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FOREWORD

The 3PAR system is developed and maintained by Engineering Information
Systems, Inc. (EISI) under NASA prime conttracts NAS8-30536 and NAS1-13977
through subcofitract agreements LL90A1760K and LL90A1800K with Lockheed
Migsiles & Space Company, Sunnyvale, California. SPAR is funded jointly
by the George C. Marshall Space Flight Center (MSFC) and the Langley
Research Center (LaRC) of the National Aeronautics & Space Administration.
The Gontraéting-ﬂffieer's technical representatives are L. A. Kiefling,
MSFC, and J. €. Robinson, LaRC.

The purpose of the SPAR reference manual is to define the functions and

rules of operation of the system. This document is not intended to stand
alone as an introductory guide for the new user, It is expected that new
users will either attend introductory courses or be agsisted and advised

by analysts who have substantial experience with SPAR.

It 18 assumed that users are familiar with finite element theory and
execution procedures (run set-up, eontrol‘earda, etc,) for éither Univac

1100 or CDC 6000-series computer systems.,
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Section 1

INTRODUCTION

SPAR is a system of computer programs used primarily to perform stress,
buckling,and vibrational analyses of linear finite element systems. As illustrated on
Fig. 1-1, individual processors withinthe SPAR system are able to communicate
directly and automatically through a body of information known as the data complex,
which resides in temporary and/or permanently cataloged files. The data complex
of data sets produced by processors inthe SPAR system. Each data set has an identi-
fying name. For example, a certain set of vibrational modes might be named
VIBR MODE 400 2. Through these names the SPARprocessors are ableto locate

and access automatically all of the inforimation needed to perforin a particular function.

This form ef system structure — multiple independent processors eemmuni-
cating via a cemmon data base = has many advantages. From the user point of view,
the following are among the principal advantages:

e Interactive operation. Effective interactive operation, via teletype and /for

graphics terminals, is made possible. Most large-scale applications in=

volve bath bateh and interactive runs.

e Data salvage. All information generated in a run may be retained in the

data compléx, thereby remaining available for use in future runs. This

retention is aéeéomplished automatically, without complicated restart

1<1
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Flgure 1-1 Typical Functions of Separate Progra:ma Communicating Through
the Data Complex '



procedures, and without requiring the user to be concerned with the

internal structure of the data complex.

the data complex, with file security (read/write authorization) provided

by the cataloged file facilities of the host system.

Other characteristics of SPAR include the following:

e Efficiency. Execution time, central memory storage. and secondary
data storage requirements are minimized by (1) the use of sparse
matrix solution techniques, and (2) other computational and data man-
agement procedures develaped to handle problems ranging in size from
small one~shot studies to extensive analysis/design projects involving

many millions of words of data.

c

For most SPAR executions, 20,000 o to 30,000, words of central

1
memory are sufficient. On UNIVAC 1100 systems, for example, static

10

displacement solutions to 6,000 degree-of-freedom problems may be
computed using a total central memory field length of about 2-5.0.0010
words (all instructions plus data). During the course of a run, the
| central memory field length can be modified dynamically, if necessary,
to permit additional meémory resources to be temporarily acquired for
the duration of a specific computational activity. The efficient use of
system resources has the following principal effects:
(1} Heavy interactive usage is poa'sibie without serious detrimental
effects on the host eperating system. This makes available

the full range of benefits of interactive operation (e.g., major

1-3
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reductions in labor cost and calendar time, with improved

quality of results).

(2) Problems of very large size may be solved. One user has
reported solving a 33, 000 degree-of-freedom problem on a
UNIVAC-1108. The size capacity of the eigensolver used to
compute buckling and vibrational modes is approximately
the same as that of the static displacement analyzer, for a
given amount of central memory. Maximum degree~of-
freedom capacity on typical UNIVAC 1108/1110 systems is

in excess of 50000,

(3) Very low computer costs are achieved. The low cost of ex-
ecuting the eigensolver makes it possible, in many
large~-scale applications, to use the same finite element
medel for both static and dynamic analysis, resulting in

further savings in labor costs and calendar time.

e Execution conirol and data input. All input is free-field. The command-
oriented executive control language allows the user to design execution

sequences optimally suited to the requirements of each individual application,

e Utility operations. The following operations are typical of the many

available through SPAR utility processers:

(1) Matrix operations through a high<level symbolic language,

e.g., X=8SUM(2.5Y, 3.4 B), ZZ = PRODUCT(3.4 P,Q), etc.

A
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(2) Communication, through ordinary files, with programs

outside of the SPAR system.

{3) Display of selective summaries of the names and character-
istics (size, type, etc.) of data sets resident in the data

complex. These are called TOC's (Tables of Contents).

(4) Editing and display of information contained in the data

complex.

e Input data generation, verification, and correction. Extensive facili-
ties are provided for automated mesh generation, ete., and for check-
ing the validity of input data. Where érrors are detected, they can be
patched locally, without having to re=run unaffected portions of the

analysis.



Section 2

BASIC INFORMATION

On UNIVAC-1100 systems, SPAR consists of an array of separate absolute

programs, usually resident in a read-only public cataloged file. On CDC systems,

the entire system Is contained in a single absolute program, configured to simuiate

UNIVAC operation; that is, CDC card input records appear as follows:

Card Image

@XQT PROGX
data cards

@xQT PROGB
data cards

@XQT EXIT
7/8/9

Meaning

Begin executfon of program PROGX.,

Input (usually optional) to PROGX.

Begin execution of pregram PROGB.
Input to PROGB.

[ER K]

Exit from SPAR (CDC only).

The following are typical execution sequences:

Input

@XQT TAB
data cards

@XQT ELD
data cards

@XQT E
@XQT EKS

@XQT TOPQ
@XqQT K

E\{pgﬂgn

Create data sets containing tables of joint locations,
section properties, material constants, etc.

Define the basic mesh of finite elements.

Form a complete detaile finite element modet
(element geometry, intrinsic stiffness and stress

matrices, etc.) of the structure.
sets are referred to collectively as the E-State.

Analyze element interconnectivity.

Form system K.

2-+1

The resulting data



Input
@xQT M
@XxQT INV

For static
analysis:

@XQT AUS
data cards

@XQT SSOL
@XQT GSF
@XQT PSF
For dynamic
anatysis:

@XQT EIG
control eards

@xQT AUS
data cards

@XQT DR
For buckling
analysis:
@XQT KG

@XQT EIG
control cards

Function
Form system consistent M, if required.

Factor system K (or other designated system
matrix, e.g., K+ Kgor K - eM).

Define applied loading, temperatures, ete.

Compute static displacement solutions.
Compute stresges and internal loads.

Edit and display stresses.

Compute vibrational medes. L
Define applied loading, etc.

Compute dynaiic¢ response.

‘Form geometric stiffness matrix Kg, based

on 2 designated internal load state.

Compute buckling modes.

Detailed information concerning the functions and rules of operation of indi-

vidual processors is provided in subsequent sections of this manual,

2-2
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2.1 REFERENCE FRAME TERMINOLOGY

The term frame k will be used to refer to the global reference frame (k = 1),
or to any alternate reference frame (k = 2, 3,4, --) the analyst elects to define.
Esch joint in the structure has associated with it a unique joint reference frame, to
which joint displacement and rotation components arve relative; Individual joint
reference frames may have any orientation designated by the analyst, Each element

has an associated glement reference frame, to which section properties and stress

components are relative,

2.1-1



2.2 THE DATA COMPLEX
The data complex may consist of any number of files considered appropriate
to a particular applicatien, There are two kinds of files, namely:

¢ SPAR-format direct-access libraries, rgsldent on random-access
devices (disk, drum). Libraries are the media through which programs
in the SPAR system are able to communicate. Users often elect to house
the entire data complex in a single library file.

