for a fixed
number of ellipses, lines, etc. However, there are still two important
weaknesses in the type of organization used for Version Three: occasion-
ally, the total amount of storage was exceeded; and usually much of the
storage available was unused. These difficulties were removed by the in-
corporation of a crude form c¢f dynamic dimensioning in which a program is
generated which contains the calculated correct dimensions for the case
being run.

To simplify generating the program with correct dimensions in each
of the affected processors, component arrays which can have jengths de-
pending on the case being run are collected into two long arrays, one for
integer information and one for real information. After the appropriate
length of each of the component arrays has been determined, their begin-
ning indices in the large arrays are calculated together with the total
length of the two large arrays. Only the large arrays appear in the
generated programs.

References to the component arrays within the target processors are
made by expiicit use of the Fortran linear addressing rule., This rule is
states as follows. If an array is dimensioned A{L,M,N), then

Loc(A{I,d,K}) = LOC{A(1,1,1)) + (I-1) + L * (J-1) + L * M * (K-1)

where Loc is the location in word units of the indicated array element.
The two-dimensional rule omits the last term and the one-dimensional rule
omits the last two terms, For convenience, the constant portions of the
above expression are coliected together, precomputed, and given the name
"offset beginning index" so that the functional rule becomes

Loc(A(I,J,K)) = (Offset beginning of A) + I + L * J+ L *M* (K

with the same simplifications for lower dimensions.
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In the sections which follow, the formuias used to calculate correct
dimensions are discussed under the processor which generates the main pro-
gram, and the layout of the large arrays is discussed under the processor
which uses the arrays. In either case, the information is presented in
the "Packing Techniques” section for each processor since the organization
into large arrays can be considered another level of packing.

4.1.2.3 Use of "transfer vector” routines. In some of the early
computer systems, linkage between different subprograms was handled by
storing the calling position in an index register and transferring to an-
other section in the same subprogram called the "transfer vector." The
transfer vector would be compiled with the name of each external routine
in character code (e.g., BCD). During the loading process, each of these
names would be replaced by an unconditional transfer to the loaded loca-
tion of the routine in question. The effect of this was to simplify load-
ing by requiring insertion of the correct location of each routine only
within each transfer vector.

An adaptation of this same technique was used in the MVMA Two-
Dimensional Model, but for a different reason. There are a number of sub-
programs in the GC and OUT processors which are needed only if certain
model options are employed. If these options are not used, loading the
corresponding subprograms is a useless waste of time and storage. It was
noted that if the optional routines were called indirectly through a gen-
erated "transfer vector" routine which would contain the completing call
only if the routine were really needed and if the loading of these two
processors were handled out of libraries, then each routine would be loaded
only if it were needed.

The specific applications of this simple idea are described under
"Program Organization and Flow" for GO and OUT (see Sections 4.4.1 and
4.6.1}.

495



4,1.2.4 Use of external storage. External storage is used to
hold information too massive to be econcmically maintained in internal
storage, for sorting information into required order, and for communica-
tion between processors. The external storage data sets are also useful
as a record of the run and as input to post-processors.

The four external storage data sets used in the MVMA Two-Dimensional
Model have been partially described in their communication functions in
Table 12 and Figure 135. Details of the four data sets will be found in
“Binary Output Formats" of the first four processors (see 4.2.3, 4.3.3,
4,4.3, and 4.5.3).
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4.2  The Input Pre-Processor (INP)

4.2.1 Program Organization and Flow. Figuye 136 shows a schema-
tic of the calling structure of the Input Pre-Processor. Tables 13 and
14 are the Subprogram Specifications and Appearances for INP and the
Labeled Common Descriptions for INP, respectively,

Table 15-1 gives the Fortran Name and a symbol for the quantities
which will be used in the computation of array lengths needed for dynamic
dimensioning of variable length arrays in IN. Table 15-2 gives the name
of each component array of the two general arrays (respectively, RRQ and
IIQ) in order of occurrence, the Fortran Name of the length of each such
array, and the Tength relationship used for computing the length. The
lengths of the two general arrays are the sum of the lengths of the com-
ponents of each.

4.2.2 Packing Technigues. In the Input Pre-Processor, no real
packing is accomplished, but preliminary tables are built up for later use
in packing. As each input data card is ready, the contents are either
placed in a special array for collection of data, called DATA, or written
directly to external binary storage. This section will deal with the
collection array, DATA, and the next section will deal with the external
storage, NU.

DATA contains all the input information which specifies controls
and other model parameters for which only one input card (the last read)
is used whereas the input cards which may occur repeatedly for the speci-
fication of ellipses, materials, etc., are written to NU.

DATA is laid out as a two-dimensional array with the first sub-
script corresponding roughly to card field and the second subscript to
relative card number. Table 16 presents the exact relationship between
DATA and the various input cards, The IFAULT array is used to record
the presence of certain explicit data cards to aid in providing defaults
for missing cards. IFAULT is laid out similar to DATA and is specified
in Table 17.
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4.2.3 Binary Qutput Formats. The indexed binary file on logical

device number NU is intended to be the main external data storage pool
which all the processors use. It has three fixed length sections, the
first of which is written mostly in INP, the second in IN, and the third
in OUTP. In addition, there are two variable length sections. The first
of these is used by INP to pass the input card data to IN and then re-
used by IN to pass the revised and rearranged input data to GO and QUT.
The second variabie length section is used by QUTP to pass input data to
ouT.

Tables 18 and 19 detail the contents of each record of file NU,
which is written by INP. Table 18 deals with the first fixed length por-
tion and Table 19 covers the first variable length portion, which contains
the data from each "repeatable”" input card in the order of occurrence in
the input data deck. In Table 19, each record has the first three fields
in common and only the other fields are described. Field 1 holds KODE,
which determines what type of data follows. Field 2 holds LOOK, which
usually determines whether this is the first or second section of the data.
Field 3 holds KARDNO, which is a running count of the input cards used
for making diagnostics specific,

4.2.4 Auxiliary Program Qutput. The Input Pre-Processcr has no

standard printout beyond a numbered echo of every card read, but it does
have a debug switch. Debug level one will produce the printout of the
two sections of the INP Packing Dictionary even if it is not otherwise
requested. Debug level two adds a printout of the contents of each ocutput
record to file NU (see Table 19). This printout is interspersed within
the card Echo Table as each card is read. Debug level three adds a print-
out of array DATA as it is formed.

Printout for INP consists of: (1) the automatic echoing of input
cards as they are read (Table 20}, (2) the automatic defaulted card summary
1isting (Table 21), (3) the optional Packing Dictionary (Table 22) and
(4) the automatic error messages in case of specific problems {Table 23).
The Echo Table adds a card number of the card in the data deck, moves
the Card Identification Number to the left and presents the nine fields
of eight on the card with contents of each field separated by columns of
asterisks. This output format is thought to facilitate discovering and
correcting alignment and other keypunching errors.
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The Default Card List divides the input cards into two groups:
those used successfully in the input data deck and those defaulted either
because of some error in the card presented or because the card was ab-
sent, The groups are listed in parallel columns under appropriate
headings.

The Packing Dictionary prints our a summary of the information
stored in the packing tables used for communication between INP and IN.

It can be used to check the correctness and completeness of the input

data deck.

The error messages are intended to be self-explanatory and will
appear as needed.

4.2.5 Programs Written by INP, The last function of the Input
Pre-Processor (INP) is to write the main program for the Input Processor
(IN), using the lengths as calculated in Section 4.2.1, to define the
dimensions of the arrays in commons REAL and INTGR. An example main
program is shown in Table 24.
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Figure 136. Calling Structure for the Input Pre-Processor (INP).
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Table 15-1. Array Dimension Symbols in INP for IN.

Name Symbgl

NTSTIN A Number of tabular static and inertial curves,
total,

NBLT B Number of belts used.

HGRP D Number of G and/or R input cards, total.

NELLPS E Number of ellipses attached to all segments.

NSTINP F Number of static and/or inertial spike input
cards, totai.

NLSEG L Number of line segments for all regions.

NMATL M Number of materials for all purposes.

NEEIN N Number of specified ellipse-ellipse interactions,
allowed or disallowed.

NERIN 0 Number of specified ellipse-region interactions,
allowed or disallowed.

NRGION Number of regions total.

NCIRCL Number of circles attached to all body segments.

NLPOSN Number of position specifications cards for lines,
totai (number of line segment positions, total).

NMATLT Number of material tables used, total.

NMATLP Number of material table entries, total.

NBLTFS Number of belts for which force-strain is
specified,

NOYSST Y 0 if no steer column, 1 if steer column.

NMTHFT AA Number of muscle tension and head force tables.

NMTHFP AB Number of muscle tension and head force table
peints.

NSHSPT AC Number of shoulder radial stiffness tables

NSHSPP AD Number of shoulder spring table points

{1inear, quadratic, and cubic),
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Table 15-2. Array Dimensions in INP for IN.

Number  Array Length Name Length Relationship
1 KCON NNKCON 4B + BM + 14R + 12L + 15¢ + 5%
+ 2(N+0) + 33 + GNNMAT
2 KACT NNKACT 5{E+ S+ R} +4M+ D+ F + L
+ N+ 0+ T)+ 24Y + 4(AR + AD)
+ 24 + 28
3 MSTOR NUMTABR V+ A8A + AC
(KTBCSZ=6)
4 KREGNS, NREGNS R+ B
KREGNM
5 KELLNM NELLS E+S+8
6 KCONAM NLINES L
*7 STOMAT NNSMAT X+ 7R + 30L + 57 + 28M - 6A
+ 12E + 7S + 28NNMAT
8 STOR NUMENT 4(W + AB + AD) - 2{V + AA) - AC
g TACC, ACC NNOACC or ITS KACCX + KACCZ + KACCTH (input
counts)
10 HX111, NNSTRW Input count
HTX11
11 STOACT NNSACT 6(E +S) + 2IM + 4D + G{R + F)
- 5A + 17L + 8(N + Q) + 5T + 44y
+ 4{AB + AD) + 155
12 MOOT, BTIM NFLUXP Input count
13 TEMPS, TTIM NGASTM Input count
14 PERM, DELTAP NBAGPR input Count

*For Version 3, STOMAT length must accommodate 5 NBI + 1 additional values,
where NBI is the number of user-specified unloading curves.

1/78/81
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TABLE 16. DESCRIPTION OF DATA (I, K) IN INP

Unused MVMA

K I Columns Card, Fields
1 1-3 101, 1-9

2 1-9 102, 1-9

3 1 -9 163, 1-9

4 T -9 104, 1-9

5 1 -39 105, 1-9

6 1-~-9 201, 1-9

7 1-9 202, 1-9

8 1 -9 203, 1-9

g 1 -9 204, 1-9
10 T~ 9 205, 1-9

11 1 -9 206, 1-9
12 1«9 207, 1-9

13 1 -9 208, 1-9

14 1 -9 208, 1-8§
15 1-9 210, 1-9
16 1 -9 211, 1-9

17 1 -9 212, 1-9
18 1 -9 g 217, 1-8; 604, 2
19 1 -9 3 218, 1-9
20 1 -39 307, 1-9
21 1-4 5-Q 304, 1-4
22 1 -9 303, 1-6; 605, 3-5
23 1 -8 9 501, 1-8
24 1 -9 801, 1-9
25 1 -9 701, 1-8; 722,
1
26 1 -9 722, 2-5; 702,

5-8; 722, 6
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TABLE 16. DESCRIPTION OF DATA (I, K) IN INP.

{continued)
Unused MVMA

K I Columns Cards, Fields
27 1 -8 9 801, 1-8
28 1 -8 g 802, 1-8
29 1 -9 (5-G) *** 803, 1-4: {726,1-5)**
30 1 -6 (1-2)%** 7.9 (726, 6-7)**; £05, 3-G
31 1 -9 901, 1-9
32 1 -8 902, 1-9
33 1 -9 (8-9)*w* 903, 1-7; (725, 6-7)*=*
34 1 -9 107, 1-9
35 T -3 108, 1-9
36 1-9 109, 1-%
37 1 -9 110, 1-9
38 1 -9 4r® 723, 1; 602, 2;

603, 2; *; 723, 2-6
39 1 -8 9 807, 1-8
ity 1 -8 g 908, 1-8
41 1 -9 ‘ 908, 1-4; 111, 5-9
42 1 -8 (5-Q) **x 213, 1-4; (725, 1-5)**
43 1 -9 214, 1-9
44 1-9 215, 1-9
45 1 -9 216, 1-9
46 1 -9 302, 1-9
47 1-9 111, 1-4; 710, 1-5
48 1«9 227, 1-4; 711, 1-5
49 1-9 228, 1-4; 712, 1-5
50 1 -8 229, 1-4; 713, 1-5
51 1 -39 ' 230, 1-4; 714, 1.5
52 1-9 231, 1-4; 715, 1-5

* Note: For Version 4, DATA (4,38) is one if either card
€02 field 3 or card 603 field 3 is one.

** Version 3 only 506 **%* Yersion 4 1/8/81
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TABLE 16, DESCRIPTION OF DATA (I,K) IN INP,

{continued)
K I Unused MYMA
Columns Card, Field
53 1 -9 232, 1-4; 716, 1-5
54 1-9 233, 1-4; 717, 1-5
58 1 -9 ‘ 234, 1-4; 718, 1-5
56 1-9 235, 1-4; 719, 1-5
57 1 -9 236, 1-4; 720, 1-5
58 1-9 237, 1-4; 721, 1-5
59 1-9 717, 6-7; 806, 3-9
60 1-9 719, 6-7; 807, 3«6;
720, 6-8
61 1 -9 7 242, 1-2; 808, 3-6;
242, 3-4
62 1-9 809, 1-8; 721, 6
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TABLE 17. Description of IFAULT (K) in INP.

K _ MVMA Cards
1-37 Same as first Table 16
Entry for same K.
38 Unused
38-62 Same 'as first Table 16
Entry for same K
63 239
64 240
65 241
66 412
67 804
€8 904
69 905
70 906
71-84 710-723
85 242
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Table 18. Fixed Length Portion of Preliminary Indexed B1nary
Output Data Set on Leogical Device Number NU in INP.
Record
Number Contents
1 NOCARD, INSX, NITEMS, LLKACT, LLMSTO, LLKCON, LLINF,
LLSEGB, LLPRMT, LLKSA, LLBELN, LLELLN, LLCONM, LLREGN,
LLREGS, LLSACT, LLSTOR, LLTACC, LLACC, LLHX1I
2 LLHXTT, LLSMAT, LLMDOT, LLBTIM, LLTEMP, LLTTIM, LLPERM,
LLDELP, LLRGMU, LLALOK, LLBFLG, LLPLOK, LLREEL, LLSLAK,
LLTLOK, LLVLOK, LLXEPS, LLYSEP, LLATTC, LLSTFG
3 LLANHR, LLRING, NKCON, NKACT, NKMIG, NIBCNT, NSTMAT, NSTACT,
NCNOUT, LASNCR, NFLUXP, NGASTM, NBAGPR, NSTMIG, MNADUM,
NTSTIN, NBLT, NBLTSD, NGRP, LOPEN
& NELLPS, NSTINP, NLSEG, NMATL, NEEIN, NERIN, NRGION,
NCIRCL, NLPOSN, NMATLT, NMATLP, NBLTFS, NDYSST, NMTHFT,
NMTHFP, NSHSPT, NSHSPP, KACCX, KACCZ, KACCTH
5 LOKCON, LOKACT, LOKMIG, LOKMUG, LOBCNT, KOTCNL, LOSMAT,
LOSACT, LOCOUT, LOTACC, LOACC, LOMDOT, LOBTIM, LOTEMP,
LOTTIM, LOPERM, LODELP, LOBAGL, LOSTHB, LOSMIG
6 LOSMUG, LCADUM, KOTRAL, NLCARD, NLOUT, LDNMN, NDIMRQ,
NDIMIQ, NNMREC, NNMLEN, NNSACT, NNMENT, LOHX11, LOHTX11,
NNSTRW, KTBCSZ, NNKACT, NDMRRQ, NDMIIQ, INPDB
7 KROUTN(1-10), KSTOR(1-6), DATA(9, 59-62)
8 LKELLN, LKCONM, LKXREGN, LKREGS, INTSCT, NPACK, NDMRQQ,
NDMIQQ, NMNREC, NMNLEN, LOKCI, LOKOT, LOIDEL, LOKOTT,
LOJOT, LOEDGE, LODD1, LODD2, LOSS, LOFF
9 DATA{1-9, 1-2), MUSNAM(1-2, 1)
10 DATA(1-9, 3-4), MUSNAM(1-2, 2)
11 CATA{1-9, 5-6), MUSNAM(1-2, 3)
12 DATA(1-9, 7-8), MUSNAM(1-2, 4)
13 DATA(1-9, 9-10), MUSNAM(1-2, 5)
14 DATA(1-9, 11-12), MHSNAM(I-Z 6)
15 DATA(1-9, 13-14), MUSNAM(1-2, 7)
16 DATA(1-9, 15-16), MUSNAM{1-2, 8)
17 DATA(1-9, 17-18), MUSNAM(1-2, 9)
18 DATA{1-9, 19-20), MUSNAM(1~2, 10)
19 DATA(1-9, 21-22), MUSNAM(1-2, 11)
20 DATA(1-9, 23-24), MUSNAM(1-2, 12)
21 DATA(1-9, 25-26), MUSNAM(1-2, 13)
22 DATA(1-9, 27-28), DATA(1-2, 59)
23 DATA{1-9, 29-30), DATA(3-4, 59)

509



INP

Table 18. {(Cont.)

Record

Number

24 DATA(1-9, 31-32), DATA{5-6, 59)
25 DATA(1-9, 33-34), DATA(7-8, 59)
26 DATA(1-8, 35-36), DATA{1-2, 60)
27 DATA{1-9, 37-38), DATA(3-4, 60)
28 DATA(1-9, 39-4C), DATA(5-6, 60)
29 DATA(1-9, 41-42), DATA(7-8, 60)
30 DATA(1-9, 43-44), DATA(1-2, 61)
31 DATA(1-9, 45-46), DATA(3-4, 61)
32 DATA{1-9, 47-48), DATA(5-6, 61)
33 DATA(1-9, 49-50), DATA(7-8, 61)
34 DATA(1-9, 51-52), DATA{1-2, 62)
35 DATA(1-9, 53-54), DATA(3-4, 62)
36 DATA(1-9, 55-56), DATA(5-6, 62)
37 DATA(1~9, 57-58), DATA(7-8, 62)
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Table 19.

Variable Length Portion of Preliminary Indexed Binary Qutput
Data Set on Logical Device Number NU in INP (Page 1 of 5)

KODE | LOOK | Field [tem Input Card # Field
1 1 4-7 ellipsename 219 1-2
8-11 materialname 219 3-4
12 Body Segment Number 219 5
13 Friction Class Number 219 6
2 4-7 ellipsename 220 i-2
8,9 Xem’ Zem 220 4
10,11 a, C 220 ,b
2 1 4-7 materialname 221, 403, 704, -2
812
8 8 221, 403, 704, 3
. 812
9 3 221, 403, 704, 4
812
10 8¢ 221, 403, 704, 5
812
11 8 221, 403, 704, 6
812 ‘
12 8¢ 221, 403, 704, 7
812
13 F 221, 403, 704, 8
ma X 312
14 3 221, 403, 704, 9
812
2 4-7 materialname 222, 404, 705, 1-2
813
8 € 222, 404, 705, 3
P 813
g Xy 222, 404, 705, 4
813
10 Ao 222, 404, 705, 5
813
1 A 222, 404, 705, 3
3 813
12-13 staticcurvename 222, 404, 705, 7
313
14-15 interialspikename 222, 404, 705, 8
813
16-17 G-Rrationame 222, 404, 705, 9
813
3 4.5 G-Rrationame 223, 405, 706, 1
814
6 8 223, 405, 706, 2
814
7 Q 223, 405, 706, 3
' 814
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Table 19. {Cont.)
(Page 2 of 5)
KODE| LOOK; Field [tem Input Card # Field
4 4-5 staticcurvename 225, 407, 708, 1
816
6 § or negative 225, 407, 708, £
number 816
7 F or C1 225, 407, 708, 3
816
8 C2 225, 407, 708, 4
816
9 C3 225, 407, 708, 5
816
10 04 225, 4G7, 708, 3
816
11 C5 225, 407, 708, 7
816
12 C 225, 407, 708, 8
6 816
5 4.5 inertialspikename 226, 408, 709, 1
817
3] & or negative 226, 408, 709, 2
number 817
7 F or C] 226, 408, 709, 3
817 N
8 C2 226, 408, 709, 4
317
9 C3 226, 408, 709, 5
817
10 C4 226, 408, 709, 6
817
11 65 226, 408, 709, 7
817
12 C 226, 408, 709, 8
6 817
61 1 4-7 1inesegmentname 409 i~2
811 regionname 409 3-4
12 Penetration Limit 409 5
13 tdge Constant 409 6
14 Direction Factor 409 7
i5 Line Segment Index 409 g
2 4-7 linesegmentname 410 1-2
8 Number of Time 410 3
Points
9 Mass Compliance at 410 4
Second Endpoint
10 Bending Moment at 410 5
Second Endpoint
il Mass Compliance at 41Q 6
First Endpoint
12 Bending Moment at 410 7
First Endpoint
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Table 19. (Cont.)
(Page 3 of 5)
KUDE | LCOK | Field ITtem Input Card # Fieid
7 ] 4-7 regionname {inertial) 401 1-2
8-11 materialname 401 3-4
12 IDEF 401 5
13 ISCALE 401 6
14 [APP 401 7
15 IMULTI 401 8
2 47 regionname (Inertial) 402 1-2
8 NSR 402 3
9 Friction Class Index 402 4
10 IMIG 402 5
11 Input Coordinate 402 3
Switch
12 Qutput Coordinate 402 7
Switch
8 1 4-7 ellipsename 106 1-2
8-11 ellipsename or 106 3-4
regionname ‘
g 4-7 G-Rrationame 224, 406, 707, 1
815
8 8 224, 406, 707, 2
815
9 R 224, 406, 707, 3
815
10 4-7 1inesegmentname 471 1-2
8 t 411 3
9 X; 41 4
10 Zi 411 5
11 )(1.ﬂ 417 6
12 Zi+] 411 7
13 [I 411 8
11 i 4-7 regionname (Relative) 401 1-2
g-11 materialname 401 3-4
12 IDEF 401 5
13 ISCALE 401 3
14 LAPP 401 7
15 IMULTI 401 8
2 4-7 regionname (Relative) 402 1-2
8 NSR 402 3
9 Friction Class Index 402 4
10 IMIG 402 5
1 Input Coordinate 402 5
Switch
12 Output Coordinate 402 7
Switch
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Table 19. (Cont.)

(Page 4 of 5)

KODE! LOCK| Field [tem Input Card # Field
12 i 4-5 muscletensionname 238, 806 1
or headforcename
6 t 238, 606 2
7 iMi, 7] or Fx, FZ 238, 606 3
13 1 4 8 239 ]
5 KJI{10,1) 239 2
2 4 6 240 1
5 KJI(10,2) 240 2
3 4 8, 241 1
5 KJI{10,3) 241 2
14 1 4] headmaterialname 805 1-2
2 4-7 uppertorsomaterialnamel 806 1-2
3 4-7 middletorsomaterialnamel 807 1-2
4 4-7 lowertorsomateriainamel 808 1-2
15 i 4-7 edgemateriainame 810 12
8«11 centermaterialname 810 3-4
12-15 hubmaterialname 810 5-6
16 1 4-7 reaction#imeterialnamel 811 1-2
81! reaction#Zmaterijalnamel 8i] 3-4
12-15 reaction#dmaterialnamel 811 5«6
16-19 reactionfdmateriainamel 811 7-8
17 4 I 412 1
5 J 412 2
6 CMUCILJLT) 412 3
7 CMU(T.J,2) 4712 4
8 CMU{L,3,3) 412 5
18 152, 4 Number of Pairs 1In 602, 603,
3 This Record 604
5 Starting Index Within
Table
5.8,70, | TACC et seq.
12
7,9,11, ACC
13
18 4 Number of Pairs in 804
This Record
5 Starting Index Within
Table
6,8,10, HTX11 et Seq.
12
7,9,11, HX111
13
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Table 19. (Cont.)

{Page 5 of 5)

KODE| LOOK | Field Item Input Card # Fieid
20 | 4,5, 4 Number of Pairs in 904, 905,
6 This Record 906
5 Starting Index Within
Table
6,8,10, BTIM, TTIM, or
12 DELTAP et Seq.
7,9,11, MDGT, TEMPS, or PERM
13
21 | i-7 [ belt#L00Kmateriainame 710-716 67
8-11 bodymateriainame /10-716 8«9
12 IBETN
8 4.7 lapbeltmateriainame 702 1-2
8-11 bodymaterialname 702 3-4
9 4-7 yppertorsobeltmaterialnane 703 i-2
8-11 bodymaterialname ‘ 703 3-4
12-15 lowertorsobeltmaterialname 703 5-6
16-19 bodymaterialname 703 7-8
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A,

VARIABLE-LENGTH STORAG

REAL AFRRAYS

NAME
STOACT
TOR
TACC
ACC
HYX11I
HTY11
STOMAT
MDOT
BTIA
TEXPS
TTIX
PERY
DELTAP
RINGID
ALOCK
BTFLAG
PLOCK
REEL
SLAK
TLCCK
YLOCK
XEPS
YSEP
ATTANC
SITTLG
ANCHOR
RINSG
INTEGER ABRAY

NAME
KACT
ASTOR
KCcou
INF
ISEGB
T ORNT
K3A
BILNAM-BELTHM
KDPEGNS

RELLYM
ACOWAN
KREGHM
S5UMMNATY OF CGgl
NIDBCNT= 0
KACCTH= 2
A= 8 B=
n= 8 L=
5= 6 T=
AA= 0 A
ELL= 10
RONI= 9
NLCARD= 5
NOCARD= 322
IIQ DIMENSION=
Table 22.

s
i

BEG.

16435

1133 -

1551
1573
1605
1605
1
3458
3458
3458
3458
3458
3458
3458
2458
3458
3458
3458
3458
3458
3358
3us8
3458
3458
3458
3453
2458
3
BEG.
612
1523
1
1523
1523
1522
1523
1523
1649
1694
TTTY
1822

NTS.

NADOM= 0
HFLOXP= )

)
12
27
= 0
FLL2=
RGAZ=

NLOUT=
INSX=

1893

INDa

IND.

hE-

PACKING DICTICHARY

E LAYOUT

1863
418
27
27

0

ke
Y
)
N O

QOO OQOOOOOoOOIOVOLOoO

911
126
611

2
0
0
0
0
45

43
72

= ¢ N =
12
21
AC= 0
10 HAT L=
9 LINi=
6 ¥y= 8
37

1;:

ERQ DIMENSION=

LIUGTH

LENGTH

KACCY=
HGASTH=

59

OFTSET BUG.
1604
1132
15538
1577
1604
1604

0
2357
3457
3457
3457
3457
3457
3457
3457
3457
3457
3457
3457
3457
3457
3457
3457
3451
3455
3457
3457

OFFSET BELG.

611
1516
0
1520
1522
1522
1522
1514
1643
1685
1765
1812

KiCCZ= 2
M8 AgER= Q
E= 4 F=
C= 0 R= a9
i= > = 2

MAT2= 12
LINZ= 12

7 V= 9 o
71 HITEHS= 28

P
, 2 LASNCR=
3458 NT

27

Facsimile of Packing Dictionary from INP
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Table 23. Error Messages from INP,

Condition and Action

Number Message Required Routine

1 SKIPPER * * = *x x _ % Warning, the preceding input INPUT

data card has not been pro-

cessed due to an error on

the card.
2 UNEQUAL NO. MATERIAL CARDS Fatal, check data cards [PMVYMA
3 UNEQUAL NO. LINE CARDS Fatal, check data cards [PMVMA
4 UNEQUAL NO. REGICON CARDS Fatal, check data cards IPMVMA
5 UNEQUAL NO. ELLIPSE CARDS Fatal, check data cards IPMVMA
6 CIRCLE BREAKDOWKN #RONG Fatal, check data cards ITPMVMA
7 FATAL ERROR-~~ERROR NO. Fatal, result of one of the IPMVMA

above fatal errors gr as a
resuit of an error in INPUT
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MICHIGAN TERMINAL SYSTIY FORTRAN G(2'.8 TEST)

MATY
3371 CCHEON/EEAL/TRO( 2458)
1292 COMHON/INTGR/ZIIQ( 1893)

C DEFINE FILE 8 ( 2997, 22,U0,IUPONT)
6103 CLLL INMVHZA
0004 STCP
2325 ENI

Table 24. Main Program for IN
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4.3 The Input Processor (IN)

4.3.1 Program Organization and Flow. Figure 137 shows a schema-
tic of the calling structure of IN. Tables 25 and 26 are the Subprogram
Specifications and Appearances for IN and the Labeled Common Descriptions
for IN, respectively.

Table 27 gives the Fortran name and symbol for the quantities
which will be used to determine the storage requirements for GO. Some
of these are the same as in Table 15-1. Table 28 gives the name of each
component array of the two overall packing arrays to be used in GO
(namely, RQ and I1Q), the Fortran name of the length of the variable part
of each such array and the length relationship used. Some of these are
also the same as in Table 15-2,

4.3.2 Packing Techniques. The Input Processor accomplishes all
packing of input data and sets up packing for intermediate and final
results. IN reads the input data from data set NU and packs most of it
into KACT and STOACT., These two arrays are then used to produce the
final input packing arrays KCON and STOMAT. A1l these arrays, together
with others used to hold data, are arranged intc two large arrays, RRQ
for reals and IIQ for integers. Tables 29 and 30 show the layouts of RRQ
and IIQ, respectively. This organization ailows recovery of information
under a large number of input card orderings and facilitates the packing
procedure.

The remainder of this section deals with KACT and STOACT. XCON and
STOMAT are discussed in Section 4.4,3. KACT and STOACT are used to
temporarily hold the portions of the input data which must be correlated
with other data and/or packed into KCON and STOMAT. The formats employed
in KACT and STOACT are related to and a refinement of those employed in
the preliminary use of data set NU described in Section 4.2.3.

The KACT array contains control information and is divided into two
parts, The first part is fixed format, is described by Table 31, and is
used to hold tables which aid the searching and matching of input items.
The second part begins immediately after the first part. It consists of
one four-element entry for each input item present in KACT and STOACT.
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The term "input item" refers to a unit of information which contains
data from one to four related input data cards. The typical entry of
this part of KACT is described in Table 32. It should be noted that the
ICODE of Table 32 is always the same as the KODE of Table 19 in the
range one through sixteen. The rest of the typical entry of KACT con-
tains contrel information about the sixteen different types of typical
STOACT entries.

The STOACT array is divided into two parts. The first part is fixed
format, described in Table 33, and used to hold friction coefficients for
ellipse-region interactions. The second part begins immediately after
the first, consists of the STOACT entries for sixteen types of input
items, and is described in Tables 34 through 46.

522



--»BLOCK DATA
—3» ERRMSG ——eee ABDUMP

e PUSHER
et DU ] TN =g 7ERQ

e ZERCR

| ___E:MOVTAB
> ENTAB SERTAB

MATCH

3 MATCH
3 PUSHER

MATCH
m-h-FINDM—)-[:PUSHER

3= TNTAB

— PUSHER
STz n—ﬁme- WRITER

—>STASH —————>SEARCH

S EARCH

MATN cadm INMVMA s

by ZTAZH

Figure 137. Ca?Iing Structure for the Input Processor (IN)
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Table 27. Array Dimension Symbols in IN for GO. (Page 1 of 2) .

Name Symbot Description

NTSTIN A Number of tabular static and inertial curves,
total

NBLT 8 Number of belts used

NBLTSD C Number of belts using shared deflection

NGRP D Number of G and/or R input cards, total

NELLPS E Number of ellipses attached to all segments

NSTINP F Number of static and/or inertial spike input
cards, total

NSEGWE G Number of body segments which have ellipses
or circles attached

NINTSD H Number of ellipse-line, ellipse-ellipse and
steering column interactions to be shared
deflection

NELINT I Number of ellipse-1ine and circle-line
interactions total

NEEINT J Number of ellipse-ellipse, ellipse-circle, and
circle-circle interactions total

NFORCX K Number of forces in operation on all line seg-
ments at one time

HLSEG L Number of line segments for all regions

NMATL M Number of materials for all purposes

NEEIN N Number of specified ellipse-ellipse interactions,
allowed or disallowed

NERIN 0 Number of specified ellipse-region interactions,
allowed or disallowed

NRGION Number of regions total

NCIRCL Number of circles attached to all body segments

NLPOSN Number of position specifications cards for
lines, total

NMATLT ' Number of material tables used, total

NMATLP W Number of material table entries, total

NBLTFS X Number of belts for which force-strain is
specified

NOYSST 0 if no steer column, 1 if steer column

NINSTC Number of interactions between steering column
and body
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Table 27. (Cont.) (Page 2 of 2)
Name Symbol Description
NMTHFT AA Number of muscle tension and head force tables
NMTHFP AB Number of muscle tension and head force table
points
NSHSPT AC Number of shoulder radial stiffness tables
NSHSPP AD Number of shoulder radial stiffness table .
points
NLCONX KK Number of contact lines in contact at any one

time
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Table 29. Packing Array Layout for REALS in IN (RRQ).

Beginning Index

LLSMAT (=1)
LLSTOR
LLTACC
LLACC
LLHXTI
LLHXT]
LLSACT
LLMDOT
LLBTIM
LLTEMP
LLTTIM
LLPERM
LLDELP
LLRGMU
LLREEL
LLTLOK
LLALCK
LLPLOK
LLVLOK
LLBFLG
LLSLAK
LLXEPS
LLYSEP
LLATTC
LLSTFG
LLANHR
LLRING

Array Name and Dimensions for RRQ

STOMAT (NNSMAT)

STOR(NUMENT )
TACC{NNOACC)

ACC{NNDACC)

HXTT1I{NNSTRW)
ATXT1(NNSTRW)
STOACT (NNSACT)
MDOT (NFLUXP)
BTIM{NFLUXP)
TEMPS(NGASTM)
TTIM(NGASTM)
PERM(NBAGPR)
DELTAP(NBAGPR)
RINGMU(2)
REEL{3)
TLOCK(3)
ALOCK(3)
PLOCK(3)
VLOCK(3)
BFLAG(2)
SLAK(7)
XEPS(2}
YSEP(2)
ATTANC(2,2,7)
SETFLG(2,7)
ANCHOR(4)

RING(2)
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Table 30. Packing Array Layout for Integers in IN {IIG).

Beginning Index

LLKCON (=1)
LLKACT
LLMSTO
LLINF
LLSEGB
LLPRMT
LLKSA
LLBELN

LLREGS
LLELLN
LLCONM
LLREGN

Array Name and Dimensions for IIQ

KCON{NNKCON)

KACT{NNKACT)

MSTOR(KTBCSZ, NUMTAB)
INF(2,2)

ISEGB(4)

IPRMT{5)

KSA(7)

BELNAM(8,3) or KBELRNM(8,3)
BELTNM(8,7) or KBELTN(8,7)
KREGNS(5, NREGNS)
KELLNM(8,NELLS)

KCONAM(4, NLINES)
KREGNM(8, NREGNS)

bl

534



TABLE 31. THE STANDARD AREA FUR INPUT STORAGE IN THE KACT ARRAY

Index Description
1-16 Total number of entries in code i
in KACT
1724 Total number of ellipses attached

25 to 24 + LELLS

25 + LELLS to
24 + LELLS +
LREGNS

to bedy link (i-186)

Beginning index of KACT entry for

ellipse corresponding to KELLNM
entry ICA+24

Beginning index of KACT entry for
regicn corresponding to KREGNM
entry ICA + LELLS + 24

Typical KACT entries begin
at 25 + LELLS + LREGNS
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TABLE 32. THE TYPICAL KACT ENTRY FQR INPUT STORAGE

Reiative
Index Description

if Eilipse with STOACT entrysiength = 6
if Material with STOACT entryilength = 21%
if G Table with STOACT entryilength = 4

if Static Curve with STOACT entryilength = 4,
if table; &, if polynomial

5 if Inertial Spike Curve with STOACT entry;
length = 4, if table; 9, if pelynomial

where code = 6 if Line with STOACT entryilength = 17

7 if Inertial Region with STCACT entry;
length = 9

8 if Inhibition with STOACT entry;length = 8
9 if R Tables with STOACT entry ilength =

i0 if Time Point of Line with STOACT entry;
tength = 5

i1 if Relative Region with STOACT entry jlength
= 3

12 if Muscle Entry or Head Force Entry with STOACT
entry slength = 4

13 if Shoulder Stiffness Curves with STOACT entry;
length =

1 (ICODE) Code /

¥ A

* 22+5 times the 14 if body-steering 1nteract1on properties with
number of prescribed STOACT entry jlength =

un?oqdfng curves 1f 15 if steering wheel materials with STOACT entry
Version 3 Tength = 17

16 if steer. col. reaction materials or joint
materials with STOACT entry ;length = 16

If code = 3, 4, 5, or 9, set nonzero when
nrocessed {-1 if not table, table no. if table) ;
if code = 16 for joints, card number.

2 (IACT) Beginning Index in STCACT; for 1, 7, 11 updated to KCON
beginning index during packing.

3 (ILOCK) If code = 1, beginning index in KELLNM

If code = 7, beginning index in KREGAM

[f code = 10, beginning index in KACT of line entry

[f code = 11, beginning index in KREGNM

[f code = 13, 1 = linear coefficient, 2 = quadratic coefficient

cubic coefficient
head, 2 = upper torsc, 3 = middle torso,

3
if code = 14, 1
4 Tower torso

[ LI | ]

4 (KARDND) Assigned card number for leading card of entry 1/25/80
536



IN

TABLE 33. THE STANDARD AREA IN STOACT FOR INPUT

Index Description
15 Read in five quantities from card 412
6-155 Linearized storage for
cMu ellipse region coefficient
friction, friction, no. {3}
class (5) class {10)

Each entry 1-5 stored within 6~155

TABLE 34. THE TYPICAL ELLIPSE ENTRY IN STOACT FOR INPUT

Relative MVMA Input

Index Description Card
1 Body segment No. (1-8) 219 - 5
2 Friction Class (1-5) 218 - 6
3 Xem 220 - 3
4 Zem 220 - 4
5 a 220 - 5
6 C 220 - 6

537



N

TABLE 35. THE TYPICAL G OR R TABLE ENTRY IN STOACT FOR INPUT

Relative Typical Material
Index Description Input Card
1-2 G & R Table Name (8) 405 - 1 or
406 - 1
3 8 435 - 2 or
406 - 2
4 GorR 405 - 3 or
406 - 3
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TABLE 36. THE TYPICAL MATERIAL ENTRY IN STQACT FOR INPUT

Relative Typical Material
Index Description

1.4 Material Name (16) 403 - 1,2

5 5A 403 - 3

6 53 403 - 4

7 GC 403 - 5

8 6D 403 - 5

9 S¢ 403 - 7

10 Fmax 403 - 8

I 3 403 - 9

12 €y 404 - 3

13 My 404 - 4

14 Yg 404 - 5

15 Xg 404 - 6

16 - 17 Static Curve Name (8} 404 - 7

18 - 19 Inertfal Spike Curve 404 - 8

Name {8)
20 - 21 G & R Ratic Mame (8) acd - 9
22 Number of bilinear unjoading 413 -3 Version 3
curves, NBI only

23 §4 for first unloading curve
24 3s
25 S g
26 S}
27 32

(unloading curve parameters
for successive curves)

22+5 NBI
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TABLE 37. THE TYPICAL INERTIAL OR RELATIVE REGION CONTACT ENTRY IN STOACT FOR INPUT

Relative
Index Description MVYMA Input Card
1 Deformation type switch 401 - &
2 ' Multiellipse force appor- 401 - 6
tionment switch
3 Multisegment force appor- 401 - 7
tionment switch
4 Cavity switch 401 - 8
5 NSR 402 - 3
& Freiction class {1 to 10) 402 - 4
7 Migration switch 402 - 5
8 Input coordinate switch 402 - 6
9 Output coordinate switch 402 - 7
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TABLE 33, THE TYPICAL LINE SEGMENT CONTACT ENTRY IN STOACT FOR INPUT

Relative
index Description MUMA Input Card
1-4 Line Segment Name (16) 409 - 1,2
5-8 Region Name {16) 408 - 3,4
9 Penetration Limit 409 - 5
10 Edge Constant 409 -~ 6
11 Direction Factor 4098 - 7
12 Line segment number in 409 - 8
region
13 Number of time points to 410 - 3
be specified
14 Mass compliance at 2 410 - 4
15 Bending constant at 2 410 - 5
16 Mass compliiance at ] 410 - 6
17 Bending constant at 1 410 - 7
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TABLE 39.THE TYPICAL ENTRY FOR STATIC CURVE OR INERTIAL SPIKE IN STOACT FOR INPUT

Relative
Index Description MVMA Input Card
Static Spike
1-2 Curve Name (Static or Spike) 407 - 1 or 408 - 1
3 § if positive, table 407 -~ 2 or 408 - 2
if negative, peclynomial

4 If table, F; if polynomiai, 407 - 3 or 408 - 3

5!

I[f table, entry ends here,

If polynomial, five more

lines,
5 Cyp 407 - 4 or 408 - 4
6 Cs 407 - 5 or 408 - 5
7 Cy 407 - 6 or 408 - 6
8 Cs : 407- 7 or 408 - 7
9 Ce 407 - 8 or 408 - 8
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TABLE 40. THE TYPICAL INHIBITION ENTRY IN STOACT FOR INPUT

Relative

Index Description MVMA Input Card
1-4 E11ipse Name (16) 106 - 1,2

5-8 E1lipse or Region Name (16) 106 - 3,4

TABLE 41. THE TYPICAL TIME POINT ENTRY FOR LINE IN STOACT FOR INPUT

Relative
Index Description MVMA Input Card
1 t 411 - 3
3 Z, 411 - 5
4 X1 411 - 6
5 Z 411 - 7
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TABLE 42, THE TYPICAL MUSCLE TENSION QR HEAD FORCE TABLE ENTRY IN STOACT

FOR INPUT
Relative MVMA Input
Index Description Card
1-2 Muscle Tension Table Name 238-1 or 606-1
3 Time 238-2 or 606-2
4 Muscle Contraction force or 238-3 or 606-3

moment

TABLE 43. THE TYPICAL SHOULDER STIFFNESS COEFFICIENTS ENTRY IN STOACT FOR INPUT

Relative ' MVMA Input
Index Description Card
1 Relative shoulder angle 238 + ILOCK*, 1
2 Radial shoulder stiffness 238 + ILOOK*, 2
coefficient.

