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FOREWORD

This report was prepared by the Douglas Aircraft Company, Long
Beach, California, under USAF Contract No. F33615-68-C-1633. The
work was initiated under Project No. 1467 "Structural Analysis Methods",
and Task No. 146705 '"Automatic Computer Methods of Analysis for Flight
Vehicle Structures'. The work was administered under the Air Force
Flight Dynamics Laboratory, by Mr. J. R. Johnson, FDTR, Project
Engineer.

The work reported herein was conducted during the period July 1968
through April 1970. This report was submitted by the author for publica-
tion in April 1970.

Within the Douglas Aircraft Company, Mr. P. H. Denke, Director,
Scientific Computing was responsible for administration and technical
progress. Mr. D, S. Warren, Manager, Advanced Design and Research,
Structural Mechanics Section was principal investigator. Many other
Douglas personnel contributed singificantly to the project.

The general objective of the project was to update the FORMAT System
documented in Volumes I through VII, as supplemented, by incorporation
of additional basic capability and refinement of existing capability. The
work is reported in Volume II - Supplement III, Volume V - Supplement I,
Volume VI- Supplement I and Volume VII -Supplement I. A complete des-
cription of the current FORMAT System is contained in Volumes II, V,

VI and VII, as supplemented (References 1 through 10). The supplements
are the final reports of the investigation and conclude the work on Contract
No. F33615-68-C-1633. The contractors report number is DAC-33569.

The report has been reviewed and is approved.

Structures Division
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ABSTRACT

The FORMAT System has been updated by the incorporation of additional
basic capability and the refinement of existing capability. A simpler mode of
updating case data and extended force method matrix generation capability
has been incorporated in Phase I of the system. A refined '"Structure Cutter"
module, capabilities for matrix partitioning and instruction looping, and an
additional eigenvalue/eigenvector extraction module have been incorporated
in Phase II. Finally the limitations which existed in the matrix plotting
capability in Phase III have been eliminated. Programming documentation
for the extended capability of Phase I of the FORMAT System is presented
in this report.
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SECTION 1

INTROCDUCTION

The FORMAT System has been updated to provide additional basic
capability and refinements to the existing capability.

Additions and modifications to Phase I {the case and matrix generation
phase) of the system are as follows.

e Simplification of the input data required when case data is to be
updated.

+ Improved structural idealization capability in force method
analyses by provision for multiple bars along a shear panel edge
in the Basic Force Method Module (BFMM) and, in addition, the
use of a revised algorithm for generation of the matrix of weighting
factors in order to represent element relative stiffnesses more
effectively.

* Extended program capability to accommodate unique structural
idealizations where a majority of all unknown internal element
forces contribute to a single degree of freedom.

¢ Automatic generation of an additional matrix by the Force Method
Joining Module (FMJM) which enables force and moment summa-
tions of the applied loading to be obtained matrically.

These capabilities are an optional addition to the base capabilities of
Phase I as described in Reference 7. User-oriented documentation is pre-
sented in Reference 6.

Section II of this report summarizes the steps required to implement
these modifications. Routine descriptions are contained in Appendix I.

The overlay structure of Phase I and the error messages generated in
Phase I are unchanged.






SECTION II

IMPLEMENTATION

Implementation of the program changes necessary for including the
extended program capabilities described in Section I, requires only the
replacement of the following 12 existing subroutines with the revised
versions.

1. TGEN1 (Deck G031)
2. MGENI (Deck G120)
3. MGENI1I1 (Deck G121)
4, BFMM {Deck G200)
5. PANRD (Deck G205)
6. DWET (Deck G208)
7. PFO {Deck G215)
8. EXT (Deck G216)
9. FMIM (Deck G300)
10. JRD {Deck G301)
11. JDFA (Deck G302)
12. JOUT {(Deck G307)






APPENDIX I

PHASE I ROUTINES - EXTENDED

This appendix contains a detailed description of all subroutines that
were significantly modified in Phase I in the FORMAT System. Each sub-
routine is divided into sections which are the following.

(a)
(b)
(c)
(d)
(e)
(f)
(g)

The
follows.

Algorithm
Input/Output

Error

Subroutines Required
Argument List
Subroutine Length

Symbol List

symbol list is divided into five fields which are described as

The first field contains the symbol.

The second field contains the letters I, L, or R denoting integer,
logical, or real variable, respectively,

The third field contains the letters A, C, D, or U denoting
argument list, common, dimensioned, or undimensioned variable
respectively. The hierarchy of the ahove letters is A, C, D, U.
The fourth field contains the definition of the symbol.