® Sequential files, resident on tape, drum, or disk. A large percentage
of SPAR runs do not involve any sequential files. They are primarily
used to store libraries on tape between runs. See Section 5,2, TWRITE
and TREAD commands, These files are also used to commﬁnicate with

programs outside the SPAR system. See Section 5.2, XCOPY and XLOAD. [;

Files are known by SPAR logical file numbers: 1,2,...,26. These é.re
not Fertran logical unit numbers. The corresponding UNIVAC fiie names are SPAR-A,
SPAR-B, ..., SPAR-Z. The corresponding CDC file names are SPARLA, SPARLB,
+++, SPARLZ, If a SPAR program must use a file which does not already exist, it will
generate internally the necessary requests to the host-operating system to assign
(i.e., create) the file as a temporary file resident on random-access storage. The fol-
lowing examples illustrate the correspondence between UNIVAC external file names,

internal file names, and SPAR logical file numbers.

k‘;l‘f‘w.
“’w*”é
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e Example. A new study is being initiated, and it is desired to retain
library 1 as a cataloged file named QUAL*NAME,

@ASG, UP QUAL*NAME. , F//POS/20
@USE SPAR-A.,QUAL*NAME.

@XQT TAB (or any required program)

e Example. A library generated in preceding runs is resident in a cataloged
file named GENGHIS*KAHN. To make the file known to SPAR programs

as library 4, the following control cards would be used:

@ASG, A GEHGHIS*KAHN.
@USE SPAR-D., GENGHIS*KAERN.

SPAR logical files 1 through 20 are available for general use, Files 21
through 26 are usually reserved for temporary internal use. On CDC systems, not more

than 10 files may be accessed concurrently from within & single program.

Individual data séts within a library are identified by four-word names.
For each data set, there is an associated entry in a table of conténts (TOC) which is
automatically maintained within the library. Table 2.2-1 is a printout of a table of
contents, produced by means of the TOC command, in the Data Complex Utility program

(see Section 5,2), TOC items are explained in Table 2.2-2,

In most cases, the program generating a data set will automatically assign the

four-word name of the set, In certain instances, however, the user may assign part



and the lagt two should be integers.

In referencing a data set, one or more of the four words of the set name may
be masked by replacing each word to bé masked by the word, MASK, The primary uses
of MASKing are (1) when less than four words of a data set name are sufficient to uniquely

identify the set, or (2) when seanning TOC's in search of certain categories of data sets,

e Example. Allof the following data sets correspond to VIBR MASK 2

MASK:
VIBR MODE 2 1 1 )
1,
VIBR EVAL 2 1
VIBR MODE 2 2

VIBR EVAL 2 2

Of these sets, only the first and third would correspond te VIBR MODE 2

I a data set being inserted into a library has exactly the same name as one

already contained in the library, the old data set will be automatically flagged as digabled.
Although the disabled data set remains intact within the library, it cannot be read

2.2-3



unless the user subsequently electé to re-enable it (see the ENABLE statement, Section
5.2), which will automatically result in the other data set being disabled.

When operating interactively, program execution should never be interrupted
(e.g., on UNIVAC demand, a break followed by @@X T) if any data sets originated
in the pregram, This is because certain TOC information is not finalized until the nor-

mal program exit procedure is executed.

it

[‘ 'gféﬁ.:‘
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TOC
Item

SEQ
RR

DATE
TIME

ER

WORDS

NJ

NT*NJ

Meaning

Sequence number, i.e,, order of insertfon into the library.

Drum address pointer. A preceding minus sign means that the data set
has been disabled,

Date of ingertion,

Time of entry into the program which fnserted the data set into the
library.

Error Code (0 = no error detected during generation of the data set;
1 = minor error; 2 = fatal error; -1 = incomplete data set).

The total number of words in the data set. Data sets are.generally
comprised of a sequence of physical records, or 'blocks.”" Each block
is a two-dimensional matrix dimensioned (NI, NJ), i.e., NI rows,

NJ columns. The block length is always NI*NJ,

See above,

See above,

Type code (e.g., 0 = integer, -1 = real, -2 = double precision,
4 = alphanumeric),

2.2-6



2.3 CARD INPUT RULES

The SPAR free-form input decoder recognizes three types of words:
integer, floating-point, and alpha (typeless). Leading blanks are ignored. Each
word is ended by a blank, comma, equal sign, slash, left parenthesis, or a right
parenthesis, or by a record terminator (e.g., end=of-card). If used, commas, etc.,
should be carefully placed; for example 45, is equivalent to 45,0,. Floating-
point numbers are identiffed by the presence of a decimal point, Alpha words _

5000.= .5+#4= ,05+5= 50,004+02, etc.

Note that the Fortran form %,.xExXx is not permitted,

Each card begins an input record. A record is terminated by end-of-card,

or by any of the three following symbols:
4

Record _
Terminator Function

$ Characters to the right of 2 $ are ignored. This is
used for two purposes: (1) to allow the input decoder to
stop sca.—nni.-ng,. and (2) to allow the user to insert comments
in the data deck. A card with a $ in Column 1 is
interpreted as a comment card, and is ighored by the

decoder,

5/8 punch* The 5/8 punch ( : on Univac) terminates one record and initiates

a new record on the same card. For example,

*On CDC systems the 12-8-7 punch (;) serves this purpose.

2.8+1



3, 4:4, 9.5 § L
is the same as
3, 4%
A, 9.5 §
4/8 Punch Al characters to the right of a 4/8 punch ( ' on Univac,
#on CDC) form a continuous alphanumeric label of up
to 76 characters. Examples of label usage are shown

below.

GROUP 42' RING FRAME, STA. 420,

CASE 240' 2.5 G GUST + 9.4 PSI PRESSURE,
_E Throughout this document, input card descriptions will use the
% bols ( : for 5/8 punch, ' for 4/8 punch, @ for 7/8 punch). L

R e

Typeless words longer than 4 characters are truncated to 4

§ characters. Integéer or floating-point words must not exceed 7 digits.

|

: Exponents may have one or two digits. Floating-point numbers must not
exceed host system limits.

§

o




2.3.1 Equivalence of Word Terminators
The word terminators, (blank),commea, equal sign, left parenthesis, and right
parenthesis, are equivalent, For example, the following statements have identical
meaning:
Z= SUM(3.5 R, 4.2 Q)
Z, SUM 3.5 R 4.2 Q

2.3,2 Continuation Cards

I an input record will not fit on a single 80-character card, the 6/8 punch
(a > on UNIVAC systems) may be used to indicate that the current record is continued
on the next card. For example, the following record:

1. 2, 3, 4. 5. 6. 7. §

could be written as

3. 4. 5. 6.»
7. 8

The > symbol also acts as a word terminator. Continuation cards must not

be used to extend an input record b_eyond 40 words,




2,8.3 Loop-Limit Format

There are many instances in which it is necessary to input an ordered list of
integers; for example, a list of joiht numbers, or a list of element index numbers,
etc, For example, the input description given for a particular program may indicate
that a list of integers, nl, n2, n3, n4, «eey €te,, should appear in the following form:

1
N= n: n2:' n3: n4:,etc.

If it is specifically stated that "loop~limit format'" i8 permitied, then
any of the input records in the above sequence may also appear in the form

n_,n_, ine; implying the following sequence:

n?, n®+ine, n®+2(inc), n®+ 3(inc) -—--n°.

If inc is omitted, it defaults to 1.

For example:
J= 10: 11: 12: 18: 5: 6 7T: 2: 30: 40: 50: 60§
may alse be written as
J= 10, 13: 5, 7: 2: 30, 60, 10%
Restrictions:
e Unless specifically stated otherwise, inc should be positive.
.o The sequence na, -na‘ # ine, etc. must teriminate exactly on nb; that is,
1+ nb - na')/isnri.-. must net be fractional.
¢ Unless speeificabl-y stated ot-hérw‘-ise, a single loop-limit sequence must

not consist of more than 100 input records.

%
M’
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2,4 RESET CONTROLS, CORE SIZE CONTROL, AND THE ONLINE COMMAND

RESET statements allow the analyst to alter certain parameters

which control processor operation. Typical parameters available through
| RESET are listed below.

® Names of input and output data sets.

@ Unit numbers of source and destination libraries
(default is always SPAR logical 1).

® Flags indicating action to be taken if errors are encountered.

® Flags controlling display modes.

Miscellaneous quantities, such as zero-test values, scale
factors, output data set block lengths, formulation selections,
constants, iteration controls, etc.