* ILOOK is from the corresponding KACT control entry (see
Table 32) and also controls whether the coefficient
is linear, quadratic, or cubic,

TABLE 44, THE TYPICAL BODY-STEERING COLUMN MATERIAL ENTRY
IN STOACT FOR INPUT

Relative MVMA Input
Index Description Card
1-4 Name assigned to body part 804 + ILOOK*, 1-2
material

* ILOOK is from the corresponding KACT control entry (see
Table 32) and also controls whether the body part is
head, upper torso, middle torso, or lower torso.
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TABLE 45. THE TYPICAL STEERING WHEEL MATERIAL ENTRY IN STOACT FOR INPUT

Relative MVMA Input
Index Description . Card
-4 Steering Wheel Edge Material 810, 1-2
Name
5-8 Steering Wheel Center Material 810, 3-4
Name
9-12 Steering Wheel Hub Material 810, 5-6
Name

TABLE 46, THE TYPICAL STEERING COLUMN REACTION MATERIAL ENTRY
IN STOACT FOR INPUT

Relative MVMA Input
Index Description Card

1-4 Reaction 1 Material Name (FAT) 811, 1-2
5-8 Reaction 2 Material Name (MJ1) 811, 3-4
9-12 Reaction 3 Material Name (FAZ) 811, 5-6
13-16 Reaction 4 Material Name (MJZ) 811, 7-8
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4.3.3 Binary Qutput Formats. The completed tables of input values
are recorded back on direct access binary file NU. Table 47 shows the
contents of the second fixed section and the variable section of this

file line by line or section by section. Where there are parentheses
separated from the Fortran name by a comma, the parentheses give the
individual or range of values in the array DATA. This may be related

to the corresponding MVMA Input Card by use of Table 16. The Fortran
name shown is the name used in the Dynamic Solution Processor (GO). The
values are laid out to show their corresponding position(s} in each
binary record and no conciusions should be drawn from the number of values
shown on any typewritten line or the number of typewritten lines per
record description.

The Input Processor records all information described in Table 47
except the last three blocks of information. These blocks are supplied
by GO and QUT. The length of each of these blocks is shown in Table 48.
When IN is completed, the binary file produced contains the entire in-
put for the model organized in such a manner that GO and QUT can use it.
Two arrays produced before writing commences, LEAD and ICBEG, act as a
table of contents for the variable length and optional recording blocks.

LEAD contains the beginning record numbers of the blocks of infor-
mation from the input data., ICBEG usually contains the beginning record
numbers for each output category from GO. In both cases, if the corres-
ponding entry of the array is zéro, the information block will not be
written., Table 47 contains in the left margin an "Ln" or In" where n is
an integer to show which vaiue of LEAD or ICBEG, respectively, controls
that information block.

4.3.4 Auxiliary Program Qutput. The Input Processor has no
standard printout but does have the same debug switch as INP. Debug
tevel one will produce the printout of the Packing Dictionary and Binary
File Index Summary, as well as a printout of the loop counts from sub-
routine SETVAL. Debug level two adds a printout of each record written
into file NU. Auxiliary printout for IN consists of three types: (1)
the optional Packing Dictionary (Table 49), (2) the optional Binary File
Index Summary {Table 50), and (3) the automatic error messages in case of
trouble (Table 51).
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The Packing Dictionary prints out a summary of the information
stored in the packing tables when complete (see Section 4.4.3 for details).
It is useful in two respects. First, a glance at the summary will con-
firm that the run configuration has been properly specified. Second, GO
uses the KCON Beginning Index as an internal identification number for
ellipses, regions, lines, and materials. The debugging information re-
flects these same internal numbers and the Packing Dictionary can be used
to make the correspondence back to the original user-supplied names.

The Binary File Index Summary is a synopsis of the various con-
trolling switches and of the array LEAD and ICBEG in parts "C" and "D,"
respectively (for details see Section 4.3.3).

Captions in Table 50 merit some comments. Both the number of
ellipses and the number of regions contain the number of belt segments
used. MNumber of contact controls is the length of KCON and the number
of contact values is the length of STOACT. Section C is the beginning
record number for the belt section followed by the LEAD array, followed
by the beginning record number of the INTACT array. Part D is a pre-
sentation of the ICBEG array.

The error messages are self-explanatory and are printed only as
needed.

4.,3.5 Programs Written by IN. The last function of the Input

Processor is to use the calculated dimensions for RG and IQ and the
option tabulation to write the main program and transfer vector routine
for GO. FExample programs are given in Tables 52 and 53, respectively.
See Table 55 in the GO section of this volume for all pcssiblie routines
~called by TRAVEC.
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TABLE 47. INDEXED BINARY QUTPUT DATA SET ON LOGICAL DEVICE NUMBER NU FROM IN

Record
Number Contents
INSK + 1 NBELT, (1,2) NBAG, (2,2)  NELLS NLINES NREGNS NTIMES NACTUL
NINTAC
ICBEG(T) . . ., . | - . ICBEG(12)
INSX + 2 IcseG (13) . . . . . | ICBEG(32)
NOTE - ICBEG(1) and (5) - {40): Beginning record number of category
Y
n-1
ICBEG(2): Logical device number for sequential accel. output (M)
ICBEG(3): Logical device number for direct access interaction
output (MV)
ICBEG(4): Beginning record number of INTACT table
1-4 15 set negative if corrasponding category not wanted; 5-40 is
set 0 {if corresponding category not wanted,
INSX + 3 HTITLE(1) . . . HTITLE(18) TTITLE(Y) TTITLE(2)
INSX + 4 STITLE(1) . . . STITLE(20)
INSX + & STITLE(21) . . . STITLE(35) TTITLE(3) . . . TTITLE(7)
Note: TTITLE(1)=(3): Date
TTITLE(4)-(5): Time
TTITLE(6)-(7): Job Name
INSX + 6 ICBEG(33) . , . ICBEG(40) MTIMES KPTIMS  TB(5,1) TF {6,1)
DT (7,1) PTINC (8,1) PLINC (9,1) HsTCOL (3,2) MKSSWT IUSEM
IUSEK  IPREP
INSX + 7 LHIB,(4,2) KHIB, (5,2) ILL, (6,2) EPSINV, (8,2) MXa(9,2)
OSTEPX,(1,3) OSTEPH, (2, 3) FORLIM, (3,3) HARDCN> (4, 3) LIMCNT (5,3)
TPC,(6,3) EPSFAC,(7,3) BETELP,(8,3) GAMELPs (9,3) NUMTAB
LIMTAB NUMENT LIMENT LENMAT LENKON
INSX + & ECEPS, (4,1) XH,(1,22) XHD, (2,22) ZH,{3,22) ZHD, (4,22) ELNs (5,22)

ELND, (6,22} 45, (1,21)  xsb,(2, 21} 78.(3, 21) Z50:(4,21)
THETA(1-9),(1-9,20) '

INSX + 9 XV.(1.24) xvD,(2,28) 7v,(3,28) 7vp,(4.24) THV,(5,24) THVD,(6,24)
AL(7.28) c,(8,24) 'vm, (9,24) THpI{1-9). (1-9,46) * AH,(1,19) AC,(2,19)

INSX + 10 HEAD (1-3), (2-4,38) FLJI(2-g), (1-7,6)  ASH, (8,8) FLI{1-8),
(1-8,7) 'up
INSK + 11 AMUS(1-11,1) ,(1,48-58)  Fm1(1-8), (1-8,8) Mo, (9,8)
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TABLE 47, INDEXED BINARY OUTPUT DATA SET ON LOGICAL DEVICE NUMBER NU (continued)

Record
Number Contents

INSX + 12~ AMUS(1-11, 2), (2,48-58) FI(1-B8), (1-8,9) ALF, (8,7
INSX + 13 AMUS(1-11,3), (3,48-58) THROI(1-8), (1-8,18) BSH, (9,8)

INSX + 14 TMUS{T~T§)(4,48-58) NPTS(1-3)  NSTART(1-3)  INTOP, (2,1) ANNOACC
FNU, (7,2

INSX + 15 KIT(1=-12,1), {1, 10-17; 42-45) KJI1(1-8,2) (2,10-17)

INSX + 16 %JI%Q-!ZSZ), {(2,42-45) KJI(1-12,3), (3,10-17; 42-45) cCJI(1-4),
4, 0'13

INSX + 17 CII(5-12), (4,14-17; 42-45) FJI(1-12), (5,10-17;42-45)
INSX + 13 VJI(1-12), (6,10-17;42-45) RJII{1-8), (9,10-17)

INSX + 19 ?JI%Q-%Z;, (9,42-45)  THSI(1-12,1), (7,10-17; 42-45) THSI(1-4,2),
8,10-13

INSX + 20 THSI(5-12,2), (8,14-17; 42-45) G, {3,1) MUSNAM (3,1-11)
INSX + 27 CMU(1-5,1-4,1) or STOACT (6-25)
INSX + 22 CMU(1-5,5-8,1) or STOACT {26-45}

INSX + 23 CMU(1-5,5-10,1) and CMU{1-5,1-2,2) or STDACT(46-65)
INSX + 24 CMU(1-5,2-6,2) or STOACT(66-85)

INSX + 25 CMU(1-5,7-10,2) or STOACT(86-105)

INSX + 26 CMU{1-5,1-4,3) or STOACT (106-125)

INSX + 27 CMU(1-5,5-8,3) or STOACT(126-145)

INSX + 28 CMU(1-5,5-10,3) or STOACT{146-155) THEX(1-8), (1;3;5;7,4-5) HEX(1),
(2,4) EYES, (9,9)

INSX + 29 (4:6;8,4) LEAD§1 12) N
HEX(2-8}, (2:4;6;8,5) ) & & ¢ dp ag ap ag &y ay arl 8+1 y+1 N LACCEL

INSX + 30  KONSIS  KTABSW(1-3)  NUMACC HIC(1-2) KJI(13,1), (1,61)

, NCR, FEMSOR,
KJI E% 2%?L£? 51%Nf%%£ k%YBJ &%1%1; CJI(13) (s,61)

INSX -+ 31 HICTA(1 2) HICTB(1-2) TMADC{1-16)

INSX + 32 MUSNAM (3, 12-1i?,‘ JFORCE, AF, CF, MJOINT(1-11), AHH, CONDYL, TRAD (9,18},
NFORCE(1-2) (19 long) NNMAT

INSX + 33 ICBEG(41)...ICBEG(50)
INSX + 34 MATLJT(1-20) 543 1/25/80




N

INDEXED BINARY QUTPUT DATA SET ON LOGICAL DEVICE NUMBER NU (continued)

TABLE 47,
Record
Number Lontants
Tt NBELT = | or 2
NCR XVAI(1-4), (1;3;5;7,23) ZVAI(1-4), (2;4;6;8,23) (sSI81, (4,19)
ZETABT, (5,18) (s182,(6,19) zETABZ, (7,19) (€SIB3, (8,19)
ZETAB3, (9,19) LBLO, (1,25) ODgL8L, (2,25) L8TUO, (3,25)
DELBTU, (4,25) rFsLMAX, (5,25) (gsr?ﬁx, (6,25)
23
NCR+1 LBTLO, (5,26) OELSTL, (6,26) LBTLA, (7,26) MuR, (8,25)
OELTB, (7,25)
if NBELT = 3
“ICR (((ATTANC (I,K,J) K=]:2}s I 2 112): J = 1,5), (1'4147'51)
NCR+1 ({(ATTANC (1,K,d), K= 1,2), 1= 1,2), J = 6,7}, (5-8,52.53)
SLAK(1-7), (9,47-53) INFLNC (8,34) MBELT, (6,54) LBTLA,
(7,54) YSeP(1-2), (8-9,34)
NCR+2 IPRMT (2-3), (5-6,55) REPS, (7,55) XEPS(7-+2). (8-9,55)2 Spec. Switches
(1,59) (2,59) =MUK (5,56) 8Mus, (5,58) ZmMFRL %7 seA‘ IMFQ %
(8,56) RF3AT, (3, 53 AFSAT, (7,50} PERCHT, (2, NCHOR
(s-a 87} RiNG(1-2}, (9,57), (7,40)
NCR+3 RINGMU(T1-2), (a-e,se) REEL(1-3), (5,58), (9,25), (1,38)
TLOCK(1-3), {6,58), (1,26), (5,38) ALOCK{T1-3), if webbing -
(9,62}, (9,28), {9,38), 1f vehicle (7,58), (2,26), (5,38)
PLOCK(1-3), (8,38}, (3,26), (7,38) VLOCK(1-3), (3, sa), (4,28), (8,38)
KSA(1-3)
NCR+4 SETFLG(1-2,1-7) KSA(4=7)  BFLAG(1-2)
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TABLE 47. INDEXED BINARY QUTPUT DATA SET ON LOGICAL DEVICE NUMRBER NU FROM IN
Record
Number Contents
NOTE: 0 then ay = NCR
if NBELT = 1 or 2 then a, = NCR+2
3 then 3 = NCR+5
NCR currently set to INSX + 34
L1 &, SCMU(4,3), (4,30), (7,59), (4,60), (4,61), (5,30), (8,59),
if steerin (5,60), (5,61), (6,30}, (9,59), (6 60), ,61) SZETA(I 4}
cotumn (2,4,6,8;62) SCENTX, (3,59) SCENZ, (4,59) NNSTRW LHX11I
ap +] MATLSC(1-11) SZETAI{1-3), (6,59), (3,60}, (3,61) HL, (1,27)
HLD, (2,27) sScsi(1-4), (1,3,5,7:62) HALY, (3,27)
ap +2 HALID, (4,27) HAL2, {5,27) HAL2D, (6,27) HH, (7,27) HHD,
(8,27) HA{1,28) HRW(2, 28) HLOC(3,28) HL1(4,28) HH1(5,28)
HS1(6,28) HS2, (7, 28) HS5, (8, 28) HI1, (1,29) HI2, (2,29)
HMT, (3,29) HMZ, (4 29) RHOI(] 2), {3,30), (5,59)
NN + .
apy =3 t+ 3 +.[~—§zg%~——lgl HTX11{ ) 20 to a line
ay + 3 to 3 = 1
dpp = g7 t [ﬂﬁ§lﬂﬂ_i_12] HXT1I( } 20 to a line
NOTE: if steering column, ap =53 if not, ag = a,
L2 a (Real)
B RLTHET, (2,31) WIDTH, (3,31) PRMTOL, (4,31) ITRTOP, (5, 31}
if airbag BPERIM, (6,31) BGPRSS, (7,31) ORFICE, (8,31) BGXCOR (9 31)
BGZCOR, (1,32) OCCWID(1-5), (3-7,32) RX, (1,33) PEX, (2,33)
NFLUXP NGASTM NBAGPR LOMDOT
a8+1 CSI(1-10), (1,3,5,7;39-41) ZETAI(1-10), (2,4,6,8;39-41)--Note:
only 1st two used for 41.
aB+2 GAMMB, (3,33) TAU, (4,33) CP, (5,33) SPSI, (6,33) RHEAD, (7,33)
IDPT, {1-2,1-6) LIBCNT
agy = ag + 3 + [RAD2 197 BTIM( ) 20 to a line
ap + 3 to aB] -1
1 + .
3gy = 37 ¥ EEELQEE___lQJ MDQT{ ) 20 to a line

351 to dps - 1

20
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TABLE 47. [INDEXED BINARY OQUTPUT DATA SET ON LOGICAL DEVICE NUMBER NU FROM IN

Record
Number Contents
NGASTM + .
gy = o * [mmmmm§ﬁ~—lgq TTIM{ ) 20 to a line
NGASTM + 1 .
NBAGPR + 1 \
agg = 8gy * [———m-?ﬁ——uéh DELTAP( ) 20 to a line
2g4 to agg * 1
BAGPR + .
3gs = Apg * [E——§~%§-lgi PERM{ ) 20 to a line
ag; to ape - 1
NOTE: 1if airbag ac = apes if not, 3 = ag
L3
ap = ap * [lg§£§ﬁi"lgi KCON{ ) 20 to a line

Records aC to aD -1

L4
+ .
a = ap + [LEEH * 197 STOMAT( ) 20 to a line
Records ay to ap - 1
L5

- NUMTAE + 4
gt
Records ap to a - ]

MSTOR{ ,4) 5 to a line
stored on rows
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TABLE 47. INDEXED BINARY OUTPUT DATA SET ON LOGICAL DEVICE NUMBER NU (continued)

Record
Number

Contents

L6 -
o = a_ +| NUMENT + 19
A S -

Records aF to ag - 1

STOR( ) 20 to a line

L7 .
} 2 * ITS + 9
ay = ag ¥ [: 10 :}

Records ag to a, - 1

all TACC( ),then all ACC{ ) 20 to a line

W, s Thumas + g
1% T

Records a ic aI -1

NAMTAB { ,2)

10 to a line
stored on rows

LS NELLS+1
a:aI+

Records ay to o ~ 1

2 ]: E11ipse names [KELLNM(8,27) or ELLNAM(8,27)]}: Ellipse A

Material A
Ellipse B
Material B

IN

Léoﬁ a+[NLINES+4}. Contact Tine names [KCONAM{4,50)or CONNAM(4,50)]: Line A
D Line B
" Records « to B - 1 t?gz g
Line £
L1t [NREGNS+1]: Region names [KREGNM(8,27) or REGNAM(8,27)]: Region A
y=g+| MRERT] ;
P Material A
Region B
Records g8 to v - 1 Mggéi?al B
L1i=y+[NREGNS+3]: KREGNS(5,27): Region A Region B Region C  Region D
—

Records v to v - 1
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TABLE 47. INDEXED BINARY QUTPUT DATA SET ON LOGICAL DEVICE NUMBER NU {continued)

{continued)
Record
Number Contents
IT y =y +NTIMES: Entry for category 1 (NTIMES long)

Records v, to Yl-}[n“1]

15 y =y, *NTIMES: Entries are possible for categories 5-40 and 46-50 (each NTIMES

to . is i f egory actually entered.
149 Records v -1 to v -1 Tong}. n is incremented for each category uaily r

14 p= nmax+1: INTACT table (NINTAC entries}
Records Yy to yp + NINTAC

rreA
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TABLE 48. BINARY RECORD LENGTHS FOR CATEGORIES.

Category Record Length Category Record Length
1 10 36 12
2 9 37 10
3 12 38 1
4 110 11-21 22-29 39 1
%g%’iﬁe E-E=11 B =8 40 7 (5 are printec
printed) 46 9
5 4 47 6
6 g 48 6
7 g 49 8
8 12 5C 8
9 12 NOTE: Category 4 is special case
10 10 Binary record
17 10 Printed Columns  word position
12 10 ; ];
13 10 3 2
14 10 g 1§
15 9 6 i
16 11 7 5
17 5 g °
18 7 10 8
9 10 il 2
20 15
21 10 NOTE: Category 40 is special case
22 10 Binary record
23 8 Printed Columns word position
24 8 1 7
25 . : ;
26 8 4 5
27 9 > 4
28 8
29 10
30 S
31 9
32 9
33 12
34 8

35 12 355



IN

PACAING DICTIOWARY

I.

B.lI.

91
113
177
837
467
759
787
315
737
859
381
933
331
359
337
115

A. FLLIPSES
LINK 4O, NAME KCoN B,
1 HEAD 71
2 THORAX 38
4 HIP 1T
5 THIGH 133
5 KNEEC 149
6 SHANR 165
6 HEEL 181
6 TOFE 198
7 ELBOW 214
8 HAND 228
8, CONTACT RFGIONS AYD SEGMENTS
NAMF KCGCM Bel. STOLAT
SFTAT BACK 244 135
3ACK LINE 253 150
STEAT CUSTION 274 199
CUSHTION LINE 1t 289 222
CUSHIOY LINE 2 300 244
FLCOR 311 276
SEAT BOTTOM 3286 299
FLOORBCARD 337 321
TOTEPAN 353 353
TOZ30ARD 367 368
KNEE BAR 278 410
XNTERAS LIYR 392 425
RCOFHEADER 408 489
LR 422 504
WINDSHIELD 438 531
LR 452 546
ITNSTRPUMENT PAYEL 468 573
MID TP 483 596
LOWER IP 554 618
DASE 510 680
DASHLINE 524 695
¢, RPLTS-~==N0O RELTS NSEN,
D, MATERIALS
NAME RCON B.I.
CHESTMATL 106
HIPMATL 128
STAT MATERIAL 269
FUANTL 3u8
SEEET METAL 473
RMATL 433
YIMDSHIRLD GLASS 463
I PMAT 505
DASHMATL 535
£% WEBDJING #1 549
6% WEDIBING #2 545
NO STRENUGTH 552
JOINT MATA 555
JOINT 4)\TD 560
JOINT MATC 565
JOINT MATH 570 i
JOINT MATE 575 1

343

STOMUAT 0. 1I. y

i

8

20

27

39

48

58

65

72

79

4ATL B.I. NAXZE IUD

269 1
269 1
269 2
269 2
269 3
348 3
348 4
348 5
348 4
us 6
4973 5
403 7
433 6
433 8
463 7
463 9
305 8
505 10
505 i1
535 9
535 12

STOMAT B.I.

Tabie 49.

556

ATL

136
128

OO0 oo 0

B'E.

HoBaTo

[4FILte Bts - N s JU0 ) R < W I OB IR
P
L4
87

-t

STSTEN
7

2

R TR R

Facsimile Packing Dicticnary
from IN (page 1 of 3)
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JOTNT MATT® 531 1)
JOTHT HMATA R8H 13
F. TABLES
NO. ND. PTS. B33
1 4
2 7
3 6
4 3
1) 7
6 6
7 3 1
8 5 1
9 4 1
13 5 1
11 5 1
12 3 7
12 5 -
14 14 Z
15 2 2
14 2 2
17 12 2
18 5 3
19 5 3
20 & 3
21 6 3
F. CARD TYPES FREAD
TYPE NO. TYPF MNAME NUMBER
9 ELLIPSE 10
2 MATERTAL 12
3 G-=TABLE 24
4 STATIC CURVE 64
5 ITNERT SPIKE 2
6 LINE 12
7 INERTIAL TG 0
8 INHIBITIOH 22
G. SU¥MARY OF COUNTS.
as= 8 B= 0 C= -
G= 7 H= 1) I= 32
= 12 M= 1 0= 21
V= 21 H= 115 Y= Q
A= B AQl= 2 AC= 0
ACC ¥ PTS= 23 ACC ¢ 2TS=
TQ DIMSNSION= 2785
YELPRG= Q NNITI= U
fi. VIETABLW-LENGTH STOFAGT LAYOUT
REAL ARRAYS
HaAME BEG. IND, ,
STOMAT 9
STOACT 1133
caxogr 3425
TACC 4nnn
ACC 4036
ADOT 4063
BTIN 463
TREMPS 4263
TTIM 4363
Table 49.

557

;71
94
Iio. SCAY TYPE NAME
1 1 CGR
15 1 CSTAT
41 1 SSEAT
63 1 GRSHEYT
75 1 GRSURTFT
99 1 SSHEET
21 1 DGR
EN| 1 D3R
49 1 DSTAT
63 1 WGR
81 1 NGR
99 1 IDGR
06 1 IPgR
zZ7 1 TPSTAT
§1 1 FGR
g7 1 TSR
93 1 FSTAT
39 1 GRELTY
57 1 GBELT1
75 1 SBELTI
g7 1 SBELT2
TYPE NO. TYPE NAME
9 F-TA3ZLE
19 TIME POINT
11 RPLL RIGION
12 MUSCLE
13 SHNYLDER
14 STR HEL-30DY
15 STFEER 9HTLEL
16 3T WHL R EACT
D= 59 E= Y k=
= 1 K= 3 L=
= 9 5= 2} T=
KK= 0 Y= 0 7=
ah= O
2 ACC PITCH PTIS= 2
RQ DIMTMSION= 3522
HNITJ= 2 JELPLN=
LENGTHO OQFFSET BEG,
11322 J
2292 1132
534 3u24
27 4358
2 4035
0 5062
0 4062
¢ 4nn2
3 4062

Facsimile Packing Dictionary from IN (page 2 of 3)

IN

NOUBER
25
27

9
|

w

[ e I ae

66
12
27



penM Han3 & YK

DELTAD 4763 { WeR2
BAGUL 4963 o Head
STH 4062 0 YO62
STOMIG 4105 Q 4104
STOHUG BO6Z 42 1062
ADUM 4115 ) 3104
STOR 4115 418 41233
HY11T 4523 2 522
HTY 11 4523 9 4822
EDGR 4523 3 4522
DDy 4523 0 45272
pD2 4523 0 4522
38 4523 0 4522
FF N523 0 4522
PEY 4323 n 4522
INTEGTR ARRAYS
MAME BTG, IND, LENGTI QFTSET BEG,.
“KCcoM i 539 n
KACT 590 1125 589
XMIG 1715 0 1714
K413 1715 J B 1714
InCHT 1715 0} 1714
MSTOR 1715 126 1738
KELLYY 1841 8:) 1832
RCONAXM 1921 e 1916
FRTGNM 1969 72 1960
KREGNS 2047 45 2035
KCT 2186 0 2085
Kot 2786 g 2785
IDELL 273186 2 2185
ZOTT 0886 0 2085
JOT 2036 0 2085
OPTIONAL ROUTINE USAGE

NIMBER ROUTINE NAUE STATUS

1 DELT CHIT

2 BELT 2 nMIm

3 STEFR CMIT

Y ALRDAY anTT

5 INTSCT oaIr

6 SETHIG cHIT

7 ELLELL NSFH

8 MIG OMIT

9 AULTI CHMTT

19 PLTR USE

Table 49. Facsimile Packing Dictionary from IN (page 3 of 3)
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IN

BINARY L.D.H. 8 I¥DEX SUMRARY

A, TITLE:
JyMA 2-0 TUTORIAL FXANDPLE #1
occt 18, 1978 32:51:55 (7-71 GY O HYRRID 1I DUMINY
(PROLIMNINALTY DATA) KNEE BAR CCC. CoMP. DLISVL,
20x2H FRONT DBALRIER NQ BELTS

B, OPTIONS:
BELT= J, B\G
NO, CILLDS=

= (§, STEFR COL= 2, MKS= 1, ACCRL RICOID= 1

10, d0. REGS= 9, NO, LIMES= 12
YO. TIME STEP3= 201, NO. PRINT TIMES 41 No. PLOT TIMES=s 21
NO.CNTCT Cn¥N= 589, ¥NO, CNTCT VALS= 11Is6, NUM TAB= 21
NUM TAS F¥T= 413, YO. ACCEL ENT= 2

C. BEGIMNTING RECORD NUMBERS FOLG VARIARL®E POSITION SIZCTICNS:

BELT= ), STEEL COL= J, BAG= 2, C¥TCT CONTRL= 71, CYICT VALS= 101
TABLE CONTRL= 158, TABLE VALS= 163, ACCEL= 184, TADBLT NAMES= 187

FLLPS ¥AMES= 194, LINE NAMES= 195, REG, MAMES= 198, BEG, CONTRLS= 273
TNTORACTION CONTEROLS=16800

N, DBESINNING PRECORD VUMBERS FOR CUTPUT CATEGORIES:

CATEGORY EECORD NUMBER CATEGORY ETCORD NMUMBER
1 206 24 862
2 7 25 903
3 9 2h 944
4 1600 27 935
5 0 28 1026
6 247 29 10¢€7
7 288 39 1128
8 329 n 1149
9 370 32 1190

10 411 33 0
11 452 34 0
i2 : 493 35 ¢
13 534 36 0
14 575 37 1231
15 616 38 1272
16 657 39 1313
17 698 9 1354
18 U 46 1395
19 Q 47 14326
20 0 43 1477
i 739 49 1518
22 789 53 158
23 821

Table 50, Facsimile of Binary L.D.N. NU Index Summary from IN

559



-

"WALSAS 11738 FAILOV d04 "€ 40 "2
1 0oL (2)dOHINY 135 ¥0 WILSAS SL139
JATLOYNI H04 Q¥3IZ ynb3I Li3anN L3S
C"SIOM04 1739 0¥3Z NI S1INSIY HIIHM

YIWAWNI - A403eue |dX9~}13S JUSUMIOD 40443 “|eje]d  ‘QYIZ A3II4123dS SI (Z2)YOHIONY --- youd3d Tvivd £1
*INJQIINIOD

VWAKN I *Aaojeue|dxa-4|9S JUSUWOD L0443 ©|ejey 39 ISNW € ONV 2 S1139 ¥0d SINIOd dOHINY 21
A *INJAIONIO0D

YWAKNI *Aaojeue|dxs~4|as JUDUWLOD JOJUD ‘|eley 39 ISNW SINIOd INFWHOVLLY 1739 d¥1 L1
*NMOQ JaISdn SI L1IVINOD

9SKYY “{ly pae) uo { 930N 995  9YaYIYV 04 HOIYILNI TVINOQYS --- YOudu3 Wivd ot
“SpAe)-[ |y uo Sjuiod JO ASGUNU JUBLILYIINS B “13YINOD DYQYIY ¥04 SINIOd HOIYIINI

BINTR R A3193ds 40 (z0i Pp4e)) Yolims Dequte 430 udny TVINOYS OML ISVIT LY 10N --- ¥0oud3d ylvd 6
“1YWOLS +0/pue NODM ‘L1IVOLS *q3a33IoNd 3I7IS

9y € 1J¥Y uoLSUBWLPIA 40 INdul JO BUWN|OA uMOp 3n) $3T18YL ININOVE ENdNI --- dOH¥3 Tvivd +8

“SNDIUN pue WNIIHN vIoqg

OSHYYI UOLSUBULP3L 40 suotbaa JO Jagunu umop 1n) "030330XT IZIS WNOIWN --- HOWHT WLV i

ERE “UOLSUDWLP3J 40 S3SAL| (@ JO Jaquinu uMop 3n) *330330%T IZTIS WNTIIN -~- dOoHd3 TYLvd +9

ONLRE] "UOLSUBUIEPAL 40 S3ut{ JO A3qunu umop nj "030330XT JZIS WUYNODN -—- Houdd Tvivd *§
TOXXXXX XXXXX
XXXXX XXXXX ON GMYD  "NOILOY

HSHYY 3 "UOLSUBWLPAJ JO SAUL| pue S3sdL{|3 umop In) -¥3INI 1739 d04 WOOY ON --- d0H¥3 vivd xb
) ©OXOO O XXXXX
XXXXX ON Qu¥D “XXX=y4¥31

9SWYY3 *UOLIOUNS {RW DULYILW U0 Weabouad “JdAL AILDIAXINN —-=- HOH¥I WLV x£
“a[qey 4adoad ayy jo Aujus "(3153n02Y

gy iN3 jsel aul sadepdad AUjua Juaddnd 3yl ‘jeied SITULINT T79VL XXXXX NYHL FHOW +2
*po1dadde ade i 404 SB8LATUI Ou *qaLsIndbIy

ayiN3 pue dn 33s j0u St 9{qel pajsanbas ‘ejed STIAYL XXX NVHL FYOW —--- d0¥¥3 Tvivd %l

auLanoagng paJaitnbay u0lldy pue uOL}Lpuo) abessay Jaquny

IN

{5 40 | abeqd)

NI WOYd SIOVSSIW HOuY3

“1S 318vl

560



IN

YWAWNI

‘91 9¥S

XXX = GTO0HSIUHL
ALIJ0T3A ONV XXX = NOILJTHdd

INVLISNOD XX INIOC ¥0d4 OSTTVY ONINYWM

L1

VWAKWNI

A1o0jeur|dxa-413s

"d3LS JWIL ONY NOILOIYd INVIS

-NOJ 01 NOILY0d0¥d NI 38 GTHOHS
ALIJ0TIA QTI0HSIHHL  “W-N ELL

¥0 g1-NI 0001 40 3nDY0L NOILIIHd
INVISNGD ¥ HLIM INIOC ¥ ¥O04 435N

39 QIACHS ¥ILV3IYY ¥0 J33S/930 00t
~00€ 40 ALID0T3IA QTIOHSIYHL ¥ IVHL
J3ISW ING 40 d31S IWIL NOIIWHOILINI
NV GNY SHL9N3T ANIT GNYV VYILHINT 40
INIWOW “SSYW ¥04 SINTYA ITILNIIYId
~HLOG ¥04 LWH1 Q31VWILS3 ST LI

(" (INIL)VYLT730/(L00VLIAHL) YLT30 OL
NOTLYWIXOdddY NI LON L0G3181n0GY13HL
JTINV MINIT AQOS HO04 LNOLNIY¥d NIIHD)
"NOTLVYIILINI ava OL avia1 AVW ONV
JASK XXX 40 dd1S 3WIL NOILVMDILNI
NY 404 TIYWS 001 38 AvW (10HS3HHL
ALIJ0T3A SIHL *23S/930 XXX SI
GIOHSIHHL ALIJOTI3A ONV XXX ST XX

JNTOC ¥0d NOILIIMF INVLSNOD ===~ ONINAVM

9l

YWAWNI

Jdojeue|dxa~J19g

‘¢ = (E)YOHONY NV "L = (L)9NIY

¥0 "€ A9 ISNW {1)HOHINY HIHLII N3IHL
INISTud LON SI 9 1738 QNY INISTYd
SI £ 17138 41 "SNOILY314123dS WILSAS
1739 GIONVAQY NI H0¥Y¥3 --- 40wyl

wivd

St

YWAWNI

Aar0qeuepdxa-4|9g

TINISIUd

=== S1 X 1739 1ng X = (X)UOHONY
SNOILYIT4123dS WILSAS

1739 GIINVAQY NI HOWYT --- ¥Ouu3

WiV

vl

autynoagns

pa4inbay U010y pue uOL3Lpuo)

(6 s0 Z 8bed)  (-inoD)

abessay

"1G 374vl

J4aquny

561



“A0443 auLydew
40 weaboad "40ssaoosd ndui ayz Aq pasn
ag 30u pLnoys yoiym Keade ue ul soeds axyew

XXXX XXXX XXX XXXX
14ISNT 93ar  3ZISI H3dl

y3HSNd 03 SUCLIOBALP U}LM P3| [BD S| YIHSNG ‘Butuaey dIHSNd 0L TT¥D QILIALXINA 62
XXX XXX

NITINd *SpARD RIEP YI89YJ XXX XXX XXX "d0¥¥3 I79vL NOILvd3aTaddv 8¢

NITINd *suotbaa 4oy -1 ‘sasdiLild 404 G-i soabuey XXX XXX XXX XXX “T¥93TII SSV1D NOILITHd L2
XXX XXX XXX

NITINd *SpARD BIEpP 4o3Y) "03773dS ATINILSISNOONI 3IWYN NOI93Y 92
XXX XXX XXX T W9ITI

NITIAd "spJaed-{ Ly 404 SsI0U 98§ 33dS INITLNO YOTHIINI TYINOYS VORIV G2
*saanpadodd Jnok qo9Y) *dNI pue NI 40 Buruuna XXX XXX XXX

NITINd 3y] ulsMlaq YiLm padadwe] uavq sey N It Ld TOINDISSY 3002 ay0d3y oIl ¥e
XXX XXX XXX

NITINd *SpARD BIEp 30847 *0371134S ATINILSISNOONI JWYN 3S4IT11d £e
*SAWYN 40 9INITTI4S INILSISNOD
~NI ¥04 3230 YIvQ LAdNI %23HD

NITINd Aaoqeuedxa-419s XXX XXX XXX "030330X3 Avydy LIVOLS ¥Z¢
*SAWYN 40 DNITTI4S INFLSISNOD
~NI ¥0d4 %030 Yiv¥Q LNdNI HJ3IHD

NITINd Aaozeue(dxa-419s XXX XXX XXX *Q30330X3 AvidY 1OWX xLZ
TXXXXX
“ON QUVY3 "440 GINUNL N3FF SYH
HILIMS “JATLVHIMONT 3HY NOILWHOIW

NITINd Adojeuedxa-41as % INIWNOILYOddY IDU04 --- ININUYM 0¢

"pale|op sSaiqe}

9V LAOW Ajaadoad [eradqew JO SOLLIUD SSIOXB ‘leled  CXXXXXX 1Y NOISNVAX3 XXX 379v1l 404 WOOY ON xbl
TXXXOXXX XXX XXX JYY SINTYA ANV XXAXX
XXXXX “SON INIOd ‘XXX 378Vl ¥0d

aviNI *SpJded ejep }3y) JWYS SYSSIJGY 379V OML —-- dO¥d3 Tvivd 81

auInoagng pa4Lnbay UCL1dY pu® UOL}LpUo) abessay Jaquiny

=
i

(g 30 ¢ abeq)  ("LNOD)

"1§ 378Vl

562



IN

"0314133dS LON

23S *S$pJARD B1EP 3Y03Y) SI TWIYILYW suweujetasiew ~-- HOUYI WiV 6F
TXXXOXXX XXX
SA113S *SpAR)-90| %¥29Y) INFLSISNOONI SNOILIGIHNI -=- HOH¥3d TYivd 8¢
. *Spded jetaarew bulpuodsaduod Q1919 LIS ‘eweulpog
SALIS 40 ‘€07 20/ uo Indut ¥o8ys *Hurudey "SA Bweul|sg 17139 04 WIYILYW Tv9I T LE
) XXX XXX XXX XXX XXX
ZIALIS *butu.aep oWeU weu 1(J3ddINS QUYI NOILIGIHNI 9¢
TXXXX 40
"yndut yoayy  *s,0ly burpuodsaa QVILSNI XXX JAVH sweuuorbas NOT9IY
IWAL3S -103 3y} pue 2oy p4ed usamlaq AdualSLSUOIU] 404 SINIWIIS HONONI LON ~-- HO¥YI IvLvd 1
‘pndul 329Y) S, |1y buipuodsadaod
943 pue Qly paed ' usaMlaq ADUBISLSUOIUL 40} TXXXX 0L XXXX WO¥4 03L334¥0D
TWALIS andup §08YyJ “pasn anjea pajdaddo) - Butudey Weusul] INIT 404 SINIOd JWIL HONONI LON vE
*XXX
"ON ¥V XXXX 404 ILITdWOONI
TALIS Arojeue|dxs-419s NOILYII4II3dS TWIHILYH --- HOHY3 ivd £e
*padoubl pdae)y  andul o8yl ‘g9Q|
TYAL3S p4ed uotjlqiyut uo aweu [ebajlt “butuaey {pojutad paed) :(3ddINS QYYD NOILIGIHNI 2€
‘uotledijioasds siqe;
WALIS uoLsual ajosnu a{qLredwodul 40 933|dwoduy “a3asn LON SI VYYYVYYY 379VL “ININYYM L€
*A0U43 auLyoew
40 J0J4D WRADOAd “USAO PBUOIS UBI] Sey 40
HOYY3S 3ybta dn 38s jou st Aeaqe (y37 ay1 “Buiudep “(EL)AV3T NI 0¥37 93T --- SNINYYM 0g
auLinhodgng paJinbay UOLIDY puE UOL]LpUO) abessay ADGUINN

(g 40 © abed) (" LNOD)

15§ 318yl

563



"¢d pue |¢
40 suor1danxa aqissod 3yl yItm pauoLIouny|ew dARY YNIYHS 40/pue dN]
41 ALuo Mou and20 ued 27 ‘12 ‘61 ‘8 ‘L ‘9 ‘S ‘v ‘€ ‘2 ‘L sobessaul 044«

HSYLS

XXXXXX  XXXXXX = 3INIT Un0

ar vr
JONVY ONI WA XXXXXX JL0¥M “ON 33Y ISYT XXXXX = dd9 "ON
I WNN
XXXXX = d¥9/ 0N XXXXX = 3INIT/dY9 "ON  XXXXX  XXXXX
NdN 1dN YW HIN

JONYY ON J3d ¥nD XXXXX  XXXXX  XXXXX  XXXXX
re II g1 vI
150d ¥ 3ud 3ONVY
HOUYIS av3T --- LNILSISNOINI SHILIWVHYd
‘0f 40442 Se Sles NOI1D3S NOILISOd 3T9VIMVA --- ONINYVM O

auLInodqng

IN

paALnbay uoi3dy PUE UOLILPUO) abessay FERTY

(g 40 g abed)  ("iNOD) LS 318Vi

564



CHIGARY

Ot)
[ I

351
¢d

0303
PURE
3335

- g 3
MICHIGAN

TEFAINAL SYSTTEH FOLTRAN G({21.8 TEST)

COMMON/RTAL/RD ( 4522)
COMACU/INTIR/IC 2785G)

DEFINE FILE  3( 2000, 22,U,I0204T)
DEFINE FILE 9 ( 2000, 32,U,JUP0NT)
CALL GOUVHA

STCP

T

Table 52. Main Program for GO

TERMINAL SYSTEY TORTEAYN G(2'.3 TEST)

12
20
0
ug
5%
o
73

80
90
170

DTHANSIOH A{T),J(1)
LO\J:C&‘L LC35u

IN

#AIN

TRAVIEC

50 TC(1M,2J 33,5%2,52,60,72,82,92,12%) ,1

Rmme JEY
-1 rlr'h;vs:\v

i~
[
]
o
t-—q
o
(5]
-—
o
o
M

Table 53. Transfer Yector Routine for G0
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4.4 The Dynamics Solution Processor (GO)

4,41 Program Organization and Flow. Figure 138 shows the over~
all calling relationships. A letter "T" above a caliing arrow indicates
that the route is via the Transfer Vector Routine, TRAVEC {(see Section
4.1.2.3 for the purpose of TRAVEC). Tables 54 and 56 provide the sub-
program and common documentation (see Section 4.1 for details). Table
55 jdentifies the optional routines with their indices for calling via
TRAVEC.

4,4.2 Integration Techniques. This model uses a fixed step classi-
cal Runge-Kutta technique. It is felt that increased efficiency may be
gained by an investigation of alternate procedures; however, no such

investigation has been carried out.
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Figure 138. Ca2lling Structyre for the Oynamic Soiution Procaesser {GO).
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TABLE 55. SUBROUTINE/INDEX CORRESPONDENCE FOR
CALLS TO TRAVEC (GO).

index Subroutine

|H

TRAVEC(I)
BELT
BELTZ
STEER
AIRBAG
INTSCT
SETMIG
ELLELL
MIG
MULTI
PLTR

O w0 O~ O A s WP

—

583



TABLE 56, LABELED COMMON DESCRIPTIONS FOR GO,
Page 1 of 6
Common
Number Name Subprograms Which Use Description
1 ABAGA* ABINIT,AIRBAG,BGSHAP,DBUG, Airbag bag contact
‘ FLS,STFP,STFV quantities.
2 ABAGB* ABINIT,AIRBAG,BGSHAP,FLS, Airbag shape quantities.
STFV,VOLCLC
3 ABAGC* ABINIT,DBUG,STFP,STFV Airbag volume quanti-
ties.
4 ABAGD* ABINIT,AIRBAG,BGSHAP,DBUG, Airbag control quanti-
FLS,STFP ties.
5 ABAGE* ABINIT,AIRBAG,DBUG,STFP Airbag bag perimeter
quantities.
6 ABAGF* ABINIT,FLS Airbag occupant
quantities.
7 ABAGG* ABINIT,AIRBAG Airbag position
guantities.
8 ADUM MIG,READIN Temporary storage.
9 BAGA ABINIT,AIRBAG,BGSHAP, Airbag thermodynamics
BKBATA,DBUG,QUTPUT,STFV quantities.

10 BAGB ABINIT,AIRBAG,BKDATA,DAUX, Airbag force and moment
FLS,QUTPUT,STFP,STFV quantities.

11 BAGC ABINIT,AIRBAG,BGSHAP, Airbag position
BKDATA,DBUG,FLS,0UTPUT, guantities.
PLTR,STFP,STFV,VOLCLC

12 BAGD DAUX ,GOMVMA,READIN Airbag control

quantities.

13 BASE ABINIT,AIRBAG,BELT,BELTIN, Beginrning addresses of
BELT2,BELT2N,BGSHAP,CNTACT,  individual arrays in
DAUX ,DBUG,DEBUG,ELLELL ,EOM,  general integer and real
ERRMSG,EVAL,FLS,FORCET, arrays.
GOMVMA,HDX1T1,INFL,INIT,
JTORQ,LODFEL MATRIX ,MIG,MULTI,
NAMET ,0CCGEQ,QUTPUT ,PICKUP,
PLTR,PULLER,PUSHER,REACT,
READIN,REPACK,RSDUAL ,SEARCH,
SETACT,SETMIG,SFORCE,STFP,
STFV,STEER,STRINT,VOLCLC

14 BELTA** BELT,BELTIN Initial belt lengths,

breaking tensions, and
beit slacks.