The fifth field contains the name of the subroutine in which the
symbol occurs.
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1. SUBROUTINE TGENI1 (DECK G031)

b This routine analyzes the following Table Generator Control data
cards;
(1) CREATE cage name (data set name, modifier)
{ii) REF case name (data set name, modifier)
(iii) TABLE table number, case namea (data set name,
modifier)
(iv) DATA

a. Algorithm

. Upcn entry many variables are initialized. Blanks are compressed
from the first data card starting in column seven. The card is then match-
ed against valid control cards. If a match is not found, an error message
is written and the card in error is ignored. If a match is found, control is
transferred to that section of code which analyzes the appropriate type of

card.

If the card is a CREATE or REF card the following analysis takes

place.

(i)

(ii)

The card is scanned beginning in the card column following

the CREATE or REF, When a left parenthesis is encountered,
the field thus defined is checked for validity as a case name.

If it is a valid case name, the name is stored and the scan
continues until a comma is encountered.

The field delimited by the left parenthesis and the comma is
checked for validity as a data set name. If it is a valid data
set name, the name is stored and the scan continues until a
right parenthesis is encountered.

(iii) The field delimited by the comma and the right parenthesis is

(iv)

(v)

checked for validity as a data set modifier (i.e., an integer).
If it is a valid data set modifier, the modifier is stored.

If the card is a CREATE card and there exists more non-blank
characters the search is continued the same as for the REF
card.

Finally, control is transferred to a section of code which
depends on the option specified on the $EDITOR card.



If the card is a TABLE card, the following analysis takes place.

(i) The card is scanned beginning in the card column following
TABLE. When a comma is encountered, the field thus defined
is checked for validity as an integer between 1 and 99. If the
field is a valid integer of the correct magnitude, it is stored and
the scan continues until a left parenthesis is encountered.

(ii) The case name, data set name, and modifier are checked in the
manner set forth in (i), (ii), and {iii) under the CREATE card,

(iii) The data set name and modifier are written on a scratch data
set for future use.

(iv) Finally, control is transferred to a section of code specified on
the $EDITOR card.

If the card is a DATA card, a flag is set and control is passed to a
section of code which depends on the option specified on the $EDITOR card.

The wrap-up procedure for the NEW option consists of:

(i) Insuring that the create card has been correctly analyzed.
(ii) Insuring that the DATA card was the last card read,

(iii)} Verifying that the specified data set exists.

The wrap-up procedure for the UPDATE option consists of the
following:

(i) Verifying that all specified data sets exist.

(ii} Sorting the table cards and verifying the uniqueness of the
table numbers.

(iii) Verifying that a CREATE-REF card has been analyzed correctly
if no TABLE cards exist.

The wrap-up procedure for the MERGE and print options consists of:
(i} Insuring that all cards read are REF cards.
(ii) Writing the REF cards on a scratch data set.

The wrap-up for the SYMX, SYMY, SYMZ options consists of in-
suring that the one data card read is a REF card.



Control is returned to the Table Generator Control routine after the
wrap-up procedure which follows the recognition of $ - control card on a
b DATA card.
b. Input/Qutput

(i) Data cards are read from the system input unit (NPIT) and
listed on the system output unit (NPOT).

(i1} An intermediate utility data set is used for scratch.

c. Error

The following conditions cause an error:

*

(i} An unexpected $ card is encountered
(i1} An invalid data card is encountered
(iii) A table card is less than one or greater than 98

(iv) A data card is read which is inconsistent with the specified
option

(v)] Both the TABLE cards and the CREATE-REF card and the
special data are missing when UPDATE is specified as an

‘ option

(vi) Duplicate table numbers appear on TABLE cards.

(vii) A specified data set does not exist.

d. Subroutines Required

PUTLI
PUTILZ2
PUTL3
PUTLA4

e. Argument List

TGENI1 (ICARD, ISETNM, ITABLE, MAXTAB, ICASE, NUMTARB,
IACT, NUMSET, IPRINT, LINE, DATA, ERR)

ICARD - array into which the data cards are read
ISETNM - array containing data set information
ITABLE - array containing table information



MAXTAB
ICASE
NUMTAB
IACT
NUMSET
LINE
IPRINT

DATA

ERR

Length

largest table number specified

array of case information

number of valid TABLE cards read

integer denoting the option on the $EDITOR card
the number of available data sets

printed line counter

print flag

logical flag indicating whether a DATA card was
read or not

logical error flag

3506 words (approximate)
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2. SUBROUTINE BFMM (DECK G200)

This is the Analyzer Routine for the Basic Force Method Module which
initiates and monitors the execution of ten computational routines.

a. Algorithm

The Analyzer Routine first locates the input case data on the master
case data set using subroutine TUTL3 and then tests the control data passed
from Matrix Generation Control Module. The routine determines if the
available working storage and scratch data sets are sufficient to permit
processing of the maximum size problem as defined by KONST. If so, work-
ing storage, scratch data sets and control flags are initialized and the
locations within working storage for each array required by the first
computational routine, JVRD, are set and routine JVRD called.