4
4
»
3]
£
3

\:: The forim of a RESET statement is:

RESETYT Py=Wis Py=Wy, p3=w3. « = =, where w, is the value to be

assigned to parameter Py - One or more RESET statements may ngnedxatel

follow a_@XQT Processor command; for example:

@XQT INV
RESET K=K+KG, CON=2 $

@XQT EIG

RESET CON=2, INIT=7, NDYN=8 §

In addition to specific RESET contrels defined for individual

e SR T A R

processors, the following two parameters apply to all processors:

- RESET ABORT- 1§

2.4-1




which will cause the processor not to make an error abort if it encounters a sertous

error (e.g., if required input data sets do not exist), and
RESET CORE= n$(avatlable on UNIVAC, only)

which will result in issuance of an executive request to change the total core size (both
instructions and data) to n words,

On CDC systems, the user controls core size through RFIL cards,

The statement, DATA SPACE =n, appearing at the beginning of execution
of each program, indicates n = total field length less instruction storage.

Most SPAR programs generate little or no printed output. In seme programs,
the kind and quantity of output are controlled by a command (not a reset parameter)
in the following form:

" ONLINE= n$
where n =0 for minimum printout, 1 for normal printout, and 2 for maximuwm printout.

If desired, the ONLINE statement may be used more than once within the same program

execution,

2.4-2 - _
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2.5 DATA SET STRUCTURE

There are several standard forms of data set structure that are used, in
various applications, by almost all SPAR programs. To avoid repetition in explaining
these forms, standardized terminology for them is defined in this section, There are

four such data-set forms, which are designated as TABLE, SYSVEC, ELDATA, and
ALPHA,

In the following discussion, NWORDS, NI, and NJ have the same meaning
as indicated in the explanation of library tables of contents (TOC's) appearing in
Table 2.2-2; that is, any data set may be interpreted as a sequence of two~
dimensional matrices, each dimensioned (NI, NJ). The physical record or ""block"
length is always NI times NJ. The total number of words in the data set is
NWORDS. I'n. some cases,.NW'ORDS is an integral multiple of the block length; in

other cases, it is not. The following cases are representative:

e Example, NI =2, NJ =3, NWORDS =24

[ p— e p— P —— —

X XXX XX | XXXX XX XxxXxXXXxX XX X XXX

i ..

Block 1 Block?  Block3  Block 4

¢ Example. NI =2, NJ =4, NWORDS =20

X XXXXXXX | XXX XXEXX| Xxxx| Void ]
Block 1 Block 2 N Vrilr'illock 3

2,.5-1
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It is a uniform convention that the matrix elements contained in each block are

ordered by column; that is, where x, . 1is the element in row i, column j, the

1
11’ le] 331 - — xm’ 1-. xlzg 322, xsz’ - - XNI. 2, etc.).
In the first of the preceding examples, the order of elements witiin each block would be

sequence within the block is (x

X110 Xop1 Xqgs Xggr Xygs Xog

i
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TABLE

The TABLE form of data set has the following attributes:

All data are real (floating-point),

NWORDS is an integral multiple of the block length, NI*NJ; that is, the
number of blocks contained in the data set is exactly equal to NWORDS/
NPNT ,

The following are examples of data sets in TABLE form:

Example., Node point position coordinate data produced by TAB subproces-
gor JLOC appear in a single-block data set for which NI equals 3 and

NJ equals the total number of node points. Element X33 in this (3, NJ) array
is the i-direction position coordinate of node point j.

Example. Temperatures at node points are defined by multiblock data sets
for which NI equals 1 and NJ equals the number of node points. Element

xl;i in the (1, NJ) array is the temperature of node j, Each separate block

of the data set is a separate temperature case.

.2-511-1



2.5.2 SYSVEC

SYSVEC is a special case of the TABLE form., SYSVEC is used primarily
to represent either (1) displacements and rotations of all joints in the structure, or
(2) forces and moments acting on all joints. The SYSVEC form is used to represent
static deformation, reactions, vibrational and buckling éi‘genvectors, mechanical
Iead-iné applied directly to joints, and various forms of equivalent joint loadings,

This form is also used for diagonal mass matrices,

In the following discussion, it will initially be assumed that no joint motion
components have been identically excluded for all joints via the START commend (see

Section 3.) In this case, NI i8 6 and NJ {8 equal to the total number of joints in

the structuife. Each block of length NI*NJ corresponds to a separate case, €.£., &
e - — ey e ey - el " P e — o - i‘ }
distinct load case, eigenvector, etc, et

The six elements in the j-th column of a given block are either

u-lj uZ-j qu rij rzj 1_'3.j ,.or

f f,

1§ f

23 ‘33 ™y Tz M3y
depending on whether the data consists of (1) joint motions, or (2) joint forces and
moments. In the - above, Uys s r{_j R f.i;j , and mij are, in order, direction-i

displacement, rotation*, force, and moment* components at joint j. The components

are.always relative to the joint reference frame uniquely assoctated with joint j,

which may or may not be parallel to the global frame (see the JREF discussion in

Section 3.1,6).
e i —— . gﬂ*
*Right-hand rule for rotations and moments. . \s—») .

2.5.2-1

REPRODUCIRILITY OF
ORIHNAL PAGE 18 POOR



If certain joint motion components are identically excluded via the START
command, the number of elements in each column will be reduced accordingly.
been excluded (plane frame analysis), NI would be 3 and column j would contain

either:

0 §* u2j ' Tg ' or

2.5.2-2
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2.5.3 ELDATA

ELDATA is a data form used to represent certain categories of data bearing
a one=to-one relationship with structural elements of a given kind, e.g. element
temperature, or element pressures. Although a data set in ELDATA form often con-
8ists of many blocks, it will initially be assuined, for simplicity of explanation, fhat
the data set consists of a single block. In this case, the number of columns, NJ,

would be equal to the total number of structural elements of a particular kind,

For example, if the data set contains data associated with type E21 (general
beam) elements, and the structure contains 70 E21 elements, the data set will contain
70 columns, NI, the numbér of words in each column, will depend upon the specific
kind of data invelved. I the 70 elements appear in ihree groups ( say, 20 in group 1, .
40 in group 2, and 10 in group 3), then the first 20 columns of an associated ELDATA- =
form data set would correspond to the 20 elemex;ts of group 1 (in sequential order,
by structural element index number), the next 40 to the 40 in group 2, and the last
10 to the 10 in group 3.

The block length, which is always an integral multipie of NI (the number of
data items per eoluimn), does not often exceed a few thousand words, and is sometimes
less than one thousand. Small block lengths are used to minimize core storage require-
ments. If the selected block Iength is not sufficient to accommodate the data for all of a

given kind of structural element, additional blocks are appended. In such cases, NJ is

interpreted as the number of columns of structural element data per block, and

NWORDS/NI ‘ts"-the number of aSj's‘oeiat'ed structural elements.
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2,5.4 ALPHA

The ALPHA form of data set is used to store lines of alphanumeric text.
Each Hne (column) contains 60 charzcters, Each block contains one such character
string, One use of the ALPHA form i8 to store static load case titles.

2.5.4~1




2.6 ERROR MESSAGES

Various error messages, usually self-explanatory. may originate in
SPAR procesgors. Messages indicating insufficient core space refer to data
space requirements, not to total (instruction + all data) space. At the beginning
of execution of each processor, a message, DATA SPACE = XXXXX, indicates
the amount of working core space currently available. This information enabies

the analyst to estimate the total field length needed in the rerun.

Another commen message is ERROR IN CONTROL STATEMENT SYNTAX.
This means that an illegal RESET name has been given, or that the wrong type of

data (integer, floating-point, typeless) was given.

Anether common error mesgage is

LIB READ ERROR. NU,L.KORE,.IERR= XX XX XX XX

NAME= N1 N2 n3 n4

i; Sy’mibels.in this mesgsage are defined as follows:

NU = SPAR logical file number.

L = Data set block length (if the data set exists).
* KORE = Core space available for loading the data set.

hi

IERR Error code (see Section 2.2). If IERR = 2, core space is

not sufficient to load a single block of the data set.
- NAME = Data set naine. The last two words of the data set name are

always printed as integers. Accordingly, if they are MASKed,

R R R AR T R

they will het bé readable (e.g. , on UNIVAC systems, they

will be displayed ag **w**¥),

2.6-1
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Many fatal error messages appear in the following form:

FATAL ERROR. NERR, NIND= XXXX, xxxx

Other explanatory information usually preced2s messages of this form. The follow-

ing is a summary of error messages involving communication with the data complex.