*These commons present only if airbag option selected.
**These commons present only if simple belt option selected.
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TABLE 56. (CONT.)

Page 2 of 6
Common
Number Name Subprograms Which Use Description
15 BELTS BELT,BELTZ2,BKDATA,DAUX, Belt moments and force
MATRIX components,

16 BELTC** BELT,BELTIN Belt anchors in iner-
tial and vehicle
coordinates.

17 BELTD BELT,BELTIN,BELTZN, Belt control

BKDATA,DAUX ,MATRIX quantities.

18 BELTE BELT,BKDATA,QUTPUT Belt angles.

19 BP* BELTZ2,BELT2N Advanced belt system
constants.

20 8Q BKDATA ,CNTACT ,DAUX,ELLELL, Generalized forces for

MATRIX friction, line-ellipse
forces, and ellipse-
ellipse forces.

21 BQQ BELTZ,DAUX,MATRIX Generalized forces from
advanced belt system.

22 BRI* BELTZ,RSDUAL Advanced belt system
forces, deflections,
and: derivatives,

23 BRIP BELT2,BELTZN, INFL,LODFEL, Attachment, anchor and

PLTR,RSDUAL ring positions and con-
stants for advanced
belt system.

24 BTWOA BELT2,BELT2N,BKDATA,EVAL, Switches for force-

LODFEL ,RSDUAL strain or force-
deflection,

25 BTWOB* BELTZ, INFL,RSDUAL Advanced belt partial
derivatives, belt
tensijons.

26 CART CNTACT ,DAUX ,MIG Vehicle position, velo-
city, and acceleration.

27 CAV CAVITY,EFFDEF ,MULTI Deflections, effective

deflections, cavity co-
efficients, and line
and ellipse dimensions.

*These commons present only if advanced belt option selected.
**These commons present onTy if simple belt option selected.
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TABLE 56. (CONT.)

GO

Page 3 of 6
Common _ '
Number Name Subprograms Which Use Description
28 CKOUT ABINIT,AIRBAG,BELT,BELTIN, Time, auxiliary (debug)
BELT2,BELT2N,BGSHAP ,BKDATA, printout controls and
CNTACT ,DAUX,DBUG,ELLELL, error message controls.
EOM,ERRMSG,EVAL ,FLS,FORCET,
GOMVMA ,HBX11,INFL,JTORQ,
LODFEL,MATRIX,MIG,MULTI,
OCCGEOD,QUTPUT,PINT,PLTR,
PUSHER ,REACT ,READIN,REPACK,
RSDUAL ,SETACT,SETMIG,SFORCE,
STEER,STFP,STFV,STRINT,
VOLCLC
29 CON CNTACT,INIT,READIN Tangential force fric-
tion coefficients and
cutoff for relative
velocity ramp.
30 DUM ABINIT,BELTIN,BELT2N, Temporary storage.
CNTACT,ELLELL ,ERRMSG,EVAL,
MATRIX,0CCGEQ,QUTPUT,READIN
31 EL INIT,JTORQ,READIN Neck and shoulder ele-
ment location constants.
32 FORCE DAUX ,MATRIX,0UTPUT,READIN, Moments and force com-
UPDATE ponents at body segment
C.G.'s due to airbag,
steering column, belts,
and contact forces,
33 INTEG ABINIT,AIRBAG,BELT,BELTZ, Generalized coordinates,
BELT2N,BKDATA,DAUX,ECM, velocities, and accelera-
GOMVMA, INIT,JTORQ,MATRIX, tions together with other
OCCGEQ,QUTPUT,PLTR,REACT, integrated quantities.
READIN,STEER,STFP,STFV,
STRINT,UPDATE
34 INTGR ABINIT,AIRBAG,BELT2,BELT2N, General integer arrays.
CNTACT,ELLELL ,EOM,EVAL,FLS,
GETY,INFL,INIT,LCDFEL,MAIN,
MIG,NAMET ,OUTPUT,PLTR,PULLER,
PUSHER,READIN,REPACK,RSDUAL,
SERTAB,SETACT,SETMIG,SLOPE,
STFP
35 [OCHTL ABINIT,AIRBAG,BELT,BELTIN, Controls for binary file
BELT2N ,BKDATA,CNTACT ,DAUX, reading and writing to-
EVAL ,FLS,INIT,JTORQ,LODFEL, gether with a few pro-
MATRIX,0CCGEQ,QUTPUT,PICKUP, gram control constants.
PICZUP,PLTR,READIN,SEARCH,
STRINT
36 IT CNTACT ,DAUX,ELLELL ,EOM, Gilobal constants.

MIG,READIN
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TABLE 56, (CONT.)

Page 4 of 6
Common
Number Name Subprograms Which Use Description
37 JOINT INIT,JTORQ,MATRIX,QUTPUT, Joint parameters, rela-
READIN,UPDATE tive joint angles and
velocities, and torgues.

38 KON DAUX ,QUTPUT ,READIN Controls and temporary
storage for limiting de-
bug output to the final
evaluation at each time
step.

39 LC EVAL,LODFEL Load deflection input
constants,

40 LCON CNTACT ,OUTPUT ,READIN Beginning addresses of
arrays for multi-seg-
ment and multi-circle
contact options.

47 LD INIT,LCDFEL ,READIN Shared deflection input
constants.

42 LF EVAL,LODFEL Tentative new values for
load-deflection quanti-
ties.

43 LP EVAL,LODFEL Current values for load-
deflection quantities.

44 MATRX BKDATA,DAUX,INIT ,MATRIX Mass coefficient matrix
and right-hand side, con-
stants, and generalized
forces.

45 MATS INIT,READIN Steering column material
switches. ‘

46 MSCON ABINIT,AIRBAG,BELT,BELT2, Miscellaneous input

BELTZN,CNTACT ,DAUX ,EQM, constants.
EVAL ,GOMVMA, INIT,MATRIX,
QUTPUT,PLTR,REACT,READIN,

STEER,STRINT ,UPDATE

47 MUSCLE INIT,JTORQ,READIN,UPDATE Muscie tension parameters.

48 NAMELS QUTPUT ,READIN Storage for names of
ellipses, regions, and

_ line segments,

49 NECKF QUTPUT ,UPDATE Neck reaction force
components.,

50 NECKCON INIT,MATRIX,0CCGEQ,READIN, Mass and inertia con-

UPDATE ' stants for neck element.

51 OCCA BELT,INIT,MATRIX,0CCGEQ, Body segment lengths.

READIN,UPDATE
52 0CCB INIT,O0CCGEQ,READIN,UPDATE Body segment masses and

moments of inertia.
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TABLE 56. (CONT.)
Page 5 of 6
Common
Number Name Subprograms Which Use Description
53 ocece ABINIT,BELT,FLS,INIT,OCCGEQ, Joint positions and
QUTPUT,PLTR,STEER,UPDATE velocities.

54 0ceD BELT,PLTR Inertial position co-
ordinates of belt
attachment points.

55 0CCE BELT,BELTIN Position of belt
attachment points in
body segment coor-
dinates.

56 OCCF BKDATA,INIT,CUTPUT ,READIN, Dissipated and absorbed

UPDATE energies for joints and
accelerometer Jocation
coordinates.

57 0CLG QUTPUT ,UPDATE Kinetic energies and
components of head,
chest, and hip accelera-
tions.

58 PACK BKDATA,DAUX,0UTPUT ,PULLER, Packing array maximum

PUSHER,READIN,REPACK, lengths and current
SETACT usage lengths.
59 Q0 CNTACT,DAUX,ELLELL Generalized velocities.
60 Qv ABINIT,BELTZ,BELT2N, Body segment CG posi-
BKDATA,CNTACT,ELLELL,FLS, tions and rotation ma-
MATRIX,0CCGEQ,PLTR,STEER, trices, with time
UPDATE derivatives and partials.
61 REAL ABINIT,AIRBAG,BELT,BELTZ, General real array.
BGSHAP,CNTACT,DAUX,ELLELL, :
EVAL,FLS,GETY HDXT1,INIT,
LODFEL ,MAIN MIG,NAMET,
QUTPUT,PLTR,PULLER,READIN,
REPACK,RSDUAL ,SERTAB,SETALT,
SETMIG,SLOPE,STFP,STRINT,
VOLCLC
62 SHDEFL CNTACT ,LODFEL Component defl. and rates
63 SHOLDR JTORQ,MATRIX,0CCGED,QUTPUT, Polar coordinates and
UPDATE velocities for shoulder,

64 STERA* ECM,REACT ,STRINT Steering column segment
masses, moments of in-
ertia and lengths.

65 STERB* STEER,STRINT Steering column angles.

66 STERC* EOM,REACT,STEER Steering column

parameters,

*These commons present only if steering column option selected.
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TABLE 56. (CONT.)

Page 6 of 6
Common
Number Name Subprograms Which Use Description

67 STERD* EOM,REACT ,STEER,STRINT Steering column con-
stants.

68 STERE* HDX11,SFORCE,STRINT Steering column
controls.

69 STERF BKDATA,ECM,HDX11,0UTPUT, Steering column forces,

REACT,STEER,STRINT moments and reactions,
internal.

70 STERG BKDATA,DAUX ,QUTPUT ,STEER Steering column forces
and moments for output.

71 STERH BKDATA,OUTPUT,PLTR,STEER Steering column position
guantities,

72 STERI BKDATA,SETACT,STRINT Steering column_materials.

73 TAB GETY,INIT,READIN,SERTAB, Storage for tables of -
SLOPE static curves, inertial

spike curves, G-ratios,
R-ratios, muscle para-
meters, and stiffness
coefficients.

74 THETA ABINIT,BELT,BELTZ,BELTZN, Sines and cosines of
CNTACT,DAUX,INIT,MATRIX, angles.
0CCGEO,OUTPUT,,PLTR,STEER,

STFP,UPDATE

75 THETAP DAUX,FLS Sine and cosine of head
angie.

76 Z0UT CNTACT,DAUX,ELLELL ,MATRIX Force and moment com-
ponents at body CG's from
contacts. ‘

77 P INIT,MATRIX,QUTPUT,READIN Head applied force
components.,

78 JAY; INIT,READIN Switch, vehicle angular
acceleration in deg/sec?
or rad/sec?,

79 ZQA** RELAX,ZMIN Miscellaneous advanced
belt system controls.

80 Z(8 DAUX,GOMVYMA Debug printout parameters.

81 ZR INIT,READIN,SETACT Locations in KCON of

beginning indices for the
joint material properties
entries in STOMAT.

*These commons present only if steering column option selected.
**These commons present only if advanced belt option selected.
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4.4.3 Packing Techniques. Tables 27 and 28 give the dimension-

ing information for GO in IN. Tables 57 and 58 present the layout for
the Real and Integer packing arrays (RQ and IQ, respectively).

The KCON array serves as the control section for the STOMAT,
KREGNM, KREGNS, KELLNM, and KCONAM arrays, which hold the physical input
data describing contacts, ellipses, belts, and materials. KCON itself
has a control section and a free section. The control section is de-
scribed in Table 59 and is the top level of a hierarchy which can extend
four levels deep. Tables 60 through 65 describe the control entries
which may appear in the free section of the KCON array and Tables 66
through 72 describe the information entries which may appear in the
STOMAT array. The KREGNM, KREGNS, KELLNM, and KCONAM arrays contain the
names of the contacts, ellipses, belts, and corresponding materials to-
gether with limited output control information for regions. KREGNM,
KELLNM, and KCONAM all contain only names. KREGNS will be discussed in
Section 4.4.4, |

For regions which are undergoing migration, it is necessary to
"remember" forces and points of application from the last established
time until the process to establish a new time is complete. The dual set
of arrays KMIG and STOMIG together with KMUG and STOMUG carry out this
function. KMIG and KMUG have identical format, which is described in
Table 73. KMIG contains the last established values. KMUG has the new
values built up in it. STOMIG and STOMUG have a similar relationship
and are described in Table 74,

During the model execution, KACT and STOACT arrays are reused to
hold information concerning the interactions between force-producers.
KACT contains both a controi section described by Table 75 and a free
section described by Table 76, The control section consists of nine
element entries for each interaction of the run. The free data section
follows immediately. The STOACT data entries are described in Table 77,

In addition to containing control information for STOACT, KACT also
controls entries in the CONOUT array which contains computed forces,
etc., to be outputted Tater. These entries are described in Tables 78
through 8i.
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Various tabular functions are stored in similar control and free
format entries described in Tables 82 and 83. The total number of such
tables used is NUMTAB.

4.4.4 Binary Output Formats. GO makes use of four external data

sets—two direct access data sets and two sequential data sets. One of
the direct access data sets (NU) has previously been described in Secw
tions 4.2.3 and 4.3.3, In the process of execution, when each increment
of the print time step control is reached, GO fills in the sections for
computed results controlled by ICBEG (see Table 47) and appends the
INTACT array to the end of NU. The INTACT array controls the storage
of computed results for belt interactions, ellipse-line interactions and
ellipse-ellipse interactions in data set MV. This array is described in
Table 84. 1In addition, GO continually updates both NACTUL, which is the
number of print time points in record number INSX + 1, and the array
KREGNS, which is stored under the control of the array LEAD (see Table
47). KREGNS controls the storage of region quantities and line position
information on MV and is described in Table 85.

Acceleration information is recorded on sequential data set MU
at every integration time step regardless of the print time step control.
Table 86 presents the layout of sequential data set MU.

Table 87 describes the layout of data set MV into entries each of
which is NTIMES records long and controlled by either INTACT or KREGNS.

The final data set employed is sequential data set NP, which stores
the information needed for producing stick figure plots and is described
in Table 88.

The information stered in these four data sets is read back in by
the Qutput Processor in order to produce the standard printed output of
the model. The data sets described in Tables 47, 86, 87, and 88 can be
saved as a permanent record of the model run output. OUTP and QUT can
be rerun any number of times to recover this information in different
ways.
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TABLE 57. PACKING ARRAY LAYOUT FOR REALS IN GO (RQ).

Beginning Index Array Name and Dimensions for RQ

0~ Oy N bW -

PO PN N P PN PR —d e oeed med omd ed oed d ed et
Ul B W N = O W 00~ Y B0 N wed OO

LSMAT (=1) STOMAT (NSTMAT)
LSACT STOACT(NSTACT)
LCoUT CONOUT (NCNOUT)
LTACC TACC (NNOACC)
LACC ACC {NNOACC)
LMDOT MDOT(NFLUXP)
LBTIM BTIM(NFLUXP)
LTEMPS TEMPS (NGASTM)
LTTIM TTIM(NGASTM)
LPERM PERM(NBAGPR)
LDELTP DELTAP(NBAGPR)
LBAGUL BAGUL(2, NIBCNT)
LSTHB STH(NIBCNT)
LSTMUG STOMUG{NSTMUG)
LSTMIG STOMIG(NSTMIG)
LADUM ADUM{ NADUM)
KTBRAL STOR(NUMENT)
LHX111 HXT1I(NNSTRW)
LHTX11 HTX11{NNSTRW)
LEDGE EDGE(NNITI,NNITJ)
LDD1 DDT(NNITI,NNITJ)
LDD2 DD2(NNITI,NNITJ)
LSS SS{NELPLN)

LFF FF(NELPLN)

LPEN PEN{NELPLN)
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TABLE 58. PACKING ARRAY LAYOUT FOR INTEGERS IN GO (IQ).

Beginning Index Array Name and Dimensions for IQ

i LKCON (=1} KCON(NKCON)

2 LKACT KACT (NKACT)

3 LKMIG KMIG{NKMIG)

4 LKMUG KMUG{NKMIG)

5 LIBCNT IBCNT(NIBCNT)

6 KTBCNL MSTOR{KTBCSZ ,NUMTAB)
7 LKELLN KELLNM{8, NELLS)

8 LKCONM KCONAM(4, NLINES)

9 LKRGNM KREGNM(8, NREGNS)

10 LKRGNS KREGNS{5, NREGNS)

11 LKCI KCI{NELPRG)

12 LKOT KOT(NNITI,NNITYJ)
13 LIDELL IDELL(NNITI,NNITJ)
14 LXOTT KOTT(NNITI,NNITJ)

15 LJoT JOT(NELPLN)

Note; KTBCSZ = 6
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TABLE 56, THE STANDARD AREA OF THE KCON ARRAY
Index Description
1-8 Beginning index of all ellipses for
each segment (0 if no ellipses)
g Beginning index of inboard iap belt
control 1in KCON, O if absent
10 Beginning index of inboard lap belt
material control .in KCON
11,12 Same for upper torso belt
13,14 Same for lower torso belt
15,16 Same for outhward lap belt
17,18 Same for Lower Ring Strap
19,20 Same for Upper Ring Strap
21,22 Same for Torso Belt Extension
23 Number of relative regions (m )
24 Number of inertial regions (m,)
25 Number of materials (m_)
26 to Beginning index of region controls
25+mr for each of all of the relative
regions (KKC)
25+mr to Beginning index of region control
25+mr+m1 for each of all of the inertial

26+ m +m. to

r
25+ +m,
mr IT'i_| mm

regions (KKC)

Beginning index for each of all of
the material controls, incl. joints
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TABLE 6G. THE TYPICAL BODY SEGMENT ENTRY OF THE KCON ARRAY

Relative
Index Description
1 Number of ellipses for body segment
(N,)
2 to Beginning index for ellipse control
(Ne+]) (IKC)

TABLE 61. THE TYPICAL MATERIAL CONTROL ENTRY OF THE KCON ARRAY

Relative
Index Description
) Beginning index of material properties
in STOMAT
2-5 Material Name (4A4 format)
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TABLE 62. THE TYPICAL ELLIPSE CONTROL ENTRY OF THE KCON ARRAY

Relative
Index Description
1 (IKC) Beginning index in STOMAT of ellipse
parameter section (ISM}
2 Beginning index in KCON of material
controil section, 0 if rigid
3 Body segment attached to
4 Beginning index for ellipse name in
KELLNM
5-7 Empty
8 Circle switch: 0 if circle, -1 if
circle like, 2 if ellipse
9 Number of inhibitions against regions
if KHIB#0 or no..of allowed regions
for interaction if KHIB=0 {NHIBR}

10 - Number of inhibitions against
ellipses if LHIB#0 or no. of
ellipses for which interaction 1is
allowed if LHIB=0 (NHIBE)

1 Friction class: 1 through 5

12 JdX: 1,2  if maximum axis is along
i, k; O pre initialization

13 Beginning index of KKC list of innhibited
regions if KHIB#0 or allowed regions
if KHIB=0

14 Beginning index of 1ist of inhibited

ellipses if LHIB#0 or allowed
ellipses for contact if LHIB=Q
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TABLE 63. THE TYPICAL REGION CONTROL ENTRY QF THE KCON ARRAY

Relative
Index Description

1 (KKC) Beginning index in STOMAT of region
parameter section (KSM)

2 Beginning index in KCON of material
control section, 0 if rigid

3 Beginning index for region name in KREGNM
and region information in KREGNS

4 0 if permanent deformation by parallel
dispiacement; non-zero if permanent
deformation is to be handled in MIG (IDEF)

5 Non zero if multiellipse force appor-
tioning is not used {in MULTI)

6 Non-zero if multisegment force appor-
tioning is not used (in CNTACT)

7 Friction class (0 if no friction)

8 0 if cavity analysis (MULTI)} is used;
non-zero otherwise (forces not
interdependent)

9 0 if {x,2) input is inertial, 7 if
retative to vehicle

10 Number of surfaces in region (NSR)

11 to (10+NSR) Beginning index in KCON of segment
control sections for all segments (JKC)

NSR + 11 Non-zero if no migration is allowed
(IMIG)
NSR + 12 Zero if region anchor point motion and

corner point position is outputted in
vehicle coordinates, non-zero if inertial

NSR + 13 Non-zero if no ellipse allowed against
region, 0 if at least one ellipse is
allowed against region
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TABLE C4. THE TYPICAL CONTACT SEGMENT CONTROL ENTRY OF THE KCON ARRAY,
Relative
- Index Description
1 (JKC) Beginning index in STOMAT of segment para-
meter section (JSM)
2 Region beginning index in KCON {KKC)
3 Number of forces on segment (NFS)
4 Beginning index for segment name in
‘ KCONAM
5 Line segment number in region
6-7 Empty
8 Rumber of times specified for positions
in STOMAT
9 Current index in STOMAT of segment
position entry
10 Last index in STOMAT of segment position
entry
11 Beginning index in STOMAT of segment

position entry
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TABLE 5. THE TYPICAL BELT CONTROL ENTRY OF THE KCON ARRAY.

Relative
Index Description

1 Beginning index of body attachment material
control if shared defliection, 0 otherwise

2 Beginning index of belt and material titles
in KELLNM

3 Beginning index of body and material titles
in KREGNM, or O

4 0 if belt force based on deflection; for simple

beit system, beginning index in STOMAT of initial
beit tength if positive (force based on strain);
(if negative, a new belt and force based on
strain but no STOMAT reference).

Note: Entry 4 for simple belt system is made to correspond
to MBELT (Card 717) for advanced belts.
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TABLE 66, THE TYPICAL MATERIAL ENTRY OF THE STOMAT ARRAY

Relative
Index Description
1 8,
2 5y
3 3
4 &y
5 6q
6 Fmax
7 8
8 G constant or table number if negative
8 R constant or table number if negative
10 FORERPS force epsilon for shared
convergence (ep)
11 Title location index in KCON
12 Static curve: table number or coeffi-
cient entry beginning index if
negative
13 Inertial curve: table number or coef-
ficient entry beginning index if
negative
14 A
15 Ay
16 A3
17 Number of bilinear unloading curves
{NBI; 0 if G and R are used)
18 Beginning index in STOMAT of bilinear

unloading curve parameters {first un-
Toading curve) (KBI)
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TABLE 66-1." THE TYPICAL BILINEAR UNLOADING CURVE ENTRY OF THE STOMAT ARRAY

Relative
index Description
1 (K8I) Deflection for complete unloading, &
2 Deflecticon at break in bilinear curve, %,
3 Deflection at beginning of unloading, &,
4 Slope of lower segment of bilinear unloading curve, S.l
5 Slope of upper segment of bilinear unloading curve, S

2

[Repeated -- NBI times total)

*Version 3 oniy
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TABLE 67. THE TYPICAL STATIC COR INERTIAL SPIKE CURVE
COEFFICIENTS ENTRY IN THE STOMAT ARRAY.

Relative
Index Description

1 Ci

2 C,

3 Cs

4 Cy

5 Csg

6 Ce
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TABLE 6&. THE TYPICAL ELLIPSE ENTRY OF THE STOMAT ARRAY

Retative
Index Contents
1T (ISM) Xerm
2 Zem
3 Xem inert
4 Zem inert
If ellipse If circle
5 max of a_ and RZ
c m
m
2
6 2 R
2 2
7 Cor , R</2
8 R (min of a,, and cm) absent
8 ) absent
10-12 Uj=H3 absent
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TABLE 65.  THE TYPICAL REGION ENTRY OF THE STOMAT ARRAY

Relative
Index Description
1 (KSM) to T1s wens Ypuq (mass compliance)
NSR + 1
NSR + 2 to Kys vns K 1 (for bending at corners)
2NSR + 2 n
ZNSR + 3 to  Inertial ax for migration, i=1 to n-1 (zero if region
3NSR + 1 does not migrate) (no entry if n=1)
I i
3NSR + 2 to x% s e xc+] (inertial corner point x's)
4NSR + 2 n
H I

4NSR + 3 to z% s vares z;+] (inertial corner point z's)
BNSR + 3
5NSR + 4 sin GR
BNSR + & cos SR
5NSR + 6 8, (region baseline angle)
SNSR + 7 to  XSUMy, ..., XSUM__, (total x-migration for
BNSR + 5 corner points, with respect to baseline)(no entry if n=1)
GNSR + 6 to  ZSUM,, ..., ZSUM__, (total z-migration for
INSR + 4 corner points, with respect to baseline) (no entry if n=1)
7NSR + & XA(O) in cart or inertial coordinates

{Teft anchor)
7NSR + 6 ZA(O) in cart or inertial coordinates

(left anchor)
INSR + 7 XB(O) in cart or inertial coordinates

(right anchor)
JNSR + 8 ZS(O) in cart or inertial coordinates

(right anchor)
INSR + 9 to Inertial a4z for migration, i=1 to n-1 (zero if region
BNSR + 7 does not migrate) (no entry if n=1)
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TABLE 70, TYHE TYPICAL CONTACT SEGMENT ENTRY OF THE STOMAT ARRAY.

Relative
Index Contents
1 (JSM) penetration limit
2 edge constant
3 direction factor input
4 direction factor {inertial)
5 D
£ r vehicle-relative version of line
coefficients
7 S
8-19 BB(1) -~ BB(12)
20 segment length
21 sin e;
22 cos e%

TABLE 71. THE TYPICAL SEGMENT POSITION ENTRY OF THE STOMAT ARRAY.

Relative
Index Contents
1 t
2-3 ;1, 21 (vehicle relative)
4-5 X2s 27
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TABLE 72. THE TYPICAL BELT ENTRY OF THE STCMAT ARRAY.

Relative
Index Contents
1 Lap belt length at t=0
or
Upper torso belt length at t=0
or

Lower torso belt length at t=0

NOTE: This entry not used for advanced belts.
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TABLE 73. THE STANDARD AREA OF THE KMIG ARRAY.

Index Description
1 Number of regions (NRG)
2 to NRG + 1 Beginning index of region entry in KMIG if
# 0 (KKM?; 0 if no forces on region
KKM Number of segments in region (NSR)
KKM +_1 Number of segments with forces > 0 (NSF)

KKM + 2 *Number of forces > Q on region (NFR)

KKM + 3 to

KKM + NSR + 2 Beginning index in KMIG of 1ist of contacting
ellipses (or 0 if no forces > 0 against
segment) for segment (KKE)

KKE Number of forces > 0 on segment (NFS)

KKE + 1 to  Beginning index of force entry in STOMIG
KKE + NFS (KSG)

* F > C is the condition after LODFEL and before MULTI.
KMIG will have entries for forces equal to zero if
a non-zerg force is modified to zero by MULTI.
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TABLE 74, THE TYPICAL SEGMENT FORCE ENTRY OF THE STOMIG AND
STOMUG ARRAYS.,

Relative
Index Description

F
1 (KsG) X } inertial point of application
2 2F "
3 Fx

force components in inertial frame

4 F

z
5 s, (initialized to |as| by SETMIG)
6 a8, (initialized to 0 by SETMIG)
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TABLE 75. THE TYPICAL CONTROL ENTRY QF THE KACT ARRAY.
Relative
Index Description
T (IKAT) > 0 = Beginning index of ellipse or region

or IIACT in KCON
or IN} < 0 = Beginning index in KCON (IXC or IA)
as follows:
-1 = Steer {ol. Head
~2 = Steer Col. Upper Torso
-3 = Steer Col. Middle Torso
-4 = Steer Col. Lower Torso
-5 to -8 = Steering Wheel Reaction
= -Reaction Number -4
-9 to -21 = Belt (see Table 59)
-31 to -41 = Joint Torgue {see NOTE)
2 If entry 1 > 0 = [< 0 Beginning index of 2nd
eliipse for ell-eil in
KCON
= 0 implies 1 is region name
> 0 Beginning index of line
entry for ell-line in KCON
If entry T <0 = {> 0 Beginning index of 2nd
material for shared deflection
in KCON
¢ = joint
= -1 implies single load-deflec-
tion or strain for belts
= -2 implies reaction
= -5 implies steer wheel end
= -6 implies steer wheel center
= -7 implies steer wheel hub
(JKC or IB)
3 Beginning index of interaction entry in STOACT
0 if none
(ISACT or IACT)
4 Beginning index of entry for interaction in

CONOUT. If negative, new call in SETACT this
time. O if not active this time. (ICNOUT) (IM)
Set to 2 or -2 for steer col and joint torques,
no CONOUT used.
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TABLE 75. ({CONT.)

Relative
Index Description

5 Beginning index of time history entry for inter-
action in KACT. If negative, first call to
SETACT. 0 if none. ({IKACT)

6 Beginning index of first soft force producer
material in STOMAT. Negative if from 2nd force
producer. 0 if both rigid or region entry (KNA)

7 Beginning index of 2nd soft force producer
material in STOMAT.

0 if not two soft or for region (KNB)

8 If entry 2 # 0: = Beginning record number on file
9 for output or 0 for first
time on

If entry 2 = 0: = Beginning index in KREGNS
array for this region
9 Print switch: O = never printed, 1 = printed before

NOTE: For IA = -31 to -41, the interaction is for ioint stop
activity for "joint element” i = |IA|-30.

Joint Element

joint "i" (forward, or flexion, bending for
neck joints)

head-neck rearward (extension)
neck-upper torso rearward (extension)
shoulder length
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TABLE 76. THE TYPICAL TIME HISTORY ENTRY OF THE KACT ARRAY

Relative
Index Description

1-2 (IKACT, Current and previous values of IALF
LKACT) 1if o< Sp

if 6y <0< &g

if 58 <4< GE

if 5E < Q=< 6F

'ifQ>5F

IALF =

[ &2 JENS "N #% B A% ]

3 Estabiished value of IIP (static curve beginning
index in STOMAT or table no. if negative)

4 Established value of JJP (inertial curve beginning
index in STOMAT or table no. if negative)

5-6 Current and previous values of LX(2), the static
curve control, Is IIP if mode switch {LX(1))} is 1
and otherwise is the STOACT beginning index of
PX(1) (the first computed curve coefficient).

7-8 NPRENG

9-10 Lx(1) the evaluation mode switch
1 if using input static curve (loading or unloading)

2 if computed curves (unloading)
Lx(1) = exclusively

3 if computed curves with (reloading)
check for static

4 if combination unloading (reloading or unlcading)
and reloading storage. In
this case, if PX(6}=0,
PX{1)-PX(4) contains re-
leading cubic, 7-10 con-
tains unloading parabola.

If PX(6)#0, 1-4 is reloading
cubic; 7-8 is high linear
coefficients, 9-10 is Tow
linear coefficients.

-3 or -4 Same as 3 or 4 but

indicates partial unloading.

11-12 Saturation switch (ISP)

13-24 1-12 repeated for other soft material if present.
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TABLE 77.

THE TYPICAL TIME HISTORY ENTRY OF THE STOACT ARRAY.

Relative
Index

Description

1 (IACT}

23
4-5
6-7
8-9
10-11
12-13

14-15
16-17
18-19
20-21
22-23
24-25
26-27
28-29
30-31
32-33
34-35
36-37

38-39
40-41
42-43

44-83

Beginning index for this interaction in

KACT [current and established values follow]

t history: current and last time active

(=)

history D DReflection

Oae

history DD Deflection rate

w history 0G  Permanent deformation

bel

loading cycle
E history E Total Energy Loading,
Conserved energy unloading

F'{a) FOG Force slope at o

Flq) FBOG Force at

F(s) FD Force at ¢

F'(s) FDD Force slope at §

PX{1}

PX(2) Unloading or reloading
curve polynomial coeffi-

PX(3) cients, constant through
cubic

PX(4)

PX(6) Change-over deflections

PX{7)

PX(8) Re-unloading curve

PX(9) polynomial coefficients,
constant through cubic

PX(10)

PX(5) Reload start deflection

380G Maximum deflection

bhrouﬁh 43 repeated for other soft
material if present

616

history BOG Maximum deflection for current

If unloading curve
is bilinear, PX{1)
and PX{2} are co-
efficients of upper
segment and PX(7)
and PX(8) are co-
efficients of lower
segment.
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TABLE 78. THE TYPICAL ELLIPSE-SEGMENT ENTRY OF THE CONOUT ARRAY.
Relative
Index Description
T (IM) & deflection line
2 § deflection rate line
3 F nermal force
4 T tangential force
5 X X% position on contact segment (nondimensional)
6 2X x component tangential velocity on
contact segment
7 X,
tangential point in inertial coor-
8 z, dinates on ellipse.
9 *Z el tangential contact point
in body segment coordinates
10 2z
rel
11 5 ellipse
12 § ellipse
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TABLE 79, THE TYPICAL ELLIPSE-ELLIPSE ENTRY OF THE CONGCUT ARRAY.

Relative
Index Description

1 {IM) ¢ deflection

2 § deflection rate
3 F normal force
4 Xe(1,1) center of 1st ellipse in inertial
. XE(2,1) coordinates
6 Xe(1,2) center of 2nd ellipse in inertial
. XE(2,2) coordinates
8 XZre1 for ellipse A
. coordinates in
g 7,4y for ellipse A body segment
. systems of
10 XL .o1 for ellipse B contact point
11 22,1 for ellipse B
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TABLE 80. THE TYPICAL REGION ENTRY OF THE CONCUT ARRAY.
Relative
Index Bescrintion
1 (IMR) Number of contacting ellipses with non-zero
force
2,3 ZFX and ZFZ for forces on region, with respect
to region system
4,5 Average x- and z- migrations over the n-]
corner points, with respect to region system
6 aX, since t = 0 {anchor A}
7 4Z, since t = 0 {anchor A) [ relative to
inertial or
8 Xy since t = 0 {anchor B) | vehicle frame
9 41, since t = 0 (anchor B)
10 XA
11 ZA
12 X
13 Z;
14 X anchor A and corner
point coordinates
15 Z, in inertial or
vehicle frame
16 X3
17 I3
18 Xy
19 Zy
20 Xs
21 I
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TABLE 81. THE TYPICAL BELT ENTRY IN THE CONCUT ARRAY.
Relative
Index Description
1 (IKO) Elongation DISP*
2 Elongation Rate DISPD*
3 FBA
4 FB
5 F40D
& Resultant force
7 Belt force angle in vehicle frame‘
8 Belt Absorbed Energy AE
9 Zeroed
*NOTE: DISP and DISPD are never strains whether or not

that option is elected.
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TABLE 82. THE TYPICAL CONTROL ENTRY OF THE MSTOR ARRAY.
Second
Index Description

i

Number of points in table (n)

2 geginning index in STOR
3 Scan type switch
Magnitude: O=constant, l1=piecewise linear, 2=step function
Sign: positive = non-periodic, negative = periodic
& Pointer at address of current x, negative if
changes in table
5-6 Table Name (8 characters) (unused)
TABLE 83. THE TYPICAL TABLE ENTRY JF THE STOR ARRAY.
Reiative
Index Description
0 Period if scan type is periodic; absent if non-periodic
1 ton Table Abscissas for n points (ordinate if constant)
n+1 to 2n Table Ordinates for n points (absent if constant)
2n+1 to Computed slopes for each table interval (n-1 points)
3n-1 (present only for piecewise linear)
3n to 4n-2

Computed intercepts for each table interval (n-1 points)
(present only for piecewise linear)

NOTE: The MSTOR Index reference points to relative index
one whether or not the period is present,
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TABLE 84. INTACT ARRAY LAYQOUT.

Relative
Index Typical Entry
1 Switch { = -1 = Belt Entry
= 0 = Ellipse-Ellipse Entry
= = E11ipse-Line Entry
2 Index of El7ipse or Belt name and material
name in KELLNM
3 Index of 1ine name in KCONAM, Otherwise
zero
4 Index of region name or belt body attach-
ment and material in KREGNM, or if ellipse,
name and material in KELLNM
5 Beginning record number on binary file My

for contact entry

TABLE 85. KREGNS ARRAY LAYQUT.

Relative
Index Typical Entry
1 Switch =0 no contacts this region t
E nct wanted s g or category
#0 Beginning record number of
category 2 Entry
2 Beginning record number of category 3 Entry,
0 if category 3 not wanted
3 Number of Segments in region
4 Beginning index of Segment Titles for
region in KCONAM
5 Switch 1= 0 = output in vehicle coordinates

# 0 = output in inertial coordinates
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TABLE 86.  SEQUENTIAL BINARY QUTPUT DATA SET ON LOGICAL DEVICE
NUMBER MU

1 Typical time entry record description

T AHAP  AHSI  ACAP  ACSI  AHPX  AHFZ

(one line for every integration step)

2 Trailer record description

{one line)

Note: MU presently set to 7

TABLE 87. INDEXED BINARY OUTPUT DATA SET ON LOGICAL DEVICE NUMBER MV

Record

Number Contents
Region quantities, region segment guantities, and interaction
quantities ¢ontrolled by INTACT or KREGNS. There are N
entries, each of which is NTIMES records iong.

Mot T 1 to n  (where Ny = Mot F NTIMES for each n from 1 to N and

n, = 0)

prr—————

NOTE: MV presently set to 9
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TABLE £8. SEQUENTIAL BINARY OQUTPUT DATA SET ON LOGICAL
DEVICE NUMBER NP,

Rec. T, (X1 (1}, I = 1,9), {20I(1), 1 = 1,9), {(xX(0,I), x{2,1), R(1,1,I},
R(zs]sl)s R(Eaz’I)a R(Z,Z,I), [ = ]98)3 xv: ZV’ CTHV! STHV
VA values
c] c1
Rec. X] 0 2] s eeen (no. of segments in all regions + no. of regions) x 2
values
Rec. If NBAG # O, XA, ZA, XBC, ZBC, ((BAGUL(I,J), I =1,2), ¢ =1, 720, 12)
24 values
Rec. If NSTCOL # 0, HXC, HZC, HXS, HZS 10 values
Rec. If NBELT = 1 cr 2, XB1, ZB1, XB2, ZBZ2, XB3, ZB3 6 values
If NBELT = 3 (({XZRING(I,J), I = 1,2), 3 = 1,2) 4 values
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4.4.5 Auxiliary Program Qutput. Auxiliary or debugging printout
for this processor 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 de-
bugging 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 higher levels are represented
by larger integers as described in Table 89,

TABLE 89. 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 in level as a function of simulated time (at up to
eight time points) during a run of the program, In order to avoid in-
putting sixteen separate tables of debug level versus effective time,
advantage is taken of the binary characteristics of the IBM 370 computer.
The four Jevels 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 words versus effective time. When any or all of the switches
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are to change ievel, a new control word in the table is needed. The
switches correspond to groups of two bits from the ieft of the word, i.e.,
switch one is contrelled 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 equal to or greater than the effective time specified.

As an example setup of the hexadecimal debugging control word, con-
sider the case where printout of the quantity "“DD,"” the contact force lever
arms, is desired. This is specified under debug switch 7, debug level 3.
As each digit* of the hexadecimal word covers two debug switches, this
printout will be covered by the first two bits of the fourth digit. Be-
cause no special printout is desired from debug switch &, the last two
bits of the fourth hexadecimal digit must be "00." Because the desired de-
bug level is 3, the first two bits of the fourth digit must be "11."
Therefore, the fourth digit takes on the value "1100" or "C." Thus, the
hexadecimal word will be “000CCCO0" at the effective time.

The table of effective times and control words is specified to the
program by means of Cards 104 and 105 described in Table 7. The total
span of simulated time for the run should be covered by effective times
of control words if these cards are used at all.

The user is warned that the volume of printout can be startling huge
and hence utmost discretion must be exercised in the use ¢f this feature.**

Table 92 contains a detaiied list of the sixteen debug switches
and the quantities which will be printed for each debug level of each
switch. Table 92 should be used in conjunction with the Symbol Dic-
tionary (see Section 4.4.6, Table 93) and in some cases the listing of
the program,

Each 1ine in Table 92 corresponds to one line in the printed out-
put so this table can be used to identify 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 an asterisk.

*Base 16 digits are 0 to 9 plus A to F.
**See Card 104 (KONSIS).
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Under the column entitled "Quantity" there appears a facsimile of
each output line including the line identification and showing the
Fortran name for each printed guantity. The name of the subroutine from
which this printout is made s given in the column labeled “Subroutine.”

These printouts are organized on Block Number which is printed as
identification.

Table 91 contains a summary in words of the material presented in
Table 92 for the convenience of the user. A short description of each
set of quantities is given instead of the explicit format. Table 90
Tists Block Numbers, the debug switch which produces each of them and
the subroutines from which each of them comes.

Error messages produced by this simulator are shown in Table 95,
which is self-explanatory.
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TABLE 9C. DEBUG BLOCK NUMBER, DEBUG SWITCH, AND SUBROUTINE CORRESPONDENCE

Debug
Bleck Debug
Number Switch Subroutine
1-8 3 MULTI
9-21 2 MIG
22-25 8 GOMVMA
26 8 MATRIX
27,28 8 OCCGED
29-32 13 DAUX
33-35 12 JTORQ
36-38 10 EVAL
39-42 5 CNTACT
43 14 CNTACT
44,45 5 CNTACT
46-51 7 CNTACT
52,53 11 SETACT
54.61 14 CNTACT
62 7 CNTACT
63-69 15 ELLELL
70 5 CNTACT
71 2 CNTACT
72 3 CNTACT
73,74 3 CNTACT
75 2 CNTACT
76-83 1 BELT
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TABLE 90. DEBUG BLOCK NUMBER, DEBUG SWITCH, AND SUBROUTINE CORRESPONDENCE

(Continued)

Debug

Block Debug

Number Switch Subroutine
84 11 SETMIG

85-37 16 REPACK

88-91 9 LODFEL
g2 2 ' REPACK
93 8 0CCGEOD
54 10 EVAL
85 11 PUSHER
96 1 BELT

97-100 - not used

101-111 6 STEER
112 6 EOM
113 6 REACT
114 6 HDX11

115-136 1 BELT2

137-141 1 RSDUAL
142 1 INFL
143 1 MATRIX
144 4 AIRBAG
- 16 GOMVMA
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4,4,6 Auxiliary Output Symbol References. This section con-
sists of two tables which offer an aid to a more detailed examination

of the program code and its correspondence to the analysis behind the
code. The tables are intended primarily to help the user understand
debug output.

Table 93 is the main symbol dictionary which is ordered on the
Fortran name given to each quantity. The "Symbol" column contains the
anatytical symbol used in other sections of the report, particularly
Part II, Analysis. The third column gives either the label of the common
in which this variable resides or the name of the subprograms in which
it is used if it is not shared between subprograms. Columns four and
five are used toyether 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
94 which defines the guantity or type of information for each value of
the subscript up to the number in the "Dimension" column.
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TABLE 93. SYMBOL DICTIONARY

Fortran

s
@ z Units or
= Subprogram 2 Subscript
= Symbol or /Common/ = Reference Definition
A - /REAL/ NADUM - Temporary storage in CHIAGT.
A - /REAL/ NAGUM 2 Coefficient matrix for NDIM x NDLM

system (equations 193 followed by
equations 196) in MIG.

A - /REAL/ NADUM 12 inertial corner point coordinates
for constrained migration in MIG
(sequentially after above).

Al - ELLELL ] - Test parameter for ellipse-ellipse

and

A2

AB - BELTZ i - Absolute tangential component ot
net belt force for torsc belt pair.

AE - /LE/ 6 34 Absorbed energy in force-defiection.

ALOCK - /BP/ 3 47 Value for resultant acceieration at

reel which will cause it to lock if
vehicle sensitive or acceleration for
beit feed-out which will cause reel
to _lock if webbing sensitive.

AMTX M, B /MATRIX/ 14 13 Mass coefficient matrix and right-
15 14 hand side,
ANCHOR - /BRIP/ 4 42 Switcn for anchor type.
ARE R EVAL ] - R-ratio value for current evaiuation.
ATTANC Xp*Vne /BRIP/ 2 40 8eit attachment and anchor points.
2 29
"oty 7 39
) - /BQ/ 14 i3 Generalized force total from friction
normal force, and ellipse-ellipse
force,
8 - MIG 32 10 a) Right-hand side for NOIM = NOIM

system (equations 193 followed by
equations 196).
b) Sclution vector.

81 - tLLELL ] - Test parameters tor ellipse-ellipse
to

B4

BAGMAS m /BAGA/ 1 ib sec~/1n Mass of gas in airbag.