After each computational routine has been executed, error flags
are tested and, if appropriate, the locations within working storage for
each array required by the next routine are set, and the next routine is
called. If any error is detected which prohibits further processing, the
main error flag, ERROR, is set to TRUE and control is returned to the
Matrix Generation Control Module.

All control data is stored in a column array IK which is 100 words
long and occupies the first 100 locations of working storage. Permanent
control data is stored in the first 50 locations of array IK while intermediate
control data is stored in the remaining 50 locations. The permanent control
data is defined in Table I.

Table II is a map of available working storage showing the alloca-
tion of memory for the arrays used by each of the computational routines,
Array lengths are shown in parentheses.

Table III shows the utilization of the scratch data sets by each of
the computational routines. The data groups symbolically represented are

PF — Unknown element force coefficients
which constitute the elements of
matrix PFT

PO - Applied load coefficients which con-
stitute the elements of matrix PQOT

N - Indexing data and coeificients relative
to matrices TF, TO, GR, GBT, GPF,
and GPS

NPF - Indexing data and direction cosines of

bar external reaction vectors

i3
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NPOQ - Indexing data and direction cosines of
bar applied load vectors

D - Structural element flexibilities which J
constitute elements of matrix D

and the subgroups denoted by symbols in parentheses are

(r) Joint external reactions

{b) Bar elements

(p) contributions from{ Shear panel elements

(t) Triangular membrane elements R
(q) Parallelogram membrane elements

(i)
(d)

Joint applied load vectors
contributions from

Distributed load condition joint loads

(rb) External reactions
contributions from

ib Applied load t

(ib) bar vectors whichar PP ad vectors

(db) Distributed load condition bar loads

b. Input/Output

None

c. Error Messages

Error messages are printed when the master case header cannot
be found on the master case data set and when the number of storage loca-
tions, scratch data sets, or output matrix names is insufficient. Whenever
execution of this routine ends with an error condition, the control data and
error flags in the first 50 locations of array IK are also printed.

d. Subroutines Required

TUTL3
LLINK
JVRD
BARRD
PANRD
TRIRD
QUARD

18



ERROR,

DWET
PSORT
ELIM
PFO
EXT

Argument List

BFMM (NUMOT, QUTPUT, IOSPEC, NUMSR, ISSPEC, LALAR,

NWORK, IWORK, KASIN, IPRINT)

NUMOT - Is a variable defining the number of
cutput matrices to be generated
(always 13}).

OUTPUT - Is an array (7 x NUMOT) containing

the six alphameric characters repre-
senting the names of each of the out-
put matrices. Row 7 is set equal to

one.

IOSPEC - Is an array (1 x NUMOT) containing the
FORTRAN logical number of the data
sets onto which each of the output
matrices are to be written.

NUMSR - Is a variable defining the number of
scratch data sets available.

ISSPEC - Is an array (1l x NUMSR) containing the
FORTRAN logical number of each of
the scratch data sets.

LALAR - Is a variable defining the output matrix
group option.

ERROR - Is a logical variable which is the main
error flag and is set to TRUE if an
error occurs.

NWORK - Is a variable defining the number of
words of working storage available.

IWORK - Is the working array (1 x NWORK).

KASIN — Is an array (7 x 1) containing the six

alphameric characters representing
the name of the input case and row 7
is the FORTRAN logical number of the
data set where the case is stored.

19



IPRINT - Is a variable defining the output page
size option (not used).

f. Subroutine Length

3064 words (approximate)
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3. SUBROUTINE PANRD (DECK GZ205)

This is the Shear Panel Element Data Processor Routine for the Basic
Force Method Module which reads and processes all shear panel element
data (Table 30).

a. Algorithm

After initializing all control data and counters, the shear panel
element data is read, one element at a time, using subroutine TUTL7. All
data associated with the bar including physical, material and mass pro-
perties is read before processing begins. The data required for static
analysis is stored temporarily in arrays IK and AK.

Processing begins with the printing of the shear panel physical
property page headings as appropriate. Tests are then made to verify
sequence, table size compatibility, and p, q, r, and s joint numbers. Array
IEND is then searched to find the bar elements along each edge of the panel.