XLIB, n

ASG, n

RIND, n

Meaning

Attempt is made to refer to non-existent SPAR
logical file n.

Attempt is made to refer to non-existent SPAR
logical file n.

The user has supplied a file not in SPAR direct-
access library format to be used as a library.,
The parameter £ is used in diagnosis.

The maximum number of data sets allowed for
library n is reached. The normal limit for SPAR
Level 9 is 2048 data sets per library.

Other error messages invelving datz complex communication appear

in the following form;

These parameters have the following meanings:

I

Ir:

i

SPAR logical file number (1 to 26).

1, if writing on mass data storage; 2, if reading.
Addressing mode indicator.

Addressing parameter.

Nuniber of words in the réquested transmission.
1/0 status code.

Parameters used in diagnosis.
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Section 3

STRUCTURE DEFINITION

Four programs — TAB, ELD, E, and EKS — are used to generafe and store in

the data complex data sets that define the finite element model ef the structure.

TAB and ELD are used to generate the basic definition of the structure.
Subprocessors within TAB translate card input data into tables of joint lo¢ations,
material constants, section properties, ete. Subproecessors within ELD translate
card input data inte data tables that define {individual finite elements of various

types.

Using the data produced in TAB and ELD, programs E and EKS generate
an array of data sets, collectively known as the E-state, that contain a complete
description of every element in the structure, including details of element geometry,

intrinsic stiffness matrices, etec.

Except where specifically noted to the contrary, all data sets preduced by

TAB, ELD, E, and EKS should be retained in library 1.

3-1



TAB

3.1 TAB - BASIC TABLE INPUT

Function. TAB contains an afray of sub-processors which
generate tables of material constants, section properties, joint
locations, etc., and various other data sets comprising a substantial
portion of the definition of the structure. Each of these sub-processors
is identified either by a multi-word (long form) narne, such as JOINT
LOCATIONS, or by a short name, e.g., JLOC. Each sub-processor
generates a data set having the same name as the sub-processor.

Sub-processor names and functions are summarized in Table TAB-1,

TAB may be used to either (1) create new data sets,‘er {(2)
update existing data sets by replacing individual entries in them. The
update mode is commonly used in Demand (teletype) interactive operation.
Only one direct access library, SPAR logical 1, is usable in conjunction

with TAB. When beginning a new ,gqgggm. the first data card following

@XQT TAB (and any RESET ‘commands) must be

START j, my, My, - - -

In the above, j = the total nﬁmube-r of joints in the structure. It is not
harmful to have some unused joints (i.e. joints connected to no elements),
for convenience in interpreting the output., This should not be carried to
extremes, however, since it wastes core storage. It should be noted that
it is not necessary to set aside large blocks of unused joint numbers in
areas where you expect to later augment the model. The JSEQ sub-
processor and an array of data modifier statements allow models to be

extended without extensive repunching of existing data cards.

3.1-1
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TAB

({_4!'«.

The parameters m,, m,, - - - on the START card list joint
moetion components which are identically zero for all joints. Those
components are relative to the joint reference frames, For m=1,2, or 3 a
direction m displacement is indicated. For m=4,5, or 6, a direction

m=-3 rotation is indicated,

For example, a 1000 joint space truss would begin with
START 1000, 4,5,6
The above indicates that all thiree rotation components are zero at all
joints. As another example, a 500 joint plane frame would begin with
START 500 3, 4, 5

The above assumes that the the direction-3 displacements are normal

to the plane of the frame, and'tihe frame deforms in-plane only.

SPAR uses the m's given on the START card to determine
subrmatrix storage block size (see Ref.l, Sec. 4). Therefore the START
card (rather than the CON sub-processor) should be used to suppress

joint motiens in cases such as those illustrated above.

Following the START card, or directly following @XQT TAB if
Library 1 already exists, the TAB card input stream is as illustrated
below,

Proel

3- 132
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TAB

AN

data cards read by Procl

L ST bR s et DR

Proc 2

et

data cards read by Proez

etg.

In the above, Proci represents a data card containing either the short
or long-form name of 2 sub-processor to be executed. Sub-processors

may be executed in any order, subject to the following restriction: if

| !‘_(C’f‘r?ﬂ‘ﬂ
y h

the data read by one sub-procesgor refers to another TAB-generated
table, the other table must already exist. It is always safe to execute

sub-processors in the order they appear in Table TAB-1.

input, the following rules apply specifically to TAB.

(1) Trailing items omitted on data cards are assumed to be
zero, except when indicated otherwise in discussions of

specific sub-processors.

o

(2) Input sheuld be in real (fixed on floating point) format, except
for integer items such as entry numbers, joint numbers, table entry

pointers, and control variables.

a
o
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TAB

(3) Within the data card stream being read by any sub-processor,

the following commands may be injected.

FORMAT = j
MOD= m
NREF= n
In the above,
® j identifies which of several admissible

formats is to apply to subsequent cards,

Details are given in discussions of individual
sub-processors,

m is added to the table entry indicator

(usually called k), in all processors other than TEXT,
JLOC, RMASS, JREF, CON and JSEQ. In JLOC, RMASS,
JREF, and CON, m ié added to joint numbers

indicated on subsequent input cards.

In processors JLOC, JREF, and MREF, reference

framne n applies to data on subsequent cards.

These three commands may be used repeatedly in the card

streamof any sub-processor, Upon beginning execution of a

new sub-processor, these parameters are internally reset to

their default values, FORMAT=1, MOD=0, and NREP=1,

3.1-4
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Correcting existing data sets

To enter the "update! mode of operation, the following command is
injected-in the input stream.

UPDATE=]
To leave the update mode, the command is

UPDATE=0)
UPDATE commands should immediately precede sub-processor execution
commands. When operating in the update mode, the output data set produced
in the current execution is identical to that produced in the preceding execution,
except for entries defined by the card input of the current execution. The only

sub-processors which cannot be operated in the update mode are TEXT and
JSEQ.

As an example, suppose the location of jeint 1742 is found to be in
error, The JLOC data set could be repaired by the following card sequence.

UPDATE=1

JLOC

1742, 947.62, 1841.9 23.487%



TAB

The following statement will cause an identifying title to be embedded in

library 1:
TITLE' 60~character alphanumeric title

The t.tle, which resides in a data set named NDAL---, is displayed at the

beginhing of printouts of library Tables of Contents (e.g., via DCU/TQC).

RESET Controls

No special RESET controls are available in TAB.

Core Requirements
Working core requirements will not sighificantly exceed the larger of
(1) 13 times the number of joints, or (2) the longest table generated (see

Table TAB-1).

Qode Release Data

Level 9 (UNIVAC, CDC) duly 1975, coded by W. D. Whetstone.
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Table TAB-1: TAB Sub-Processors
Short Table , Long Form Name,
@ Name Length Function
TEXT 15 n TEXT. Creates a data set ¢ itaining

alphanumeric text documenting the analysis.

MATC 10n MATERJAL CONSTANTS. Entries define
linear material constants E, p, etec.

NSW n DISTRIBUTED WEIGHT. Entries define
nonstructural distributed weight parameters
(weight/length or weight/area).

ALTREF 12 n ALTERNATE REFERENCE FRAMES. Entries
describe reference frames selected by the
analyst for convenience in defining joint locations,
etc.

JLOC 3j JOINT LOCATIONS,

JREF j JOINT REFERENCE FRAMES. Entries define
the orientation.of reference frames associated
with joints, used in defining constraint, applied
loading, etc. '

MREF 5n BEAM ORIENTATION. Entries define beam

oo ¢ross-section orientation.
.

BRL 8 n BEAM RIGID LINKS. Entries define rigid
links offsetting the end points of elastic
2-node elements from the joints they connect.

BA 3ln E21 SECTION PROPERTIES,

BB 2l n BEAM S6x6., Entries define elastic
characteristics of type E22 and E25 elements.