BAGVOL v /ABAGC/ 1 in? Volume of airbag enciosure calcula-

ted from geometry of bag shape.

_BB - CNTACT 12 - (ontact line Tntermediats results.
_BBO& 0 /LE/ 6 34 Maximum deflection ever.
RROGP - /LP/ 2 30 B8BOG of preceding time sten.
8C - CNTACT 31 e Contact line information array.
BE - /BQ/ 14 13 Negative of the generalized force
from ellipse-ellipse fnteractions.
BF - /BQ/ 14 13 Generalized force for friction.
BFLAG - BB/ 2 43 Switch whicn indicates belt condi-
tion (potentially resistive or
broken/absent).
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TABLE 93. SYMBOL DICTIONARY {Cont.)
[y
=

o £ Units or

g Subprogram E Subscript

= Symbol or /Common/ = Reference Definition

8L 9 /BRIP/ 7 39 Belt length.

BLZ . /BRI/ / 39 Unstrained belit length,

80G Q /LF/ 5 34 Maximum deflection.

BOGP 0 /LP/ 2 35 BCG at last evaluation.

BPERIM  ~ /ABAGA/ 1 in Bag perimeter when fully inflated
(input value).

R - /BQQ/ 6 13 Generalized forces for belts (from
BELTZ).

S - /BG/ 14 13 Generalizea force for normai force
between lines and ellipses.

UGl - /Z38/ 1 sec Next time at which debug control
word changes,

URST - /ABAGA/ 1 - Logical switch, -TRUE- if deflation
membranes have ruptured, FALSE-
if not.

X - BELTZ 7 39 Inertial x-component of belt vector,
anchor to attachment.

KA - BELTZ 2 39 [nertial x-component of CG-to-belt

7 attachment vector or of cart origin-
to-anchor vector,

XD - BELT2 1 in Rate of change of beit length iner-
tial x-component.

z - BELT2 7 39 Inertial z-component of belt vector,
anchor to attachment.

LA - BELTZ 2 39 Inertial z-component of CG-to-belt

7 attachment vector or of cart origin-
to-anchor vector.

) - BELTZ 1 in Rate of change of beit Tength iner-
tial z-component,

z - EVAL 1 in 1bs Conserved energy after current.
ioading-unloading cycle.

=TAN - CNTACT 1 - Tangential friction forces,

3F - EVAL 1 1bs Force at point unToading commenced,
used in computing reloading curve.

1 - EVAL i ibs/in Force siope at point unloading
commenced, used in computing reloading
curve,

G - EVAL 1 n Defiection at point unloading com-
menced, used in comouting reloading curve.

INOUT - /REAL/ NCNGUT - Packing storage array containing
computed output quantities.

JNTCT - /ABAGA/ 1 - Logical switch, -TRUE. if occupant
has contacted airbag, «FALSE.
if net.

JISINE - BELTZ 1 - Cosine of vertex angie (see 150,

RSDUAL
) - /CART/ 3 21 Vehicie peosition, velocity, and
3 e acceleration.
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TABLE 93. SYMBOL DICTIONARY {(Cont.)
fmd
L]

g e .

5 s Units or

s = Subprogram E Subscript

- Symbol or /Common/ (= Reference Definition

LR - CNTACT, MIG 1 - Cosine of THETAR,

7 - MIG 28 8 Losine of inertial line segment angie
of TH.

D 3n /CAV/ 5 2 Deflection against Tine before cavity
adjustment.

3] 5 /LF/ 6 34 Current defiection,

D - MIG 1 - -1 if point of action of force on
segment is befeore "front" caorner
point, +1 if otherwise.

DA 8 /LL/ 2 35 Deflection at peak of inertial spike

A curve.

DB 8g /LC/ 2 35 Deflection at cutoff of inertial
spike curve,

DC 5C /LC/ 2 35 Deflection at yield point.

DC - BELTZ P 29 Direction cosines.

DD - CNTACT 15 18 Lever arms and deflection rate for
contacts.,

ob s /LF/ 34 Current defiection rates.

LD n MULTI 1 Deflection against Tine before cavity
adjustment.,

DDE - CNTACT i - Vehicle contribution to contact
deflection rate.

CDSEL Aw LODFEL ] in Current change in permanent deflec-
tion or if belt, absorbed energy.

DDE - ELLELL 15 18 Lever arms and deflection rate for
ellipse-ellipse force.

DDEL Ad CNTACT, 1 in Current change in permanent deflec-

MIG, SETMIG tion, ‘

DDEL Aw EVAL 1 in Evaluated change in permanent defor-
mation.

CDELD - BELTZ / 39 Belt elongation acceleration,

DDMATA - /SHDEFL/ ] in/sec Deflection rate of first materiaj.

DDMATR - /SHDEFL/ 1 in/sec Defiection rate of second material.

DDP 3 /LP/ 2 35 Jeflection rate at last evaluation.

DDS - CNTACT 1 - Contact line contribution to contact
deflection rate.

DDX AS, MIG 1 in incremental permanent deformation
inertial x-component,

oDZ AS, MIG 1 in [ncremental permanent deformation
inertial z-component.

DE - CNTACT 15 18 Lever arm and tangential speed for
friction force.

DE 8o /LC/ 2 35 Deflection at beginning of break-
down.

DEL 8 LODFEL 1 in Defiection.

DELB 3 BELTZ 7/ 39 Belt elongation,

DELD 8 BELTZ / 39 Belt elongation rate,

DELD 3 LODFEL 1 in/sec Deflection rate,
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TABLE 93. SYMBOL DICTIONARY (Cont.)
o
= A4
S @ Units or
5 % Subprogram 2 Subscript
b= Symbol or_/Common/ = Reference Definition
DELDLA A8 LODFEL 3 38 Change in deflection for first u
material from last time or previous
evaluation.
DELND L /INTEG/ 1 in/sec< ELN-acceleration.
n
DELTA - /BRI/ 3 45 Belt elongation.
DELTAD - /BRI/ 3 45 Belt elongation rate,
DELTB AtB /BELTA/ 1 sec Time duration for belt failure.
OER - ELLELL 2 29 Partial derivatives of ellipse
2 27 center coordinates (XE).
14 18
DET - ELLELL 1 - A determinant.
DF g /LC/ 2 35 Deflection at breaking point.
DF - /BRI/ 3 45 Partial derivatives of beit forces
2 29 with respect to x and z of ring.
DFORE - LODFEL 3 38 Cifference of forces for first
and second materials.
DHALTD &, STEER 1 rad/sec< Angular acceleration of steering
column.
DHALZD  &; STEER 1 rad/sec* Anguiar acceleration of steering
wheel,
DHAT P CNTACT 4 25 XHAT - velocity,
i
or
ii
DHHD h STEER 1 in/sec+ Linear acceleration of steering
‘ wheel, : /
DHLD - STEER 1 in/sec? Linear acceleration of steering
. ' coltumn.
ISP - BELT ] in Lap or upper torso belt deflection.
CISPD - BELT 1 in/sec Lap or upper torso belt defliection ‘
rate.
DISX - BELT 1 in Lower torso belt deflection.
DKDTH Ké i(e ) JTORQ 3 24 Slope of KJI(]O,1)-eS table.
CL - /BRI/ 3 45 Partial derivatives of belt segment
2 29 iengths with respect to x and z of
ring.
DLAM - ELLELL 2 29 Partial derivatives of XLAM.
2 27
14 18
DM B /LC/ 2 35 Unioading slope from force
saturation.
DMATA - /SHDEFL/ 1 in Deflection of first material.
DMATB - /SHDEFL/ 1 in Deflection of second material.
DMC - CNTACT 3 - Intermediate results in computing DDC.
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DNORM - EVAL 1 in Unity or belt length for calcu-
lation of belt strain
opP & /LP/ 2 35 Deflection at last evaluation
DR - /Qv/ 4 19 Partial and time derivatives of R.
8 17
2 20
DR - INFL pd 29 Partial derivatives of residuals R
with respect to X and 7 of ring,
DT At /MSCON/ 1 Sec Integration time step.
DTHID ; /INTEG/ 1 rad/sec< Body link angle accelerations.
to 1
DTHSD to
84
DTRK At MIG ] sec Time increment for migration.
DUM - BELT ) in Absorbed energy for a belt.
DUM - /DUM/ 48 - Temporary storage.
DUM - OCCGEQ 44 50 Angular and Tinear momenta.
DUMM - BELT? 1 Tt-1b Belt absorbed energy.
DUMM - RSDUAL 3 45 Belt absorbed energy.
DX - JQV/ 2 16 Partial and time derivatives of X.
8 17
15 18
DXF aXy MIG 1 in Inertial x-component of migration
displacement at point of action
of force,
DXHD ;2 /INTEG/ 1 in/sec< XH-acceleration
DXSD % /INTEG/ 1 in/sec? XS-acceleration
S
DZF 4z, MIG ] n Inertial z-component of migration
displacement at point of action
of force,
DZHD z, /INTEG/ 1 in/sec? ZH-acceleration,
DZSD ES /INTEG/ 1 in/sec? ZS-acceleration,
E £ /LF/ 6 34 Energy under Toad-deflection curve.
EFFD 854 /CAV/ 5 4 Effective deflection against line
J 5 5 with cavities,
ELB3 12 BELT 1 in Length of upper torso belt.
ELB4 RE BELT 1 in Length of lower torso belt.
ELBD3 i? BELT 1 in/sec Deflection rate for upper torso
belt,
ELBD4 iE BELT i in/sec Deflection rate for Jower torso
belt,
ELBDL iBL BELT 1 in/sec Lap belt deflection rate.
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ELBL RBL BELT 1 in Lap beit length. .y
ELBLO 2BLO /BELTA/ 1 in Unrestrained lap belt length.
ELETLD - /BELTA/ 1 in Unrestrainted lower torsoc belt
length.
ELBTUO - /BELTA/ 1 in Unrestrained upper torso belt
Tength.
ELN Ln JINTEG/ 1 in Neck length.
ELND [ / INTEG/ 1 in/sec Rate of neck length change.
n
ELS Ls /SHOLDR/ 1 in Shoulder element length.
ENDOT ﬁ /BAGA/ 1 1b-sec/in Mass influx rate from tabular input.
n
ENTERR - /ABAGA/ A 29 Points on the occupant and points
20 60 of the interior of the occupant .
compartment which together define the
area within which the bag is con- ¥
tained (in inertial coordinates).
EP E /LP/ 2 35 Energy at last evaluation
ETA § CNTACT 1 in Deflection of contact line by .,
body ellipse. ‘
ETAD 3 CNTACT i in/sec Deflection rate.
EXDOT " /BAGA/ 1 Ib-sec/in Mass efflux rate calculated from the
ex thermodynamic equations.
F Fi(éi) /CAV/ 5 Z Force against line before cavity
adjustment.
F Fk MULTI 5 4 Force for effective deflection o
against cavity. '
FA - EVAL 1 ib Static curve force.
FAA - EVAL 1 1b/in Static curve slope.
FAC A BELTZ 1 - Fractional influence factor for ad-
justment of smaller torso belt force
- _ toward larger torso belt force.
FB F,T /BRI/ / 39 Belt tension force.
Fg - EVAL 1 1b Inertial spike force.
FBA - /BRI/ 4 39 Torso and iap belt forces for force
balance at rings. ;
FBB - EVAL 1 1b/1in Inertial spike slope.
FBHX - /BELTB/ 1 1b x-component of force for lower
torso belt.
FBHZ - /BELTB/ 1 1b z-component of force for lower
torso belt.
FBL - BELT 1 1b Lap beit force.
FBLX - /BELTB/ 1 b x-component of force for both lap
belt segments.
FBLZ - JBELTB/ 1 ib z-component of force for both lap

belt segments.
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FEMOD - /BELTZ2/ 4 39 Modified force for belt I.

FBOG F(2) /LF/ 6 34 Force at maximum deflection.

FBOGP  F{n) /LP/ 2 35 FBOG at last evaluation.

FBT - BELT 1 10 Torso belt force.

FBTX - /BELTB/ 1 ib x-component of force for upper
torso belt,

F3TZ - /BELTB/ 1 1b z-component of force for upper
torso belt.

FD F JLL/ 2 35 Force at last evaluation.

FOEV F! EVAL, 1 1bs/in Evaluated force slope versus

LODFEL deflection,

FEE - ELLELL 1 1b Force for eliipse-ellipse inter-
action.

FF Fi(di) CHTACT, 5 ] Force against iine before cavity

MULTI adjustmant.
FJI FJ JOINT 13 49 Constant friction moment or force.
i

FK k CNTACT 1 - Normalization factor in contact
calculations for deflection.

FLEN - JBTWOA/ 1 in Switch which if non-zero contains
a belt length to be used for com-
puting force-strain, If zero, force-
deflection is to be used.

FLN - /J0INT/ 1 1b Neck compression force,

FLNL - /JOINT/ ] 1b Spring contribution to FLN,

FLNV - /JOINT/ 1 1b Damper contribution to FLN,

FLS - /JOINT/ 1 b {Negative] shoulder element elonga-
tion force.

FLSL - /JOINT/ 1 ib Elastic contribution to FLS.

FLSN - /J0INT/ 1 1b "Stop" contribution to FLS.

FLSV - /JOINT/ ) 1b Lamper contribution to FLS.

FM Fmax /LC/ 2 35 Force saturation limit.

FMBF1 - /BELTB/ 1 in-1b Moment about torso element CG for
lower torso belt.

FMBF2 - /BELTB/ 1 in-1b Moment about upper torso CG for

. torso belt forces.

FMBF4 - /BELTB/ 1 in-ib Moment about lower torso CG for
janp belt forces.

FMOD - BELTZ 4 39 Additive modification of belt
force FB.

FN - BELTZ 1 ib Component of torsoc belts force
normal to chest.

FNORM N BELTZ, i 1b Normal force at ring for belt

RSDUAL friction.

FNU - /CON/ 1 in/sec Length of velocity ramp from zero
relative velccity for surface
friction copefficients,

FOG F'in) /LF/ 6 34 Force slope at maximum gefliection.

FOGP F'ia) JLP/ 2 35 FOG at last evaluation.
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FORA F LOBFEL 3 38 Force evaluation storage for first
material.

FORB F LODFEL 3 38 Force evaiuation storage for
second material.

FORCE F EVAL, i 1b Evaluated force.

LODFEL

FPRIME - RSDUAL ) T1b/in Slope of force-deflection curve.

FS - BELTZ 1 1b Static friction force for torso
belts.

FSUM Fz MULTI 1 1b Partial sum of forces for deflec-
tion against line with cavities.

FT - CNTACT 1 1b Total contact force.

FTAN - CNTACT 1 1b Friction coefficient times normal
force,

FTANG - BELTZ 1 1b Ring friction force increment for

RSDUAL torso belt,

FULL - /ABAGA/ ] - Logical switch, -TRUE. if airbag .
is fully inflated {capable of exert-
ing force on occupant)}, -FALSE.
if not.

FX - MIG 1 ib x-force in inertial frame,

FZ - MIG 1 1b z-force in 1nertial frame.

GAM Y MIG i in/1b sec< Mass compliance at point of action
of force.

GEE G EVAL 1 - G-ratio vaiue for current
evaluation.

GI - /LC/ 2 35 G-ratio control: constant value if
positive, table number if negative.

H1D - STEER 1 in Distance between two end points of
each. occupant contact surface.

H1D1 - STEER ] in X-component of HID.

H1D2 - STEER i in Z-component of HI1D.

H1Z1 - STEER i in Distance between contact surface
and center line of body segment.

HAZRD - REACT 1 rad/sec+ ;1 - ;2

HALT a1 /INTEG/ i rad Anguiar position of steering column.

HALTD i /INTEG/ 1 rad/sec Angular velocity of steering coTumn,

HAL2 oo /INTEG/ 1 rad Anguiar position of steering wheel.

AALZ2D S /INTEG/ 1 rad/sec Anguiar velocity of steering wheei.

HALFK  k/2 CNTACT ] - Half of FK.

HC - STEER 1 in Temporary storage for the position

HC2 - STEER ] ~ in vectors of steering wheel contact

HC3 - STEER 1 in points and end points of contact

HC4 - STEER 1 in surfaces,

HC5 - STEER 1 in

HC1O - STEER 1 in
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HDDELL : REACT i in/sec Velocity of steering column in

2 axial direction.
HDDXC STEER in/sec< Acceleration component in x and
C z direction, respectively, of
HDDZC ¢ STEER 1 in/sec reference point C.
c

HDE1J i STEER 6 51 Normai deflection rates of contact

ij 4 52 surface.

HOEIJT i STEER 6 51 Tangential deflection rates of

T13 4 52 contact surface.

HDELL Sy REACT i in Defiection of steering column in
axial direction.

HDXT] - HDXT] 1 in/sec Velocity of gear box of steering
column.

HDXC R STEER 1 in/sec Veiocity component in x and z

c direction, respectively, of
HDZC 5 STEER 1 in/sec reference point C.

c
HDXS £ STEER 4 52 Velocity of steering wheel contact

ix points in x and z direction, re-
HDZS STEER 4 52 spectively.

iz
HETJ y STEER 6 51 Deflection of contact surface.

J 4 52

HEJX - STEER 1 - Temporary storage for the direction

HEJZ - STEER 1 - cosine of contact surface.

HFA] Fa1 /STERC/ 1 b Reactive force exerted by the
steering column energy dissipating
device.

HFATR FAijﬁ /STERF/ i 1b Maximum allowable reactive force
which can be exerted by the steering
column energy dissipating device,

HFA2 FAZ /STERC/ 1 1b Resistance of the steering wheel
to axial deformation.

HFAZR FAZJR /STERF/ 1 1b Maximum allowable resistance of
the steering wheel to axial
deformation.

HFN F. STEER 4 52 Contact forces normal to the plane

J cf the steering wheel rim.
HER F.B STEER 4 52 Contact forces which act on the
J steering wheel rim and are normal
to the body contact surface.
HFRP FEB STEER 4 52 Contact forces tangential to the
J body contact surface.
HFT Fi STEER 4 52 Contact forces tangential to the
J plane of the steering rim.
HFT2 F1o REACT i b Temporary storage force.

663



GO

TABLE 93. SYMBOL DICTIONARY {Cont.)

< S

S 4 Units or

S E Subprogram g Subscript

L= Symbol or /Common/ = Reference Definition

HH h JINTEG/ 1 in Distance between the steering wheel
attachment point on the column to
the plane of steering wheel,

HHD ; /INTEG/ 1 in/sec Velocity of h.

HL 2 /INTEG/ 1 in Length of steering coiumn.

HLD : JINTEG/ i in/sec Velocity of 4.

HMFI AMF(19) /STERG/ 4 54 Moment resultant of the steering
wheel contact force system acting
on the body segment ii with the
moment being found with respect to
the center of gravity of the body
segment.

HMJ 1 M /STERC/ 1 in-1b Bending resistance of the steering

J] column.

HMJ1R MJI]R /STERF/ 1 in-1b Maximum aliowable bending resis-
tance of the steering column.

HMJ 2 MJ2 /STERC/ 1 in-1b Bending resistance of the steering
wheel.

HMJZR MJZJR /STERF/ 1 in-1b Maximum allowable bending resistance
¢f the steering wheel,

HMTX ai‘sbi EQOM 4 55 Eiements of steering column matrix

J 5 56 equations of motion.

HNIJ - STEER i in Temporary storage for the distance
from the contact point of steering
wheel to the corresponding center
line of body segment.

HPXI HPX {11} /STERG/ 4 54 Force resultants acting on the body

HPZI HPZ(i1} /STERG/ 4 54 segment ii in the X and 7 directions,

' respectively (contact with steering
column),

HVRX - STEER 1 in/sec Temporary storage for the velocity

HVRZ - STEER i ~in/sec of contact point relative to body
segment.

HX1 X1 STEER 4 51 Coordinates of body segment points

HZ1 Z1 STEER 4 51 with respect to the space fixed
cogrdinate system.

HX2 X2 STEER 4 57 Coordinates of body contact surface

HZZ 2 STEER: 4 57 reference points with respect to the
space fixed coordinate system.

HX11 - /STERF/ 1 in Distance of steering column gear box
to the vehicle reference point.

HX11D - /STERC/ 1 in/sec Velocity of HX11.

HX111 - /REAL/ NNSTRW 58 input data of steering column gear

box position at different time.
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HXC X /STERH/ 1 in Coordinates of the lower hinge of
n7e ZC TSTERRY T T the steering assembly with respect

o to the space fixed coordinate system,.

HXS F. /STERH/ 4 5¢ Space fixed coordinates of the

075 F;Z TSTER/ T £5 steering assembly contact points.

I - GOMVYMA 1 - Qutput control switch, 1 for header
record, 2 for typical record, 3 for
trailer record.

i - REPACK ] - Beginning KACT index of control
entry for interaction.

IA - JLE/ 6 34 Input Tload-deflection curve part
indicator (see IALF in Table 73}

1A - SETACT 1 - Beginning of KCON index of ellipse
or region if positive, beginning
KCON index or belt if negative.

IAA - LGDFEL i - - ; ;
region 1F SSON index o el linseeaN
index of belt if negative.

IACT - LODFeL 1 - Beginning STOACT index of time nhistary
entry for interaction.

IAPP - CNTACT i - Region switch which controls optional
force apportioning for an ellipse
against multiple line segments.

IB - SETACT 1 - Beginning KCON index for second par-

LODFEL ticipant in interaction or special
value (see JKC or IB description in
Table 72).

IBEG - PUSHER 1 - Beginning index of section just
created.

IC - LOBFEL 1 - Shared deflection evaluation number
ranging one through three.

ic - REPACK 1 - Beginning CONOUT index of output
entry for interaction.

ICOPY - /LF/ 6 34 Computed curve switch, non-zerg if
just computed new curve.

ICT - BELTZ 1 - Counter for number of relaxation

RSDUAL steps per ring per time evaluation.
RELAX

IDEF - /LF/ i - Switch set non-zero 1T change in per-
manent deformation is to be computed.

IDELL - /INTGR/ MNTTI 31 Beginning index in KCON of ellipse

NNITJ 32 control entry.

IDIR - PUSHER 1 - Indicates array in which section is
to be created: C=KCON, 1=STOMAT,
2=STOACT, 3=KMUG, 4=KACT, 5=CONOUT,
6=STOMUG.

107 - PUSHER 1 - IDIR + 1
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IE - BELTZ ] - Infiuencer belt number.

IELL - SETMIG i - KCGN index of current ellipse.

IEP - EVAL 1 - A switch used to controi proper
computation of eneragy or unloading.

IHS - ECM 1 - Total degrees of freedom of steering
assembly.

IHF - /STERC/ 5 53 0 indicates no relative motion of
steering assembly component. 1
indicates relative motion,

ITACT - LODFEL 1 - Begnning KACT index of control entry
for interaction.

I1P - /LP/ 2 ~35 Static curve beginning index in
STOMAT or table number if negative.

IKA - REPACK 1 - Beginning STOACT index of time
history entry for interaction.

IKACT - REPACK, 1 - Beginning KACT index of time history

LODFEL entry for interaction.

IKAT - SETACT 1 - deginning KACT index for interaction
control entry,

IKC - Many 1 - Beginning index in KCON of ellipse
control entry.

IKCUT - SETACT 1 - Beginning CONQUT index for corres-
ponding output entry.

IM - BELTZ 1 - Impingement history index.

RSDUAL

IMAX - CNTACT 1 - Number of ellipses contacting region
at one time,

IMIG - CNTACT, 1 - Region switch which controls optional~

SETMIG use of migration rule for structural
deformation and/or permanent
deformation.

IMSAVE - /BRI/ 7 39 Stored values of IM,

IMULTI - CNTACT i - Region switch which controls optional-
use of analysis for multiple circles
against a line. '

IN - BELTZ 1 - Interaction control index.

RSDUAL

INFLNC - /BP/ 1 - Influence type for torso belt pair.

INIT - DBUG 1 - Counter for calls to ABINIT.

INSAVE - /BR1/ 7 39 Stored values of IN.

INSERT - PUSHER 1 - Zero to append, non-zero to push
down to create section.

INTRAC /PACK/ 1 Number of control entries in KACT.

IPN SETACT 1 Penetration switch: if positive, came
on from front; if zero, completely
unioaded; if negative, came on from
behind,

IR - BELTZ 1 - Influencer belt number.

IREG - SETMIG 1 - KCON index of current region.
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IS - /LE/ & 34 Force saturation switch, non-zerc it
saturation has occurred.
ISCALE - MULTI, 1 - Region switch controliing force
CNTACT scaling for multiple circie contact
against line.
1SEG - SETMIG 1 - KCON index of current line segment.
ISET B MULTI 5 & Set of identification indices for
circles with deflection egqual to
émax'
ISIZE - PUSHER 1 - size of section created.
ISM - Many 1 - Beginning index in STOMAT of ellipse
parameter section,
ITHRU - ELLELL 1 - Zero if deflection is less than sum
: of radii; -1 if not.
TUPA - CNTACT, 1 - Non-zero 1f region position is defined
MIG in the inertial frame, zero if in the
vehicle frame.
TUPB - BELTZ, 1 - Beginning index in KCON standard area
RSDUAL for belt segment section (see KSA(i-7)
and Table 56),
TUSEA - /PACK/ i - Length of STOACT arrav.
IUSEG /PACK/ 1 - Length of KMIG and KMUG.
{USEK - /PACK/ 1 - Length of KCON array.
1USEKA - /PACK/ 1 - Length of KACT array.
IUSEM - /PACK/ 1 - Length of STOMAT array.
[USEQ - /PACK/ 1 - Length of CONQUT array.
TUSES - /PACK/ ) - Length of STOMIG and STOMUG.
- BELTZ, 1 - Belt number.
RSDUAL :
J - GOMYMA 1 - Jutput control switch, 0 for non-
print time, 1 for print time.
JBI1 - /BELTA/ 1 - Indicator switches to signal belt
to failure for lap, upper torso, and
JB3 lower torso,
JoP - JLP/ 2 35 Inertial spike curve beginning index
in STOMAT or table number if negative.
GKC - Many i - Beginning index in KCON array of
contact segment control entry,
JOUT - /INTGR/ NELPLN 4 Address in CONOUT for force between
ellipse and line,
JSM - Many 1 - Beginning index in STOMAT of segment
parameter section.
JgT - CNTACT 1 - Number of ellipses considered for
cavity analysis (maximum of 5).
- JX J ELLELL 2 27 Major axis indicator, one for x,
two for z.
K - INFL 1 - Indicates which residual R is to be

liquidated by joint relaxation in
RELAX.
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ACT - /INTGR/ NKACT - Packing storage array containing in-
teraction control information for
interpreting STOACT, CONQUT and events
in run,

<ASE - ELLELL 1 - Switch indicating relative position
of paraliel ellipses.

CI - /INTGR/ NELPRG 3C Beginning index in KCON of ellipse
control entry.

<CON - /INTGR/ NKCCN - Packing storage array containing
input control information for inter-
preting STOMAT.

G0 - EVAL 1 - Switch which controls force evalua-
tion alternate methods.

KC - Many 1 - Beginning index in KCON of region
control entry.

KE - MIG, i - Beginning index in KMIG of Jist of

SETMIG ellipses contacting segment (see
Table 70).
(KM - MIiG, 1 - Beginning index of region entry in
SETMIG KMIG.

(KK - ELLELL i - Switch, one if circle~circie, two if
circle-ellipse, three if ellipse-
ellipse.

W1 - /JOINT/ 13 49 Joint spring coefficient.

3 24

MIG - /INTGR/ NKMIG - Packing storage array containing con-
trol information for interpreting
STOMIG.

MUG - / INTGR/ NKMIG - Packing storage array containing con-
trol information for interpreting
STOMUG.

(NA - LODFEL 1 - Beginning STOMAT index for first
material property entry or zero if
rigid.

W\NB - LODFEL 1 - Beginning STOMAT index for second
material property entry or zero if
rigid.

LT - / INTGR/ NNITI 31 Adaress in CONOUT for force between

NNITJ 32 ellipse and line.

CCUNTI B CNTACT 1 - Counter for line segments in a region
that are contacted by one or more
eilipses,

CQUNTJ - CNTACT 1 - Counter for eilipses interacting witn
the KOUNTI'th contact line.

{REG - SEIMIG 1 - KCOR index of last entered region,

(RK - /CKOUT/ 1 - Derivative evaluation number for a
Runge-Kutta integration time step, 1-4.

SA - BELTZ, / 39 Beginning index in X{ON standarg arez

INFL, for telt segment section (see Table 56).
RSDUAL
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KSEG - SETMIG i - KCON index of last entered line
segment.
KSG - CNTACT, 1 - Beginning index of force entry in
MIG, SETMIG STCMIG.
KSM - Many 1 - Beginning index in STOMAT of region
parameter section.
KSWT - EVAL 1 - Switch which controis methods of
computing permanent deformation.
KTYPE - ELLELL 2 27 E1lipse type, li=circlie or circie-
iike, 2=ellipse.
L - EVAL, i - Evaluation index, 1 through 3 are
LODFEL tast three evaluations for first
material, 4 through 6 are last three
evaluations for second material.
LAX ~ /BRI/ i - Ring indicator; l=upper, 2=Tower.
LBTLA - /BELTD/ 1 - Lower torso belt attached to upper
torso Tink if 2, to lower torsoc link
if 4, and to middle torso link
otherwise.
LLX - /LC/ ] 36 01d value of load-deflection evalua-
2 35 tion control switches.
LLXX - /LC/ 2 36 Load-deflection evaluation control
6 34 switch,
MF1 mF /FORCE/ i in-1b Moment at body link CG (number 1-8)
to 1~8 resulting from steering column, air-
MF8 bag and belts.
MFI MF DAUX, g in-1b Same as MF1 to MFB.
1-8 MATRIX,
QUTPUT
MIGCT - CNTACT, 1 - Counter for number of calis to migra-
M1G tion subroutine at a given time.
MILL - GOMVMA 1 msec CPU time used.
N - CNTACT 1 - Number of ellipses against a given
Tine segment at one time,
N MULTI 1 - Number of circles contacting line.
NA - EVAL 1 - Beginning index for static curve
force evaluation coefficients.
NB - EVAL 1 - Beginning index for inertial spike
force evaluation coefficients.
NBELT - /IOCNTL/ - - Belt switch; lap belt only if 1, Tap
and torso if 2.
NDIM - MIG 1 - Order of the system inverted for migra-
tion, 2* NSF+NSR+2.
NFR - MiG, 1 - Number of forces greater than zero on
SETMIG region (see Table 70).
NFS - MIG, i - Number of non-zero forces on segment.
SETMIG
NIS - REPACK 1 - Number of interior line segment end
points for current region.
NIX - EVAL 1 - Switch which controls the varicus uses

of the force evaluation section.
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NP N' MULTI 1 - Number of circles with deflection
equal to smax .
NREG - SETMIG 1 - Total number of regions entered
so far,
NSEG - SETMIG 1 - Total number of segments entered
so far.
NSF - MIG, 1 - Number of segments with force
SETMIG greater than zerg,
NSR n MIG, CNTACT, 1 - Number of segments in region.
SETMIG
0G W /LF/ & 34 Permanent deformation.
OGP o /LP/ 2 35 0G at last evaluation.
PDB - BELTZ 4 39 Belt lever arms (partials of belt
6 18 deflections).
PEN - /REAL/ NELPLN 4 Deflection against iine segment,
PERIM - /ABAGE/ 1 in Calculated bag perimeter,
PLTI - GOMVMA 1 sec Next plot time,
PRESUR p /BAGC/ 1 ib/in AbsoTute pressure in airbag.
PRTI - GOMVMA 1 sec Next print time.
PSA - CNTACT 1 - Temporary storage,
PSB - CNTACT 1 - Temporary storage.
PSIB ¢b /BELTE/ 2 33 Belt angle.
PSIRR - BELT 1 rad Vestigial.
PX - /LF/ 10 37 Computed curve storage. See PX in
6 34 Table 74.
PX] pX /FORCE/ 1 ib Component of force acting at CG of
to 1.8 body link {number 1-8) in the in-
PX8 ertial x direction resulting from
steering column, airbag and belts.
PX1 pX DAUX, 8 1b Same as PX1 to PX8.
1.8 MATRIX,
QUTPUT
PZ1 Pf . JFORCE/ 1 b Same as PX1 to PX8, in Z direction.
to -
PZ8
PXI pZ DAUX, 8 1b Same as PZ1 to PI8.
1-8 MATRIX,
QUTPUT
QELN QL /MATRX/ 1 1b Generalized force for Ln‘
n
QTH] 61 /MATRX/ 1 in-1b Generalized force for 9;.
QTHZ Qez /MATRX/ 1 in-1b Generalized force for 6, .
QTH3 Qe3 /MATRX/ T in-1b Generaiized force for 8;
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T Subprogram @ Subscript
2 Symbo] or /Common/ = Reference Definition
QTH4 Qe /MATRX/ 1 in-1b Generalized force for g,.
"
QTHS Qe /MATRX/ 1 in-1b Generalized force for ss.
5
QTHG Q9 /MATRX/ 1 in-1b Generalized force for &;.
&
QTH7 Q87 /MATRX/ i in-1b Generalized force for §,.
GTHE Q88 /MATRX/ 1 in-1b Generalized force for 6g.
QTHS Q89 /MATRX/ 1 in-1b Generalized force for 65.
QXK QX /MATRX/ 1 1b Generalized force for Xos
2

QZH Qz /MATRX/ 1 1b Generalized force for o
2

QxS Qx /MATRX/ 1 ib Generalized force for Xs.
s

QZS QZ /MATRX/ 1 1b Generalized force for'Zs.
S

R T:. JOV/ 2 - Rotation matrix.
ijn 5 i

8 17

R RSDUAL 2 41 Residuals for force balance at ring.

R - EOM 4 55 Vector of the right-hand side of
steering column matrix equations
of motion.

RB - DBUG 1 in Radius of bag during inflation,
reference value when full (RADIUS
in AIRBAG).

RE - ELLELL 2 27 Radius for contact circle asso-
ciated with ellipse.

RHEQI 0 /STERB/ 2 59 Radius of the contact surfaces of

‘ head and shoulder.

RI - /LC/ 2 35 R-ratio control: constant value if
positive, table number if negative.

RING - /BRIP/ 2 43 Switch for ring type.

RINGMU - /BRIP/ 2 - Coefficient of friction for beit
siipping through ring.

RLTHET op /ABAGA/ 1 rad Angie of 1ine along which bag
center moves during expansion, posi-
tive counterclockwise from vehicle
X-axis.

RR r CNTACT, 5 1 tEquivalent circle radius for

MULTI ellipse.

RS r /CAV/ 5 2 bEquivalent c¢ircle radius for
ellipse.

RKTODD .. REACT ] in/sec? Acceleration at the center of

RZ1ODD r gravity of the steering wheel.
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X20DD o] REACT 1 in/sec< Acceleration at the center of
72000 r gravity of the steering wheel.
Sh /CAY/ 5 2 Non-dimensional position of circle
alona line segment length,
1 S1n /CAV/ 5 2 Cavity parameter for longer base.
2 Son /CAV/ 5 2 Cavity parameter for snorter base,
3 S3p /CAV/ 5 2 Cavity parameter for shorter base.
4 San /CAV/ 5 2 Cavity parameter for longer base.
FAC S CNTALT 1 - {ontact surface edge effect factor.
GF - EVAL 1 1bs Force at point where reloading
COmmences.
L1 [ /CAV/ 5 2 Frontside cavity siope.
L2 Moo LCAV/ 5 2 Backside cavity slope.
M - EVAL 1 Tbs/in Force slope at point wnere re~
lcading commences.
oG - EVAL 1 in Deflection at point where reloading
commences.
R - CNTACT, 1 - Sine of THETAR.
MIG
S Sn CNTACT, 5 1 Non-dimensional position of circle
MULTI along line segment lenath {unordered).
T - MIG 28 3 Sine of inertial line seament angle TH.
TOACT - /REAL/ NSTACT - Packing storage array containing come

puted quantities of which previous
values are needed in computation.

TTOMAT - /REAL/ NSTHMAT - Packing storage array containing input
constants and quantities which need to
be passed from one part of the program
to another but not updated.

TOMIG - /REAL/ NSTMIG - Packing storage array containing com-
_ puted seagment forces for previous time.
» TOMUG - /REAL/ NSTMUG - Packing storage array containing com-

puted segment forces for current time.

UM - Many 3 - Temporary storage,

sUM - BELTZ 4 - Work space for partiais of residuals
in RELAX.

t /CKOUT /. 1 sec Time,

B - BELT 1 sec Time at which breaking strength ot lap,

10 upper torso, and lower torso belts,

B3 respectively, are exceeded.

‘BAR — ELLELL Z 27 ~ Positicn parameter for migrating

S5t circle.

"3BAR - ELLELL 2 K Parameters for evaluation of TBAR
for parallel ellipses.

wMPR T /BAGA/ 1 °R Absolute temperature of gas in airbag.
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TFI Tf JJOINT/ 8 15 Friction joint torque.
J
TH 5 MIG 28 8 Inertial line segment angle.
i
THi a1 /INTEG/ ] rad Body link angles {generalized
to to _ coordinates 3-11).
TH9 8g
THI1D él JINTEG/ 1 rad/sec Body T1ink angle velocities.
to
THoD  &°
89
THDI H JTORQ 8 15 Body 1ink angle velocity.
j
THETAR 8p CNTACT, 1 rad Inertial angle of region baseline
MIG (1ine between endpoints of a region).
THETAS B /SHOLDR/ 1 rad Angle of shoulder element with
respect to 12.
THI 8, JTORQ 8 15 Body link angle.
THRI aR JJOINT/ 8 15 Relative joint angle.
i
THV B, /INTEG/ 1 rad Vehicle angle with respect to the
: space fixed coordinate system,
THVI gV /JOINT/ 8 15 Relative angle velocity.
J _
TI T] to JTORQ ; 8 15 Total torque at joint.
Tg
TIME t DBUG 1 sec Time.
TKSH - /JOINT/ 1 1b-in Factor in generalized forces which
result from es-dependence of
KJI{10,I}.
TLI T4 /JOINT/ 8 15 Linear joint torque.
J
TMP 3 /LP/ 2 35 Time at last evaluation.
TMUS - /INTEG/ 11 a8 Joint forces resulting from muscle
tension.
TMUSD - /INTEG/ il 48 Time rate of change of TMUS.
TNI " JJOINT/ 8 15 Nonlinear joint torque.
J
TS - BELTZ2 4 44 Ring coordinates and work space for
RELAX.
TSA - MIG 1 - Ratic of TSB to segment length.
TSA - Many 1 - Temporary storage.
TSB - MIG T in Distance from region anchor to point

of action of force on the anchored
segment before migration, measured
along segment.
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S8 - Many 1 - Temporary storage.
7SC - BELTZ i 1b Belt tension force.
RSDUAL
T5C - BELTZ 1 in/sec< Inertial x acceleration of anchor
with inertia reel,.
TSD - BELTZ 1 in/sec# Inertial z acceleration of anchor
_ with inertia reel,
TSD - BELT2 1 in< Square of side opposite vertex of
RSDUAL triangle determined by two belt
segments with vertex at ring.
TSE - RSDUAL 1 in Initial webbing length.
TSP - Many 1 Temporary storage.
TSQ - Many 1 - Temporary storage.
TVl TV /JOINT/ 8 15 Viscosity joint torque.
J
VOLUME y /BAGA/ i in? Volume of gas in airbag calculated
from thermodynamic equations.
WS s CNTACT 1 - Non-dimensional contact position in
special contact line system (see
equation 133).
X - RSDUAL 2 16 Inertial coordinates of slip ring.
X X /QV/ 2 16 Tnertial coordinates of body link
8 17 CG's.
XA XA /BAGC/ i in X coordinate of airbag attachment
point in inertial system.
XAl xA CNTACT, 1 in Tnertial x-coordinate of region
] MIG "front" anchor.
XAN XA CNTACT, i in Inertial x-ccordinate of region
n MIG "back" anchor.
XB1 xB /0CCD/ 1 in Inertial x-coordinate of lap belt
1 attachment.
XB2 XB /0CCD/ 1 in Inertial x~-coordinate of upper torso
2 belt attachment. : .
XB3 XB /0CCD/ 1 in Inertial x-coordinate of lower torso
3 belt attachment.
XBC XC /BAGC/ 1 in X-coordinate of center of airbag
circle in inertial system.
XBO1 X? BELT 1 in/sec XB1 - velocity.
XBD2 XB BELT ] in/sec XBZ - velocity.
2
XBD3 XB BELT ] in/sec XB3 - velocity.
3
XCP Xc‘ CNTACT, 29 7 [nertial x-coordinate of region
i MIG corner point. '
XDDC - CNTACT 1 in Venhicle contribution to x-component
of tangential velocily.
XDEL - ELLELL 1 in Deflection for ellipse-elilipse

interaction.
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5E Subprogram 2 Subscript
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XDIF - HOXT1 1 sec Time difference between table points
for gearbox position interpolation.

XDMC - CNTACT 3 - Intermediate resuits in computing
XDoC.

XDOT - CNTACT 1 - Time derivative of WS.

XE - ELLELL 2 2% Inertial coordinates of eliipse

2 27 center,

XEM Xem CNTACT 1 in x-coordinate of ellipse center in
body system.

XF XF MIG 1 in Inertial x-coordinate for point of
contact.

Xa Y MIG 29 7 Mass compliance at region corner
point,

XH X2 JINTEG/ i in Inertial coordinate at upper torso
CG.

XHAT % or CNTACT 4 25 Line segment endpoint coordinate,

Wi inertial or relative to vehicle
Zi origin.
XHD P /INTEG/ 1 in/sec XH - velocity.
Z
XJD1 XJ /0CCC/ 10 15 XJI - velocity.
i
XJ1 XJ /0CCC/ 10 15 Inertial x-coordinate for occupant
i joint.

XK ki MIG 29 7 Bending stiffness at region
corner point.

XL 3 ELLELL 2 27 Distance along semi-major axis
between ellipse center and migrating

_ circle center,
XL L MIiG 28 8 Region segment length.
XLAM - ELLELL 2 29 Direction number of semi-major axis.
2 27
XLP 3 MIG 1 in Distance along line segment from
Ik “front" corner point to point of
action of force,

XM - MIG Z 11 x-coordinate of end of segment away
from anchor in two-segment region.

XS XS /INTEG/ 1 in x~coordinate of joint 7 with respect
to joint 9, in upper torso system.

XSD % /INTEG/ 1 in/sec XS - velocity.

s
XSEG - CNTACT, 4 3 Line segment parameters for cavity
MULTI analysis.

XV Xv /INTEG/ i in x=-cogrdinate of the vehicie reference
point with respect to the space fixed
coordinate system.

XX - BELTZ Z 46 Inertial x-coordinate of torso belt

attachment.
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XYDDS - CNTACT 1 - Factor in contact surface contri-
bution to components of tangential
velocity.

XZ XO CNTACT 1 in x-coordinate of contact point.

XZA - CNTACT 1 in x-coordinate of first possibie
contact point.

XZB - CNTACT ] in x-coordinate of second possible
contact point,

XZRING XC,ZC /BRIP/ 2 29 Ring positions for advanced beits

2 41 in vehicle coordinates.

YDIF - HDX11 1 in x~-position difference between tabie
points for gearbox position inter-
polation.

ZA ZA /BAGC/ 1 n Z-coordinate of airbag attachment
point in inertial system.

ZA1 ZA CNTACT, 1 in Inertial z-coordinate of region

1 MIG "front" anchor.
ZAN ZA CNTACT, 1 in Inertial z-coordinate of region
n MIG "back" anchor.

81 Z? /0CCD/ 1 in Tnertiai z-coordinate of lap belt
attachment.

7B2 ZB /0CCD/ 1 in Inertial z-coordinate of upper torso

2 belt attachment.
B3 zB /0CCD/ 1 in Inertial z-coordinate of Tower torso
3 belt attachment.