Using the joint coordinates stored in array CRD and subroutine
VECT, the panel edge lengths are computed and stored in locations 21
through 24 of array AK. Similarly, unit vectors in the positive direction of
the panel ¥ factors, K1, K2, K3, K4, K5, and the unit panel force, f, are
computed and stored in columns 1 through 6 of array D. Vectors equal in
magnitude to the edge lengths, gr, ps, rs, gp, and sp, are computed and
stored in array D in columns 7 through 11.

The panel K factors, which are the reacting forces dueto a unit force,
f, on edge pq, are solved for by statics and stored in array AK in location
11 through 15. The components of the K factor vectors are stored in array
DK. The shear panel element flexibility is then computed and stored in
AK (17).

Array NID is then initialized with data defining the four panel edges
in terms of the corner joint numbers and other control data. A search is
then made of array IEND, the joint numbers at the ends of each bar, to find
those bars which bound each panel. When a bar is found which is attached
at one end to cne of the panel corners and lies on one of the two edges
associated with that corner, tests are made to determine if the other end
of the bar is attached to the second joint defining that panel edge. If so, this
indicates that all bars along the edge in question have been found and this
condition is noted by a flag in array NID. I not, this indicates the bar in
question extends only part way along the panel edge and this condition is
noted by updating the panel edge definition in array NID. In either case,
the contributions to matrices PFT and TF due to a unit panel force, f, are
assembled in arrays D and AK, respectively. Indexing data for these condi-
tions are stored in array ND.

The search continues until the bars along all four panel edges have
been found or three passes have been made over array IEND. In the event
all bars are not found after three passes, an error condition exists and is
noted. This coding allows for six bars (seven joints) per panel edge.
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Material properties and data associated with matrices D and W
are written onto scratch data set IST4 and data associated with matrices TF,
GPF, and GPS are written onto IST3. Vector contributions to matrix PFT
are written onto scratch data set ISTI.

Processing ends with printing of the shear panel element physical
properties. Control is transferred to the beginning of the processing loop
and the next element is read from the master case data set.

b. Input/OQutput

Table 30 is read from the master case data set and the shear panel
element physical properties printed. Material properties and data for
matrices D and W are written onto scratch data set IST4. Data for matrices
TF, GPF, and GPS are written onto IST3. Vector contributions to matrix
DPFT are written onto ISTI1.

¢. Error Messages

Error messages are printed for any entry out of sort. In addition,
messages are printed for inconsistencies detected in shear panel definition
such as omission of thickness or Shear Modulus, or no bar for a panel edge,
or joint numbers referenced which are not in joint table (1).

d. Subroutines Required
TUTL?

VECT
SRT

e. Argument List

PANRD (IK, AK, BUF, IRECD, RECD, CRD, IEND, KASIN)

IK - Array of control and error flags

AK - Array for intermediate storage

BUF - Buffer array for utility routine TUTL?7
IRECD .- Array for intermediate storage of

table entry integer data

RECD - Array for intermediate storage of
table entry real data

CRD - Array of joint coordinates
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.t

IEND -

KASIN -

Subroutine Length

3627 words {approximate)
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4. SUBROUTINE DWET (DECK G208)

This is the Matrix Assembler A Routine for the Basic Force Method
Module which assembles and outputs matrices D, W, and ETT, and prints
the material properties for all elements.

a. Algorithm

Control data is initialized and the bar element p end axial flexi-
bilities are transferred from array D to array BPD. Bar element joints p
and q are transferred from array IND to array IEND.

If bar external reaction vectors or bar external load vectors are
present, these vectors are processed by the same set of code by presetting
control data appropriate to each type vector. The data for each vector is
read from scratch data set IST4 where it was previously stored by sub-
routine JVRD. The array of bar p and q end joints, IEND, is searched to
locate the bar associated with the bar vector. The vector identification
number is assembled and is of the form.

.)7(_ XXXX AXXX

PFT or POT row number

PFT or POT column number

vector type code, 1 = force, 2 = moment

where the column number is the joint number where the vector acts, the
row number of PFT is the element force row index number (reactions), and
the row of POT is the condition number (applied loads). Vector contribu-
tions to matrix PFT are written onto scratch data set IST1 and contributions
to POT on IST2. Data associated with matrix TF is assembled in array
IRID and data for matrix TF is assembled in arrays IBID and TOF. When
all bar vector data has been processed, these arrays are written onto
scratch data set IST3.

The code from statement 120 to 600 reads the material properties
and data associated with matrices D, W, and ETT for each element and
performs the following functions:

(1) Assembles the element flexibility matrix D, column by
column, and cutputs the matrix onto the appropriate data set.
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{ii) Assembles the element force row index code numbers in array
IFX where the code number is of the form

ﬁf XXX XZEQL
lement force type code

lement number

L data code number (element type)

(iii) Assembles all main diagonal elements of the flexibility
matrix D in array BPD for subsequent generation of matrix W.