BC 6 n E23 SECTION PROPERTIES.,

BD 6bn E24 SECTION PROPERTIES.

SA 19n SHELL SECTION PROPERTIES.

SB 4n PANEL SECTION PROPERTIES.

CON js 6j CONSTRAINT DEFINITION.

JSEQ i JOINT ELIMINATION SEQUENCE.

RMASS 6j RIGID MASSES.

é\ﬁi *n is fhe number of entries in the table, and j is the total number of joints in the

structure.
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L10 TAB/
TEXT
3.1.1 TEXT MATC
o N
The function of the TEXT sub-processor is to allow the analyst to W
embed in the output library a data set containing alphasumeric text descriptive
of the analysis being performed. Each card has a 4/8 punch in column one,

followed by a 60character string of text.

3.1.2  MATERIAL CONSTANTS (MATG)
MATC generates a table of linear material constants. Each input

card defines one entry in the table. The data sequence on the input card defining

the k=th entry in the table 18 K, E, Nu, Rho, Alpha,, Alpha, ; where
E

= meodulus of elasticity,
‘Nu = Poisson's ratlo,
: Rho = Weight per unit volume, and

Alphal, A'lphaz = Thermal expansion coefficients effective in directions 1

_ and 2, relative to element reference frames, for 3- and
L1 4-node elements. If Alphag is omitted, the program

T

A

sets Alpha, = Alpha;. Zero or negative values of bhoth
Alpha's are permitted. For 2-node etements, the
thermal expansion coefficient i8 Alpha,.

S

Material constants associated with specific elements are defined in

processor ELD by pointing to entries in the MATC table.

3.1.3 DISTRIBUTED WEIGHT (NSW)

A table of non-structural distributed weight parameters is defined.
The data sequence of the input card defining the k-th entry in the table is
-k, W.

For 2-node elements, —W is weight/length.

For 3 and 4 node elements, W is weight/area.

Non-structural weight attached to specific elements is defined in
processor ELD, by pointing to entries in the NSW table.
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ALTREF

ﬁ 3.1.4

ALTERNATE REFERENCE FRAMES (ALTREF)

In addition to the global reference frame, the analyst may find

it convenient to define additional reference frames. These frames have

several uses, including the following:

(1) Joint locations may be defined in any frame the analyst
finds most convenient (see JLOC).

(2) Joint referehee frame orientations may be defined via

the alternate frames {see JREF)}.

Each frame is uniquely identified by a positive integer. The

global frame is always frame 1; accordingly the analyst is free to define
only frames 2, 3, - - -, The order of data on the input card defining

frame k is8

\\._a ! k, 11331, 12’ azs 13, &3, xl, xz, x3-

g In the above X;, X,, and x, are position coordinates, relative to the

& global frame, of the origin of frame k. The x's need not be given if

only the orientation of frame k is of significance, which often is the case.
The parameters '-i_l, TR 13. ag indicate ordered rotations

defining axis orientations. Two formats are provided. In both cases, we

begin with a local fraine parallel to the global frame.  After the ordered

L rotations are completed, the local frame is parallel to frame k. Each of

the i's may be 1, 2, of 3, in any order. The a's are angles in degrees.

If FORMAT=1(default), the sequence is: (1) rotate the local

a i) frame a 1 degrees about local axis il' then (é) from the new position,

‘ 3.1.4-1
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TAB/ALTREF
rotate the local frame a, degrees about axis iz. then (3) from the resulting ﬁ
position, rotate the local frame a, degrees about axis i,. If FORMAT=2,

the i's and a's indicate rotation of the global frame relative to frame k.

In the following example of an input card defining frame 27, it

is agsumed that FORMAT=1.

27 3, 30, 1,10.$

: ¥ G3’ E
L3 -
L.
r
"..u- - - Gz

. - "
\ 302}
\
G y I-._:_al
e 1
' First rotation,
G; = Global axes K, = axes of Frame 27.
| ;
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3.1.5 JOINT LOCATIONS (JLOC)
JLOC produces a table containing the position coordinates of

the joints. The data sequence on input cards is as follows:
k, xa), xa,, xa;, xb;, xb,, xbj, ni, ijump, nj

If nj is given, a second card must appear,

jjump, X2y XCy, XCg, xdl, xdz. xd

There are threéee possible interpretations of the above:
(1) K only k, %2, :éaz and xa, are given, the xa's are coordinates
of joint k.

(2} Mk, xa,, == - = xb3, ni, and ijump are given, the xa's and

1’
xb's are coordinates of points A and B terminating a string of

ni equally-spaced joints,

. Point B
k, ktijamp, k+2(1Jutnp) o oo |
nint ' - - - l_t+
Point A . . (ni=1){ijump)
! 1. k+
k k+ 2 (ijump)
' jjump  \WWTP

The default value of ijump is 1.

{3) If nj is given, a linearly interpolated two-dimensional mesh of

(ni)(nj) joints is defined, as indicated below.

+D
C + +
t A
K+ . + *
k+ + *
ijump+ + '
..k+_.. T + +J_]ump
A + + * 7
* k+
k ket 2(ijump)
ijump “\ijump
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JLoc

Although the output table generated by JLOC is in rectangular \J
coordinates relative to the global frame, coordinate data appearing on
the input cards may be either rectangular or cylindrical, and may be
relative to any frame already defined in ALTREF. The associated

control cards are sumnmarized below.

Control Meaning

NREF= n  Coordinate data on subsequent cards is relative
to frame n (until another NREF coinmand is

encountered).

FORMAT=2 Subsequent data is in cylindrical coordinates,
relative either to frame 1 (global) or to any
other frame selected by an NREF command.

The convention is shown below. L

[
"

radial distanée from 3-axis.

#
™
I

angle, in degrees, from

Frame n

"
1]

= linear distance from the
1-2 plane. .

‘2

FORMAT =1 Switch back to rectangular coordinates.

Switching among frames, and between réctangular and cylindrical

coordinates is unrestricted.

If cylindrical coordinates are used in connection with mesh generation,

interpolation is performed before transformation to rectangular coordinates;

N

so that regular meshes on circles, cylinders and cones are readily generated. [
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TAB/
JREF

3.1,6 JOINT REFERENCE FRAMES (JREF)

A unique right-hand rectangular reference frame is associated
with each joint, Through JREF the analyst may designate the orientation
of any joint reference frames. All joint reference frames not defined in
JREF are, by default, parallel to frame 1 (global). The orientation of
these frames is of considerable significance, since joint motion components
and mechanical loads applied at joints are defined relative to them (see

dis cussions of TAB sub-processor CON, and SYSVEC format).

To identify a2 set of joints with reference frames parallel to
frame n (see ALTREF'), an input card containing NREF=n is followed by
a sequence of records in '"loop limit' format naming the joints. ‘LQQE

limit' format is: jl’ j,» imec, meaning joints jl’ j1+i'nc. j1+2('inc). “==jge

Default for j, is j,. Default for ine is 1.

For example, the following records indicate that the reference
frames of joints 5,6,7,8, 19, 30,32, 34, and 36 are parallel to frame 10,
NREF=10: 5,8: 19: 30,36,2%

The language NREF=-n indicates that the joint reference frame is

eriented as follows:

The 3-axis of the joint frame is parallel to the 3-axis of

frame n

3.1.6-1
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® The 1 axis of the joint frame is perpendicular to the

3-axis of frame-n, as shown below:

3-axis
directed toward
viewer

3.1.6-2
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MREF
3.1.7 BEAM ORIENTATION (MREF')

Each two-node elément has an ""eléement reference frame"
associated with it (see processor ELD discussion). Beam section
properties, stresses, etc., are defined relative to these frames.

The 3-axis of the frame is directed from the beam's origin to its
terminus. Theé origin and terminus are the ends connected to joints

J1 and J2, respectively, as defined in processor ELD. The beam

end points coincide with J1 and J2, unless offset by rigid links defined

via the BRL sub-processor,

Entries in the table produced by MREF ure used to define
the orientation of bearmn axes 1 and 2, Usually a single entry in this
table will apply te many beams. Either of two data sequences may be
selected through FORMAT control, as indicated below.