ZBC Zc /BAGC/ 1 in Z-coordinate of center of airbag
circle in inertial system.

/801 ZB BELT 1 in/sec 181 - velocity.

1
LBDZ 28 BELT 1 in/sec ZB2 - velocity.
2
Z803 ZB BELT 1 in/sec ZB3 - velocity.
3
ICP Zc' CNTACT, 29 7 Inertial z-coordinate of region
i MIG corner point.

ZEM Zem CNTACT 1 in z-coordinate of eliipse center in
body segment system.

iF ZF MIG 1 in Inertial z-coordinate for point of
contact.

ZH 22 JINTEG/ 1 in Inertial z-coordinate at upper
torso CG.

ZHD 3 JINTEG/ 1 in/sec IH « velocity.
2

ZdD1 2q /0CCC/ 10 15 ZJI - velocity.
i

241 ZJ /0CCC/ 10 15 Inertial z-coordinate for occupant
i joint.

M - MIG 2 11 z-coordinate of end of segment away

from anchor in two-segment region.
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ZS ZS /INTEG/ 1 in z~coordinate of joint 7 with respect
to joint 9, in upper torso system.
Z50 s JINTEG/ 1 in/sec LS -~ velocity.
s
FAL - /ABAGE/ 1 1b-in Net moment on airbag resulting from

contact with occupant and vehicle

interior which causes adjustment of

direction of bag expansion {RLTHET).
ZV Z /INTEG/ 1 in z-coordinate of the vehicle refer-
ence point with respect to the space
fixed coordinate system,

Ll - BELTZ 2 46 Inertial z-coordinate of torso beit
attachment.

Zl z, CNTACT 1 in z-coordinate of contact point.

LA - CNTACT 1 in z-coordinate of first possibie
contact point.

1B - CNTACT 1 in z-coordinate of second possibie

contact point.
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SUBSCRIPT,
REFERENCE| SUBSCRIPT

NUMBER VALUES SUBSCRIPT EXPLANATIONS UNITS SYMBOL
1 1-5 Up to five ellipses in contact with - -
lines are considered

2 1-5 Up to five ellipses in contact with - -
Tine; array elements re-ordered
corresponding to $5955<. - <S¢

3 1 Material property for dependence of - ki
longer trapezoid base length on deflec-
tion

2 Material property for dependence - AZ
of longer trapezoid base length on
circle radius

3 Material property for dependence - k3
of shorter trapezoid base length
on circle radius.

4 Line segment length - £

4 1-NELPLN iCircle impinging against line - -
with cavities

5 1-NELPLN  [Cavity impinged against, - -
corresponding to circle (J)

3 T-HELPLN ~ |Array elements ordered so that - -

I<IZ<13<I4<15

7 1-29 One for each corner point, where | 15

for "front" anchor of region; up to 28 v in 1b
segments are possible for region which ° d‘“ >/ -
undergoes migration rag or 1in.

in/1b sec2

8 1-28 One for each region segment; up to in. or -
28 segments are possible for region rad. or
which undergoes migration dimension-
4 less

9 INDIM X NDIM are used, by columns - -

10 1-32 a) First 2 * NSF + 2 are for equations 13 - -
next NSR are for equations 156

b) As a solution vector, the first
2 * NSF + 2 are constraint A's and
the next NSR are 40's.

11 i For first segment in region in. -

2 For second segment in region n. -

12 I to (HSR-1)[X-coordinate for each corner point, n. -
not including anchors

101 to (NSRIZ - coordinate for each corner n. -
+100) point, not including anchors

13 1 Xz-equation - -

2 Zz-equation - -

3 61-equation - -
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4 8 requation - -

5 gs~equation - -

5 g,-equation - -

7 Bs-equation - -

8 fg-equation - -

g g-~aquation - -

10 gg~equation - -

11 6g~equation - -

12 Ln-equation - -

13 Xs-equation - -

14 stequation - -

14 1 ;z-coefficient - -
2 ;z-coefficient - -

3-1 6y-coefficent through &y -coefficient - -

12 En—coefficient - -

13 ;s-coefficient - -

14 is—coefficient - -

15 Right hand side - -

15 1 Upper Neck - -
2 Lower Neck - -

3 Upper torso-middle torso - -

4 Middle torso-lower torso - -

5 Hip - Z

6 Knee - -

7 Shoulider-Upper Arm - -

8 Elbow - -

] Snoulder-Upper Torso - -

10 Vestigial - -
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TABLE 94. SUBSCRIPT REFERENCE EXPLANATIONS

SUBSCRIPT
REFERENCE | SUBSCRIPT
NUMBER VALUES SUBSCRIPT EXPLANATION UNITS SYMBOL
16 1 ) in. or -
in/sec
? z in., or -
in/sec
17 1 Head - -
2 Upper torso -
3 Middle torso - -
4 Lower torso - -
5 Upper legs - -
b Lower Tegs - -
7 Upper arms - -
8 Lower arms - -
18 1 Xo-partial - -
2 £o-partial - -
3 91-partia1 - -
4 ez-part1a1 - -
5 ea-partia1 - -
3 e4~part1'a1 - -
7 95~partia1 -~ z
8 es—partia1 - -
] gey-partial - -
10 geg-partia1 - -
1 Sg-partial - -
12 Lﬂ—partiai - -
13 Xsapartia1 - -
14 Zs-partia1 - -
15 Time derivative (velocity) - -
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SUBSCRIPT
REFERENCESUBSCRIPT
NUMBER VALUES SUBSCRIPT EXPLANATION UNITS SYMBOL
19 1 For R{1,1,:)
2 For R(1,2,-) - -
3 For R(2,1,- ) - -
4 For R(2 2, - -
20 1 Partial wath respect to 9;, where - -
J is the body 1ink number
{second subscript)
2 Time derivative -
21 1 Position in. or -
rad.
2 Velocity n/sec -
or
rad/sec
3 Acceleration 1n/sec2 -
or 5
rad/sec
22 1 X - -
2 Z - -
3 e} - -
23 1 Upper stop rad -
2 Lower stop rad -
24 1 lL.inear elastic resistance to motion in ib/rad -
from initial relative angle or 1b/in
2 Quadratic stiffness for joint in 1b/rady  _
stop resistance or 1b/in%
Cubic stiffness for joint n 1b/rady
stop resistance or 1b/in?
25 ] X for first endpoint in. ﬁl
2 £ for first endpoint in. 2
: 1
3 X for second endpoint in. X
2
4 £ for second endpoint n. 2
2
26 1 LoeTticient rates of surface relative . .
to vehicle. in/sec P
2 Coefficient rates of surface relative \ .
to vehicle. in /sec 9
3 Coefficient rates of surface relative . .
to vehicle. in /sec r
4 Ceefficients of surface relative in
to vehicle, P
5 Coefficients of surface relative in
to vehicle. g
6 Coefficients of surface relative i
to vehicle. n r
7 Coefficients of surface relative .9
to vehicle. m S
8 Coefficients of surface reiative . A
to inertial space, m
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(SUBSCRIPT
REFERENCE | SUBSCRIPT
NUMBER VALUES SUBSCRIPT EXPLANATICN UNITS SYMBOL
9 Coefficients of surface relative in B
to inertial space.
10 Coefficients of surface relative in C
to inertial space.
i1 Coefficients of surface relative in 2 D
to inertial space.
12 Direction factor - -
13 Coefficient rates of surface i 2 .
relative to vehicle. in"/sec 5
14 These are intermediate results. 1n3 _
15-17 These are intermediate results. iné R
18 These are intermediate resuits. in3 _
19-21 These are intermediate results. in? _
22-23 Surface side lengtins. in -
04.29 Combinations of (8,9,10) taken in pairs. in _
30 Square of (31). in _
31 Normalizing factor. in _
27 1 First of ellipse - ellipse - -
interaction pair
2 Second of ellipse - ellipse - -
interaction pair
28 1 Circle or circle-like - -
2 Ellipse - -
29 ] X, i-direction - -
2 2, k-direction - -
30 1-NELPRG {One for each ellipse against region, - -
up to IMAX
31 1-NNITI Une Tor each vajue of KOUNIL - o
32 1-NRITJ One for each value of KQUNTJ - -
33 1 First lap belt segment - -
2 Second lap helt segment - -
3 pper torso belt segment - -
4 Lower torso belt segment - -
34 1 First avaluation for first material. - -
2 Second evaluation for first material - -
3 Third evaluation for first material - -
4 First evaluation for second material - -
5 Second evaluation for second material - -
6 Third evaluation for second material - -
35 1 Dealing with first material - -
2 Dealing with second material -
36 1 Load-deflection evajuation - -
mode switch (See LX{1) in Table 73 )
2 Load-deflection static curve contirecl - -
switch (See LX(2) in Table 73 ).
37 1-4 Note: See description LX{1)in Table 73. | Tbs,libs/ -
Unloading or reloading curve storage in. etc.
5 Reload start defiection inches -
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NUMBER VALUES SUBSCRIPT EXPLANATION UNITS SYMBOL
6 Change-over deflection . inches -
7-10 Re-unioading curve storage . 1bs,1bs/ -
in, etc.
38 1 First evaluation for shared deflection . - -
2 Second evaluation for shared deflection - -
3 Third evaluation for shared deflection. - -
39 1 Upper torso belt. - { -
2 Lower torso belf. - -
3 Inboard flap belt. " A
4 Qutboard lap belt. Z S
5 Lower ring strap. - | -
& Upper ring strap, - | -
7 Upper torso belt extension. - b~
49 ] Belt attachment in body coordinates. in -
2 Belt attachment in vehicle coordinates n
for third index 1, 2, or 3; belt anchor
in vehiclie coordinates for third index
4-7,
4] 1 Upper belt ring. - -
2 Lower belt ring. -
42 1 Anchor for upper ring or upper ring - -
strap.
2 Anchor for lower ring or lower ring - -
strap.
3 Anchor for upper torso belt extension. - P
4 Ancnor for outboard lap belt, - -
43 ] Torso beit, - -
2 Lap belt. - -
44 1 Ring x-coordinate in vehicle system, in -
2 Ring z-coordinate in vehicle system, in -
3 Residual for x-force balance at ring. 1b -
4 Residuai for z-force balance at ring. 1b -
45 1 Belt 6 17 upper ring; belt 5 1f Tower in or
ring. in/sec
2 Belt 1 1f upper ring; belt 2 if Tower in or -
ring. in/sec
3 Belt 7 1f upper ring; belt 3 1f lower in or -
ring. in/sec
46 ] Influencer. in -
é Influencee. in -
47 1 Inertia reel at anchor 1. 1 in/sec < -
2 Inertia reel at anchor 2. ih/sec¢ < -
3 Inertia reel at anchor 3. in/secs | -
48 1 Upper neck joint torque. 1b~in T
Z Lower neck joint torgue. [ Tb=1in ;-
3 Upper torsg-middie torso joint torgue. | 1b-in -
4 Middle torso-lower torso joint torgque. 1b-1in -
5 Hip joint torque. 1b~-1n -
6 Knee joint forque. 1b=-in -
7 Upper torso-upper arm joint torque. Ib-in -
8 Elbow~joint torque.  Th~1in I -
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respect to vehicle {and also relative mo-
tion with respect to lower column).

SUBSCRIPT
REFERENCE | SUBSCRIPT
NUMBER VALUES SUBSCRIPT EXPLANATIONS UNITS SYMBOL
9 Shoulder-upper torso joint torgue. 1b=in -
10 Neck-length force resisting elongation. 1b [ -
[ Shouider element force resisting elonga- 1b fo.
tion.
49 1 Head-neck forward. - -
2 Neck-upper torso forward, - -
3 Upper spine, - -
4 Lower spine. - -
5 Hip. - -
6 Knee, - -
7 Upper arm-upper elbow. - -
8 Elbow. - -
9 Neck, linear elongation. - -
10 Shoulder element elongation. - -
11 Head-neck rear. - -
12 Heck-upper torso rear. - -
13 Neck, 1inear compression. - -
50 1-10 Cross terms for anguiar momenta. 1b 1n sec, -
il Sum of cross terms, 1b in seci -
12-20 16 angular momentum terms. b in secl -
21 Sum of I&'s. b in sec -
22 Total angular momentum, 1b in sec: -
23-32 Linear x-momentum terms. 1b sec | =
33 Total x-momentum, 1b sec | -
34-43 Linear z-momentum terms. 1b sec | -
44 Total z- momentum. 1b sec | -
51 1 Upper torso semicircle segment. in [ -
2 Upper torso line segment. i in 1 =
3 Middle torso line segment. i in I -
4 Lower torso line segment. {  in |-
5 Vestigial. - P-
6 Head circle. in | -
52 1 Lower steering wheel rim. | - | -
2 Steering wheel center. i - L -
3 Upper steering wheel rim. - {-
4 Hub., - [ -
53 1 Gear box 1inear motion with respect to - -
vehicle.
2 Upper steering coiumn linear motion with | - -
respect to vehicle,
3 Lower steering column angular motion with - -
respect to vehicle,
4 Upper steering colum angular motion with | - -
respect to vehicle (but no relative motion
with respect to lower column).
5 Upper steering column angular motion with

684



TABLE 94. SUBSCRIPT REFERENCE EXPLANATIONS

GO

SUBSCRIPT
REFERENCE [SUBSCRIPT
NUMBER VALUES SUBSCRIPT EXPLANATION UNITS SYMBOL
54 1 Head. 1b or -
in-1b
2 Upper torso. ib or -
in-1b
3 Middle torso. b or -
in-1b
4 Lower torso. ib or -
in-Th i
55 1 ¢-equation. - -
2 ay~equation, - - |
!
3 h-equation. - -
4 a »equation, - - ‘
o LI
56 1 r-coefficient. 1b-2$c 7in | agy
1b-sec ¢
2 a-coefficient. 1b-sec2 or| 2,
1b-sec %in {
3 h-coefficient, 1b—sec2/in a.
i3
or
1b-sec 2
4 a ~coefficient, Ib-—sec2 ortas,
lb-sec%in | !
5  |Right hand side term. D er b
57 1 Upper end of upper torso i1ine segment. | in -
2 Lower end of upper torso Tine segment. in -
3 Lower end of middle torso line segment. in -
4 Lower end of Jower torso line segment. in -
58 T-NNSTRW ! Up to NNSTRW time points in table. in -
59 1 Head. in - ]
2 Shoulder. in -
60 1 A vehicle interior 1ine segment end- in -
point near toeboard (inputted).
2-5 Vehicle interior points between toe- in - ;
board and header, either inputted or
interpolated. i
b A vehicle interior line segment end- in - |
point near top of windshield {inputted).
7 Point on roof, above and behind occu- in - i
pant's head.
8 Top of head circle. in -
g Front of head circle, in -
10 Top of chest line. in -
11 Bottom of chest line. in -
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SUBSCRIPT

REFERENCE (SUBSCRIPT

NUMBER VALUES SUBSCRIPT EXPLANATION UNITS SYMBOL
12 Bottom of chest line. in -
13 Bottom of gut line. in -
14 Bottom of gut line. in Z
15 Bottom of pelvis line. in -
16 Top of upper leg line. in -
17 Bottom of upper leg line. in -
18 Top of lower leg line. in -
19 Bottom of lower leg line. in -
20 Same as point 1. in -
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4.5 The Output Pre-Processor

4.5.1 Program Organization and Flow. Figure 139 shows the calling
structure for the Output Pre-Processor. Tables 96 and 97 describe the
subprograms and commons, respectively,

4.5.2 Packing Techniques. The Output Pre-Processor is highly

similar tc the Input Pre-Processor in its use of packing to pass the input
data from the input cards to the Qutput Processor. Table 98 gives the name
of each component array of RQQ and I1QG, the FORTRAN name of the variable
length part of each such array and the method of determining each length.

4.5.3 Binary Output Formats. OUTP appends the third fixed length
section of file NU to the end of NU in order to pass output control data
to OUT. Table 99 shows what data is written in each record. The second
variable length section, occurring directly after this fixed length sec-
tion, is used to pass input data pertaining to the Type A and Type B
comparisons to QUT. Table 100 describes the layout of these records. The
first three fields of each of these records are again the same. Field 1}
holds IBLK-9, the type of control information. Field 2 holds ID+1, the
subtype number. Field 3 holds NCARD, a running count of the cards.

4.5.4 Auxiliary Program Output. Three types of auxiliary output
are avaiiable from the Output Pre-Processor. The first is the automatic
echoing of all input cards read (see Section 4.2.4 for details). Table 101
presents a facsimile. The second is a Packing Dictionary containing the
variable length storage layouts for the integer and real packing arrays,
a summary of the counts used in creating them and a summary of the optional
routines to be used by OUT. Table 102 shows an exampie. Error messages are

the third type, and they are described in Table 103.

There is also debugging information controlled by the Input Debug
Switch. Levels one and two are inactive. Level 3 produces a printout of
the contents of each input card as laid out to be written into the binary
file NU. This occurs interspersed within the card Echo Table as each card
is read. It also produces a printout of the contents of each auxiliary
record of file NU as written by OUTP for QUT. (Refer to Tables 99 and
100.)
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BRAKUP
(main ) —QUTPMY DBS
WRITER

Figure 139, Calling Structure for the Output
Pre-Processor (OUTP)
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QuUTP

TABLE 97. LABELED COMMON DESCRIPTIONS FOR QUTP.

Number Name Users Description o
1 DUM DBS Temporary storage.
2 LDNS BRAKUP, DBS, Logical device numbers and
QUTPMV related parameters.
3 RITE QUTPMV, WRITER Routine control array and

related parameters.
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TABLE 98. ARRAY DIMENSIONS IN OUTP FOR QUT.
Array Name Length Source of Length
STOMAT NSTMAT Calculated in IN
ACC, TACC NNDACC or ITS Calculated in IN
STOR NUMENT Calculated in INP
KCON NKCON Calculated in IN
MSTOR NUMTAB Calculated in INP
ELLNAM NELLS Calculated in IN
KREGNS, REGNAM NREGNS Calculated in IN
CONNAM, KORG, CORG NLINES Calculated in IN
T, SAVRAG NACTUL Counted in GO
INTACT NINTAC Counted in GO
A, W, G, T NUMACC Counted in GO
COLD NOCOLD KTYPEA+KTYPEB ; input counts
POINTS ISTEP Input card 1501, field 1
ELLE NELLP 1 if HEDRAD > 0
NELLPS+NCIRCL + 0 otherwise
THOLD, KHOLD NOHOLD NREGNS if category 2 or 3 requested

NREGNS+NREGNS 1if both reguested

NREGNS+NREGNS+NINTAC if category 4
requested
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TABLE 99. FIXED LENGTH PORTION OF INDEXED BINARY FILE ON
LOGICAL DEVICE NUMBER NU WRITTEN BY QUTP.

LBN Contents

IOUTSX+1 DELTA, FC, FEMSOR, FIRST, FRAK, FT, HEDRAD, SKMASS,
XMAX, XMIN, ZMAX, ZMIN, FCNAM(1-8)

2 IBAG, IBELT, ICNTCT, IDB, IELLP, IPP, ISTEP, IWHEEL,
1ZERQ, KOUTIN, MIRROR, NORDER, NPP, NSLAN, NUSE,
NOHOLD, NOKORG, NOREGS, NOCORG, NOIPTS

3 LOITAC, LOKRGN, LOKCON, LOHOLD, LDKORG, LELLNM,
LCONNM, LREGNM, LOMSTR, LOT, LOACC, LOTACC, LOSMAT,
LOSTOR, LOSAVR, LOELLE, LOPNTS, LOCORG, LOAP, LOWP

4 LOGP, LOTP, KROUTO(1-18)

5 TESTVL(1-18), RAH(1), RAH(2)

6 RAH(3-8), IORDER(41-46), LOIMAG, LOHTIT, LOTTIT,
LOSTIT, LOCOLD, LOKHLD, NOCOLD, NIXP

7 IORDER(1-20)

8 IORDER(21-40)

9 ICONTL(1-20)

10 ICONTL{21-40)

11 ICONTL(41-46), KROUTO(19-22), JOUTSX, KO, NSCN, NFLT,
MRN, KTYPEA, KTYPEB, NOP, METH, NELLP

12 RAL(1-8), IORDER{47-51), ICONTL(47-51), NDMRQQ,
NOMIQQ

696



TABLE 10C. VARIABLE LENGTH PORTION OF INDEXED BINARY FILE ON
LOGICAL DEVICE NUMBER NU WRITTEN BY QUTP.
Number IBLK ID+] Field Item
1 4 1 4-13 KGLD(1-310) {Card 1300)
14-15 COLD{11-12)
16 KOLB(13)
2 5 1,2 4.6 KOLD(1-13) {Card 1400, 1401)
3 6 3 4 KSTYX {Cards 1502)
number of this time point card
among all time point cards read |
5 NOSPTS Number of points in record
(may be less than ¢ only
for last card)
6-14 PGINTS(y+1) to POINTS(y+NOSPTS)

where v = 9 * (KSTYX-1)
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WO S By

1331
1002
1003
10068
1500
1507
1600

w1, 10=-1%4,21,22,*

¥ ,-9,458
*")-
*40,
‘la_
%21,

E

*

),
*500.
*0.
*0.

-

Table 101.

317,38,15%,23-26,2%-5,18-20% ,33~36,3%)-32,16,%27-29,
* * * ‘ * &

*

*0. *71,55 *,025 * * =
*560. 0, %, 85 *207. %5, 5,
"3. 62, "S. =44, =10, *0.
®0. *1. %71, =0, s1, *],
L] * * * x x

Facsimile of Echo of Input Data Cards from OUTP
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B.

C.

VARTARLT-LEYGTY STOEIGE LAYOUT
REAL 19F1YS
NANE BEG. IND. LENGTH OFFSTT NEG.
T 1123 41 1132
ACC 1174 351 1173
TACC 1527 27 1526
STOMAT 1 1132 )
STOR 1554 21 1593
SAVRAG 1575 0 1533
BLLE 1575 70 1567
POINTS 3820 21 2819
CORG TRYS 24 1642
A 1 1206 -201
W 1237 1276 1015
G 2413 206 2211
T (PRELIH) 3619 1208 3618
INTRGER ARRAYS
NAME BTG, I¥D, LEMNGTH OFFSET BL4.
INTACT 590 99 584
KREGNS 689 "5 674
KECON 1 589 0
IHCLD 725 118 721
KORG 833 60 827
HLLNAM 893 80 ARY
CONNAY 973 48 568
RRGHAN 1721 72 1912
MSTOR 1393 126 DY
I¥AGE 1219 1843 1185
HTITLR 2067 18 3056
TTITLE 1085 7 2034
STITLE 3092 35 2091
CcoLD 2127 0 31433
KHOLD 3127 103 3124
SH=MARY OF COUNTS,
I0UTSY= 1617 JoUT3E= 1633 IsTEp=s 21 K3TYY=
KTYPE A= 0 XTYDR3= J ¥OS PTS= 9/ UCARD=
nv= 1629 Y0iALd= 36 NrLLes 10
SUMYARY NF RCUTINE USAGE
ROUTINFR NAMD ROUTINE
cATel nST
CATG2 J5E
CATG3 USE
CATGE USE
CATHS nsE
CO¥PA OIIT
CNMPD CHIT
LOLIST 0%IT
STYY use
PRELIM USE
IDOGT 0SE
TININT OMIT
Z3FLT OMIT
ZRELTA 04IT
yA I 4T
7315 07T
FILTER iR
HYC ust
SFVIND USE
THT RV 13E
ELLIPS Usz
INTSCT ONIT
Table 102. Facsimile of Packing Dictionary from QUTP

DACKING
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4.5.5 Programs Written by QUTP. The last function of QUTP is
to take the computed dimensions of RQQ and IQQ and the tabulated options
as desired for the ocutput and write the main program, the transfer vector
routine, and the second Tevel transfer vector routine for QUT. Samples
of each are given in Tables 104, 105, and 106, respectively. See Table
168 in OUT for all possible routines for TRAVEC and SUBTVC.
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MICHIGAN

SHReh
02

073
.-\»-ru

L

3035

l"'l
‘-L

AL GSYSTEN F2ATRAN 5{Z%'.8 T
COVMACH/RIAL/RCC( 3840)
COMUON/INTR/ICQOL 32354

C DEFINE FILE 8( 2377,
CALL QUTHVY
SToP
END

Table 104. Main Program for QUT
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EICHIGAY

0007
0092
2303
nta
7095
0006
0007
Neo3
1903
515
0711
gni2
3313
0014
0015
2016
2217
2218
0319
0020
0021

ouTF

MICHIGAN TTILMINAL SYSTEM FORTRAY G (21.8 TEST) TRAVEC
1371 SUBROQUTINE TRAVEC (I, I
0002 G2 T0 (1,2,3,4,5,6,7,8,9,12,11,12) ,T
043 1 CALL CATG1(J)
Q004 RETUERN
0005 2 CALL CATGz {Jd)
Q006 R¥TURN
3327 3 CALL CATG3{J)
3073 RETURH
0309 4 CALL CATGYU(J)
on1g BRETURY
da011 5 CALL CATGS (J)
a2 RETURY
0313 6 BETURT
7214 7 RETURN
0015 8 BETURN
00%¢& 8 CALL STIX
0017 REETUBRH
319 10 CALL PBRELIM
2319 RETUDRN
372D 11 CALL IDQUT
Ga21 RETURU
2022 12 RETUGERYN
D0zZ3 END
Table 105. Transfer Vector Routine for QUT
TEBEMIWAL SYSTEM FORTRAY G(21.8 TEST) SUBTVC
SURRCUTINEL 5UBTVC(II,A,B,C,E,F,5,D0,K,d,¥%)
DIMENSION A (%) ,3(1),C(1), Di” SEN) LT () ,G (), 30 XY
I= TI-IL
GG TC (13,1%,15,16,17,18,19,20,21,22) ,1
13 RETURN
14 RETURY
12 RETUARN
16 PETHRY
17 CALL FILTER(A,J{"),J(2},3{3),J(5,D(N,D(),p(3),8,C,5103
RrTUn Y
18 CALL EIZ{D(1) ,D{2),A,B,C,E,F,G5,3(1,J(2).,J(3),J[8})
RETU RN
19 CALL SEVIND(D(1 ,D(2},4,B,C)
RUTUERY
20 C3LL THRAVG(J(1),D{1),4,8,C,J3(2),X
RETURA
21 CALL ELLIPS (J{(1).,J(2))
RETJEN
22 RETUERHN
10859 RTTURY 1
RHND
Table 106. Second Level Transfer Vecter Routine for CUT
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4.6 The Qutput Processor {QUT)

4.6.1 Program Organization and Flow. Figure 140 shows the calling
structure for the Qutput Processor. Tables 107 and 109 describe the sub-
programs and commons, respectively.

Table 108 relates the optional routines with indices used in calls
to TRAVEC and SUBTVC. In Figure 140 the presence of a letter "T" gr 'S¢

on & calling arrow indicates that the route is via TRAVEC or SUBTVC,
respectively.

Tabies 110 and 117 show the layout of the real and integer packing
arrays, respectively,



ouT

-m=mBLKDTA
L INDEX
e PICKUP
L CATGI > SEARCH
T CATE2 et TITLE e TUCK
T CATG3 oo TITLE st TUCK
I caTGS o TITLE e TUCK
e CATGE TITLE TUCK
e EXCESS
e FETCH
T COMPA INST
Lo TITLE e TUCK
s --*-DIFFER-»E:FE?CH
hosmmnsms (L JMP B st TITLE ot THCK
e THST
i EXCESS
B -
T DOLIST—D-_—» FETCH
L INST
T 1 TLE ———w TUCK
-§-->ZBAG __-ERITABG
M n s QUTMYHM TITLE mor———am TUCK
S 5 7BELT -TITLE o TUCK
|3 e 7BELTA et TITLE et TUCK
.
i NI RITABO
TITLE ——e TUCK
L 7INT3 > TITLE »TUCK
L TINT2 ~TITLE TUCK
SwFILTER
L o PREL Moo HIC
S - SEVIND
S o rHRAVG
= DRAWIT > TITLE TUCK
S L ELLIPS {W"
. SCALE
. S INTSCT
o STYX s out
_-;.LINE_.,-E:
SCALE
Pt ST
s SCALE
L TITLE s T JT K

T TJOINT__E:EXCESS
‘ TITLE mssm—— TUCK

Figure 140, Calling Structure for the Qutput Processor (OUT).
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TABLE 108,

Index

0 ~ O U B (0 PN e
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ouT

SUBROUTINE/INDEX CORRESPONDENCE FOR CALLS T0

TRAVEC AND SUBTVC (OUT)

Subroutine
TRAVEC{I)

CATG]
CATGZ
CATG3
CATG4
CATGS
COMPA
COMPB
DOLIST
STYX
PRELIM
IDOUT
TJOINT

713

Subroutine

SUBTVC(I)

IBELT
ZBELTA
ZCOLM
ZBAG
FILTER
HIC
SEVIND
THRAVG
ELLIPS
INTSCT



ouY

TABLE 109, LABELED COMMON DESCRIPTIONS FOR OUT
Common
Number  Name Subprograms Which Use Description

1 BASE CATG1, CATGZ2, CATG3, CATG4, Base indices of
CATG5, COMPA, COMPB, DOLIST, individual arrays
DRAWIT, ELLIPS , FETCH, INDEX, within master arrays.
INST, QUTMVM, PRELIM, PUT,
STYX, TITLE, TJOINT, TUCK,
ZBELT, ZBELTA, ZCOLM, ZINT1,
ZINTZ

2 COMPS COMPA, COMPB, DOLIST, QUTMWM, Contains test values -
TJOINT for comparison.

3 CTYX ELLIPS, QUTMVM, STYX Contains control para-
meters for stick figure
plots.

4 INDEXX SLKDTA, CATGl, COMPA, DIFFER, Contains information to

DOLIST, FETCH, INDEX, INST, put together the index.
TUCK
5 INTGR CATG1, CCMPA, COMPB, DOLIST, Integer master array.
DRAWIT, INDEX, INST, QUTMVM,
PRELIM, PUT, STYX, TITLE,
TUCK, ZBELT, ZBELTA, ZCCLM,
ZINT1, ZINTZ2
3 JUNK BLKDTA, CATGY, CATGZ, CATG3, Contains units and body
CATG4, CATGS, DRAWIT, QUTMYM, part names for formatting
STYX, ZBAG, ZBELT, ZBELTA, in IDOUT.
ZCOLM, ZINT1, ZINTZ
7 PREP CATG5, CUTMVM, PRELIM, SCALE, Contains working tables
STYX and input tables, The
format employed between
OUTMVM and PRELIM differs
from the rest.
8 PRNT CATG1, CATGZ2, CATG3, CATG4, Contains printout control
CATG5, COMPA, COMPB, DIFFER, information and binary
DOLIST, DRAWIT, EXCESS, FETCH, file placement tables.
FILTER, KIC, IDOUT, INDEX, INST, .
QUTMVM, PICKUP, PRELIM, RITABGC,
SEARCH, STYX, TITLE, TJOINT,
TUCK, ZBAG, ZBELT, ZBELTA,
ZCOLM, ZINTY, ZINTZ2
9 REAL CATG1, CATGZ, CATG3, CATG4, Real master array.
CATGS, DRAWIT, ELLIPS, FETCH,
CUTMVM, PRELIM, STYX, TJOINT,
ZBELT, ZINT1, ZINT2
10 S CATGZ, DOLIST, QUTMVM, PRELIM Contains special

severity indices.
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TABLE 110. PACKING ARRAY LAYOUT FOR REALS IN OUT (RQQ)

Beginning Index

LOSMAT [or LOAP]
LOT [or LOWP]
LOACC [or LOGP]
LOTACC [or LOTP]
LOSTOR

LGSAVR

LOELLE

LOCCRG

3for 5] LOPNTS

Array Name and Dimensions for RQQ

STOMAT(NSTMAT) [or A(NUMACC,6)]
T{NACTUL) [or W{NUMACC,6)]
ACC{NNOACC) [or G{NUMACC,6)]
TACC(NNOACC) [or T(NUMACC)]
STOR(NUMENT)

SAVRAG(NACTUL,8)

ELLE(7,NELLP)

CORG{2 ,NLINES+NREGNS)
POINTS(ISTEP)
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TABLE 111. PACKING ARRAY LAYOUT FOR INTEGERS IN OUT (IQQ)

Beginning Index Array Name and Dimensions for IQQ

1 LOKCON (=1) KCOM ( NKCON)

2 LOITAC INTACT(5,NINTAC)

3 LOKRGN KREGNS(5,NREGNS)

4 LOHOLD THOLD(3,NOHOLD)

5 LOKORG KORG(5,NLINES)

6 LELLNM ELLNAM(8,NELLS)

7 LCONNM CONNAM{ 4 ,NLINES)

8 LREGNM REGNAM(8 ,NREGNS)

9 LOMSTR MSTOR(KTBCSZ,NUMTAB) (KTBCSZ=6)
10 LOIMAG IMAGE(33,56)

11 LOHTIT HTITLE(18)

12 LOTTIT TTITLE(7)
13 LOSTIT STITLE(35)

14 LOCOLD COLD{13,NOCOLD)

15 LOKHLD KHOLD{3,NOHOLD)
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4.6.2 OQutput Subprocessors*

4.6.2.1 Standard List of (omparisons., The eighteen guantities
lTisted in Table 112 are subjected to a high test in absolute value, The
output identifies the quantity, the peak value, the time at which the peak
occurs, and the time duration during which the gquantity exceeds an inputted

test value together with the points in time at which the quantity exceeds
and then returns below the test value (all this for each time range of
violation). If a zero test value is specified, the test is not made,

A testing of joint relative angles for each of eight joints is
also made against inputted high and low test values and is reported in the
same fashion.

4.6.2.2 General Comparisons. Table 113 1ists the forty-five

standard printout categories, 1-40 and 46-50. General comparisons may be
made on one or two variables specified in these printout categories. The
variables are specified by category number and column number on the printed
page starting where column one is the first column after the Time Column.
Categories 2 and 3 require the corresponding region name, Category 4
requires the names of the two contact interactors. An alphabetical table
of all such variables and their corresponding specifications will be found
in Table 114, A table of belt indicator names is found in Table 115,

The Type A General Comparison is between one variable over its
entire time range against a high and Tow inputted test value, The form of
output is the same as that of the tests in the last section.

The Type B General Comparison tests one specified variable against
another specified variable for all times. The cutput is Time, the First
Quantity, the Second Quantity, the Difference between them, and a column
containing "0" wherever the first is Tess than the second and "X" where the
first is greater than or equal to the second. The user may specify as
many of these comparisons as he desires.

*See Section 3.2 for further information.
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Number

o~

10
11

12
13
14
15
16
17
18

TABLE 112, LIST OF INJURY RELATED TEST QUANTITIES

Quantity Description

Head frental acceleraticn at the center of gravity (Anterior-
posterior, A-P) n

Head vertical acceleration at the center of gravity {Superior-
inferior, S-I)

Head resultant acceleration at the center of gravity

Head angular acceleration

Head injury criterion (HIC)

Face loads as measured on a deformable head contact ellipse
Chest deflection as measured on a deforming chest contact ellipse
Chest load as measured on a deforming chest centact ellipse
Chest frontal acceleration at the center of gravity (A-P)

Chest vertical acceleration at the center of gravity (S-I)

Chest resultant acceleration at the center of gravity (3 msec
average)

Chest frontal severity index (A-P)

Chest vertical severity index (S-1I)

Chest resultant severity index

Pelvic horizontal acceleration at the hip joint
Pelvic vertical acceleration at the hip joint
Pelvic resultant acceleration at the hip joint

Femur Toad at a specified point along the length representing
the location of a sensor
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Category
Number

0

1
2
3
4

00 ~ O W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

ouT

Description

Formatted Printout of Input Quantities

Venicle Response

Real Line Region Parameters

Real Line Region Individual Line Segment Movement
Contact Forces Including Occupant-Vehicle, Qccupant-
Belt, Occupant~Qccupant

Neck Reaction Forces

Unfiltered Body Accelerations (Head, Chest, Pelvis)
Filtered Body Accelerations {Head, Chest, Pelvis)
Unfiltered Severity Indices

Filtered Severity Indices

Body Link Angles

Body Link Angular Velocities

Body Link Angular Accelerations

Body Joint Coordinates

Body Joint Velocities

Body Joint Torques

Body Joint Absorbed Energies

Body Kinetic Eneragies

Airbag Variables

Airbag Contact Forces

Airbag Center of Mass Forces and Moments

Neck Joint Coordinates

Shoulder Joint Coordinates

Joint Torque Elastic Components

Joint Torgue Joint-Stop Components

Joint Torque Friction Components

Jdoint Torque Viscosity Components

Joint Absorbed Energy Joint Stop Components
Joint Absorbed Energy Friction Componants

Joint Absorbed Energy Viscosity Components
Center of Mass X-Component Forces

Center of Mass Z-Component Forces

Table 113.  List of Output Categories
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Category
Number
32
33
34
35
36
37
38
39
40
41

42

43
a4
45
46
47
48
49
50

Description

Center of Mass Resultant Moments

Steering Column Coordinates

Steering Column Generalized Coordinates

Steering Column Forces and Moments

Forces and Moments on Body Due to Steering Column
Neck and Shoulder Forces

Muscle Tension Forces

Muscle Tension Energy Absorption

Femur and Tibia Accelerations and Loads

Joint Relative Angle Comparisons Against Upper and
Lower Test Values

Standard List of Quantities %o be Compared Against
Test Values

Individual Type A Comparisons

Individual Type B8 Comparisons

Printer-Plots of Stick Figures

Head Center-of-Gravity Motion

Chest Center-of-Gravity Motion

Hip Motion

Joint Relative Angles

Jeint Relative Angle Velocities

Table 113, List of Output Categories



TABLE 1

QUANTITY DESCRI

Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag CG force
Airbag (G force
Airbag CG force
Airbag CG force

ouT

14, OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 1 of 10)

PTION

components
components
components
companents
components
components
components
components
components
components
componants
components
components
components
components -

(A 2 T D D T T |

| I I T |

head moment
head x
head z

lower torso moment

lower torso x
lower torso z

middle torso moment

middle torso x
middle torso z
upper leg moment
upper leg x
upper leg z

upper torso moment

upper torso x
upper torso 2z

Airbag contact

Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag
Airbag

contact forces
contact forces
contact forces
contact forces
contact forces
contact forces
contact forces
contact forces
contact forces

variables
variables
variables
variables
variables

Body joint coordinate
Body joint coordinate
Body joint coordinate
Bedy joint coordinate
Body joint coordinate

Body joint coordinate

Body joint coordinate
Body joint coordinate
Body joint coordinate
Body joint coordinate
Body joint velocity -
Body joint velocity -
Body joint velocity -

Body joint

[ B R R D |

-
-
-
-
-
-
-
-
-

-

forces - head pressure

head tension

lower torso pressure
iower torso tension
middle torso pressure
middle torso tension
upper leg pressure

upper leg tension

upper torso pressure
- upper torso tension
variables - bag gas mass
variables - bag pressure

bag temperature
bag volume

mass flow in

mass flow out
supply temperature

elbow x
elbow z
hip x

- hip 2z

knee x
knee z
lower spine x
lower spine z
upper spine x
upper spine z

elbow x
elbow z
hip x

veiocity - hip z
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TABLE 114, OQUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 2 of 10)
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Body joint velocity - knee X 14 7
Body joint velocity - knee z 14 8
Body joint velocity - lower spine x 14 3
Body joint velocity - lower spine z 14 4
Body joint veiocity - upper spine x 14 H
Body joint velocity - upper spine z 14 2
Body link angles - head 10 1
Body link angles - lower arm 10 10
Body link angles - lower leg 10 7
Body link angles - lower torso 10 5
Body 1ink angles - middie torso 10 4
Body 1ink angles - neck 10 2
Body link angles - shoulder 10 8
Body link angles - upper arm 10 9
Body 1ink angles - upper leg 10 )
Body 1ink angles - upper torso 10 3
Body 1ink angular acceleration - head 12 1
Body 1ink anguiar acceleration - Tower arm 12 10
Body link angular acceleration - lower leg 12 7
Body 1ink angular acceleration - lower torso 12 5
Body link angular acceleration - middlie torso 12 4
Body link angular acceleration - neck 12 2
Body 1ink angular acceleration - shouider 12 8
Body 1link angular acceleration - upper arm 12 9
Body 1ink angular acceleration - upper leg 12 6
Body 1ink angular acceleration - upper torso 12 3
Body 1ink angular velocity - head 11 1
Body 1ink angular velocity - lower arm 11 10
Body link angular velocity - lower leg 11 7
Body 1ink angular velocity - lower torso " 5
Body link anqular velocity - middle torso 11 4
Body 1ink angular velocity - neck 11 2
Body 1ink angular velocity - shoulder 11 8
Body 1ink angular velocity - upper arm 11 S
Body 1ink angular velocity - upper leg 11 6
Body 1ink angular velocity - upper torso 11 3
Center of mass resultant moment - head 32 1

Center of mass resuitant moment - head applied

force component 32 9
Center of mass resultant moment - lower arm 32 8
Center of mass resultant moment - lower leg 32 )
Center of mass resultant moment - Tower torso 32 4
Center of mass resultant moment - middle torso 32 3
Center of mass resultant moment - upper arm 32 7
Center of mass resultant moment - upper leg 32 5
Center of mass resultant moment - upper torso 32 2
Center of mass x force component - head 30 1
Center of mass x force component - head applied
force component 30 g
Center of mass x force component - lower arm 30 8
Center of mass x force component - Jower leg 30 6



TABLE 114, QUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 3 of 10)

QUANTITY DESCRIPTION

Center
Center
Center
Center
Center
Center
Center

Center
Center
Center
Center
Center
Center
Center
Contact
Contact
Contact
Contact
Contact
Contact