(iv) Assembles in array ETT, the thermal deformations at joints
arising from applicable element deformations due to unit
changes in temperature at the joints.

(v) Assembles the joint numbers in array JNT of the joints
affected by each applicable element deformation.

The coding from statement 600 to 660 assembles and outputs the
weighting factor matrix W, column by column, onto the appropriate data
set using the element flexibilities stored in array BPD.

Matrix ETT, joint thermal deformations, is assembled from the
deformations stored in array ET and associated joint numbers stored in
array JNT, and is output onto the appropriate data set.

Subroutine EUTL5 and EUTLS6 are used to write the matrix header
and trailer, respectively, for all output matrices,

b. Input/CQutput

All intermediate data previously stored on scratch data set IST4
is read and used to assemble and output matrices D, W, and ETT and to
print all element material properties. Bar external reaction vector contri-
butions to matrices PFT and TF are assembled and written onto scratch
data sets IST1 and IST3, respectively. Bar external load contributions to
matrices POT and TO are assembled and written onto 18T2 and IST3,
respectively.

¢. Error Messages

Error messages are printed for inconsistencies between bar
vector and bar element definitions, and when the number of bar vectors
exceeds the table size.
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d. Subroutines Required
EUTLS
EUTL6

e. Argument List

DWET (IK, D, BPD, IND, IEND, IFX, JNT, ET, IOSPEC,
OUTPUT, KASIN, IRID, IBID, TOF)

IX - Array of control and error flags

D - Array of intermediate storage of bar
flexibility terms

BPD - Array of flexibility matrix main
diagonal terms

IND - Array for intermediate storage of bar
p and q joint numbers

IEND - Array of bar p and q joint numbers
IFX - Array of element force identification
numbers

JINT - Array of row/column locations of

contributions to matrix ETT

ET - Array of contributions to matrix ETT
IOSPEC - Array of output matrix data set numbers
OUTPRUT - Array of output matrix names

KASIN - Array of input case name and data set
number

IRID - Array of row and column locations in
matrix TF for bar external reaction
contributions.

IBID - Array of row and column locations in
matrix TO for bar external load
contributions.

TOF - Array of coefficients for matrix TO for

bar external loads.

f. Subroutine Length

4444 worde (approximate)
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5. SUBROUTINE PFOQ (DECK G215)

This is the Matrix Assembler B Routine for the Basic Force Method
Module which assembles and outputs matrices PFT, POT, and TF.

a. Algorithm

After initializing all contrel data, matrices PFT and POT are
assembled and output from the data stored on scratch data sets IST1 and
IST2 respectively. The same code is used to output both matrices by pre-
se‘ting appropriate control data. Blocks of vector data are read irom the
scratch data set into arrays NP and DP. The valid equations (columns) of
PFT or POT are identified using the code numbers sorted in array IP. The
columns to be output are assembled in arrays DP and JT. Compressed
columns are written directly onto the appropriate data set. Expanded
columns are assembled into array ANID and written onto the appropriate
data set. Subroutine SRT is used to sort blocks of vector data if required
Subroutines EUTL5 and EUTL6 are used to write the matrix headers and
trailers, respectively.

Matrix TF is then assembled from the bar external reaction vector
data stored in array NID and the data stored on scratch data set IST3 by
previous routines. First, the columns of matrix TF are assembled and
output using the data in array NID. The columns corresponding to all p end
bar forces, all remaining bar forces, all shear panel forces, all triangular
membrane element forces, and all parallelogram membrane element forces
are assembled and output in that order from the data stored on scratch data
set IST3. Simultaneously, the data for extractor matrices GBT, GPF, and
GPS are partially assembled and stored on scratch data set IST2.

After completing the output of matrix TF on the appropriate data
set, the data associated with matrix TO for any bar external load vectors
which are present, is read from scratch data set IST3 into array NID.

b. Input/OQutput
Sorted vector contributions to matricea PFT and POT are input on
scratch data sets IST1 and ISTZ. All data associated with matrices TF, TQ,
GBT, GPF, and GPS are input on scratch data set IST3. Matrices PFT,
POT, and TF are output onto the appropriate data sets and the partially
assembled matrices GBT, GPF, and GPS are stored on scratch data set
IST3.

c. Error Messages

None
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d. Subroutines Required
EUTLS
EUTL6
SRT

e. Argument List

PFO (IK, LK, AK, DK, IP,
OUTPUT, ANID, TIP)