If F‘OBL{AI:I (default), the data aéquenee defining table entry
k is

k, nb, ng, isign, ¢
The above indicates that ¢ is the cosine of the (smallest) angle between
bearn axis nb and global axis ng. Legal values of nb are ! and 2, and
ng may be 1,2,0r3, The_ parmete: isign resolves a possible ambiguity
by indicating whether the cosine of the angle between beam axis (3-nb) and
global axis ng is positive or negative, with values of +1 and -1 indicating

positive and negative, respectively. Examples are shown below.
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N

nb, ng, isign, and ¢ are nb, ng, isign, and c are
1. 3, "'l. - 1. 1' 31 +l' .l.

In both of the above cases the cosine of the angle between beam axis 1
and global axis 3 is .1, and isign defines the sign of the cosine of the

angle between beam axis 2 and global axis 3,

In about 95% of the cases ¢ ig either 1.0 o7 . 0.

Care should be taken to supply ineaning:ful information. For
example, if beam axis 3 is parallel to global axis 2, it is useless
to state that the cosine of the angle between global axis 2 and beam axis

I (or 2)is zero. (I

In F(LRMAT-*—Z, the data sequence defining table entry k is

k, il, Xp» %y, Xq. |
The above indicates that beam axis orientation is determined by the
location of a 'third peint', located at (%), %5, xs). as illustrated below.
The x's are in rectangular components, relative to any frame defined
in ALTREF. The NREF=n command may be used to switch to frame n

(default is frame 1), anywhere in the input q‘tream.

3.1.7-2 ' | ffa
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) »(xl. X5 x3) -

~ Beam Terminus

Beam 3
Origin

In the above, E,, EB and B are coplanar, and E, is parallel to E; x B,
The input parameter il selects one of four possible beam axis orientations,

as shown below.

E; E2 ' E; Ez
2 n
1 N P |
il=1 | il=2 il==1 2 il=-2 1

The analyst will find both formats 1 and 2 useful. For example,
if rings and stringers reinforce a cylindrical or conical shell, it may be
possible to define the or‘ientaﬁpn éf all of the ring elements with a single
format-1 MREF table entry, and to define the orientation of all of the

stringer elements with one format-2 entry.
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3.1.8 BEAM RIGID LINKS (BRL)
Each entry in the table generated by BRL defines rigid link offsets
fé-r both the origin and terminus of a 2-node element. The data séq‘uem‘:e

on the input card defining the k-th entry in the table is

Kk il xl xl 1 2 2 xZ 2
Il ] 10 z: x3l 33 xla z’ 33

The above data is defined as fcllows.

1 1 1
® X, x;, X3 are the position coordinates of joint

J1 {see ELD discuséion) minus the position
coordinates of the beam origin.

® x° 2 2 . . .. . .
X)s X5, Xg are the positicn coordinates of joint J2

rminus the position coordinates of the bearn terminus.

The x's are always given in rectangular ccordinates relative to reference

2

frames defined by the parameters i.1 andi ., If il=n {positive), it indicates

1 1 1

that x)s X5, Xy are relative to frame n (see ALTREF). If -i1?='-n the

reference frame of xi, x;, x; is shown below.
2

1 1 1 1
) xl. le X3
-~ relative to

P - —f
Frame n 1

Interpretation of x%. xg, xg is controlled similarly by iz.

3- 1' 8"'1
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3.1.9 E21 SECTION PROPERTIES (BA)

BA generates a table of section properties to which reference is
made during definition of type E2] elements in processor ELD. Nine

classes of cross section are allowed.

The first word in each input record is a typeless word (e.g. BOX,

TEE, etc.) identifying the class. A single card defines a table entry,

below.

BOX ko bty byt

TEE k, bl,tl, bz. 1:2

ANG k, bl.tl. by, t,

WFL k, byp.t), by ty, by,t,
CHN kK, byt byt bytg
ZEE k, bp,t), by, t;, bst,

TUBE k, inner radius, outer radius
GIVN k, I'l’al' IZ' oy @y f, fl’ SOy 6
DSY k, 'Ilnals Izt azp a, fg fl (Ga-rd 1)

9 920 93¢ Yyy0 Y120 " 7 " V410 Y42 (card 2)

In the above, k identifies the table entry number. The b's and t's are

cross-section dimensions defined on Figure BA-1,

In all cases the origin and terminus of the beamn {(see discussions

of MREF, BRL, and ELD) coincide with the section ceatroid. For GIVN
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«ih
and DSY sections,

I, 1 Principal moments of inertia, For DSY sections, principal

2 . M s ————————— s =y
axes must coincide with the element reference frame axes.

@) @y Transverse shear deflection constants associated with 1

and I,, respectively. For no shear deflection, set o;

equal to zero.
a= cross=sectional area.

»

f= Uniform torsion constant. For uniform torsion, torque =

Gf x (twist angle/unit length), where G is the shear modulus.
£,= Nonuniform torsion constant; accounting for flange-bending

effects on torsional stiffness, etc.

2):2, Shear center - centroid offsets.

] Inclination of principal axes relative to the element

reference frame {see Figure BA-1). ¢ is in radians,

Use of the above quantities in calculating element stiffness matrices
is discussed ih Appendix B, Items given on the second card defining DSY
sections have the following meahing:

q_ll. 95 Seg»tion shape factor such that maximum shear stress due

to V,, a shear indirection 1, is =V, 4;. q, is similarly
defified. v

a5 Section shape factor such that maximum stress due to

twisting moment T is T;qs.

Yi1* ¥i2 © Location, relative to the element reference frame, of the
i-th peint at which My/l combined bending stresses are to
be computed. Up to 4 such points may be prescribed.

* In the notation of Appendix B,
C = Gf, and . ¥ E
c F Efl



i

&

S
N

Circled numbers identify
locations where bending
stresses are evaluated

Axes of member
lreference frame Principal

Figure BA-1 ZEE
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3.1,10 BEAM 56 x 6 (BB)

BB generates a table of directly specified 6 by 6 intrinsic stiffness
' matrices to which reference is made during definition of type E22 and
E25 elements in processor ELD. Six cards, as indicated below, are

required to defihe one entry in the table.

k, 8,

8211 %22

°31° ®32° 833

Ss1' %520 Sg3* %540 %z
%61’ g2 %63 Tea’ Bes’ %66

In the above, k identifies the table entry, and the s’ij'a are elements

of a symmetric intrinsic stiffness matrix, S, which is defined as follows:
if the terminus (see ELD, MREF, BRL discussions) of the element is

= (-f1 fa f3 m; m, ms)t, and

F
U= (u, u, u, r, r, =t )t
172 73 "1 "2 73°°

In the above, fi’ m,, w, r; = applied force, applied moement, displacement,

and rotation components at the origin. All components are relative to the

element reference frame.

3.1.10-1
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3.1.11 E23 SECTION PROPERTIES (BC)

BC generates a table of axial element section constants to which
reference is made during definition of type E23 elements in processor
ELD. The data sequence on the input card defining the k-th entry in the

table is k,a where a equals the cross-sectiona! area.

3.1.11-=1
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3.1.12 E24 SECTION PROPERTIES (BD)

BD generates a table of plane beam element section properties
to which reference is made during definition of E24 elements in
processor ELD, The data sequence on the input card defining the

k-th entry in the table is
k, A-, Il' ﬂ’lg h' G, qlu

In the above, 11, @, and q, are the same as for DSY sections, as defined
in BA, the E21]1 section property sub-processor. Dimensions h and ¢

are as shown belew, A = cross sectional area.

——p Axig 1 of element
reference frame

3.1.12-1
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3,1.13 SHELL SECTION PROPERTIES (SA)

SA generates a table of shell section propertiés to which reference
is made during definition of element types E31, E32, E33, F41, E42, and
E43, in processor ELD Two formats are available to define table entries.
Material constant table (MATC) entries associated with individual elements
are defined in ELD via the NVAT pagimeter. Applicable entries in the

material constant table must also be iﬂLnﬁiieg during execution of SA,

pe of c,omm_apd _ NMA'I"_E_Q_ ry

_the same !

Two formats are available to define entries in the SA table. If

FORMAT=1 (default), an isotropic section is indicated, and the data
sequence on the single input card defining the k-th entry in the table is
k, thickness.