Contact
"Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
Contact
-Contact

Contact

Contact

of mass
of mass
of mass
of mass
of mass
of mass
of mass

of mass
of mass
of mass
of mass
of mass
of mass
of mass
belt vs
belt vs
belt vs
belt vs
belt vs
belt vs

belt vs
belt vs
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
ellipse
eliipse
ellipse
ellipse
ellipse
ellipse

ellipse

ellipse

X

NN X X X X

NN NNNNN

force component - lower torso
force component - middle torso
force component - upper arm
force component - upper leg
force component - upper torso
force component - head
force component - head applied
force component
force component - lower arm
force component - lower leg
force component - lower torso
force component - middle torso
force component - upper amm
force component - upper leg
force component - upper torso
attachment - absorbed energy
attachment - deflection rate
attachment - deflection
attachment - unadjusted tension
attachment - resultant force
attachment - resultant heading
angle
attachment - ring equil. tension
attachment - tensjon adjustment
vs ellipse - body segment x for
ellipse A
vs ellipse - body segment z for
ellipse A
vs ellipse - body segment x for
ellipse B
vs ellipse - body segment z for
ellipse B
vs eliipse ~ center point x for
ellipse A
vs ellipse - center point z for
ellipse A
vs ellipse - center point x for
ellipse B
vs ellipse - center point z for
ellipse B
vs ellipse - deflection rate
vs ellipse - deflection
vs eilipse - normal force

vs 1ine - contact point x on body

segment

vs line - contact point z on body

segment

vs line - contact point position

on line

vs Tine - contact point velocity

on line
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TABLE 114, OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 4 of 10)
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Contact ellipse vs 1ine - contact point x in

inertial space 4 7
Contact ellipse vs line - contact point z in

inertial space 4 8
Contact ellipse vs line - deflection 4 ]
Contact ellipse vs line - deflection rate 4 2
Contact eilipse vs line - normal force 4 3
Contact ellipse vs line - tangential force 4 4
Femur and tibia loads - femur axial at knee 40 2
Femur and tibia loads - femur axial at sensor 40 1
Femur and tibia loads - femur shear at knee 40 3
Femur and tibia locads - tibia axial at foot 40 5
Femur and tibia locads - tibia axial at knee 40 4
Filtered accelerations - chest A-P 7 4
Filtered accelerations - chest resultant 7 &
Filtered accelerations - chest S-I 7 5
Filtered accelerations - head A-P 7 ]
Filtered accelerations - head resuitant 7 3
Filtered accelerations - head S$-I 7 2
Filtered accelerations - hip resultant 7 9
Filtered accelerations - hip x 7 7
Filtered accelerations - hip z 7 8
Fittered severity index - chest SI A-P g 7
Filtered severity index - chest SI resultant 9 9
Filtered severity index - chest SI S-I 9 8
Filtered severity index - chest mod SI A-P 9 10
Filtered severity index - chest mod SI resultant 9 12
Filtered severity index - chest mod SI S-1 9 11
Filtered severity index - head SI A-P 9 1
Filtered severity index - head SI resultant 9 3
Filtered severity index - head SI S-I 9 2
Filtered severity index - head mod SI A-P 9 4
Filtered severity index - head mod SI resultant 9 6
Filtered severity index - head mod SI S-I 9 5
Friction component joint torque - elbow 25 8
Friction comporent joint torque - hip 25 5
Friction component joint torgue - knee 25 6
Friction component joint torgque - Tower neck 25 2
Friction component joint torque - Tower spine 25 4
Friction component joint torgue - shoulder at arm 25 7
Friction component joint torque - upper neck 25 1
Friction component joint torque - upper spine 25 3
Joint absorbed energy - elbow 16 1
Joint absorbed energy - hip 16 6
Joint absorbed energy - knee 16 7
Joint absorbed energy - lower neck 16 2
Joint absorbed energy - lower spine 16 5
Joint absorbed energy - neck length 16 3
Joint absorbed energy - shoulder at arm 16 9
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OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 5 of 10)

TABLE 114,

QUANTITY DESCRIPTION

Joint absorbed energy - shoulder at torso

Joint absorbed energy - shoulder length

Joint absorbed energy - upper neck

Joint absorbed energy - upper spine

Joint friction absorbed energy - elbow

Joint friction absorbed energy - hip

Joint friction absorbed energy - knee

Joint friction absorbed energy - lower neck

Joint friction absorbed energy - lower spine

Joint friction absorbed energy - shoulder at arm

Joint friction absorbed energy - upper neck

Joint friction absorbed energy - upper spine

Joint muscle tension absorbed energy - elbow

Joint muscle tension absorbed energy - hip

Joint muscle tension absorbed energy - knee

Joint muscle tension absorbed energy - lower neck

Joint muscle tension absorbed energy - lower spine

Joint muscle tension absorbed energy - neck length

Joint muscle tension absorbed energy - shoulder at
arm

Joint muscle tension absorbed energy - shoulder at
torso

Joint muscle tension absorbed energy - shoulder
length

Joint muscle tension absorbed energy - upper neck

Joint muscle tension absorbed energy - upper spine

Joint stop absorbed energy - elbow

Joint stop absorbed energy - hip

Joint stop absorbed energy - knee

Joint stop absorbed energy - lower neck

Joint stop absorbed energy - lower spine

Joint stop absorbed energy - shoulder at arm

Joint stop absorbed energy - shoulder length

Joint stop absorbed energy - upper neck

Joint stop absorbed energy - upper spine

Joint torgues -~ elbow

Joint torgues - hip

Joint torgues - knee

Joint torques - lower neck

Joint torques - lower spine

Joint torgues - shoulder at arm

Joint torgues - shoulder at torso

Joint torgues - upper neck

Joint torques - upper spine

Joint viscous absorbed enerqy - elbow

Joint viscous absorbed energy - hip

Joint viscous absorbed energy. - knee

Joint viscous absorbed energy - lower neck

Joint viscous absorbed energy - lower spine

Joint viscous absorbed energy - neck length

Joint viscous absorbed energy - shoulder at arm

Joint viscous absorbed energy - shoulder length

Joint viscous absorbed energy -

upper neck
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TABLE 114. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 6 of 10)
QUANTITY DESCRIPTION CATG NO. COL. NO.
Joint viscous absorbed energy - upper spine 29 4
Kinetic energy - arms 17 5
Kinetic energy - head 17 2
Kinetic emerqgy - head superior-inferior 17 4
Kinetic energy - torso 17 3
Kinetic energy - total body 17 1
Line movement of Point A x 3 1
Line movement of Point A 2z 3 2
Line movement of Point 1 X 3 3
Line movement of Point 1 2z 3 4
Line movement of Point 2 x 3 5
Line movement of Point 2 =z 3 ]
Line movement of Point 3 x 3 7
Line movement of Point 3 =z 3 8
Line movement of Point 4 x 3 9
Line movement of Point 4 z 3 10
Line movement of Point 5 «x 3 11
Line movement of Point 5 2z 3 12
Linear component of joint torgue - elbow 23 8
Linear component of joint torque - hip 23 5
Linear component of joint torque - knee 23 6
Linear component of joint torque - lower neck 23 2
Linear component of joint torque - lower spine 23 4
Linear component of joint torque - shoulder at arm 23 7
Linear component of joint torque - upper neck 23 i
Linear component of joint torque - upper spine 23 3
Muscle tension forces - neck 38 10
Muscle tension forces - shoulder length 38 11
Muscle tension torque - elbow 38 S
Muscle tension torque - hip 38 5
Muscle tension torque - knee 38 6
Muscle tension torque - lower neck 38 2
Muscle tension torque - lower spine 38 4
Muscle tension torque - shoulder at arm 38 8
Muscle tension torque - shoulder at torso 38 7
Muscle tension torque - upper neck 38 ]
Muscle tension torque - upper spine 38 3
Neck and shoulder forces - neck linear 37 ]
Neck and shoulder forces - neck muscle 37 4
Neck and shoulder forces ~ neck non-linear 37 2
Neck and shoulder forces - neck total 37 5
Neck and shoulder forces - neck viscous 37 3
Neck and shoulder forces - shoulder linear 37 &
Neck and shouider forces - shoulder muscle 37 g
Neck and shoulder forces - shoulder non-linear 37 7
Neck and shoulder forces - shoulder total 37 10
Neck and shoulder forces - shoulder viscous 37 8
Neck joint coordinates - lower neck x 21 5
Neck joint coordinates - lower neck z 21 &
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TABLE 114,

QUANTITY DESCRIPTION

Neck joint
Neck joint
Neck joint
Neck joint
Neck joint
Neck Jjoint
Neck joint
Neck joint
Nonlinear
Nonlinear
Nonlinear
Nonlinear
Nonlinear
Nonlinear

Nonlinear
Nonlinear

coordinates
coordinates
coordinates
coordinates
coordinates
coordinates
coordinates
coordinates
component of
component of
component of
component of
component of
component of

component of
component of

lower neck x velocity
lower neck z velocity
neck length

neck length rate

1 £ 1 v

upper neck x

upper neck z
- upper neck x velocity
- upper neck z velocity
Jjoint torque - elbow
Jjoint torque - hip
Joint torque - knee

joint torque - lower neck

joint torque - lower spine

Jjoint torgque - shoulder at
arm

joint torque - upper neck

Joint torque - upper spine

Quantity for

region - average migration XR

Quantity for region - average migration ZR
Quantity for region - end point movement A-X
. Quantity for region - end point movement A-Z

Quantity for region - end point movement B-X

Quantity for region - end point movement B-Z

Quantity for region - force component XR

Quantity for region - force component ZR

Quantity for region - number ellipse contacting

Shoulder joint coordinates - shoulder at arm x

Shoulder joint coordinates - shoulder at arm z

Shoulder joint coordinates - shoulder at arm x
velocity

Shoulder joint coordinates - shoulder at arm z
velocity

Shoulder joint coordinates - shoulder at torso x

Shoulder joint coordinates - shoulder at torso z

Shoulder joint coordinates - shoulder at torso x
velocity

Shoulder joint coordinates - shoulder at torsoc z
velocity

Shoulder joint coordinates - shoulder length

Shoulder joint coordinates - shoulder length rate

Steering column coordinates - gear box x

Steering column coordinates - gear box z

" Steering column coordinates - wheel attachment

point x

Steering column coordinates - wheel attachment
-point x

Steering column coordinates - wheel hub x

Steering column coordinates - wheel hub z

Steering column coordinates - wheel lower edge x

Steering column coordinates - wheel lower edge z
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TABLE 114. OQUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 8 of 10)
QUANTITY DESCRIPTION CATG. NO. COL. NO.
Steering column coordinates - wheel middle edge x 33 3
Steering column coordinates - wheel middle edge z 33 4
Steering column coordinates - wheel upper edge x 33 5
Steering column coordinates - wheel upper edge z 33 6
Steering column force components - head moment 36 3
Steering column force components - head x 36 ]
Steering column force components - head 2 36 2
Steering column force components - lower torso

moment 36 12
Steering column force components - lower torso X 36 10
Steering column force components - lower torso 2 36 11
Steering column force components - middle torso
moment 36 9
Steering column force components - middie torso x 36 7
Steering column force components - middle torso z 36 8
Steering column force components - dpper torso
moment 36 6
Steering column force components - upper torso X 36 4
Steering column force components - upper torso z 36 5
Steering column forces - Tower column extensional
normal force 35 10
Steering ¢olumn forces - Tower hinge moment 35 12
Steering column forces - upper column extensionai
normal force 35 9
Steering column forces - upper hinge moment 35 1
Steering column forces - wheel hub normal force 35 7
Steering column forces - wheel hub tangential force 35 8
Steering column forces - wheel lower edge normal
force 35 1
Steering coiumn forces - wheel lower edge tan-
gential force 35 2
Steering column forces - wheel middle edge normal
force 35 3
Steering column forces - wheel middie edge tan-
gential force 35 4
Steering column forces - wheel upper edge normal
force 35 5
Steering column forces - wheel upper edge tan-
gential force 35 6
Steering column kinematics - lower c¢olumn exten-
sional displacement 34 3
Steering column kinematics - lower column exten-
sjonal velocity 34 4
Steering column kinematics - lower hinge angular
displacement 34 7
Steering column kinematics - lower hinge angular
velocity 34 8
Steering column kinematics - upper column exten-
sional displacement 34 1
Steering ¢olumn kinematics - upper column exten-
sional velocity 34 2
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TABLE 114. QUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 9 of 10)

QUANTITY DESCRIPTION
Steering column kinematics

CATG. NO. COL. NO.

- upper hinge angular
displacement 34

- upper hinge angular 34
velocity

Y N

Steering column kinematics

chest A-P

chest resultant
chest S-I

head A-P

head resultant
head S~1I

hip resultant
hip X

hip z

Unfiltered accelerations
Unfiltered accelerations
Unfiltered accelerations
Unfiltered accelerations
Unfiltered accelerations
Unfiltered accelerations
Unfiltered accelerations
Unfiltered accelerations
Unfiltered accelerations -

t & E B 3 & 31 0

Unfiltered
Unfiltered

. Unfiltered

Unfiltered
Unfiltered

Unfiltered
Unfiltered
Unfiltered
Unfiltered

severity
severity
severity
severity
severity

severity
severity
severity
severity

index -
index -
index
index
index

index
index
index
index

chest SI A-P

chest SI resultant
chest SI S-I

chest modified SI A-P
chest modified SI resu
ant

chest modified SI S-1
head SI A-P

head SI resultant

head SI S-1

Tt-

et

il

o P G et PO WO~V 0

head modified SI A-P
head modified SI result-
ant

severity index - head modified SI S-I
response - horizontal acceleration

Vehicle response - horizontal displacement

Vehicle response - horizontal time

Vehicle response - horizontal velocity

Vehicle response - pitch acceleration

Vehicle response - pitch angle

Vehicle response - pitch velocity

Vehicle response - vertical acceleration

Vehicle response - vertical displacement

Vehicle response - vertical velocity

Viscosity component joint torque - elbow 26
Viscosity component joint torgue - hip 26
Viscosity component joint torque - knee 26
Viscosity component joint torque - Tower neck 26
Viscosity component joint torque - lower spine 26
Viscosity component joint torque - shoulder at arm 26
VYiscosity component joint torque - upper neck 26
Viscosity component joint torque - upper spine 25

index
index

E I R S T S |

Unfiltered severity
Unfiltered severity

Unfiltered
Vehicle

b et Bk ek md esd e ok OO OO 00 00 0G0 0000 O DOV TA NN N D
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TABLE 114. OUTPUT TEST VARIABLES AND THEIR SPECIFICATIONS (Page 10 of 10)
QUANTITY DESCRIPTION CATG. NO.  COL. NO.
Chest C.G. motion - x-position 47 1
Chest C.G. motion - x-velocity 47 2
Chest C.G. motion - x-acceleration 47 3
Chest C.G. motion - z-position 47 4
Chest C.G. motion - z-velocity 47 5
Chest C.G, motion - z-acceleration 47 6
Head C.G. motion - x-position 46 1
Head C.G. motion - x-velocity 46 2
Head C.G. motion - x-acceleration 46 3
Head C.G. motion - z-position 46 4
Head C.G. motion - z-velocity 46 5
Head C.G. motion - z-acceleration 46 6
Head C.G. motion - head angle 46 7
Head C.G. motion - angular velocity 46 8
Head C.G. motion - angular acceleration 46 9
Hip motion - x-position 48 1
Hip motion - x-velocity 48 2
Hip motion - x-acceleration 48 3
Hip motion - z-position 48 4
Hip motion - z-velocity 48 5
Hip motion - z~acceleration 48 6
Joint relative angles - upper neck 49 1
Joint relative angles - lTower neck 49 2
Joint relative angles - upper spine 49 3
Joint relative angles - lower spine 49 4
Joint relative angles - hip 49 5
Joint relative angles - knee 49 6
Joint relative angles - shoulder at arm 49 7
Joint relative angles - elbow 49 8
Joint relative angle velocities ~ upper neck 50 1
Joint relative angle velocities - Tower neck 50 2
Joint relative angle velocities - upper spine 50 3
Joint relative angle velocities - Tower spine 50 4
Joint relative angle velocities - hip 50 5
Joint relative angle velocities - knee 50 6
Joint relative angle velocities - shoulder at arm 50 7
Joint relative angle velocities - elbow 50 8
Neck reaction forces - upper neck shear on neck 5 1
Neck reaction forces - upper neck compressive

on neck 5 2
Neck reaction forces - upper neck shear on head 5 3
Neck reaction forces - upper neck compressive

on head 5 4
Neck reaction forces - lower neck shear on neck 5 5
Neck reaction forces - lower neck compressive

on neck 5 6
Neck reaction forces - lower neck shear on torso 5 7
Neck reaction forces - lower neck compressive

on torso 5 8
Neck reaction forces - moment at upper neck 5 9
Neck reaction forces - moment at Tower neck 5 10
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Belt Name

A.

NOTE:

Advanced Belts

OUTBOARDbLAPBBLT
INBOARDbLAPBBELT
UPPERbTORSODBELT
LOWERbTORSObBELT
LOWERDRINGb STRAP
UPPERDRINGbSTRAP
TORSObBELTBEXT,

01d Belts

bbbbl.APBBELTbbbb
UPPERBTORSOBBELT
LOWERbTORSObBELT

TABLE 115.

BELT IDENTIFIER NAMES

Report Belt Number

Each small letter "b" signifies a blank column.

specified exactly as shown to be recognized.

731

Internal Belt Number

15

11
13
17
19
21

11
13

The name must be
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4,6.2.3 Digital Filtering. The digital filter applied is a Martin-
Graham filter as described in References {26] and [27] (see Figure 141). The
ratio of output/input drops off in the manner of a cosine curve starting
with the cut-off frequency. The roll-off frequency defines the band width

starting with the cut-off frequency within which the output/input ratio is
reduced to zero and ends with the termination frequency. A set of data
points, g, is provided to the filter subroutine starting at time = ts and
terminating at time = t.. The filtered value of any one of these points
depends on the values preceding and fcllowing it. The number of points
used in computing the smoothed (filtered) value is 2 * NPP +1.

The filter weights are evaluated from the general equation

sin wet + sin mct}

h(t) = ?%' [ﬁz - (mt - wc)ztZ

at distinct points t_ = nat such that h = st h(t ), where st is the sampling
interval of the data, The resulting weights are normalized from the

constraint
NPP
ho + 2 %;% hn =1 .

The filtered data is computed simply by

)

an = hogn * % hm(gn-m * gn+m

where a, is the filtered value and g, are the unfiltered values which have

been extended by mirror images or polar images by NPP points at both ends.
Figure 142 iliustrates both mirror images and polar images.
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Characteristics of a Martin-Graham Digital Filter

FC = cut-off frequency

|
output ; cosine curve
input :
H
! . .
0 | FT = termination frequency
. ] .
B i I
FT-FC = roll-off frequency band
Figure 147, Characteristics of a Martin-Graham QOigital Filter
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4,6.2.4 Special Indices, Computation and printout of head and

chest injury severity indices have been added to the program for the con-
venience of users who regularly use these indices. To permit comparison
with similar experimentally obtained indices, these values are separately
computed for the horizontal and vertical components of the head and chest
accelerations and for the biaxial resultant of the two. The indices are
computed both before and after numerical filtering of the accelerations.

The foregoing severity index values are based upon a weighted impulse
concept originated by C.W. Gadd, General Motors Research, as follows:

S1 = _/}Z'Sdt

where a is the acceleration expressed in g's and t is time expressed in
seconds,

In addition to the Injury Severity Indices described above, the pro-
gram will also compute and printout a Modified Injury Number, also developed
by General Motors Corporation and included in MODROS. This number is
obtairned through use of an algorithm in which the exponent N of the rela-
tion

miN = [ aVdt
is a function of the acceleration level. The function is selected to
provide an Injury Number of 500 for the series of "square wave" decelera-
tion puises which can be considered to comprise the Head Injury Tolerance
Curve upon which it is based. Use of this algorithm provides reasonable
Injury Number values for long-term, low-level head accelerations and pro-
vides slightly lower Injury Number values for short-term, high-level
accelerations, It accommodates the Tower acceleration levels which prevail
in the rise and fall portions at the extremities of a normal pulse. The
algorithm will provide values essentially equal to the regular GM Injury
Severity Index for head impacts in 50 to 100 g level. This algorithm has
been included for research and evaluation purposes and is not intended to
augment the plethora of head injury criteria which abound at the present
time. HSRI has recomputed the coefficients used in this algorithm. The
functional relationships between the exponents and acceleration magnitudes
are given in Table 116,
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TABLE 116. THE EXPONENT FUNCTIONAL RELATIONSHIP FOR THE
GMR MODIFIED SEVERITY INDEX

txponent Relationship  Exponent

Acceleration range (g's) and Coefficients Range
O<acx</ exp = ¢ -.7
_ constant
C]""‘"‘7
7 <a< 73 exp = ¢, + C,/a -.7 to
2.53
¢, = 2.87258
¢y = -25.00804
73 < a < 200 exp = ¢, *+ ¢5 a 2.53 to
2.3
Cy = 2.66221
¢g = - .00181102
; 2.3
200< a exp = ¢, constant
Ce = 2.3
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The usable time duration range of this injury number model is con-
sidered to be one millisecond to one minute. It is assumed that the
acceleration duration sustained in the crash of ground based vehicles will
not fall outside this range. It is understood that in the short duration
jmpacts, the phenomenon considered may be primarily the impact of the head
alone but, because of physical necessity, the long duration accelerations
must be whole body accelerations. For this reason, the Injury Number it
provides may be considered to relate to head injury caused by head impacts
of short duration and by whole body accelerations of long duration and by
other accelerations of intermediate duration applied so that the head
remains connected to the body.

A modified Injury Number is aiso provided for the chest so that it
may be compared to the regular Chest Severity Index. The authors of
MODROS, Danforth and Randall, caution the use and meaning of this number
since it has not been developed from an analysis of chest impacts. It is,
instead, merely application of the Head Injury Number algorithm to accelera-
tions of the chest.

In addition to these, the HIC index is computed and also three
miliisecond averages around the peak head and chest resultant acceierations.
A facsimile of printout for the three millisecond averages is shown in
Table 117.

TABLE 117. FACSIMILE OF THE THREE
MILLISECOND AVERAGE OUTPUT

FOR FIL HED, 3 MSEC AVG=  266.19 AT TIME= 154.00
PEAK = 401.38 AT TIME= 155.00

FOR Fil CST, 3 MSEC AVG=  141.47 AT TIME= 148.00
PEAK = 158.96 AT TIME= 149.00
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4.6.2.5 Femur and Tibia Loads. The MVMA 2-D model determines and
prints out five components of femur and tibia loads (category 40). In
order that transducer response from anthropomorphic dummy tests may be

simulated, the model requires input data for: a) the location along

the femur of an axial force transducer, and b) the upper leg mass

hetween the transducer and the knee.* Force components printed out are:
femur axial force at transducer; femur axial force at knee; femur shear
force at knee; tibia axial force at knee; tibia axial force at foot.

Total leg loads are calculated, so if the user assumes that the loads

are shared equally by two legs, he must divide printout values by 2

to obtain the load for each leg.

The user interested in predicting tibia loads should be aware of
the note on the card layout for Card 219 in Table 7 of Volume 2: In
order to insure proper calculation of tibia loads., any contact ellipse
representing the knee should be attached to the upper leg rather than to
the Tower leg.

The analysis used was taken from the MODROS model [2] and is
documented in an unpublished General Motors Technical Center correspondence [29].

Definition of Variables

AHPX = X acceleration of hip

AHPZ = Z acceleration of hip

ACCKNX = X acceleration of knee

ACCKNZ = Z acceleration of knee

ACCMEX = X acceleration of lower leq G { + toward right)
ACCMEZ = £ acceleration of lower leg CG { + downward)
ACCMSA = Axial acceleration of Upper Leg CG { + toward knee)
TIBIAF = Axial Force on Tibia at Foot ( + compression)
TIBIAK = Axial Force on Tibia at Knee ( + compression)
FEMUKX = X Force on Upper Leg at Knee ( + toward left)
FEMUKZ = Z Force on Upper Leg at Knee { + downward)

FEMUKA = Axial Force on Upper Leg at Knee ( + compression)

[continued on next page]

* This mass is used in calculating a centrifugal force component of
femur tension.
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FEMUKS = Shear force on upper leg at knee ( + posterior)
FEMURA = Axial force on upper leg at sensor { + compression)
PXI(6) = X~-component summation of external forces on lower
leg, not including reaction force at knee { + toward right)
PZI1{6) = Z-component summation of external forces on lower leg,

not including reaction force at knee { + downward)

Figure 143. Schematic of Upper and Lower Legs

Accelerations of a Rotating Link

w,a B Given Tink AB with known endpoint acceleration components
\'\\ {ACCAX, ACCAZ) and L, 8, w, o where 8, w, and a are
§&&§* are anqular position, velocity, and acceleration
A 0 of B about A: then acceleration components at
endpoint B are
\ACCAZ- ACCBX = ACCAX - Lucoss - Lasins

ACCBZ = ACCAZ + Lu®sing - Lacoss
Lm2 is the centripetal acceleration and acts toward the center of rotation.

Calculation of Accelerations

_ R - 2 . " .
ACCKNX = AHPX - L56 85 c0585 - L56 es 31n65
ACCKNZ = AHPZ + L56 952 sineg - L56 °a'5 cose,
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ACCMEX = ACCKNX - L6 8. coseg - L6 o 'sinee
AGCMEZ = ACCKNZ + L6 8% sineg - L6 s cose
The acceleration of M5 axially is
2

ACCMSA = AHPX cosey - AHPZ sine; - LSS és

where L5S is the distance between the hip and the sensor.

_ACCMGX

Figure 144. Leg Accelerations.

Axial Tibia Loads
TIBIAF TIBIAK

ME*ACCMEX

PXI(6)

FOOT MB* (ACCMEZ-G) PXL(6)

PZI(6} PZI(5)

Figure 145. Free Body Diagrams of Lower Leg
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Tibia axial forces at the foot and knee are

TIBIAF ~-PXI(6) coss,. + PZI(6) sins

& 6

H

TIBIAK TIBIAF + MG*ACCM6X cose,. - M6*(ACCM6Z - G) sine6

6
It should be noted that the calculation of TIBIAF assumes that all external
forces on the lower leg are against the foot. If contact ellipses attached
to the lower leg other than foot e1lipses develop substantial forces then

printout for TIBIAF will not be accurate for axial forces at the foot.

Femur Loads at Knee

PXI(5) ME*ACCMEX
r— e 3 PX1(6)
FEMUKX
FEMUKZ PZ1(5 ME* (ACCMEZ-G) PZI(6)

Figure 146. Free Body Diagram with Femur Loads at Knee

FEMUKX - PXI{(5) - PXI{6) + M6E*ACCMEX (+ Left)

53

FEMUKZ PZI(5) + PII(6) - M6*(-G + ACCM6Z) (+ Downward)

Rotate X and % forces by O to obtain Axial and Shear forces.

FEMUKX FEMUKA = FEMUKX cose5 + FEMUKZ sine5
i ——
& ‘ FEMUKS = -FEMUKX sinas + FEMUKZ CDSS5
&N
¢ \\\ FEMUKZ
FEMUKS
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Femur Forces at Sensor
[/FEMUKA
\\\\E§\ FEMUKS

MS6*ACCMEA

MSE*G

FEMURA

Figure 147. Free Body Diagram with Femur Load at Sensor
FEMURA = FEMUKA + MSE*ACCMBA + MSH*G*STHS (+ compression)
MS6 is the mass between the sensor and the knee.

4.6.3. Auxiliary Program Qutput. Two types of auxiliary output are

available from the Qutput Processor. The first is the optional scannings
made by the HIC routine in the determination of the HIC index. A facsimile
of this output is found in Table 118. The second type of output is the
error messages described in Table 119.
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4.7

two dissimilar computer systems:

Operational Usage of the MYMA 2-D Model.

Operational usage of the MVWA 2-D model is discussed with respect to
first, the MTS system upon which the

deveiopmental work was carried out; and second, any of the various systems
employing the Job Control Language (JCL).
usage in these two systems are presented in Tables 120 and 121 respectively.
These two tables are annotated so that they may be adapted to any other

System,

illustration.

Command

B W N

0 ~3 o

10

1

12

13

14

TABLE 120. USAGE IN MTS

Command Contents
SEMP catchfilel
$EMP catchfile2
$EMP catchfilel
$SEMP catchfiled
$EMP catchprogramfile
$EMP catchprogramfile2
$EMP catchobjectfile
$RUN INP l=catchprogramfile
S=datafilel 8=catchfilel

2=catchprogramfile?

$RUN *FTN SCARDS=catchprogramfiie
SPUNCH=catchobjectfile.

$EMP catchprogramfile

$RUN catchobjectfile+IN
1=catchprogramfile

8=catchfilel

$EMP catchobjectfile

$RUN *FTN SCARDS=catchprogramfile
SPUNCH=catchobjectfile

$SET LIBSRCH=GOLIB

747

Details of the operational

Table 121 represents approximate and untried JCL for purposes of

Description and Remarks

Prepare for run by emptying all
the files or data sets employed
for storage of information during

run.

Run the Input Preprocessor
(INP).

Compile the main program generated
by INP for IN.

Prepare file to receive programs
generated by IN for GO0.

Run the Input Processor (IN).

Prepare file to receive compiled
GO programs.

Compile the programs generated by
IN for GO.

Instruct Toader to make use of GO
Tibrary.



Command

15

16
17
18

19

20

21

22

23

24

TABLE 120.

Command Contents

$RUN catchobjectfile
7=catchfile2 8=catchfilel
9=catchfilel 10=catchfiled
$EMP catchobjectfile

$EMP catchprogramfile

$RUN *FTN SCARDS=catchprogramfile2
SPUNCH=catchobjectfile

$RUN catchobjectfile+QUTP
1=catchprogramfile 5=datafile2
8=catchfilel

$EMP catchobjectfile

$RUN *FTN SCARDS=catchprogramfile
SPUNCH=catchobjectfile

$SET LIBSRCH=OUTLIB

$RUN catchobjectfile+QUTBKD
7=catchfileZ 8=catchfilel
S=catchfile3 10=catchfiled

SSET LIBSRCH=QFF

(CONT.)

Description and Remarks

?un)the Dynamic Solution Processor
GO).

Prepare for another new program. T

Compile the main program generated
by INP for QUTP.

Run Qutput Preprocessor (QUTP).

Prepare for another
new compiled program.

Compile the programs generated
by OUTP for OQUT.

Instruct loader to make use of
OUT library.

Run Output Processor (OUT).

Remove special instructions to -
loader.

The files or data used above are defined as follows; a

File Name Description

INP File containing collected object modules for all
of INP.

IN File containing collected object modules for all
of IN except main program.

*FTN File containing object of interface for the Fortran
compiler.

GOLIB File containing collected object modules for all
of GO except main program and TRAVEC in library
format.

ouTP File containing collected object modules for
all of QUTP.

QUTLIB File containing collected object modules for

all of OUT except MAIN, TRAVEC, SUBTRC, and the
block data in T1ibrary format.
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7 OQUTBKD File containing object module of block data

subprogram.

8 datafilel File containing portion of data deck with
card ID's from 100 through 1000.

9 datafile? File containing portion of data deck with
card ID's from 1001 through 1600.

16 catchfilel File to contain direct access data set NU.

IR catchfilez File to contain segential data set MU.

12 catchfile3 File to contain direct access data set MV.

13  catchfileéd File to contain sequential data set NP.

14 catchprogramfile File to contain generated Fortran source
statements.

15  catchobjectfile File to contain object modules for generated
programs.

16 catchprogramfile2 File to contain generated Fortran source
statements.

TABLE 121. Usage in JCL

Command Command Contents Command Description and Remarks
1 //INP2D EXEC PGM=MVMINP,REGION=300K Run the Input Preprocessor (INP).
2 //STEPLIB DD DSN=HSRILOAD,DISP=SHR Specify data set containing INP

as a member.
3 //FTOTFO01 DD OSN=HOLDP(IN),DISP=(NEW,CATLG), Set up catchprogramfile.
4 // UNIT=SYSDA,SPACE={TRK,(10,10,2),RLSE),
5 // DCB={RECFM=F ,BLKSIZE=80,LRECL=80,DSO0RG=P0)
6 //FTO2F001 DD DSN=HOLDOP(OUTP),DISP=(NEW,CATLG),
7 // UNIT=SYSDA,SPACE=(TRK,(10,10,2),RLSE),
8 /7 DCB={RECFM=F ,BLKS1#2=80,LRECL=80,DS0RG=P0)
g //FTOSF00T DO DDNAME=SYSIN - . Specify input data reference later
10 //FTO6F001 DD SYSOUT=A,DCB=(LRECL=133,BLKSIZE=2660 Specify printer, DCB

probably not required.

1 //FTOBFO0T DD DSN=HOLDS,DISP=(NEW,CATLG}, Set up catchfilel
749



TABLE 127. (CONT.)
Command Contents Command Description and Remarks
17 UNIT=SYSDA,SPACE=(88,{6000,6000),RLSE),
7/ DCB={RECFM=F ,BLKSIZE=88,LRECL=88)
f/SYSIN DR * Input data deck follows.
Input data deck,cards 100 through 1000
//FIPZ2D EXEC PGM=IGIFORT, Compile generated program.
/] PARM={'NODECK','ERCDIC','NOLIST','LOAC',
// 'MAP','SOURCE'},REGION=256K
7/SYSIN DD DSN=HOLOP{IN),DISP=QLD, Catchprogramfile reference.
7/SYSLIN OD DSN=HOLDO({IN),DISP={NEW,CATLS), Set up intermediate catchobjectfile.
/  DCB={RECFM=F,BLKSIZE=80,LRECL=8C,DSORG=PO},
'/ UMIT=SYSDA,SPACE=(TRK,(10,10,2))
/SYSPRINT DD SYSCUT=A,DCB=BLKSIZE=3120 Specify printer.
f/LIPZD EXEC PGM#HEWL,REGION=192K, Link edit object of generated program,
‘/ PARM=('LET','LIST','XREF','SIZE=(182K,100K)"’)

/001 DD DSN=HSRILOAD,DISP=SHR Specify data set containing INBLKD.
SYSLIB DD DSN=INLIB,DISP=SHR Specify input library.

'/ DD DSN=SYS2.FORTLIB,DISP=SHR Specify Fortran library.

'/ DD DSN=SYS2.LINKLIB,DISP=SHR Specify link library.

f/SYSLIN DD DSN=HOLDO(IN),DISP=0LD Specify generated program objecﬁ.
'/ DD DDNAME=SYSIN Specify command referance latar.

’/SYSLMOD DD DSH=IMLOAD(IN),BISP=(NEW,CATLG), Specify link adited absolute cbject.
'/ UNIT=SYSDA,SPACE=(TRX,(10,50,50),RLSE),

’/  DCB={RECFM=Ff,BLKSIZE=80,LRECL=80,0S0RG=F0)

'/SYSPRINT 0D SYSGUT=A | Specify printer.

/SYSUTT DD UNIT=SYSDA2,SPACE={1024,(50,20)) Specify temporary storage data set.

'/SYSIN OD * Link editor commands.
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TABLE 121. (CONT.)

Command Command Contents Command Description and Remarks
38 INCLUDE DOD1T(INBLXD) ?ake sure BLOCKDATA subprogram gets
n.
39 //IN2D EXEC PGM=IN,REGION=300K Execute IN.
40 //STEPLIB DD DSN=INLOAD,DISP=QLD Use absolute object just created.
4 //FTOTFO01 DD DSN=HOLDP{GQ),DISP=0LD Catchprogramfile.
42 //FTO6F00T DD SYSQUT=A,DCB=(LRECL=133,BLKSIZE=2660) Printer.
43 //FTO8FO0T DD DSN=HOLD8,DISP=0LD Catchfile 1.
44 //FG2D EXEC PGM=IGIFOQRT, Execute fortran compiler.
45 //  PARM={'NODECK','EBCDIC','NOLIST','LOAD', '
a6 /7 'MAP','SOURCE'),REGION=256K
47 //SYSIN DD DSN=HOLDP(GO) ,DISP=0LD Generated MAIN & TRAVEC.‘
48 //SYSLIN DD DSN=HOLDO(GO),DISP=0LD Object modules for MAIN & TRAVEC.
49 //SYSPRINT DD SYSQUT=A,DCB=BLKSIZE=3120 Printer.
50  /A.G2D EXEC PGM=HEWL ,REGION=192K, Execute Tink editor.
51 //  PARM=('LET','LIST','XREF','SIZE=(182K,100K)")
52 //SYSLIB DD DSN=GOLI§,DISP=SHR Specify GO library & others library.
53 /) DD DSN=SYS2.FORTLIB,DISP=SHR |
54 // DD DSN=SYS2.LINKLIB,DISP=SHR
55 //SYSLIN DD DSN=HOLDO{GO),DISP=0LD Object modules for MAIN & TRAVEC.
56 // DD DuMMY No link edit commands,
57 //SYSLMOD DD DSN=GOLOAD(GO),DISP=(NEW,CATLG), Absolute object for GO.
58 //  UNIT=SYSDA,SPACE=(TRK,{10,100,50),RLSE},
59 // DCB=(RECFM=F,BLKSIZE=80,LRECL=80,DSORG=P0)
60 //SYSPRINT DD SYSOUT=A Printer.
£1 //SYSUTT DD UNIT=SYSDA2,SPACE=(1024,(50,20)) Temporary storage.
62 //G02D EXEC PGM=G0,REGION=450K Execute GO.
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Command
63
64
65
66
67
68
69
70
VA
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

TABLE 121. (CONT.)
Command Contents

//STEPLIB DD DSN=GOLOAD,DISP=0LD

Command Description and Remarks

Use created GO absolute object.

//FT06F001 DD SYSOUT=A,DCB=(LRECL=133,BLKSIZE=2660) Printer.

//FTO7F00T DD DSN=HOLD7,DISP=(NEW,CATLG),

//  UNIT=SYSDA,SPACE=(394,40),

//  DCB={RECFM=VBS,LRECL=39,BLKSIZE=394)
//FTO8FQ0T DD DSN=HOLD8,DISP=0LD

//FTOSF001 DD DSN=HOLDY,DISP={NEW,CATLG),

// UNIT=SYSDA,SPACE=(100,(6000,6000),RLSE),
// DCB={RECFM=F ,BLKSIZE=100)

//FTT0F00T DD DSN=HOLD10,DISP=(NEW,CATLG),

// UNIT=SYSDA,SPACE=(TRK,(5,2),RISE),

// DCB=(RECFM=VBS,LRECL=400,BLKSIZE=4004)
//FOP2D EXEC PGM=IGIFORT,

// PARM=('NODECK','EBCDIC', 'NOLIST', 'LOAD',
//  'MAP', 'SOQURCE'), REGION=256K

//SYSIN DD DSN=HOLDOP(OUTP),DISP=0LD
//SYSLIN DO DSN=HOLDO{OUTP),DISP=0LD
//SYSPRINT DD SYSQUT=A,DCB=BLKSIZE=3120
//L0P2D EXEC PGM=HEWL,REGION=192K,

Set up catchfileZ.

Use catchfilel.

Set up catchfile3.

Set up catchfiled.

Fortran compilation of QUTP dummy

main.

Link edit object of OUTP dummy
main with rest of CUTP.

//  PARM=('LET','LIST','XREF','SIZE=(182K,100K)")

//SYSLIB DD DSN=QUTPLIB,DISP=SHR

// DD DSN=SYS2.FORTLIB,DISP=SHR

// DD DSN=SYS2.LINKLIB,DISP=SHR
//SYSLIN DD DSN=HOLDO{QUTP),DISP=0LD
// DD DUMMY

//SYSLMOD DD DSN=QUTPLOAD(OUTP),DISP=(NEW,CATLG),

752



E a—

Command
89
90
97
92
93
94
95
96
97
98
99

106
101
102
103
104
105
106
107
108
109
110
11
12
113
114

TABLE 121. (CONT.)

Command Contents Cormand Description and Remarks
// UNIT=SYSDA,SPACE=(TRK,(10,100,50),RLSE),
// DCB=(RECFM=F,BLKSIZE=80,LRECL=80,DS0RG=PO)
//0UTP2D EXEC PGM=QUTY,REGION=300K Execute QUTP.
//STEPLIB DO DSN=QUTPLOAD,DISP=SHR
//FTOTFO01 DD DSN=HOLDP{OUT),DISP=0LD Catchprogramfiie,
//FT05F001 DO DDNAME=SYSIN Input later.
//FTC6FCOT DD SYSOUT=A,DCB=(LRECL=133,BLKSIZE=2660) Printer.
//FTO8F0O1 DD DSN=HOLD8,DISP=0LD Catchfilel.
//SYSIN DD * Input follows.
Input data deck, cards 1001 through 1600
//FOP2D EXEC PGM=IGIFORT, Execute Fortran compiler.
// PARM=('NODECK','EBCDIC','NQLIST','LOAD',
//  'MAP', 'SOURCE')},REGION=256K

//SYSIN DD DSN=HOLDP(OUT),DISP=0LD Source of MAIN, TRAVEC, & SUBTRC.
//SYSLIN DD DSN=HOLDO(OUT),DISP=0LD Object of Main, TRAVEC, & SUBTRC.
//SYSPRINT BD SYSOUT=A,DCB=BLKSIZE=3120 Printer.

//L0P2D EXEC PGM=HEWL ,REGION=1G2K, Execute 1link editor.

// PARM={'LET','LIST','XREF','SIZE=(182K,100K)")
//D01 DO DSN=HSRILOAD,DISP=SHR Specify data set containing OUTBLD.

//SYSLIB DD DSN=OUTLIB,DISP=SHR Specify OUT Tibrary and others.

// DD DSN=SYS2.FORTLIB,DISP=SHR

!/ DD DSN=SYSZ.LINKLIB,DISP=SHR

//SYSLIN DD DSN=HOLDG(QUT),DISP=0LD Object of OUT generated programs.
// DD DDNAME=SYSIN Link edit commands later.

//SYSLMOD DD DSN=QUTLCAD(OUT),DISP=(NEW,CATLG), Set up OUT absolute object.
// UNIT=SYSDA,SPACE={TRK,(10,100,50),RLSE),
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TABLE 121. (CONT.)

Command Command Contents Command Description and Remarks

115 // DCB=(RECFM=F,BLKSIZE=80,LRECL=80,DS0RG=PQ)

116 //SYSPRINT DD SYSOUT=A Printer.

117 //SYSUTY DD UNIT=SYSDA2,SPACE=(1024,(50,20)) Temporary storage.

118 //SYSIN DD *

119 INCLUDE DD1({OUTBLD) Make sure BLOCKDATA subprogram
gets in.

120 //0UT2D EXEC PGM=0UT,REGION=450K Execute QUT.

121 //STEPLIB DD DSN=QUTLOAD,DISP=0LD Use OUT absolute object.

122 //FTO6F001 DD SYSOUT=A,DCB=(LRECL=133,BLKSIZE=2660) Printer.

123 //FTO7F001 DD DSN=HOLD7,DISP=0LD. CatchfileZ.

124 //FTO8FO01 DD DSN=HOLD8,DISP=0LD Catchfilel.

125 //FT09F00T DD DSN=HOLD9,DISP=0LD Catchfile3.

126 //FT10F001 DD DSN=HOLD10,DISP=0LD Catchfiled.

where the cataloged files HOLDP, HOLDOP, HOLDS8, HOLDO, INLOAD, GOLOAD,
HOLD7, HOLD9, HOLD1O, QUTPHOLD, and QUTLOAD should be retained until the
run is seen to be satisfactory and then destroyed and where the following
data sets are assumed.

HSRILOAD containing elements MVMINP, INBLKD, MVOUTP, & OQUTBLD
INLIB, GOLIB, OUTLIB Respective Tibraries |
SYS2.FORTLIB, SYS2.LINKLIB System libraries

IGIFORT Fortran compiie

HEWL Link editor
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1.

4.8 Installation of the MVMA 2-D on Non-MTS Systems.

The installation of the MVMA 2-D Model on non-MTS systems involves four
general areas of difficulty. These are:

1) adaptation or substitution of special routines;

2) incompatibilities in Fortran 1ibrary routines;

3) use of direct access datasets or indexed Input/Output; and

4) effects of differing word length.
These four problem areas are explored in succeeding subsections.

4.8.1. Special Routines. Eleven special routines are used in the
MYMA 2-D Model. These routines are listed and described in Table 122.
Table 122 also contains references to Tables 123 through 128 which detail
the MTS implementation of these special routines for purposes of illustration.
These routines are usually included in more than one version on our model
distribution tapes with the hope that one of the versions of each routine
will prove adequate or at least easy to adapt. Table 122 also describes
each version of each routine.

TABLE 122. Special Routines in the MVMA 2-D Model

Routine Name Description Versions Available and Comments
ABDUMP Produce a post mortum dump a. The MTS version links to
and abort execution. the ERRQR system routine

described in Table 123.

b. The JCL version leaves
ABDUMP an "undefined" symbol
in the link edit step, which
causes a system error return
when called.

c. Other systems may simulate
this by any combination of
instructions which cause a
system error.