IK -

LK -

AK -
DK -

iP -

NID -
P -
NP —
DP ' -

JT -

IOSPEC -
OUTPUT -

ANID -

TIP -

f. Subroutine Length

4021 words (approximate)

NID, P, NP, DP, JT, IOSPEC,

Array of control and error flags

Array of row locations of data in an
output matrix celumn

Array for intermediate storage
Array for intermediate storage

Array of code numbers identifying
valid joint equations

Array of bar vector data for matrix TO
Array of standard matrix coefficients
Array of vector identification numbers
Array of vector components

Array of row locations of data in an
output matrix column

Array of output matrix data set numbers
Array of output matrix names

Array used to assemble expanded
columns of PFT and PQOT.

Not used
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6. SUBROUTINE EXT (DECK G216)

This is the Matrix Assembler C Routine for the Basic Force Method
Module which assembles and cutputs matrices TQO, GR, GBT, GPF, and
GPS and prints a summary description of all matrices generated.

a. Algorithm

After initializing all control data, matrix TO is assembled and
output using the data stored in array NID which describes each bar load
vector. Array TIP is used to assemble and output expanded columns of
matrix TQ, if necessary. Subroutines EUTL5 and EUTL6 are used to write
the matrix header and trailer respectively.

Matrix GR is then assembled and output based on the number of
external reactions and total number of internal element forces.

The data for matrix GBT is read from scratch data set IST2 and
the columns are assembled and output onto the appropriate data set. Simul-
taneously code numbers defining the format of the resultant bar loads are
formed in array IP. After completing the output of matrix GBT, the format
of the resultant bar locads is printed.

The same code is used to output matrices GPF and GPS by pre-
setting appropriate control data. Also, both the format of resultant panel
forces and the format of resultant panel shear slows and stresses are
printed by this code.

On the first pass matrix GPF is assembled and output. Data for
shear panel elements ie read from scratch data set ISTZ and appropriate
columns of matrix GPF output. Data for matrix GPS for shear panels is
stored in array P. The same code is used to process triangular and paral-
lelogram membrane elements by presetting appropriate control data. The
columns of matrix GPF are assembled and output based on accumulated
indexing information. As matrix GPF is generated and output, code numbers
are assembled in array IP describing the format of resultant panel forces.
After completion of agsembly and output of matrix GPF, the format code
numbers are printed.

On the second pass through this code, matrix GPS is assembled
and output. The sequence of operations is the same as on the first pass
except data for shear panels is extracted from array P and data for triangu-
lar and parallelogram membrane elements is read from scratch data set
IST2.

After completion of matrix generation, a summary description of
the structural case and the matrices created.
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b. Input/Qutput
Data associated with matrices GBT, GPF, and GPS is input on
scratch data set ISTZ, Matrices TO, GR, GBT, GPF, and GPS are output
on the appropriate data sets and a summary description of the generated
matrices is printed.

c. Error Messages

None

d. Subroutines Required
EUTLS
EUTL6

e. Argument List

EXT (IK, LK, AK, DK, IP, NID, P, NP, DP, JT, IOSPEC,
OUTPUT, KASIN, ANID, TIP)

IK - Array of control and error flags

LK - Array of row locations of data in an
matrix column

AK - Array for intermediate storage
DK - Array for intermediate storage
1P - Array of code numbers defining the

format of resultant panel forces and
panel stresses

NID - Array of bar vector data for matrix
TO

P - Array of standard matrix coefficients

NP - Not used

DP - Not used

- JT - Not used

I0SPEC - Array of output matrix data set

numbers
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OUTPUT -

KASIN —

ANID -

TIP -

Subroutine Length

5244 words (approximate)

Array of output matrix names

Is an array (7 x 1) containing the six
alphameric characters representing
the name of the input case and row 7 is
the FORTRAN logical number of the
data set where the case data is stored.

Array used to assemble compressed
columns of matrix

Array used to assemble expanded
columns of matrix TO
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7. SUBROUTINE JRD (DECK G301)

This is the Joining Vector Processor Routine for the Force Method
Joining Module which reads and processes all joint and vector data tables
for all substructures.

a. Algorithm

After initializing all basic control data, the first data card is read
which contains the reference point for the SUM matrix. Next, the control
data for the first substructure is set. Using this control data, the entire
routine is looped through and all joint and vector data tables for this sub-
structure, as well as special data, are processed.

The loop begins by printing appropriate titles for the transforma-
tion data for the substructure followed by the reading of this special data
from the system input data set. The sort of this data is tested and verified.
Subroutine TUTL3 is used to locate the structural case data on the master
case data set. The coordinate transformation matrix, which is used to
transform the joint and vector data for the substructure from a local to
global system, is computed and stored in array ADC.