" FORMAT=2, an aeolotropic section is indicated. Three cards,
containing the data sequences indicated below, are required to define the k-th

: 2O i T

Ty10 Tape

€11’ C12’ Sg90 ©137 Cp3v Cg3 ¥

The trailing items on the first record are stress coefficients, defined
as follows;
Membrane

Bending stresses,  Bending stresaes,

stresses locationa _ . . ocationd
o T s Aar. A = : b

% = N1/Ty o = FiMy % = F;_’M_u

o ) Y Yy

Ty - M2/T12

3.1.13-1 .
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The ¢'s and d's are defined as follows. Where
Nl'l’ sz, and le are membrane stress resultants, L”

¢ 11’ ¢ 22, andy,, are membrane strains,

Mll' Mzza and MIZ are moment resultants, and
kl_l-’ k‘zz. and k=1z atre

azw azw a?"w
-, - =3 and 2 ae—— , reopectivoly.
3 x& dy 3x Ay
For Isotropic Sections
Nllj c” €12 "1,,3-1 €11 cll-czz-Et/(l—vz)
' ' ' Conmc,,(lev)/2
N_ = [e] [ (] e 33 11
22 21 2 23 22 ® ¢
N b2 . €12% €11*
N,. c e, =Y -
J2l | fa2 Tas Y12 €137¢23"°0
_ - o B al [
A. . . ; * ' - =Bed /17 ay? )
Ml] d; dyp 45 | %y, d;,=d,,=Et3/12(1-v2)
d,.=d,, (1-v)/2 .
- 337 %11
Myal = 145 ‘d-z,z 43 ka2 | a1, 4,7
Miz] % Y2 % | e 413747370

All of the above quantities are relative to the element reference frame

(see ELD discussion). Stress resultant sign convention is shown on Fig. SA-1,

It should be noted that subprocessor 8A computes ¢, y's and d,'s for
isotropic sections, based on the material constant data currently resident in library
1. If material constants associated with isotropic sections are subsequently changed,
SA should be re-~executed.

4.
s,
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L10

LTI l 1 =
N

12

~ X

Nyy

N S ] (x)

Element Reference Frame

12

Membrane Stress Resultants Sign Convention

. 2(y)

11
f —»-M,;,

e R B e 1 (x)
Element Reference Yrame

Bending Stress Resultants Sign Convention

Figure SA-1

i ]
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L
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3.1.14 PANEL SECTION PROPERTIES (SB)

SB generates a table of shear panel section properties to which
reference is made during definition of E44 elements in processor ELD.
The data sequence on the input card defining the k-th entry is k.t

where t = panel thickness.

3.1.14+1
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3.1.15 CONSTRAINT DEFINITION (CON)

Any number of constraint cases may be defined, each uniquely
identified by an integer assigned by the analyst. To define constraint
case n, the CON sub-processor may be activated by any of the following
commands. .
CONSTRAINT DEFINITION n
CONSTRAINT= =n
CON=n
Constraint is defined by specifying certain joint motion components
to be either (1) unconditionally equal to zero, or (2) a specified value,
possibly net zero. In the second category, specific values of such

components may vary from one load case fo another. (See Section 6.)

In the following, m=1, 2, or 3 indicates joint displacement in
direction m , relative to a joint reference frame (see JREF). If
m=4, 5, or 6, a direction m-3 roetation component is indicated.

To specify that joint moetion components m,, m,, - = are

2!

unconditionally zere at certain joints; a command in the form

ZERO ‘7'.1' mz, - - =}
is followed by a sequence of records in 'loop limit' format (see JREF)
identifying the joints at which the indicated constraint is imposed. For
example, to et the direction 3 displacement and direction 2 rotation equal

to zero at joints 1,2,3, 17, 34,36, and 38, the following language could

be used.
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ZERO 3,5: 1,3: 17: 34,38,2$ .

To declare joint motion components which will have prescribed
nenzero values, a command in the form
NONZERO mp, my, - -~
is followed by input cards in loop-limit format identifying the affected

joints,

Toe release components erroneocusly constrained, the command

is followed by cards identifying the affected joiuts, as above,

Additional commands, as swnmarized below, can be used to ‘
cause CON to autematically impose constraint to joints lying in global

planes. Each joint ina symmetry or antisym

metry plane must have an

axis of the joint reference frame (see JREF) perpendicular to the plane,

although the other two axes need not be parallel to global axes.

Command | Meaning

SYMMETRY PLANE= n The plane normal to global axis n
is a symmetry plane.

ANTISYMMETRY PLANE:= n The plane normal to global axis n
is an antisymmetry plane.

FIXED PLANE= n All joints in the plane normal to

global axis n are completely fixed.
XZERO= X In processing the above commands,

x is the linear tolerance used to

determine if a joint is in a plane.

Default x is . 0l. {3

3.1.15=2
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Command

RZERO=

r

3.1.15-3
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In processing the above commands,
joints found to be in a symmetry or
antisymmetry plane must have an
axis normal to the plane. The axis
alignment tolerance is r {default
value = , 0001 radians).
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TAB/
JSEQ

3.1.16 JOINT ELIMINATION SEQUENCE (JSEQ)

As indicated in Reference 1 of Section 4, the sequence in which joints are
eliminated during the factoring (reduction) sequence performed in
processor INV significantly affects computer execution time and data
storage requirements, both in factoring and subsequent execution of
procegsors such as S50L and EIG. We expect in the future to provide
seftware which will substantially automate determination of joint
elimination sequences. For the present, however, it is necessary for

the user to perform one of the following.

(1) Carefully study Reference 1 of Section 4 to learn the factors
governing choice of favorable joint numbering sequences. The
rules are less restrietive and in many respects simpler than

those associated with band matrix er wavefront procedures.

(2) Ask the advice of someone familiar with .t-he sparse matrix
selution procedure used in SPAR or in the SNAP program.,
For the infrequent user this is an excellent solution, since
most experienced users can readily identify suitable

gequences.,

(3) Use a numbering sequence which would be appropriate for
a band-matrix or wavefront procedure., This will forego the
opportunity to use the full capability of SPAR's sparse matrix
proce'd.ure, but it is the only altermative to the above. This will
often give satisfactory costs for problems of small to moderate

size,
3.1.16-1
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Several methods of defining the joint elimination sequence are
allowed. The simplest and least automatic is comprised of a sequence

of input cards in string integer format, as illustrated below,

10/13, 8/5, 9%
4, 1/3, 14%

The above implies the following joint sequence:
10, 11: 12: 13: 8: 7- 61 5: 9': 41 ll z.l 31 14-
For regular structures invelving repeating patterns in the joint sequence,

the command

REPEAT n, ine, jmeod
may precede a packet of cards (terminated by another REPEAT card, or by
end of data) defining a list of joints. The effect of the REPEAT card is to
cause jmod to be added to each joint in the list. The list is repeated n
times, with inc added to each joint number upon each repetition.
> For example, suppose it is necessary to describe the following

joint elimination sequence for a structure containing 140 joints:

111, 112, 113, = - = = = 120,
101, 102, 103, = - - - - 110,
131, 132, 133, = = - - - 140,
121, 122, 123, = « = - - 130,
100, 99, 98, = = =« -=~-3, 2, 1.

The above is represented by the following JSEQ input.

3.1.16-2
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REPEAT 2, 20, 100: 11/20, 1/10$

REPEAT 0, 0, 0: 100/1%

The default values of n, ine, and jmod are 1,0, and 0, respectively.
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3.1.17 RIGID MASSES (RMASS)

Two formats a¥e available to define a rigid mass, as indicated below,

If FORMAT=1, the data sequence on each card is

k, M, I, I

k is the joint te which the mass is attached,

2-3 13 » whe re

M = mass, and

Ii = mass moment of inertia about axis i of the joint reference

frame. Note that it is required that the joint referenc

frame be coincident with the principal axes of the rigid

siopenpe

mass, Rigid links and zero-length 2-node elements
are often useful in modeling large rigid masses.
1f PFORMAT=2, the data sequence iz
k, Ml’ Mz, 3’ I’l’ Ig’ 13, where the data has the same meaning as
ahove, except that Mi is the mass effective in the direction of axis 1 of the joint

reference frame,

If a data card in either of the above formats is preceded by the
cormnthand

REPEAT n, j.
the effect of the REPEAT command is to cause the saine mass to be defined
at n joints, k, (k+j}, (k+2j), - ~. A REPEAT command applies only to the

data card immediately following it.