0BS Accomplishes conversion from  a. The MTS version links to
Fortran A-format internal SI0C using the bitwise logical
representation to real binary functions to set up the
representation. calling sequence. SIOC is

described in Table 124 and
the Bitwise Logical Functions
in Table 125,

755



sjutine Name

JEBUG

EXTIME

FDATER

LAND*

TABLE 12Z. (CONT.)

Description

Unpack the hexadecimal debug
control word into 16 debug
switches.

Return CPU glapsed time
in milliseconds from an
initializing call.

Return current day's date
in Fortran A-format internal
code.

Bitwise Togical function
obtains logical 1and” of
two words. :
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versions Avaiiable and Comments

n. The JCL version is an assembler

routine which links 1o the
Fortran I/0 conversion
routines.

. Other.systems may simulate this

by using a reread or 100k
feature or by writing a
Fortran routine g carry
out the conversions similar
tp routine BRAKUP in QuUTP.

. In MTS, done using bitwise

Togical functions described
in Table 125.

. In JCL, done with an

assembler routine.

. In other systems, may be

done directly by Fortran
logical statements or
by an assembler routine.

_ In MTS, done by Tinking

to system routine TIME
described in Table 126.

_ In other systems, may oe

simuiated DY tipking to
appropriate system routine
or by dummying the routine
using code presented in
Table 127.

. In MTS, done by 1inking to

system routine TIME described
in Table 126

. In other gystems, may be

simuiated by 1inking €O
appropriate system routine
or by durmying the routine
using code presented in
Table 128.

. In MTS, done by bitwise

Togical functions described
in Table 125.

h., In other gystems, done directly

using logical Fortran statement
or with assembler routine.



10.

11.

Routine Name

LOR*

SHFTL*

SHFTR*

SYSTEM

USERZZ

TABLE 122. (CONT.)

Description

Bitwise logical function
obtains logical "or" of
two words.

Bitwise logical function

ocbtains a logical left shift

of a word.

Bitwise logical function
obtains a logical right
shift of a word.

Cause normal return to the
system.

Return user's account number
as an eight character Fortran

A-format internal string.

Versions Available and Comments

Same as LAND.

Same as LAND.

Same as LAND.

a. In MTS, exists as system
routine.

b. In other systems may be
replaced by Fortran STGP
statement or linking to
similar system routine.

a. In MTS, dummied to
return blanks.

b. In other systems, ejther
link to appropriate system
routine or use MTS dummy
routine.

* The direct use of LAND, LOR, SHFTL, and SHFTR is in character packing and

unpacking.

logical and/or character handling functions.
arrays on 360/370 type machines would eliminate the need for these functions.
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Purpose:
Location:

Alt, Entry:

Table 123. * SUBROUTINE DESCRIPTION: ERROR
ERROR

SUBROUTINE DESCRIPTION

To terminate execution with an error indicatior.
Res: dent Systen

ERBCR#

Calling Sequence:

Description:

Assembly: C2LL EHRERCR

FOOTRAN: CALL EREROR

BEeturns control to MTIS to terminate execution. The comment
WERBAQR RETURN" is printed. in batca mode, a dgmp is
avtomatically given if SERROAR.TM? or $SET EZRRCRDUME=0N wrs
specified.

Sxecution of the terminated program may be restartszd fror the

‘point of suspension tky the $RESTART coamand.

* Reference 28
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Purpose:

Location:

Table 124.* SUBROUTINE DESCRIPTION: SIOC

SIQ¢

SOUBROUTINE DESCRIPTION

To perform floating-point, integjer, logical, and hexadeciizal
conversioans. The conversions available correspond to those
usually associated with the D, E, F, G, E, L, and & FORTRiN
format specifications., E3X2C perforams ome 1/0 conversion jser
call, does not perform any inpuc/output operations, and does
aot call on any other subroutines.

Resident System -

Calling Sequences:

Assembly: CALL sIoC, (buffer,cvarea)
FrRTRAN: CALL SIoC(buffer,cvarea,&rcy,&zc8)
Parameters:
buffer is thc location of the buffer arsa. Tor Lajput
coavorsions, thke character sirizy contalsed in
this area, e o., 1.25, 1is converted to the
appropriate internal representation; for ocutput
conversions, the internal representation is con-
verted to a ch~racter strimg which is placec in
this area. Ipput conversioms never change the
contents of tunis area.
¢varea 1is the location of a doubleword-aligned block of
information sp2cifying the conversion: to be
performed tec=2.her with a scratch area. cvarea
is described Felcw.

tcl,rn8 are statement labels to transfer to 1if the
egquivalent retursn codes occur.

Return Codes:

0 Successful conversi-n. The rtelative field vpolinter
has been updated.

4 The output field widra is insufficient, and the field
has been filled with asterisks “#*®, JIpput conversion
found either am illeg#l character or a syntax viola-
tion, e.g., a second decimal poirnt. The relative
position of the illegai character vithin the field is
stored in VALUE (1), and VALUz{2} contaians the trans-
lation of the offending character:

0 Decimal digit or blank
1 S5ign character (+) f~) (BCD+}

* Reference 28
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Description:

pelimiter (,) {3) (/) (')

Beplication factor character (*}

Hexadecizmal or floating-point character (A-F) (.}
Any other character

W F Wk

The relative field pointer is not updated unless the
function byte is 3, 1i.e., bit 6 is 7.
8 One of the following conditions has occurred:

{1) The field width FLDYD is ©not positive. The
relative field pointer has not Dbeen chang=4.

{2} A replication factor exceeded the maximuz valne
of 2,147,883,647. The relative field pointer has
been increased by FLDWD.

"{3) The result of an integer oL floating-point
exponent conversion exceedas the rapge

(-214748:648, 2147483647)

or the magnitude of the final result of the
floating-point conversion falls outside the range

(.53976053Q693402?89D-78, .72370055773322€211D0+79)

In these situarion<, the seanning of the (field
has been comp.eied when thée erxcs iz datectai, SO
hl

that the relacive Zield pointexr will be appropri-
ately updated.

The description of gyarea is given im the context of the
foliowing FORTRAN declarations. In this case, FLDPY wonid be
the second argument. Note thit common areas are alvays
all>cated on a doubleword bound:ry.

COHMON/CVABEA/?LDPT,FLDHD,NDRBP,SC&LE,REPLI,PICT,?ALUE(Z}
COMMON/CVAREA/WORK(10)
INTEGER FLDPT,FLDWD,HDRDE,SCALE,REPLI,PICT

PLDPT: Relative position of the first character of the field
in the Dbuffer. The relative field pointer tust
always be positive. This value is updated to coI’as~
pond to the first character after the field con-~
verted, unless the return cnae is non-2arO The
relative position of the first character of puffet is
zZero.

FLDWD: Field width. This value must satisfy 0 < FLDW¥D < 256
and is never changed by SICC. 1f FLDWD=254, output
conversion ignores the buffer, placing the converted
valune in WORBK({1) ,¥ORK(Z) s~ in format Ez4.18, 112,
L1, or Z{2*n}. If FLDWD=255, output conversion is
left-justified, and a replication factor and/or deli-
miter may be reguested.
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HDBDP:

SCALE:

REFLI:

v PICT:

Number of digits to the right of the decimal point,
e.9., 2 for the format PF5.2. This value is never
changed by SIOC, and is applicable only to floatiig-
point conversions.

Floating-point scale factor, i.z., (intermal valuww) =
(external value)*10**SCALE, provided the external
value does not contain an explicit exponent Zfiglid.
This value 1is never changed by SIOC, and is agp.ic-

able only to floating-point conversions.

Valoe of the replicaticn factor £found in an 1nput
fiela, or to be placed 1in the output field. all
replication factors must be unsigped, i.e., positive.
This value is changed only if anm 1input convers:.n
field contains a repiicationm factor and it is legal
{see PICT).

This word is divided irto four bytes of information:
{1} Function Byte
0 Cutput conversicn
1 Input conversirrn
3 Input conversion, and continue delimiter sScan-
ning even wo2n an error is detected.

{2) Input/Cutput Picture Byte

Bit O controls the number of digits generar=d in

; floating-point outjut conversions. If 1 {Hex

80), 18 decinmal d:gits are generated; othe~ wise,
only 9 digits are generated. The puzber of
digits generated is cocpletely dependent ». this
bit, and is inp no way affected Dby <cuy other
copversion parameters, i.e,, FLDWD, NDRDP, or the
length of the datum.

Bit 1 controls the processing of replicz:ion
factors. If 1 {Hey 40) for an input convers:.on,
a replication factor 1is legal and wiil oe con-

verted if present; otherwvise, an asterisx "*¢
will be flagged as an illegal character. If 1
for an output conversion and FLDWD=25L and

REPLI>0, the contents of BREPLI will be converted
and placed in the buffer; otherwise, the contents
of BEPLI will be ignorea.

Bit 2 controls the generation of sign characters
in floating-point and integer output coanversions.
If 1 ({Hex 20}, 'a sign character 1s always
generated; otherwise, a sign character is placeag
in the field only when the datum is negative.
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VALUE:

Bits 3-6 determine the type of conversion to be
performed, Using the usual FORTRAN format speci-
fication characters, and assumimg all other bits
of this byte are zero, the hex values are I={4,
2=02, L=06, F=1C, E=0E, and thke floating~-point
type G=1E. See the description of these sage
bits in the 4th byte of this vormd.

Bit 7 controls delimiter processing. £ ' (Hex
01) for an input coaversion, the four delimiter
characters will be re:ognized as such; othervise.
they will be flagged as illegal characters. If 1
for an output coanversion apd FLDWD=235, a conmma

w.o* ill bpe placed in the buffer immediateiy.

after the converted datum.

(3) Data Length Byte
The length of the internal data in Dbytes. For
exanmple, the wvarj.ble A declared REAL*8 hes
length 8. JMNote tlat a3 variable declared COMPLEY®
n is really two numbers of length n/2.

(4} Actual Ippuat Fi-tusw Byte

unction bit 1 if

it
e
for
(1=
o
I
I
10
10
f*a

-
-

0 80 128 Exponent given as 2+n, D-n, or D=n
1 49 64 Replication factor conveéerted
2 20 32 $ign character occarred
3 10 16 Digits cccurred to the left or the
decinpal point
08 8 A decimal poilnt occurred
o4 4 Digits occurred to the right =i the

decisal point

An exponent was found

4 delimiter character (,:;/'}) toT-
zinated the rield.

0z
01

~1 On W=
- N

Integer conversion wvwill set only bits 1, 2, 3,
andsor 7, logical conversion only bits 1, 5 =2nd
6, andsor 7 {(bits 5 and & are bpoth set if a T or
F is found), and hex conversion oniy bits 2, 6,
andsor 7 (bit 6 is set if some digits are fouand).

The ipternal form of the data should or will be
left-justified in this doubleword. Floating~pnint
conversion {D, E, F and &) assumes a short operand if
the data 1length 1is not §; integer (I} assuzes a
halfword if the length is net 4; logical (L} assumes
a single byte if the length is not 4; and hex (7]
assunpes the nueber of bytes (£8) indicated by the
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¥OEK:

length. OQutput conversions will leave this double-
vord unchanged.

This area must supply up to 10 vords of scratch space
for output conversions, and max (40,FLDWD) bytes for
input conversions. If the ocutput field width is 234,
this area will contain the coanverted field in format
B24.18, 112, L1, or Z(Z*data-length).

Blanks in Humeric Fields

Consistent with the usual FCRTRAN conveption, blanks ire
treated as geros. There is no provisiom in SI0C for
ignoring blanks enbeddea pbetween two digits, betweea a
digit and a decimal point, or between the last digi+:and
the end of the input field. Since various classes of
blanks can be convenlentlv ignored without vioclating %he
usual FORTRAN convention, these fev liberties have bzen
taken. Thus, all blanks preceding a delimiter charac:ier
or the replication factor character are ignored. Fir-
therwore, trailing blansxs in a floating-point exp.nant
are always ignored. The creatment of blanks as zcrvos is
primarily an econoric coasiceration, sSince their «eli-
mination would require a wmore complicated and sinover

algoritha.

Hexadecimal Converslions (Z)

Input: If the input fiell contains too many data bytes,
it is truncated o1 the left: while if too few,
it is padded on tae left with Zeros.

Output: If the datum contains n bytes, and if FLDWD<2+*n,
then the datum is truncated op the lerft; while
if FLDWD>2*n, then the field is padded on the
left with blanks.

~ogical Conversions (L)

Input: All <characters are legal in a logical field.
The field is scanaed for a "I" or #F", the first
such character deterzining the result value. If
neither of these characters is found, the result
value is 0 (FAL3E}. THUE is represented intern-
ally as 1.

Output: The field will be »larnk except for the last
character, which will te a »T" if the datup is
non-zero, and "F® if it is zero.

Integer Conversions (1)
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Input: An integer field should consist of an
optionally-signed decimal digit string.

Ooutput: The decimal representation will be placed in the
field right-justified with leading bianks. If
the field is too spall, it is filled  with
asterisks (¥).

Ploa-ing-point Conversioas (D,E,P,6)

Inpat: A floating-point field nzay consist of a sigped
or unsigned decinal digit striag optional’y
containing a decipal point, and optionally fo.-
lowed by an exponent field. If no decimal peint
occurs, the value is multiplied by Si#%-NDF..
If an exponent field does not occul, the valne
is multiplied by "C**-SCALE. In the contracty
situations, NDRDP and SCALE are ignored.

Qutput: The decimal represantaticn will be placed in tae
field right-sjustified with leading blanks. Ffor
P-conversions, the decimal value is (10**5CALEY*
VALUE. For E- ard D-conversions, SCALE spect-
fies the desired number of decimal digits to *hae
jeft of the deciwmal point, and the exps-eul  is
appioprrately adjusted to maintain the original
datum. For G-conv:rsions, SCALE is ignored if
an F-format fiell 1is generated, and otherwise
plays the sane rol: as for D- and E-conversions.

For a complete description of tais subroutine, inclading =any
exarples, see Computing Center 1ead M202.
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TABLE

purpos2:

Location:

Functions:

125. * SUBROUTINE DESCRIPTION: BITWISE LOGICAL FUNCTIONS

Bi wise lLogical Fynctions
SUBROUTINE DESCIIPTICN

mhes: simpie functions do the bitwise Logical operatinns
whica are difficult to state in FORTRAN arithcetic forrnlas.
If their naxes arce prefixed with an Wi, they ara i1atogar;
otherwise, ‘they are deciared real. The ozly exceptien to
this rule is that SHFIR and SHFTL pust be declared integer.

=L TERARY

A¥L, LAND, ORX, LOR, {0R, LXCa, COMPL, LCOXPL, SHFTR, aid
SHETL.

Ccalling Seguences:

AND C = AND{(A,B)
LAaND IC = LAKD {IA,LB)
The result !as oits oz only if the correspond-
-tk on.

ing bits of the arjuzents . are o

CR {3, B)
LOR (IA,IB)

OR C
LOR IC

woil

The result has bi:s on oaly if either or Dbota
arguzents have tae correspeniiag bits <a.

XOR (A, B)
LXOR {TA,IB)

108 C
LXCR Ic

nn

The result 2as bits oa orly if tbe correspoud-
ing bits of taz tvo arguments are not ie

sane.
CCHPL B = COMPL{A)
LCOMPL IB = LCOMPL{IA)

The result has all the bits of the arngument
reversed.

* Reference 28
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SHFTE Ic
SHFTL ic

SHFTR (IA,IB)
SHFTL(IA,IR)

Hon

The first arguzent is shifted right or left by
the npumher of bits specified by the secoad
integer argumen.. Ais logical shift functiocas,
they are not eqiivalent to a division or to a
multiplication Sy a power of two,

Unless othervise stated, the arguzents of the functiors may
be either real or integer provided that they are fullworis
{four bytes lang). o

Rote: The functions LAND, LOR, LiIoa&, LCOMPL, SHPTR aad
SHFTL may be generate. as in-iine code by the FORTEAN
IV (H) coapiler by specifying the XL option on tae
$BIN ccmzand. See the *FORTRANH public file descrin-
tion in Volume 2 and "IBM System/360 FORTRAN I (4)
Compiler Progran Logic Kanual", Fform Y28-6642, Foar
details.

Zerc out all bits ol a fullword.
HORD = XQR{WORD,WOQRD;
Examine the second byte of a fulivord.

DATA MASK/ZOOFF0000/
SCDBYT = AND(WORD,®A.iK)

dove the <£first byte of a fullwerd so that it becomes the
fourth byte of the word.

~

INGRD = SHFTR(IWORD, 24}
Pack the four characters together.

READ (5,4) (CHAR(I),.I=1,4)
4 PORMAT (4a1)

DATA MASE/ZFEOCOCOQOQ/

WORD = 0.

DO & I=1,4

WORD = OR(WORD,SHPTR{(CHAR(I) , (I~} *8))
3 CONTINUE
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EFurpose:

location:

Table 126*

Te allow
used, tigme

*LIBHARY

Calling Seguences:

SUBROUTINE DESCRIPTION: TIME

SUBRQUTINE DESCRIPTICH

the user easy access to the elapsed tiz=, CEJ tinme
cf day, and the date in convenient unitc.

Assenpbly: CALL TIHE, (key,pr.res)

FCRTEHAN:
Parameters

 key

* Refarence 28

CALL TINME (key,pr,1es)

is the locaticn of a fullwerd integer descrikting
vhat gquantites zre desired from the sukroutine.
The availakbl: cLoices are:

(SN S o

=

10

the CPU, elapsed, surerviscr, and problus state
time are initizlized (see below).

the CPU time i: returned in res.

the elapsed tire is returned in reas.

the CFU tize is gplaced in the first word of
and the elapse¢ time in the second wcrg of res
the time of day is returned ip EECDIC in tihe
form "HH:MM.SSY" wbere “ER:%" is placed ir  the
first werd of reg and "B.SS" is placed in the
seccnd word cf res.

the 'date is returned 3in EECDIC in ra1e forn
“M¥M DD, 19YY" vhere ®#%Mh " is gplaceu in the
first word cf res, "Bi, " is vplaced i the
second word of res, and "19YY" is placed +in the
third word cf f2s. If ®CD" is less then 10, the
leading zero is rerlaced Ly a blank.

the tisz of day 4is gplaced in the first and
secend vwords of res (see key=4) and th. Jzte is
placed in the third, foorth, and fifth worés cf
Les (see key=35).

Les
es.

the supervisor tize is vlaced in res.
the problen state tipe is placed in re
the superviscr time is zlaced in the rst word

5.
fi
placed in

of res and the problen state time is
the secend word cf res.

the date 1is returned in EBCDIC in the forz
"YM-LD-YY", where "gM~-p® is placed in the fir
word of res apd MD-YY8 ig nlaged iz &
vord.,

=W
fa et B

- b s

-l C':)
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Exasples:

Asseukblv:

11 the time of day is placed in the first and
second words of res (see 4 abave} and the date
is placed in the third and fourth words {see 10
above}.

The CEU time and elapsed time (key=1,2, or 3} are
in pilliseconds relative to a gichal arbitrary,
past «crigin. The supervisor and problem state
tizes are in tizer units relative to a gloral
arbitrary, past origin., Cne timer nunit is 1/ (255=*
30C) seconds or akout 13.3 aicroseconds. Calling
TIXE with a key=( resets rhese tinme originrs locally
to the tine status at the call on TIKE. The<=e tigme
origins are local to the program currently execut-
ing; they do not carry ocver to another separate
progras execution. TIME aust be reinitialized when
used with ancther prcgraux execution.

is the location of a fullwerd integer indicatina
vhether the returned gua.tites are to ke placed in
Les or printed or koth. IThe choices are:

0 the values are returned as descriked atove.
<0 the values are reiurred and are also printed on
SPRINT.
>0 the valunes are oply printed on SPRINT and are
not returned. Thus the res argument is nct
needed.

is the leocation of a fullsord integer variable or
vector in which the resul:s are placed.

CALL TIME, (REY,PB,RES)

KBY nC F'6!
PR LC FrOe
RES LS 5F
The tige of day and date are placed in RES.

CAIL TIME({S,1)
The date is printed on SPRIXNT.

CALL TIMNE(Q)

CALL TIME(2,-1,7I%)
The elapsed time since the call on TIHE(C) is
printed and placed inm TIH.

Note: TIM puszt be declared INTEGEZI*4 in the above
exanples.
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TABLE 127. Code for Dummy EXTIME (Special Routine)
SUBROUTINE EXTIME (MILL)
C DUMMY TIME RQUTINE
MILL = MILL + 100
RETURN
END

TABLE 128. <Code for Dummy FDATER (Special Routine)
SUBROUTINE FDATER (A,B)
c DUMMY DATE ROUTINE
DIMENSION A(3}, 8(2)
ODATA BLANK/TH /

B{1) = BLANK
B(2) = BLANK
A(1) = BLANK
A{2) = BLANK
A(3) = BLANK
RETURN

END

2/2/81
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4.8.2 Fortran Library Routines. Fortran Tibraries are fairly well
standardized throughout the industry. Usually if there are incompatibilities,
it is in spelling of routine names or much less commonly in calling sequences.
Table 129 presents a 1ist of all Fortran library routines used by the MyMA
Two-Dimensional Model together with a short description of each routine.

Short inspection of this table should reveal any incompatibilities.

TABLE 129. FORTRAN LIBRARY ROUTINES

Routine Name Description
1. ABS Real absolute value of a real argument.
2. AINT Sign of argument times real largest integer less
thanor equal to absolute value of real argument.
3. AMAXT Real maximum of two or more real arguments.
4.  AMINI Real minimum of two or more real arguments.
5. AMOD Real remainder of the first real argument divided by

the second real argument, or argument one modulo
argument two. '

6.  ATANZ Real two argument arctangent, where the first argument
is the grdinate of point and the second is the abcissa.
7. €08 Real cosine of real argument.
8.  FLOAT Convert argument from integer to real.
9. IABS Integer absolute value of an integer argument.‘
10. ISIGN Integer product of the magnitude of the first argument
with the sign of the second.
11, MAXO Integer maximum of two or more integer arguments.
12, MAX] Integer maximum of two or more real arguments.
13, MINO Integer minimum of two or more integer arguments.
14.  SIGN Real product of the magnitude of the first argument
with the sign of the second.
15.  SIN Real sine of real argument.
16.  SQRT Square root of real argument which cannot be negative.

770



4.8.3 Direct Access Data Sets. The MVMA Two-Dimensional Model makes
use of two direct access data sets for storing the packed binary tables of

input, controls, and output. This approach is useful in that it allows
efficient access to information produced in a different sequence than
required. In other words, these data sets are used to sort information
into the needed order.

In MTS, this is accomlished by use of the indexed Input/Qutput feature
of IBM Fortran. As implemented on MTS, IBM Fortran does not require the
DEFINE FILE statement to initialize this type of Input/Qutput. In other
IBM Fortrans, the only adaptation required is the addition of the necessary
DEFINE FILE statements in the five processors. This can be accomplished
by finding the commented DEFINE FILE statements and replacing the "C"
by a blank. These will be found in the MAIN program for INP and in the
formats used to generate the main programs for IN, GO, OUTP, and OUT (in
routines IPMVYMA (INP) for IN, WRITER {IN) for GO, IPMVMA (INP) for OUTP,
and WRITER (OQUTP) for OUT).

In systems which do not have this feature or another feature to which
conversion is easy, this feature can be simulated by modifying the WRITE
statements to include the record number as the first item in each record
with the remaining length as the second item of each record and by replacing
the READ statements by calls to a routine which reads the entire data set and
returns information from the last record with the record number soucht. In
some systems, it may be wise to introduce a sort between processors carried
out on record number which eliminates all except the last record with a
particular record number. This would enable the reading routine to be
simplified.

Except for the DEFINE FILE statements in the MAIN program of INP, al]l
references to logical device numbers are via variables. In the case of all
such variables, the definition occurs in routine IPMVMA of INP and is carried
through by means of direct access data set NU and the generated main programs.
if it is necessary to change the 1.d.n.'s,the appropriate substitution
statement in IPMVMA need only be found and modified. In addition, any change
for NU must also be made in the DEFINE FILE statement in the MAIN program
of INP. '
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4.8.4 Differing Word Length. Three effects of differing word length
which could cause problems in installation are discussed in succeeding paragraphs.

These problems are precisicn and range of numbers, control of debugging
switches and certain debug printouts, and character handling within the
mode] .

*¥xxx%  Precision and Range of Numbers. In MTS, the MVMA Two-
Dimensional Model makes use of thirty-two bit integers and of reals with

eight bits of characteristic and twenty-four bits of mantissa. The
integer calculations deal with relatively small numbers, and it is
doubtful that more than sixteen to eighteen bits are aver needed. Little
problem with integer range is expected.

In the case of reals, twenty-four bits of mantissa is adequate
precision for the operation of the model, but it is felt that less than
twenty-four bits would yield precision problems. If the target system
falls into this group, double precision is recommended. Eight bits of
characteristic support a range of from }0'78 to ]075
range of frem 10“20 to 1020 is more than adeguate for the calculations
in this model. It is possible that there may be some constants outside
this range used for starting searches for maxima and minima, but these
can be safely put into this range.

in reals. A

#xxxx  Exnlicit Use of Hexadecimal Numbers. In MTS, hexadecimal
numbers are used explicitly within the model for input of debug controls,
for obtaining peculiar recognizable constants, and for certain debug
printouts which show the binary form of quantities. These applications
affect some DATA and FORMAT statements, mainly in IMP, G0, and OUTP,
and will be located by attempting to compile the processors. The only
appiication which might pose a problem is debug control. The debug
control word is thirty-two bits long and is understood as sixteen two-

bit switches packed together in one word. These control words are
read in with corresponding effective simulated times, carried through
to G0, and unpacked into the sixteen switches when the effective time
is reached during the execution of G0. Since the input card format
allows eight columns per field, & direct switch tc octal would imply
change in the input card format. An alternative is to continue *o
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read the hexadecimal values as A-format and write a conversion routine into
binary. If more than one word is required to hold thirty-two bits, then
the storage of this information will require reworking wherever it appears
in the model.

«x%xxx (Character Handling. In MTS, the eight-bit character code

EBCDIC is emplioyed,which yields four characters per word. Character infor-
mation is used for titles of various input quantities and for variable
format input of cutput controls in QUTP. If the target system allows at
least four characters per word, then the only changes necessary are in the
character unpacking masks. These mask definitions in DATA statements will be
located by an attempt to compile the processors and need only be specified
in the appropriate manner for the target system. If less than four
characters will fit into a word, then adjustment of the number of words

for storage of titles as well as the corresponding A-formats for input

and output will be reguired in addition to corrected masks and more
complicated unpacking.
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Appendix A Examples of the Use of Packing Tables

Several sections of the third volume of this report (Sections 4.1.2.1,
4.1.2.2, 4.1.2.4, 4.2.2, 4.2.3, 4.3.2, 4.3.3, 4.4.3, 4.4.4, 4.5.2, and 4.5.3)
provide general information about packing techniques and the use of external
binary files. Those sections include description of the specific applications
of these methods throughout the model. However, they do not provide step~by-
step explanations, which might be helpful to an untutored user faced with a
difficult debugging task. This appendix is provided to i1l this void.

Since the techniques are used again and again in similar ways throughout
the model, the examplies at which we wiil look are restricted to the G0
processor. If packing is understood here, it will be understood everywhere.
This is also the processor with which the user will most Tikely need to deal.

Imagine that a post mortum dump has occurred in a run of the GO processor
and that the external binary files have also been dumped. For convenience,
we will make use of a symbolic dump of GO provided by the Symbolic Debugging
System available under MTS. There is no essential difference between this type
of dump and a hexidecimal dump, but the symbolic dump is much easier to read.
For the external files, cnly an ordinary hexidecimal dump wili be available
for use in this appendix.

A.1 The Chain to Ellipses

Table 58 shows that KCON is always first in IQ. Table 59 shows that the
first eight Tocations in KCON give the KCON indices of the entries which
describe all ellipses attached to the eight body segments. Figure A-]
shows one actual case.

Relative
Hex Address Array
(RA)  Indices(I) Contents Decimal(D) Contents Hex(H)

000000 IQ (M) *FY  +54 22004236
000004 I0{2) 'F' +58 00002338
000008 10 (3) 'FY  +Q 30000000
Q0000C IQ(H) YFTY 58 00000021
000010 1IQ(5) 'F'  +60 0000002cC
300218  IQ(e) TF? #6353 e 0000003F
20818 IQ{N 1T +67 3330743
20C3 1T 10 (8) 'F* +639 2233¢285

Fig. A-1 Body Segment Portion of Standard Area of KCON
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Body segment three has no ellipses attached since KCON(3) is 0.
However, let us follow the chain for body segment six {each of the others
is completely similar). Since KCON(6) equals 63, we find the body segment
six entry beginning at KCON(63) as shown in Fig. A-2.

RA 1 D H
5000F8 IQ{63) tFY 43 e 00000013
2000 FC IQ(6W) TFY $165 00000935
000109 IQ(6%) tPt +181 ————— 00000UBS
190104 IQ(66) 1Y +198 J3032232C6

Fig. A-2 Control Section for Body Segment Six

Table 60 gives the layout of this type of entry. We see that there are
three ellipses attached to body segment six and that they are further described
in entries occurring at KCON index 165, 181, and 198 respectively. The order
of these entries is the order they were encountered in the data. Let us follow
further with the second of these ellipses.

Fig. A-3 shows this portion of KCON. Note that (IKC=)181 is the internally

used identification for this ellipse, serving the double function of a unique

integer "name" and supplying access information as well.

RA

0002D0
0002D4
0002p8
0002DC
Q0N2EC
0002EC
Q002rF0
000224
0o02r8
390 2FC
230339
390324

I

I0(181)
10 (182)
IQ{183)
I (184)
10 (185)
IQ(188)
T0(189)
TQ (190)
10 (191)
10 (192)
1Q(193)
IQ (194)

B X
IFI
IFI
'F!
I?!

1R
1F1
tE
'Fl
IF!
X
l?‘

D
+58  grnenenn
+{
+6
+7
+4)
+4J
+3
+Q
2
+1
+195
+{

Fig. A-3 Ellipse 181 Control Entry
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000000313
000000C0
00000006
00000007
09000032

99003304
00000003
20000000
04000002
00000001
034203¢C2
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The description of this type of entry is found in Table 62. We see that
the real information will be found in STOMAT beginning at index 58. Further
the ellipse is rigid and attached to body segment six (this information is
provided to make it possible to start with the ellipse i.d. and go back up the
chain). The name of this ellipse is found at index seaven in KELLNM. Table 58
shows KELLNM is dimensioned eight by NELLS and the last half of Section H
of the Packing Dictionary produced by IN conveniently shows Table 58 in numeric
form. Fig. A-4 shows this portion of the Packing Dictionary which also appears
in 1ts original setting on the third page of Table 49.

INTEGER AFRAYS

NAME REC. IND. L ENCTH OFFSET BES.
KM 1 586 9
e KACT 597 ©o112¢ 589
KMIS 1715 C 1714
KMUs 1715 f 1714
IBCNT 1715 M L7L%
—m M5 TOR 1715 125 1703
— KE LN 1941 8¢ 1832
KCOM AM 1521 4R 1616
KREGNM 1969 72 15&0
K& ZGNS 2741 45 203%
KC1 2186 C 208%
KOT 2L86 0 2085
TOELL 2025 N 2C135
XNTT 2086 0 2¢25
JaT 2NE6 C 2335

Fig. A-4 IQ Layout Section of Packing Dictionary

We see that KELLNM begins at index 1841 in IQ with an offset beginning of
1832. Looking back at Section 4.1.2.2, we see the location of this entry
(I=1 and J=7) is computed from the offset beginning as follows.

Loc (KELLNM{1,7)) = 1832 + 1 + 7 * 8 = 1889

This portion of IQ is presented as Fig. A-5.

RA I 2 A-Format(A) - H
001080 IQ(1889) I'F' =-926562861 HEEL C8C5C5D3
001D84 IQ(1890) f'FP' +1077952576 430404040
401D9C TIQ(1896) *F'  +1077952576 40405040

Fig. A=5 KELLNM Entry Seven

This entry says the sixteen-character ellipse name is "HEEL" followed
by twelve bianks and the sixteen-character material name is sixteen blanks.
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IQ (188) or relative index eight for the ellipse entry in KCON states
that this ellipse is a true circle. The next two words indicate that there
are three.allowed or disallowed region interactions with this ellipse and
none with other ellipses. Since in this case both KHIB and LHIB are zero,
these will be interpreted that eliipse 181 may contact three regions and no
other ellipses.

The rest of the ellipse control entry states that the friction class is
two, that the maximum semiaxis is one, and that the entry containing the
i.d.'s of regions for which interactions are allowed begins at IQ (195). This
section appears as Fig. A-6.

PA I D H
000398 IQ(195) TPY 4311
00030C IQ(196) Pt +5190 338333?%
000210 1IQ{197) 'F'  +353 00000161

Fig. A-6 List of Allowed Region Contacts for Ellipse 181, "HEEL"

These words are the beginning indices of the three regions which the
ellipse is allowed to hit. We will follow this part of the trail further
in the next section. Now let us turn to the real information for this ellipse,
which begins at STOMAT (58) according to Table 62 and IQ (181) in Fig. A-3.
Table 57 shows that STOMAT is first in RQ. Fig. A-7 presents this portion of

RQ.

RA I D H
0000E4 RQ(58) 'E'  8.56999969 61891238
0000E8 RQ (59) 'E' Q. 00030309
0000EC  RQ(60) ‘E'  46.870224 422EDECT
0000F0 RQ (61) 'E' -2, 04653835 C120BESF
0000F4 RQ(62) *E'  1.43999863 41170A3C
N3C3F8  RQ(63) 'E*  1,13999981 41133323
0009PC  RQ (64) "E' .719999313 40B851E0

Fig. A-7 Eilipse 181 Real Information Entry in STOMAT

Table 68 gives the layout of this type of entry and since ellipse 181
is a true circle, there are only seven words in this entry. The first four
words give the location of the center of ellipse 181 in the body segment
six system as (8.57,0) and in the inertial system (at time of dump) as
(46.87,-2.05). The next three words give three useful computed quantities based
on the circle radius, 1.2.
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beginning indices for all ellipses.

Section A of the Packing Dictionary contains a summary of the important
g

a portion of page one of Table 453.

A. ELLIPRSES
LINK NC.
HEAD
THOR A
HIP
THIGH
KMNEE
SHANK
HEEL
TCFE
ELBOW
HAND

S0 Oy v U py

NAME

X

KLON B, 1.

[

g3
11t
133
149
168
181
199
Zl4
228

STOMaT 2
1
8

20
27
39
44
53
£5
72
73

.I-

Section A is presented as Fig. A-8 and as

MATL 3.1. NaM
¢ i
106 2
123 3
9 4
0 5
3 &
Q 7
0 8
aJ G
0 12

Fig. A-8 Eilipse Section of Packing Cictionary

Here we see that Ellipse 181 1is the second ellipse attached to hody
segment six, has the name "HEEL", has a real entry beginning STOMAT (58),

is rigid, and has its name stored in entry saven of KELLNM.

Tines cover all ten ellipses which are present in this run.

A.2 The Chain to Contact Line Segments

after,

Thesae few

In Tocaticns 23 through 25 of KCON are the number of regions specified
with respect to the vehicle system, the number of regions specified with
respect to the inertial system, and the number of materials, respectively.
The control sections for each of these three items follow immediataly there-

This is all documented in Table 59,

case (without the material contral section).

RE
090058
22035¢C
200363
022064
0232268
00Q0e6C
090070
000074
000078
00007¢C
223380
2935084

I
IQ(23)
IC{2%)
I(25)
10 (26)
027
IZEs)
10 (29)
10(30)
10 (31)
IQ(33)
IQ{33)
IQ(34)

IP'
1?!
1T
1?1
1Py
e
rF
tTy
1o
TRt
)

l?!

D

+9

+§

+19

+244

P27 0 mt—
+311

L JE RO QT S—
+378

+408

+438

+468

+519

Fig. A~3 Region Portion of KCON Standard Area

Figure A-9 presents an actual

H
00000009
000GGJ00
052336313
0200032
30222112
90000137
00000181
00000171
000001¢3
3000%018¢
20G0C1Dy
J00001Fz

This case has nine regions attached to the vehicle and none to the ground.
Following the number of materials (19) ars nine words which are the beginning
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indices for the nine regions.
both as internal i.d. and access information.
the next section,
further for illustrative purposes.

As in the case of ellipses, this index serves
Materials will be taken up in

We will follow both region (KKC=) 274 and region 353

Fig. A-10 shows the region entry for region 274.

RA
000444

Q00448
00044C

000450
000453
000460
000464
0003638
0004s6C
goou70
000474
050478
00047C

The Tayout of this entry is shown in Table 63.
for this region starts at STOMAT (199).

I
10 (274)
19 (275}
I3 (276)
1Q(277)
10(278)
IQ{281)
10 (282)
10(283)
IQ(284)
10 (285)
10 (286)
IQ (287)
IQ({288)

tFe
Pt
1P
'FI
l?'

tp
1Pt
B
1Pt
tpe
1R
1P
1E

D
+159
+269
+2
+0
+1
+1
+7
+2

+289 e

+300
+
9
+0

Fig. A-10 Region 274 Control Entry

The name of this region will be found in entry two of KREGNM.

deformation fs determined by parallel displacement.
nor multisegment force apportioning is used.

H
J30063CT7
9000010D
00000002
00000004
Q0Q0000 1

00000301
2090CG97
00000002
00006121
0000012cC
00000001
QCAGA0090
23C0C33%°

The real information
This region is made of material 269.
Parmanent
Neither multiellipse

The region friction class is

one. No cavity analysis is used. The region is specified relative to the

vehicle (backward pointer in case of starting with this entry).
is made up of two line segments:
is allowed.

segment 289 and segment 300.

This region
No migration
Region information is to be printed in vehicle coordinates. The

last word indicates that this region can be contacted by at least one ellipse.
Looking now at the region real information, we find its format laid out

in Table 69.

Fig. A-11 presents the entry for region 274.
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RA I D
000318  RQ(199) ey g, €C0QoonN20
000330 BRQ(20S)  tE' 0.
€20338 RQ(206) 'E'  15.9676895 22??3223
300338 RQ{207) 'E' 28.5276794 421C8718
00033C BQ(208) 'BY  32.7676349 84220C487
990340 BQ(209)  'E' -4.960000J4 C14FE5C29
000344 RQ(210) 'E' -3.92000008 C19ER85 2
000348 BQ(211) 'E' =10.6400003 C1333D71
00034C RQ(212) 'E' -.320284963 COS1FE3D
000350 RQ(213) *E' .94732129¢ 40F28335
000354 RQ(214)  'EY ~-.328030314 COS37659
G00358 RQ(215) 'E' 9. 000060000
00035C  RQ(216) PEr 9, 05300039
000360 BQ(217) 'B' 15.4359996 4177043 L
000364 RQ(218) 'E' ~4.9603000k C14F5C23
000368 RQ(219)  'B' 32.2400055 42203071
00036C BQ(220) 'E' ~10.6400003 C1AA3D71
000370 RQ(221) 'E' O, 00000000

Fig. A-11 Region 274 Real Information Entry

The mass compliance and bending properties of this region are zero.
The inertial Ax is zero since this region does not migrate. The inertial
positions of the three endpoints for this two-segment region are (15.97,-4.96),
(28.53, -9.92), and (32.77, -10.64) respectively. The next three words
(RQ{212) through RQ{214)) are the sine, cosine, and value of the region
baseline angle (used only for Category 2 printout). Since there is no
migration, XSUM, ZSUM, and Inertial az {the last item, RQ(221)) are all
zero. The four values RQ{217) through RQ{220) are the coordinates of the
two extreme endpoints of the region given in the coordinate system specified
in the region control entry. In this case, (15.44, -4.96) and (32.24, -10.64)
are the endpoints in vehicle coordinates.

Now, returning to the region control entry (Fig. A-10), let us follow the
chain for line segment (JKC=) 289. This type of entry is laid out in Table 64.
The specific case is presented as Fig. A-12.
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RA

000430
00048y
oooy4sa
000u4s8C
000480
p0oQus9s8
000449C
0004410

- o e

000ua8

I

I0(289)
10 (290)
T0(291)
175 (292)
IQ{293)
10 (295)
1Q (296)
1Q(297)

- ¥ o

I1Q1{299)

tE1
TR
tp
1P
1 pt
1P
1F?
1R

!Ff

Fig. A-12 Line Segment 289 Control Entry

D

+222
+274
+0
+2
+1
+Q
+1
+264

- e o

+260

H

JOOO0GODE
09000112
00000000
00000002
00000001

03000972
0050001
00000104

00000702

The real information entrybegins STOMAT (222). The regionhof which this

line is a part is region 274 (another backward reference).
forces on this segment at the time of the dump.
found in entry two of KCONAM.

There are no
The segment name will be
KCON (296) specifies that the 1ine segment

does not move with respect to the coordinate system in which its positions

are specified (in this case, the vehicle).

The last three words are beginning

indices in STOMAT of segment position entries, and their values are identical
for this case since the segment does not move within the coordinate system in
which it is defined.

The 1ine segment real information is described in Table 70 and presented

as Fig

RA
053374
029378
2¢237¢C
¢02380
000384
000388
QQ0038C
000390
000294
000398
9033sC
320340
200344
520 3A8
0C03aC
000380
0003384
Q00388
0003BC
30083C)
330 3Cy
10303cCs8

. A-13.

I

RO (222)
RO (223)
RQ (224)
BQ (225)
RQ (226)
RQ (227)
BQ {228)
RO {229)
RQ (230)
RQ(231)
RQ (232)
RQ (233)
RQ (234}
RQ (23%)
RQ (236)
RQ (23 7)
RQ (238)
RQ (23 9)
RQ (240)
RQ (24 1)
RO (242)
RQ [243)

Fig. A-13 Line Segment 289 Real Information Entry

1R
“pe
1R
1E1
g
TR
rEY
Ig
1Ry
tp
1 Ee
IE'
g1
TEe
IR
TR
lEl
1Ry
QE'
1p1
TRy
TRt

5.

« 16353993875
T

"1‘
12.56400094
4,360d0ud4
~-14,23488053
0.
14.28480553
C.

15, 4399996
0

- B

4.9630u004
2.
18 2. 355194
0.
4.96000004"
0.
~12.5600004
13.5038958
O.
0.
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41500000
4029F3E7
4110803
113073
41C8FSC3
41475C29
C1E48EI)
00000000
31243E90
300000093
51F70330
39900397
B14F5C29
313053339
B2B6SAEE
000303992
314F5C29
00000009
C1C8F5C3
31D80FF5
32£00000
33990295



The first three of these quantities are input data items and the rest are
computed quantities used by the routine CNTACT. We will not take up this
entry in detail because this entry leads no further and the correspondence
between actual case and typical format should be clear by now.

Fig. A-14 presents the lone segment position entry for segment 289.

The layout is Table 77.

RA I D H
000424 RO (266) YE' -~.999999931E-G03 EE418%37
000428 RQ(267) YE' 15.43899%¢ 31F79A3D
00042C RQ(268) *tE' ~4,96000004 C14P5C2S
000430 RQ(269) *EY  28. 421C0000
000434 RQ(270) "E* =-9.92000008 C19EB852

Fig. A-14 Line Segment Time Point Entry

Since only one time point is specified, the time value is set negative
for safety's sake. _

Let us now return to Figure A-9 and start forward again with region 353,
Fig. A-15 presents the region control entry. Note that as per Table 63, the
entry is shorter because this region is made up of only one line segment
{see Fig. A-10 for comparison).