A secondary loop is entered which processes all table data. By
presetting control data, the same program code is used to process, in
sequence, the joint coordinates, reactions, applied load vectors, and dis-
tributed loading conditions. Data entries are read using subroutine TUTLY
and tested for sort and table size compatibility.

Joint coordinate data is simply transformed to the global system
and stored in array CRD. The maximum and minimum global coordinates
are tested for and stored in array DST. Vector data which is related to the
joining problem is processed as follows. The coordinates of the joint where
the vector acts are extracted from array CRD and stored in the first column
of array DC. Bar forces are assumed to act at the midpoint between the two
defining joints. The direction cosines are transformed to the global system
and stored in the second column of array DC. A control flag is assembled
from all joining and symmetry flags on the entry data. The control flag is
tested to determine the type of joining vector or vectors, if any, and pro-
gram control is transferred to the appropriate code.

For each type of joining vector, a ten word integer description is
assembled in array ID. Only the first nine of these ten words are used at
this point in processing and the values stored correspond to

(1) Joining vector type flag

1 - Joined structure external load
2 - Substructure reaction which is a joining force
3 - Joined structure permanent reaction
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4 - Joining element forces other than joined structure
permanent reactions

(11) Substructure identification number

1 - First half of a symmetric substructure

True full substructure

2 - Second half of a symmetric substructure

3,4, 5-Dummy substructures (permanent reaction)

Lsubstructure number

(iii) Symmetry flag - set to one if this vector acts at a joint on the
plane of symmetry in a symmetric substructure.

(iv) Joining vector sequence number - begins with one and incre-
mented by one for each vector encountered in each of the four
groups defined under joining vector type.

(vl Matching vector flag

0 - One or more vectors should be found to join with
this vector

1 - No vector should be found to join with this vector

2 - One and only one vector should be found to join with
this vector

(vi) Data code number
3 - Reaction
4 - Applied load vector
11 to 18-Distributed load condition

(vii) Vector type flag

1 - Joint force
P - Joint moment
3 - Bar force

(viii) Entry number - entry number in table
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(ix) Deflection vector number - joined structure deflection vector
number which is assigned to flagged joined structure external
load vectors in the sequence they are encountered.

The ten word integer description, the coordinates of the joint
where the vector acts, and the vector direction cosines of all vectors which
will enter into joining equations are written onto scratch data set ISTZ.
These vectors will be the substructure reactions, and joining element forces.
The ten word integer description for all joined structure external load
vectors is written onto scratch data set IST1. Data for printing, which
consists of the ten-word integer description of joined structure external
load vectors, joined structure permanent reaction vectors, and other join-
ing element force vectors, are written onto scratch data set IST3, The
sequence number of joining element forces of symmetric substructures,
which are not on the plane of symmetry, are stored in array KID.

The contribution to matrix SUM for each joined structure external
load condition is assembled in array SUM and written onto scratch data
set IST4.

After processing all data for this substructure, the next column of
array ISUB is set which contains the substructure identification number,
number of reactions, and number of applied loading conditions. Control is
then transferred to the beginning of the substructure loop and the next sub-
structure processed.

b. Input/Output

Tables 1, 3, 4, and 11 through 18 are read from the master case
data set for each structural case referenced. Transformation data for each
substructure is read from the system input data set and printed. Data
describing each vector entering into the joining equations is written onto
scratch data IST2Z2. Data describing each joined structure external load is
written onto scratch data set IST1 and data for printing is written onto IST3.
The contributions to the SUM matrix from each joined structure external
load vector are written onto scratch data set IST4. The maximum and
minimum global coordinates of the joined structure, which are stored in
array DST are also written onto scratch data set IST4,

c. Error Messages

Messages are printed when the transformation data is omitted or
out of sequence, when the sfructural case data cannot be found on the master
case data set, and when the available working storage locations are in-
sufficient. Messages are also printed in substructure data when a table
cannot he found, when an entry in a table exceeds the available storage
locations, and when a vector definition or joining flag is inconsistently
defined. In addition, a message is printed when the combined number of
applied loading conditions in a substructure external load or element forces
exceeds the maximum matrix size.
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Subroutines Required

TUTL3
TUTL7

Argument List

JRD (CRD, BUF, IRECD, RECD, ISUB, KASIN, IK, KID)

CRD
BUF

IRECD

RECD

ISUB

KASIN

IK

KID

Subroutine L.ength

—

4501 words (approximate)
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Array of joint coordinates
Buffer array for utility routine TUTL7?

Array for intermediate storage of table
entry integer data

Array for intermediate storage of table
entry real data

Array of structural case identification
data and counters

Array of input case names and data
set numbers

Array of control and error flags
Array of symmetric substructure

joining element force sequence
numbers
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8. SUBROUTINE JDFA (DECK G302)

This is the Joining Degree of Freedom Analyzer for the Force Method
Joining Module which outputs the SUM matrix, estahblishes the joining
degrees of freedom, and relates each vector to a joining degree of freedom.

a. Algorithm

After initializing basic control data, the contributions to the SUM
matrix are read from scratch data get IST4 and output onto the appropriate
data set. TJTMAX and TITMIN are then computed from the max/min global
coordinates stored on scratch data set IST4, and the previously assembled
print data for each vector on scratch data set IST3 is read into array ID. A
code word is assembled for each vector consisting of data code number,
entry number, . and substructure number, and is stored in array NDC. When
all print data has been read and processed, a loop is entered for printing the
code words in array NDC which define the formats of joined structure
external loads, joined structure deflection vectors, joined structure per-
manent reactions, and joining element forces.

All vectors entering into joining equations are read from scratch
data set ISTZ2 and processed., Processing is accomplished in a loop which
assembles a memory storable block of joining degrees of freedom per cycle.
The vectors are processed as follows. The descriptive vector data is read,
one vector at a time, from the input scratch data set into arrays ID and AD.
A search is made of the joining degrees of freedom already stored in arrays
IDC and ADC to determine if this vector contributes to any of these equations.
If not, the vector establishes a new degree of freedom and appropriate
entries added to arrays IDC and ADC. Subroutine JVECT is used to complete
vector cross products and joint coordinate differences in order to test vector
coincidence. Array ADC stores the coordinates of the point where the
vector acts and the vector direction cosines. The code words assembled
and stored in rows 1 and 2 of array IDC are

XXX XX XXXX X X XX X

(X £

count of permanent
reactions in this
degree of freedom

I _—vector entry No.

vector data code No.

substructure identification

count of additional vectors
found in this degree of
freedom

—.0-1 or more additional vectors
should be found in this degree

of freedom

1-no additional vectors should

be found in this degree of
freedom

2-only 1 additional vector should
be found in this degree of freedom

L1 -joint force
2-joint moment
3-bar force

55



If the vector contributes to a degree of freedom already in the
table, this is noted in the counters of array IDC. In addition, the joining
degree of freedom number is stored in the ninth location of the vector
description data, array ID. The integer data in array ID is written onto
scratch data set IST1 if this is a substructure reaction and onto IST3 if this
is a joined structure permanent reaction or joining element force.

When the memory storage block is full, all remaining vectors on
the input scratch data set are examined and, if they do not contribute to this
set of degrees of freedom, are copied ontc a scratch data set. When all
vectors have been examined, the data stored in array IDC which describes
each degree of freedom established in this cycle is tested for consistency
and printed. The input and scratch data sets are interchanges and another
cycle initiated. This loop continues until all joining degrees of freedom
have been established.

b. Input/Qutput

Data for matrix SUM is read from scratch data set IST4 and output
onto the appropriate data set. Data for TTTMAX and TITMIN are also read
from scratch data set IST4. The preassembled print data on scratch data
set IST3 is read and printed. The descriptive vector data for each vector
contribution to the joining equations is read from scratch data set ISTZ2, and,
after establishing the joining degrees of freedom, a list describing the join-
ing degrees of freedom is printed. Integer data describing each vector
including the joining degree of freedom to which it is related, is written onto
scratch data set IST3 and substructure reactions onto ISTI1,

c. Error Messages

Messages are printed when vectors which are apparently in the
same degree of freedom are not coincedent, and when the number of vectors
in a degree of freedom is inconsistent with the joining flags on the data
entries or exceeds the maximum number allowed. A message is also printed
when the total number of joining degrees of freedom exceeds the maximum
matrix size.

d. Subroutines Required
EUTL5
EUTLS
EUTLS8
JVECT

e. Argument List

JDFA (IDC, ADC, IK, NDC, OUTPUT, IOSPEC)
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IDC — Array of joining degree of freedom
vector identification numbers

ADC - Array of joining degree of freedom
joint coordinates and direction cosines

IK - Array of control and error flags

NDC - Array of vector identification numbers

for printing

OUTPUT - Is an array (7 x 1) containing the six
alphameric characters and one integer
representing the name of the first out-
put matrix

IOSPEC - Is an array (1l x 1) containing the
FORTRAN logical number of the data
set onto which the first output matrix
is to be written

Subroutine Length

3262 words (approximate)
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