Fig. A-16 presents the line segment control entry for 1ine segment 367.
We will not examine the real information for this case. Referring again to
Table 64, we see that Fig. A-16 indicates that four time points have been

RA I 0 H
000580 1IQ(353) 'FY  $353 00003181
000584 IQ (354) TF*  +#348 0000013C
000388 1IQ(355) YFY  #§ 00000C04
00058C TIQ(356) 'FT O+ 00000000
000530 IQ(357) TFY 4+ 00000001
000594 IQ (358) P+ 00000001
300598 1IQ(359) YFY O &2 00232302
03059C I (362} L B 930G32301
0005A0 IQ(361) '‘Ft +7 20200337
000524 TIQ(262) *F* +1 Q0423901
000548 IQ (363} 'F*Y 2367 0000016F
0005aC IQ(384) Pt +1 00000001
000SBO0 IR {365) '‘F'  +Q 00000000
0005B4 IQ(366) YREY O+ 00000002

Fig. A-15 Region 353 Control Entry
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RA I 0 H
JOOSB8 IQ(387) 'FY  +3568 0000
0005BC  IQ(368) tFt 4353 00308122
3235C2 1Q{369) 'F' 020303062
2005C8  IQ(370) TPY O +6 ICO02306
0335C8 IQ(37TNH 'FY O o+l 02630001
030500 I0(373) 'Fr o
090504 o (378  tpr g 00000003
¢N0508 IQ(37%) 'FY O +39) 220450186
0005DC  IQ{376) 'F' #4905 02G00195
Q00SEQ IQ (37T PEY 4359 00000186

Fig. A-16 Line Segment 367 Control Entry

specified for this line segment. The four segment position entries are stored
contiguously with the first entry beginning STOMAT {390) and the last
Fig. A-17 shows this block of four time point posi-

beginning STOMAT (405).

tions. Each such entry is described by Table 71.

o ; ’ 005%0000
790614 RQ(399) *E' 0.
200618 RQ(391) YE'  47,3000031 422¥F4cceyn
gQoCe1C RG(382) tEY 1.13000038 41119992
000623 RQ(393) 'Er 54,6999963 42368333
000624 RQ {394 'Y -5,.60000038 €1595991
000628 RQ(395) TEt ,399999991E-01 3FA3D701
00062C RQ{396) YEY'  47.3000031 422F4CCD
000630 RQ({397) 'Ev 1.10000038 F1319993
000634 RO (398) 'E' 54.6999969 42236B2323
JNG638 RQ(399) TRV ~5,630v000038 C1S9999%
00063C EBQ (400} tBY ,799999833E-01 401874AE"
000640 RQ(40T) 'EY 47.3000031 4Z2F4CcCh
000644 RQ({402) *E' 1.10000038 3221999A
300648 RQ (433) tgr 47,8999939 UZZFTEEGE
70064C  EQ(434) 'EY  -5,60000338 C}59999A
300650 RQ{435) B ,2989589952 4o CCCCC
000654 RQ(4I6) YE'  47,3000031 42274CCD
000658 EBQ{4a T PEY 1,1J000038 411199914
00065C RQ{408) 'EY  47,.8999939 422FE666
000660 ERQ(409) 'EY -5,60000038 €1599994

Fig. A-17 Block of Segment Position Entries for Line Segment 367

The four time points specify positions in the region input (vehicle)

system at times 0, 40 ms, 80 ms, and 300 ms. Specified times span the time
period of the run.
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As 1in the case with ellipses, the Packing Dictionary contains a summary
of the most important beginning indices for regions and lines. Fig. A-18

presents Section B of the Packing Dictionary which is seen also as a part of
page one of Table 49.

A, COMTACT REGICAS AND SEGHSNTS

MAYME “CON 3.1,
SFAT 940K 244 135
AACK LTNE 258 15C
SEAT CUSHICM 274 155
CUSHICN LINE 1 2R3 222
TUSHICN LINE 2 300 244
ELrca 311 21¢
SEAT B30TTOM 125 299
FL CORBOARD 337 221
TCEPAM 353 3613
TIFBTARD 157 3£8
YNEE BAR 3719 411
KNFERAR LINE 392 425
ROMNFYZADER 40R 499
LR 422 574
WINDSHIZLD 4313 531
Lo 452 546
INSTRUMENT PANEL 443 573
Mip 10 A83 59 &
LIYER ID 494 E1R
A SH 51 &30
T4 SHL ITNE 524 6ee

STCMAT R.I.

MATL B.1. NANME [ND WeRo Ta SYSTZEH
269 i 7
269 1
ZhC 2 7
269 2
2h9 3
248 3 7
243 4
24R 5
248 4 !
348 b
LA et 5 7
4013 7
433 6 7
$312 8
4#73 7 7
LA3 “
£nAg 3 7
5N%S 48]
£35 11
€15 3 7
235 12

Fig. A-18 Section B of Packing Dictionary

Region and line information is interspersed. The region is listed ahead
of the 1ine(s) which make it up and is distinguished by the presence of an

indication in the "W.R.T. SYSTEM" column.

fnput and "0" means inertial relative input.
of the entry in KREGNM and in KREGNS which controls output of region quantities.
For Tines, the name index is of the entry in KCONAM.

A.3 The Chain to Materials

Here "7" means vehicle relative

For regions, the name index is

Looking back of Fig. A-9 and Table 59, we see that IQ (25), which is
the number of materials specified for the run, s 19. Immediately following
the region portion of the KCON standard area is the material portion of the
This is presented as Fig. A-19. Table 59 covers the entire

KCON standard area.
KCON standard area.
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RA I ) H

000388 IQ{35) 'P' 4106 =t 00000064
39008C  IQ(36) *EY  +128 36000980
0n0390 IQ(3T) 'FY  +269 00202100
000094 IQ(38) 'F'  +3u8 9029015¢C
000098 IQ(39) Pt #3403 00000193
00009C IQ (40) YEY #4323 00000421
0000A0 IQ{ul) YP' 4463 00000 1CF
0000A4 IQ(u42) '*F' 4505 000001F9
000028 IQ(43) 'Rt 3535 00000217
0000 AC IQ{48) tF' +54y 0060021¢C
0000B0 IQ(45) 'FY 4545 50090221
030084  IQ(486) TFY #55y 07050226
0000B8 IQ(47) 'Fr #5555 20920228
0000BC IQ{48) 'F'  +560 0300237
0000C0 1I0Q(89) '*F' 4565 000058235
0000CY IQ(50) 1F'  +570 00000234
0000C8 IQ(51) 'F1 $575 0000023F
0000CC TIQ(52) tPY +580 00000244
D003D0  I0Q(S3) 'PY +585 00000249

Fig. A-19 Material Portion of KCON Standard Area

As stated before, this entry always immediately follows the last region
entry in the KCON standard area and is always KCON (25) long. Each word is the
beginning index of one of the material control entries.

Let us follow the chain forward for material 106. This could be done
from the control entries for ellipses and line segments, but here we will
proceed directly from the material table of contents in the KCON standard area.
As before, the KCON beginning index of the control éntry doubles as a unigue
internal identifier and access to information. Fig. A-20 shows the control
entry for material 106.

RA I D A H
000124 TIQ(108) ‘P +99 00000053
000328 IQ((107) *FY -1010252318 CHES C32C8C5EL
0001AC TIQ({108) TP ~472595897 TMAT EZDUC1ES
0001B0 TIQ(109) vPY -750763968 L D3404040
000124 IQ{110) tFY +1077952576 30404040

Fig. A-20 Material 106 Control Entry

The description of this entry is in Table 61. We see that the real
information entry begins STOMAT (91) and that the name of this material is
"CHESTMATL". Fig. A-2] presents the STOMAT real information entry, which is
described in Table 66.
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RA
000168

002179
20017y
GQ0178
00017C
000180
000184
000188
23018C
0aC 190
300194
000198
00019cC

- % o

CCo204

The G-ratio is .1 and R-ratio is specified in Table 1.

I

RQ (91) tEY
BQ (93} TE*
BQ (94) tE?
EQ (95) 1E?
BQ (96) TEY
RQ (97) TE"
RQ{98) TR
FOQ (99) VB¢
RQ (100) 1R
RQ {10 1) 'E?
RQ (152) VR
RG (10 3) 1E!
RO (10 4) tE"
RQ (106) 1E

Fig. A-21

For this case 5A =34

D
0.

J.

15)09

101

0-

0.
-.100000024
-1n

5»
197,
20
-147.
0.

LI R

Q.

Material 106 Real

g =S¢

Information Entry

= 0, & =101, F

FOREPS is 5.

H
00000000

0000000C0
426407030
426500090
90000093
Q300330
40199951
C11000040
41500000
42680000
41239207
C26EBL0Q0
99000051

« = J and g= 0. -

Relative

index 11 (STOMAT {(101)) is a backward reference to the material name (see

Fig. A-20).

The Static Curve is given in Table 2.

The Inertial Spike Curve is specified as a polynomial described
in Table 67 and stored starting STOMAT (107).
are identically zero and will not be shown.

In this case,all six values
The three A's are all zero.

Folllowing the chain forward, we are interested in the two tables. The

table controls are all in MSTOR which according to Table 58 is dimensioned
MSTOR (6, NUMTAB) and according to Fig. A-4 has an offset beginning of 1708.
The addressing rule (Section 4.1.2.2) reveals that the control entries for

Tables 1 and 2 begin at IQ (1715} and IQ {1721) respectively.
this MSTOR area.

Fig. A-22 shows



RA I D H

—== 00 1AC8 IQ(1715) *F' +4 03000394
001ACC IQ(1716) 'B' +1 33700991
001AD4  IQ(1718) 'F' &1 | 39030931
001aD8 IQ(1719) 'F' 40 00000000
001aDC  IQ(1720) ‘P! +0 00000000

—= 001AE0 IQ(1721) 'F' 47 00000007
001AES I0{1722) C'F' +15 00000007
9014E8 IQ(1723) 'F'  +1 3330000 1
DOIAEC TIQ{(1724) B! +15 0007300 °F
COTAFPO0  IQ(1725) 'F' 44 3363239)
30 1AFY  IQ(1726) P! 49 09900292

Fig. A-22 Control Entries for Tables 1 and 2

Table 82 describes each of these entries. Table One has four points and
begins in STOR(1) while Table Two has seven points and begins STOR(15). 1In
both cases, the scan type is non-periodic, piecewise linear so according to
Table 83, we expect 4 * 4 - 2 =14 and 4 * 7 - 2 = 26 words in the real entry
respectively. Looking at Table 57, we see that STOR is one-dimensional. The
first half of Section H of the Packing Dictionary {presented as Fig. A-23) shows
that STOR's offset beginning is 4104. The real entries {STOR) for Tables One
and Two are presented as Fig. A-24 and Fig. A-25, respectively.
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He VARIABLE-LENGTH STCRAGE LAYOUT

REAL ARPAYS

NAME
sTOMAT
STOACT
coNQUT
TeCC
ACC
MGOT
BRTI 4
TEMO'S
TTIM
OERM
CELTAP
JAGHL
STH
STCMIG
STOMUS
ADUM

——m=ST 08

RA

204020
Q402
004028
oQuQ2c
004030
Q04234
204938
204y 3C
04340
ooaosy
004048
Qo 4QucC
004050
QQunsy

HX11T
HTX11
EOGE
pot
Do?2
M)

FF
DEN

AEG. IND.y

t
1133
1425
4009
4036
4)63
40673
40¢€3
415673
40£73
4)&3
40473
A0E3
4135
4065
41C%
41175
4523
4523
4523
4523
4523
4523
45213
4523

11
22

3

o

LENGTH

32
92
84
27
27

OL)F){")Ot“}C)C)(‘DON\JOOCJ\'.),‘")-.')Qu

1132
3424
40010
40135
4262
4062
40672
4CED
4062
4Jo?2
4C60
4062
41C4
40€2
4104
4104
4822
458272
4t22
4827
4522
4822
4522
4522

CEFFSEY BEG.

Fig. A-23 Real Array Portion of Section H of Packing Dictionary

I

RO {4105)
RQ (4 106)
RQ (4107)
RO (4108)
RQ {4109)
RO (2113)
BO (4111
RQ (3112)
RQ {4 113)
RQ (8114)
RQ (4115)
RQ (4116)
RQ (3117)
RO (4118)

1R
17
TEY
Tty
!El
tEY
lE?
!E'
lEI
1E
TR
1R
1R
lE'

Fig.

d

0

.100000016E=-0"

.3000000172
1. 35000038

1.

.639999986

.-

445999988
-35,9999847
-.482758582

-2 476130485E-01

1.

. 644827545
514285684

A-24 Real Entry for Table One
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900003290
3F28F5C3
4Q4CCCCD
41159981
41100900
40A43C704A
44800000
40733333
C223FFFF
CO7B9611
BFC30C31
41100000
40451363
4083A833



RA

QosJxs58
00425¢C
2948369
004064
noag68
00406C
004070
004074
0oygo78
gn407cC
004080
034034
00488
g04qQ8C
004090
004094
ooa098
004aQscC
0040AQ
04714
024D A8
g249AC
0740 BO
0040384
Qo4a0Be
Q0u#QBC

I

RO [(4119)
BQ (4120)
RQ (4121)
RO (4122)
RQ (#123)
RO (3124)
RQ (4125)
BQ (4126)
RQ{4127)
RQ {4128)
RO (4129)
RO (4139)
FQ{4131)
REQ (4132)
RQ (4133)
RQ (41308)
RQ (8135)
RO (4136)
RO (4137)
RQ (4138)
RQ (4139)
RQ (8144)
RQ (8141)
RQ{4142)
2Q {4143)
RQ {3144)

tpe
lEl
1
1
1B
TE?
1R
1R
'R
tpe
t e
1 Re
tE?
TR
T
1Rt
BA
1B
1E
'E‘
tRY
vpe
1R
tE
(ol
TR

D
0.

. 1000050 16E~u1
«50u0UGU0TE-U

«3u0000u12
339999976
1. 10000038
4.25

0.

1125.

1460.

1359,

1265,
12604,
112499.338
8375.

"Q-’-‘O-
~900.00024%
0.
2600.00024

A

bt ¥

1241.25
1482.

16 20.

1260.
-2700.00146

Fig. A-25 Real Entry for Table Two

H
00000000
3¥28F5C3
3FCCCCCD
4 4CcCcccCd
40666666
811199943
41440000
G0000C00
43465300
43584000
43546000
4348CI0°2
Y3YECTQJ
44313807
8518773F
44208700
C31B8000
C3284001
000000090
43E10001
80020200
43411400
435CA0%07
436543372
U34ECIIJ
C3A8CI%6

As shown in Table 83, abscissas are followed by ordinates and then by

slopes and finally by intercepts.
important indices for materials and for tabies.

The Packing Dictionary summarizes the
Fig. A-26 shows Section D,

which is about materials, and Fig. A-27 shows Section E, which is about

tables.
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N. MATERIALS

MAME KOMN R.T.  STICHMAT p,71.,
CWHEST AT L 118 €]
HIPMATYL 129 113
SEAT MATER TAL 259 177
FMAT 348 817
SIEET METAL 433 L8 7
QU ATY 4313 7E9
AINC3IHIELD CLASS 453 TR7
[oMAT 508 €15
CASHMATL 538 727
6% WERI[NG #1 540 889
A% WEARING #2 545 gay
NC STRENGTH 5% g 313
JOINT MAT A 558 331
JININT MATH 560 €53
JOIMNT MATC 3¢5 Ce7
JOINT MATC 570 IN15%
JOIMT MATS 575 1743
JOINT MATF 530 1271
JUINT MATG 5E5 169

Fig. A-26 Section D of the Packing Dictionary

€. TABLES

NG. NCe 27S. PEC. ThD. SCAN TYPRE MAME
1 4 l L CGR

2 7 15 1 CSTAT
3 & 41 ! 5SEAT
4 3 3 1 GRSHEET
5 7 12 L GF SHEE
6 & 99 1 SSFEET
7 3 121 1 nGR

8 ) 121 t JGR

9 4 149 1 DSTAT
13 5 1¢13 1 WG R
! 5 131 L WP

12 k] 169 1 TOGR
12 5 218 1 [DGR
14 14 227 1 IPSTAT
15 2 281 1 FGP
16 2z 287 1 QR
17 12 293 1 ESTAT
18 5 239 | SBELTY
10 5 187 1 SRELTL
20 A 275 1 SBELTY
21 & 3c7 i SBRELT?

‘Fig. A-27 Section E of the Packing Dictionary
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A.4 The Chain to Interactions

Storage of information about contact interactions is controlled by the
standard area of KACT. This standard area is composed of a total of INTRAC
words made up from nine-word entries of the format described in Table 75, one
for each active interaction and region. INTRAC occurs in Labelled COMMON
"PACK" which is shown as Fig. A-28.

DOMP OF SECTICN PACK VA=60FFCO RT=60FFCO LEW=000040 SITI#=0080

Ra SYNBOL TYPE VALUE HEZZX VALUE
000000 LENMAT YFY #1132 0000048C
Ga0I04 LENACT YFY #3424 00000D6D
2007228 LEYOUT TFY #4098 230937 a8
J3033C LENSUG YFY +4062 AQGCYFDE
000010 LENKOX tF*  +589 Q2730240
900314 LENKAT YFr #1774 093336E2
000018 LEYXUG P #1714 J0J036B2
00001C TUSEM 'F* +112¢6 00000466
000020 TUSEA ‘P +3037 3000C0BDD
000024 ITUSED YPY O #4008 03000Fa3
000028 IUSES YF* #4062 0CQGCFDE
00002C TIUSEK 'F' 389 000900Z4D
003332 IUSEKA YF' +1525 432 005F5
DOGO34 IUSEG tFr #1714 004630682
- 30D 38 INTRAC TPt #3986 J3i3018¢C

Fig. A-28 Dump of Labelled COMMON "PACK"

In this case, the standard area of KACT consists of 396 words made up
from 44 entries. From Table 58 we see that KACT is one-dimensional and from
Fig. A-4 that iis offset beginning is 589. We will consider the first inter-
action of the ellipse~line type and later we will consider the first region
type of entry. Fig. A-29 shows the ellipse-line interaction,

RA I D H
900934 IQ(S90) ‘P! +88 39990058
000938 IQ(591)  'F' 4258 93065192
00N93C IQ{(592) 'FY $1133 03355460
000340 IQ(593) 1P 23425 39303061
000944 IQ(598) 'P' +986 ' 30399304
000948 IQ{595) 'P' +91 00000052
00094C IQ(596) 'P'  +177 00000081
000950 TIQ(597) *F*  +1 00000907
000954 IQ(598) 'F'  +1 00000001

Fig. A-29 Interaction 88-258 Control Entry
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Interactions are internally identified by the internal i.d.'s for the
ellipse and contact line involved. Glancing back at Fig. A-8 and Fig. A-18,
we see that this interaction is the THORAX ellipse attached to the Upper Torso
against the BACK LINE segment of the SEAT BACK region. The first two words
name the ellipse and region involved. The third word gives the beginning
index in RQ of the real interaction information entry in STOACT. Since KACT
is used during each time step throughout the run, the RQ index is stored directly
in KACT rather than the index in STOACT, i.e., STOACT (1) in this case. This
is true of most other references in KACT. Word four contains the index in R{
of the entry in CONOUT. Word five contains the index in IQ of the integer
information entry in KACT. Words 6 and 7 point to the real information entries
of the two materials involved. Word eight gives the record number in data
set MV in which the last output information was written. Word nine is a control
used to properly initialize outputting of MV.

Starting forward on the chain and looking first at the integer information
| entry presented as Fig. A-30 and described by Table 76, we note that since shared

deflection is employed for this case the full twenty-four words are used.

aogésu éa ’ y
— I0(986) 'FY 43 z
30068 IQ(I87)  'B' 43 gggggggi
000P6C TIQ(988) P+ -2 FRPFFIFE
0NOP70 TQ{989) 'F' #1407 00030068
. 000P74 I0(990) 'F' +1155 00330483
! 000F78 1IQ(991) 'P' +1155 00000483
00O0F7C IQ(992) 'F' +1 00000001
000PSO IQ(993) 'Er  #1 0000090 1
000FS84 TIQ(934) 'F' 42 00000002
000F88 IQ{(995) TEY 42 ' 00000002
70GPBC  IQ(996) 'F'  +) 00500737
000P93 IQ(957) 'F'  +J 303006302
—=-G39794  TIQ(998)  1FY  +3 3006099 3
000F98 TQ(999) *F' 43 03356933
DOOF9C IQ(1000) tFt -3 FFFFFFFD
000P30 IQ(1001) 'F' #1393 000009C1
000PA4 IQ{1002) ‘'Fr -3 FFPFFFED
000Fa8 1IQ{1003) f*P' -3 FFFEFFFD
000FAC TIQ(1004) 21 9 00000000
000PBY  IQ(1005) *Fr 43 00000000
, 000FB4  TIQ(1936) 'F' +1 39900301
| 000P38 IQ(1007) P! 1 19909070 1
( Q00FBC IQ(1308) I'Fr  +) 000009323
DOOFCO IQ{1009) I'F' +0 0799039

| Fig. A-30 Integer Information Entry for Interaction 88-258

795



There are twelve words of identical information for each material. Fach
entry contains the current and previous values of many of the control parameters
in the load-deflection mechanism. The real information entry {STOACT) is
similar and is described in Table 77. Fig. A-31 shows only the first few words,
some words at the end of the first material and at the beginning of the second
material, and the last few of the second material. (No purpose would be |

served by including all 83 words of the entry.) Sections for the two materials
are marked by brackets.

RA I 0 H

001130 BQ(1133) I'E' 590. - 43264E000
0011B4 RQ(1134) I'E' .999959931E=03 3E418937
0Q11B8 RQ(1135) 'E' .993999951F~03 IE418937
0911BC RQ(1136} *E' .555248939E-04 3D2228D1
0011CC RQ{1137) 'E' .555248989E-04 302438D2
001254 BQ(1174) 'B' .56Z1515455-04 3D3AF224
001258 BQ{1175) B! .562151545E-04 3D3aF224
00125C BQ(1176) 'E' .40 1266702E-91 IFA4550D
001260 BQ(1177) 'E' .401265702E-01 3FA45BDD
001234 BRQ[1194) 'E' Q. 00000000
0012F3 RQ(1215) 'E' 0. 05360390

Fig. A-31 Portions .of Real Information Entry for Interaction 88-258

Table 78 describes the el?ipsé-Tine CONOUT entry and Fig. A-32 presents
the entry for this case.

RA I D H
093580 EBQ (3425) E' L401266702E-01 3FA45EDED
0335842 RQ(3426) 'E' -,564172924 CO906DA3
003588 RQ(3427) ‘*E' 6.,26571083 51644351
00358C RQ{3428) 'E' ,559255257E-01 JFE51223
003530 P®Q(3429) 'E' .293713088 504C7875
003594 ERQ(3430) Et ~-,339717493 C059€716
003598 &Q(3331) 'E' 9.45105648 | 41973787
39359C BQ{3432) 'E' =19.5585175 C2128E¥3
003540 ERQ(3433) 'ET 1,39814186 41165ECA
2035A8 RQ(3434) *BY  3.48925114 4137D3IF9
993548 RQ{3435) 'E' ,555248989E-04 3D3438D2A
0035AC RBQ(3436) 'E' -, 125668803EB-u2 BES25BR)

Fig. A-32 CONOUT Entry for Interaction 88-258
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This entry stores the output quantities from this interaction until they are
recorded in the binary file MV. CONOUT is always in internal units and the

binary fites are always in exterior units,
The only branch we have not followed is the one to the binary files {the

Tast two words of Fig. A-28). We will take this matter up in the final section
of Appendix A. First let us return to the standard area of KACT and look at
the first region entry, included here as Fig. A-33.

RA I D | H
00097C TQ(608)  'F'  +244 ,
000380 I0Q(609) SFt 4 ggggggg;
000984 IQ(610) ¢F' g 00000060
004%88 IQ(BTH ¢ Rt -3449 FPPTPF237
00098C I0(612) 1P' +) 00300000
000995 TQ(614)  r1pr 45" 39 -
000998 IQ(61S) 'Rt 41 ggéggggg
00099C IQ(616) 'E' 41 0000000 1

Fig. A-33 Region 244 Interaction Control Entry

This entry is described by Table 75. The only two branches forward for this

type of Interaction Control Entry are to CONOUT {word dur) and to KREGNS (word
These two entries are presented as Fig. A-34 and Fig. A-35 respectively.
Note that the entry index is relative to KREGNS, i.e., it is necessary to go

eight).

_the route through Table 58 and Fig. A-4 to find the entry.

85 describe these two entries respectively.

Table 80 and Table

mz I D H

0035E0 RQ(3449) 'E* 2, 4129

003SE8 RO{(3450) TE!' -.381469727E-05 aciggggé
003SE8 RQ(3I451) 1'E' 32.18907227 42207010
0035EC RQ{3452) 'E' 0, 00000000
002570 BQ{3453) rgv 0. 00000000
0035P4 RQ(3454) 'E' ~-.953674316E-05 BC100000
0035F8  RQ(3455) rvzr 9. 30000900
0035PC  RQ(3456) 'E' -.953674316E-06 BC195303
003609 RQ(3457) ¥+ 5. 00005309
003625 RQ{3458) 'E' 6.19999856 51633332
003608 RQ(3459) 'E' -25.8000031 €219CCCD
00360C RQ(3460) 'E' 15.4399986 41F7033C
003610 RQ{3861) IE' -4.9500000% C14F5C25
003614 RQ(3462) &' 9. 00000000
503630 RQ(3469) 1EY . 00000000

Fig. A-34 CONOUT Entry for Region 244
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RA
0O1FED
Q01FPE4
001FE8
0Q1FEC
201FF0

I
IQ(2C8171)
IQ(2C042)
IQ (2043)
IQ (2044
IQ(204%)

Pt
IE’I
1R
TR
P

Fig. A-35 KREGNS Entry for Region 244

D
+5
+7
+1
+1
+3

I

00000005
guLoo0n?
0C00CGa
QG300091
020000023

The CONQUT Entry stores the information which makesup the Category 2 and

3 printouts, and KREGNS controls their recording in binary file MU.

A
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A.5 Examination of Binary File Content

Occasionally it is necessary to examine the binary files in order to
isolate a bug in a particular processor. All the records written to the
binary files by INP, IN, and OUTP are covered by the INP debug switch, If
it is not feasible to rerun with INP debug "on", then Binary Format Sections
in each of these three processors can be used to find this information. Let
us suppose we areinterested in finding where the variable section entries are
stored in the binary file NU. We must then begin by examining arrays ICBEG
and LEAD. According to Table 47 this information is found in record
numbers INSX + 1, INSX + 2, INSX + 6, INSX + 32, and INSX + 33. According
to Table 18, INSX is found as the second item in record number one. Fig. A-36
shows a hex dump of record number one from which we see that INSX = 2516 = 37.
{The MTS method of recording Fortran unformatted outpnut prefixes twc control
words to every record.)

nOMP 0T TI( TN 0N HCH SCT 13,70 AT T5:35Er 8

TECORD=1, LINT=,..1, LEN:IH=33

TNz 2LE830 iBdluud w230 1EZ 22023428 JITUY18 10303263 lztiJSEC E:D?EJLQ
32 3020 GOGII5T] 3030035F2 J005uSF2 J2i.u5F2 JUYIISER 37330895 LICIAREY 10575
A4 04D 253310263 (000064d JQIID16C I0J0CRAT AIVEINE2I J0ITIauY

Fig. A-36 Record Number QOne of File NU

Fig. A-37 shows a hex dump of record number INSX + 1 = 38 through
record number INSX + 6 = 43, Fig. A-38 shows record numbers 6% and 70.
This same information will be found summarized in Sections C and D of the
Binary Index Summary presented as Fig. A-39 and shown in context in Table 50.
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3 0047

12 9¢it

Ad 204
BECORI=AL, LIW

3 20729

32 S0

a4 3039

EECORD=4,

- g
LIUEw, 24

LTYG

N2
3O 4Ll
00,2002 "Louduiu

GOG00QDZ QulJQuDa

LINE=,31%, LIuGTi=af

20539249 Q0543200
CLGITI3Y Tusedldie
COGGO0FY 003324fFe
{E=, 24, LI49314s48
305300%7 09343202
CIH40PIAY C4JEIES
JOWFUNL0 40400

T, LTNGTIE=88

DIVRSI JUBBULLY M L5400

iz T R3CYD4CT ZSC1D%5E8

54 55435 BLEI804) D8C3C34S
BECOEN=62, LIWE=,l42, LEIGIB=3
13010 AC530290 YuS4liaw

32 i2n I80ALTCI CBHI3EIZZ

84 U dobudlhs FITSSUCS

RECORI=ST,

2 3022
IT 0020
a4 0040

LINE=,043,

1EN3I8=g¢k

96333003 30543000
JE02C*0L 0UdUdtJe
473002350 20909909

.C;v.}}:
wuyl "CE
JUUQQINE

JOJG30D0E
JJwa” JEB
JU3Q04r8

40432038
TID578C9
SUS0 4740

C7Duuncs
42C03C 123
4,03206D4

TAFLDUDT
LudwdeTEn
F1F27a7F2

J0530300
G0u0o00l
302372201

JG000CGED
I¥2TEL
3w adNTa

40454040
CARId0Cs
el 03040
TECIDRC?
CIsDaldy,
3742y Cy

CI45Ch09
PRI
F4TAFSTS

32033033
00003002
00033468

50090022
3823332
3IICES

c349C2C3
43474032
23225723

DBCEETS)]
43874050

333N
IR (e B
PESRETh Lo

30236304
.o T ICEE

TIYIICFE

N
o ogh L2
=
=0

&=
e

EY

€2c10959
PO ATR

Fig. A-37 Main ICBEG Section of File NU

§ICOPD=6%, LINE=,169, LIZGTH=S+
0 9022 30540300 2833030 20000300 9003700C
32 ) AOG0L1 T 20330030 00000235 00000234
B4 214) Jewif22B 3UUL3249 JUOCUIT 41119992
RTCORD=TN, LINE=,07, LINGIH=43
FR I CU3TO000 2u2€0dud SuNdosey NS0V
32 0920 3.U0703 Judav G GUISII3E 200U

43404040
P 304040

04292540
CITingde

23032

Jawl
DiewelDd

OOJJJO)J

Ay En

Joy o k-

40D«n504
04340.3

$DD719Cs
10404040

47438042
42408547

4G UDFTHY FIRTS A
JP203TRT 233N TDIILN00 TINsN2
20300005 41100000 31100049 411040422
303002450 50300009
1046003430 303000390 009a0GC30 )2090%2=2
J00J0223F 00392244 00000343 33020203

JO0C0G0D

FOATIR
P

VI

Fig. A-38 LEAD and the Rest of ICBEG in File NU
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Ta BEGINNING 2ECCRM MUMBERS FOP VARIABLE o2nSITION SECTIONS:

3FLT= Oy STEER CCL= 0+ BALG= Qs CNTCT CONTRL= 71, CNTCT vALS= 191
TASLE CONTRL= 1S9, TA3LE VAL S= 142, ACCEL= 184, TABLE NAMES= 1837

SLLPS NAMES= 190, LINS NAMES= 1595, FEG. NAMES= 193, 2AE45. CONTRLS= 203
INTEPACTION CONTSROLS=: 274

Je BEGINNIMG RPECCRN NUMBERS £0R PLIPLT CATEGORIES:

CATEGQRY RECORD NyMBEPD CATEGCRY RZCORD NUMBER
1 2C6 24 239
? 7 25 240
2 g 25 2472
4 274 27 244
5 0 28 244
€ 209 25 248
7 212 2] 259
8 212 1 252
3 214 22 254

12 21¢ 23 3]
11 218 24 0
12 220 35 0
13 222 36 s
14 224 37 256
15 225 38 288
16 228 39 250
17 232 43 262
13 o 46 284
19 r 47 266
27 B! 43 268
21 232 49 270
22 . 234 5N 272
23 234

Fig. A-39 Sections C. and D. of the Binary Index Summary

It should be noted that the run shown in Fig. A~39 had only two time
points for printout whereas the run shown in Table 50 was a full run of
forty-one time points.

Now that we have the locations of quantities in the binary file, let us
begin by looking at the first part of the standard area of KCON. On the third
page of Table 47, we see that KCON begins at record number LEAD {3). Section ¢
of the Binary Index Summary prints NCR, twelve values of LEAD, and 1 in explana-
tory form. In Fig. A-39, we see "CNTCT CONTRL = 71" which is an explanatory
name for "KCON" and gives the value of LEAD {3). Fig. A-40 shows record
numbers 71 through 73, 'Look?ng back at Figs. A-1, A-9, and A-19, we see that
this is the same information.
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RECIID=71, LINE=..71, LINGTH=ds

PATIY O Du537035 39540300 SIu3Id36 SSI02338 UCANDNI0 03335034 toatsn
12,0020 80099983 90000563 3033304 1333239 15738555 32220578 V15030 BiRueaE
§4 0030 30002000 03033003 33233370 99500020 30000899 9J0amssy T TTirvYes

13 2?32 925 3?33 012403800 321092990 30023090 306300938 20300000 00020313 Q0306074
g; :554 :;;]0 2 90u00£- OQ?GQ16§ 2000017 J0000123 Q0733736 300007124 990001FT
L4 SUTON3BA IUUleLBa 4NICL1ID )201015¢ J0C00193 N00201 Bt .

RICORD=73, LINE=,373, LIY3TH=33

DOII2Y 0 LNSETUOT U3S¥3LuD D313314F 93473176 asee ; c395 -

.5 SohZ JEsNdLa2 Uit 17313 2ICII21T 3932321C T3905221 Toiian
120920 000223 1)Luil3; ?JuJJZJE 23263238 3053523F 3135248 53335549 5,15’*§f
£4 0033 00030047 003003371 20008956 6000531 30033367 10033802 U

Fig. A-4C KCON Standard Area in File NU

If we are interested in printed output of category one or five through
fifty, ICBEG contains the beginning record number for each corresponding
printout category. ICBEG is printed in explanatory form as Section D of the
Binary Index Summary. Fig. A-41 gives the cutput results of Category One.

FECORD=2764, LIXE=,2.h, LENGTHE=48

-O 3333 GOI3000) G02CI000 LluoiuSC SXItinoa: J2I1DFFFF C11B3I332 22322230 2un93in
332020 €0CI072000 Q9093300 20udd230 20033080

RECOFO=2107, LINE=, 207, LTUGTE=49

2093 SCHI0300 9IZCII20 111323900 408T1E3EC 3ZI10FT49 C1754663 200200300 00000200
I3 9C00390% 20030099 J3J03200 23600000

Fig. A-41 Category One Output in File NU

Categories two, three, and four are handled differently. KREGNS, which
controls categories two and three, is described in Table 85. In Table 47 we
see that KREGNS corresponds to LEAD (12) and in Fig. A-39 we see that
"REG. CONTRLS = 203". Fig. A-42presents XKREGNS as recorded in the binary

file NU.
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FECDRID=2C03, LINT=, 273, LIUSTH=48

| SUBRIIIL TuSEddL DTS INNYINT DIFIIIAYONTITATY OLIULLTY OSL00430
25020 QOCIL2IF YL0Ul3o. ¥33wuTl2 23%39de0 JSFIISNT OLLITINE 0505003 1Ll
€4 3049 COCI000) 03053015 Ju023017 JeLoonly PIOIDULE JTUCLINU

RECOED=204, LINE=,204, LIN574=38
0 3007 G053N03) 0340030 S0G00RGYe 20202013 300023397 3013373307 00903590 Q00000 D
32 035 CCulO2 F 0GG30501 20022023 20000030 J00Q0021 J0032023 Q0000037 20300098
SE BEVIVE STLNIANY lueswaal Lusl0LlT 03203300 30200302 321330000

RECOADSZ)5, LINE=,205, LEIUGTH=Z3
ERERI SUICITIY L 18U vy wWdWIIZ9 Jl0Lalen JOIIOTIT LITICNRT MTNI0L LY

Fig. A-42 KREGNS in File NU

Category four is controlled by INTACT, which is described by Tablie 84.
The beginning record number for INTACT is found as the magnitude of ICBEG (4)
and is printed both as the last item in Section C of Fig. A-39 and for
Category Four of Section D {pessibly negative). NINTAC is the second dimension
of INTACT and according to Table 47 is the eighth item of record number 38.
Thus, from Fig. A-37, we see that NINTAC equals 4. The INTACT table from the
binary file follows as Fig. A-43.

SEICOAZ=27U, LINF=.274, LINGIH=Z8

-

3033 SRS I |- I TV RV IV S ik B TN T s Rl TICICTIT 3503001 20000031
RECORD=275, LINE=.Z

5, LINGTH=Z8

JOITIY 0 SLACTCND SuU18SUSl VeJut0t 29013003 33390007 22200001 00300093
RTCORD=276, LINT=,276, LEIGIY=18

13331 0900 w8305 2049031 12010003 ITICIII2 TIIINNLT 009
PECORD=277, LINYE=,277, LENGTH=28

g 2000 3100020 30120000 0OG273 1 2433054 IVBA0DIT TLASNINT TIIANLIE

Fig. A-43 INTACT in File NU

Looking at the first KREGNS entry we remember that the numbering of
entries in KREGNS is the same as the numbering in KREGNM and so we can use

Section B of the Packing Dictionary {see Fig. A-18) to identify this as

region 244. Likewise looking at the first INTACT entry, we see that this
is an ellipse-line interaction involving ellipse KELLNM {2) and line
KCONAM (1). Glancing back at Fig. A-8 and Fig. A-18, we see that this is
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interaction £8-258. We also see that (ategory Four begins at record number

one of MV, that fategory Two begins at record number three of MV, and that
Category Three begins at record number five. The layout of the Category

Four record is the same as the corresponding CONOUT entry (see Table 78 and
Fig. A-32). Categories Two and Three both come out of the corresponding CONOUT
entry {see Table 80 and Fig. A-34) with all of the Category Twc Entry

followed by the Category Three Entry in the CONOUT Entry. Fig. A-44 presents
the dump of this portion of MV.

2UMP OF EF{L.IIT1) C¥ 0% 0CT i9,783 AT 15:53:29

1

ECORD=1, LINE=.Jl7, LEUNGTHU=6L

2 3049 00400000 JQ3CO0UG0 3F35A435CC 3E115033 $T16S2FEC 139830237 40uCT8%6 21330030
32 0020 318SC4DD C2138EF6 “1165E7C 41370411 0000000 4216CH3TE 3D3AFZ224 29309723

RECORD=2, LIVE=,00Z, LINGTIH=64

0 0000 00400000 0J3CUJ00 3Fa45300 CI5CED4T 47644054 2FES122% 4O4CTETE COSSET*6
320003 41973787 CI133EF3 4711653CA 412703F% 00000000 C2aR3695 :D3A38DA 3ESZS533:
SECORL=3, LINE=,(003, LEUGTId=a+4
T 997313 ICHINIIT JI3CLLS UG262686 BETIIIG 42TAGSEC J0000020 LODOUTED 50002002
32 3223 41DZTTEZT C1BUDI4L C1I2BD242 413A8D3D SOCO0000 L216C3E3 3DFLDCES 3A951ES
RECORD=4, LINE=,lJ4, LIYGTE=64
- 3373 ICHACIIY JU3CAL0v 45261688 CTHYIERY Y2TA3S8C GOT8ZBDT UCD967TIT COIFZ223:

32 0029  W1ESFIFT C183045C C1ZED363 41338C63 J0333050 C2AB3IEYS 3DFLUFID BRuSUU6C
RECO8D=S, LINE=.005, LIYGIS=44 '

2 3000 002CO000 00280020 43200000 2CT02000 4223386 QI02300 Q590320 L0
3z 00320 0000000 20000003 ¢00Q0000

[ ]
[\ ]
[

3ECIBD=6, LINE=.006, LINGTH=44

J Q0209 0G2C00720 Q02400040 41290030 3Cu00000 BZ2070aA0 CQ002000 CO02000CHO
32 3323 390003820 BC130030 da0Q0I00

3
(8]
-t
[+
<3

Tr
o

Fig. A-44 Interaction 88-258 Category Four and
Region 244 Categories Two and Three in File NU
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The two sequential data sets are described by Table 86 and Table 88
for MU and NP respectively. The tabies show a typical entry for each time.
The NP entry can have from two to five records per time point. In this case
there are two. Fig. A-45 and Fig. A-46 present data sets MU and NP in their
entirety. HNote that NP has a time point for every plot time and MU has a time
point for every integration time step while all other output guantities have
a time step for every print time.

DO#E CF 7 OV A0y CCT /7@ AT 18:S4:33

82239 GL28T00 34Z.civb 9SJU30I. €032)813 SUFADETT LU3CTATY CLACH213 COBSCELI
320078 CYea93sT
8ICORD=I, LINE=2.,, LENGTH=36
32090 20240090 20200300 3E-18337 £07CSCH0 S0TSYAEC S1Z0T98E 51711900 41SI€8AT
37 332Y  3111Ecae o
EICOR0=3, LIVE=3., LINGTE=36
oorIn gy

‘EE#CC?& TU2Yed3v BEG1393T 374139237 3T418%37 EZ%138937 BE418327 5T41%9

Fig. A-45 Dump of File MU

805



DUYE P 213 ¢on HCT JcT 0o
BECDE0=1 LIvzg=1,,

> It S12430 50
22 i “£213uce
34 221 C12639219
36 )52 CuFIBCSC
128 3084 4007€A3y
153 0047 cTengacs
182 320 0557438
224 790z YUB304TFE
256 Q337 Cotldonar
288 X123 O RRE

men oA .

L A

32 29 4zionTrn

£4 004D S22700an0

9€ DoED 4o LA5EEER

128 0080 42323397y
160 2240 40352333

RICORD=1Z,

A o P} 1243000
32 3723 w2323n7a
54 373)  c18s3avs
96 278Y  crirarscy

128 77493 4L 216358¢
155 31AY  Ci9no9ne
192 30y 40857234
224 00F3  ico3QinE
58 013) CLi200an
298 2123 G0030n0s
RECOSD=4, LIvz=yi,,

PR R CiECann
32323 4z1c3715
54 5043 42318718
96 163 u277gp7e

TZ8 0083 udzunis:
1€0 30139 4237349
RECOPD=3, LIvpas,,

03299 gizsonaa
3 UII) s2zzipwg
54 ).y ciesazre
36 1380 corarmes

129 1087 L4gz1adsc
TEX 114 Ci9nrepns
182 27¢2 4gsg5723s
224 a0z 40BS24DE
258 21339 PRV B
233 3729 106000009
kmCoac=6, LInsse,,

23030  GOEQ994D
3T 21T sztcsTe
54 2040 4zatg7eg
96 1162 42276070

123 3083 4z3g529p;
18 2J3as 42273h4¢

s7a AT

i

LIU3tE=.5;

CliLLdlu
“132737¢
Cl1zazcoss
4sFazgse
+12C5¢C5:2
40CCyzz2
T0537433
+TEA2470
SUFEAGIS

e LINGTH=175

:UA:.J.J\JJ
C19E3¢32
CID7340
C21ses
Cllaucesn
C159999a

LIdz=z., LENGTA=Z3;

31200304
H1Z6E857
C1Z332a01
4 TALICS
Y41E4Co09
B5BC9545
C0557234
TF3470
SOFFAG3:

LIRGTH=1 73

JFATI NG
CI1GEBeR:
C.o7Ja3D
Calubgeasn
C2134CCD
C155939

3

LENGTH=.3;

0122940
4¥z6zEsT
C1Z3ZBC1
40FAL3CY
8124C008
4JI0%846
CuwB3723%
LTF3a70 1
4IFFAE33

LINGTE=175

03aCloege
C1%E 8452
CooT73a3p
C21LE066
C21a4CT)
C1539399a
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[
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Fig. A-48
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