To cause all subsequently defined masses (M, or M1 » M,, and M3)

to be multiplied by p, and to causeé all I's te be multiplied by q, a cominand

L 3.1.17-1
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is given in the following form.

'CM p, q.

1f succéssive CM commands are given, the new values of pandq

replace the previous values,

The cutput data set generated by RMASS is, in effect, a diagonal
mass matrix corresponding to the mass data read from the data cards
defined above. Distributed mass associated with elements is ot
included in the RMASS output. However, if element distributed mass is

negligible, RMASS output can be used as a systern mass matrix by

processors AUS and EIG.

3.1.17-2
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3.2 ELD = ELEMENT DEFINITION PROCESSOR

Fg.nct;gn - ELD translates element definition data from input cards
inte data sets which are readily usable by other SPAR processors. Elements
may be defined singly or through a variety of netwoerk generators, or com~
binations thereofl. An element is defined by specifying (1) the joints te which
it is connected, and (2) pointers to applicable entries in tables of section
properties, material econstants, etc., The tables of section properties, etc.,
are usually generated by the TAB processer. As the ELD input is processed,
checks are performed to detect errors such as references to nonexistent
table entries, joint numbers, etc.; however, ELD does not extract any
data from TAB generated tables. Accordingly, if TAB is subsequently
re-executed to alter values of section properties, joint pesition coordinates,
etc., it is not mecessary to re-execute ELD, provided the connected joint

numbers, table entry pointers, etec., of the eleinents are unchanged.

Alphanumeric names used to identify specific types of elements
are summarized in Table ELD=1. Foermulations on which these elements

are based are discussed in Appendix B.

Name

E21 General beam elements, such as angles, wide
flanges, tees, zZees, tubes, etc.

E22 Beams of finite length for which the 6 x 6
jintrinsiec stiffness matrix is directly specified.

E23 Bar elements having only axial stiffness.

3.2-1
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E24 Plane beam.
E25 Zero-length element used to elastically connect
twe coeincident joints,
E3l Triangular mémbrane, flat, aeolotrepic, using
TM constant-stress formulation.
E32 Triahgular bending element, flat aeolotropic.
E33 Triangular membrane + bending element, flat,
aeclotropic, using TM and TPB7 formulations.
E41 Quadrilateral membrane, flat, aeolotropic,
using QMB5 hybrid formulation.
E42 Quadrilateral bending element, flat, aeolotropic,
using QPBll hybrid formulation.
143 Quadrilateral membrane + bending element, flat,
acolotropic, using QMB5 and QPB1l formulations.
B44 Quadrilateral shear panel, flat, using QMB1 hybrid J
formulation. i
For purpeses of explaining card input, we will consider ELD to be
comprised of an array of sub-processors, one for each type of element.
The function of each sub-processor is to read input cards defining all of
the elements of a particular type. A sub-processer is activated by an
input eard ggj;ta-in"gg the name of the element type. Sub-processors may
be ¢alled in any order. A typical input streain is shown below.
@XQT ELD
43
(Data cards defining all of the 43 elements in the structure)
E21
(Data cards defining all of the E21 elements in the structure) - ’3

3.2-2
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ELD

Execution of each sub-processor results in production of data sets having
the following names (EXY represents the name of an element type, such

as 21, E33, etc.):

DEF EXY = Basic (integer form) element definitions,
GD EXY = Group directory.
GTIT EXY = Group titles.

When a sub-processor is executed, the resultant output data seta replace
all data previously generated by the same sub-processor in any previous

execution. *

Elements of each type may be assigned by the analyst to separate

groups. Within each group, each element has an identifying index number.

The grouping of elerments serves various purposes, which new users wiil
learn with experience. If is almost always best to use many groups.
Definition of the elements in group h is preceded by an input card in the

following form:

GROUP =n' - - - title describing group n - - -, All elements
defined by input cards following such a card belong to group n. Groups
must appear sequentially (group 1, group 2, - =). If no GROUP card appears,
all elements are assigned by default te groeup 1. The order in which individual

element definitions appear following a GROUP card determines the index

numbers they are assigned within the group.

% It is planned in a future release to provide an "'update' mode of operation
allowing deletions, additions, and correéctions to be made.
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Element definition cards have the forms shown below.

Optional

All 2.ncde elements:

I1, 72 " NETOPT, NET(1), NET(2) - - =
Al 3-nede elements:

1, iz, 73 NETOPT, NET(1). NET(2), - -

All 4-node elements:

JL, J2, J3, J4 NETQPT, NET(1), NET(2), - = -

It sheuld be noted that the order in which J 1, J 2 - - appea.r on the element

defmlnon cards is very 1mpertant, since the enentatmn of element

referencé frames is defmed on the ba.s:.s of th:s 1n£ormaman (see F:.g. ELD-1).

Ali_element related qua.-nts.‘faes)‘1 su.ch a.s_shff;ness coeff1c1ents, s_t_:;esses_. etc._,

are relatwe to these reference frames.

N E— [ __ —

element defined by the card. If the optional network operation parameters,
NETOPT, NET(1), NET(2), = -, are given, they result in definition of
additional elemments, in accerdance with specific rules which will be defined

subsequently.

each element depend upen the values of various table reference pointers
prevailing at the time the element definition card appears. These pointers

are summarized below.

3.2-4
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(1)

(2)

(3)

ELD

Table Default |

Pointer Value Associated Tabl

NMAT 1 Material constants, MATC,

NSECT 1 | . Section properties. E44 elements
refer to Table SB. All other 3 and 4=
node elements refer to Table SA.

E21, E22, E23, E24, and E25 refer
to BA, BB, BC, BD, andc BB, respectively.

NOFF 0 Beam rigid link offsets, BRL
(2-node elerhents, only).

NNSW 0 Nonstructural distributed weight, NSW,

NREF 1 Beain reference frame orientation,

MREF (2-node elements other than E25,
only), For E25 elements, NREF points
to an éntry in the ALTREF table.

For 3 and 4<node elements NREF is not
a table entry pomter. Instead, NREF is

' : ] pressure exerts ho force on the
element. If NRE¥=1, positive pressure
acts in the direction of the 3-axis of the
element reference frame (see Fig. ELD-1,
below). If NREF=-1, pressure acts in the
opposite direction.

72

‘kZ

All systems right-hand
rectangular.

Orientation of 1, 2 axes of

2 node elements depends on the
entry in MREF table indicated by
NREF.

For 3, 4~-node elements, J3 liées
in quadrant 1 of plane 1-2.

Figure ELD-1. Element Reference Frames
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An example of the use of the table reference parameters is shown

below,

= NMAT=4

29

"\ _16

o .
e,

- NSECT=8

' .13 /
NSECT=7 — _ 7

NMAT=4: NSECT=7: 29,13: 13,74: NSECT=8; 74,16: NMAT=2: 74,92%

92 "TNMAT=2

ELD also accepts input commands which have the effect of modifying

the data given on subsequent input cards. These commands are summarized .
below. "«“—L[
Command

Add n to all joint numbers.

MOD JOINT= n
MOD GROUP=z n Add n te all group numbezrs.
MOD NSECT= n Add n to NSECT pointers.
MO]? NM.AT: n it NMAT 2]
MOD NNSW= n " NNSW "
MOD NREF:= =n " NREF
MOD NOFF= n ' NOFF "
INC NSECT= =n See below.
I_Nc NMAT= n T it
INC NNSW= n T
INC NREF:= n T
INC NOFF= =n (R
3.2-6 -
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A frequently encountered situation is the one in which a substantial
portion of a finite element model is comprised of a regular mesh, which
can be automatically defined by a mesh genération command, but the
section properties are so nenuniform that it becomes necessary or highly
desirable for simplicity of input preparation to associate with each element
a unigque entry in the section property table. A common example is an air-
craft fuselage, where cutouts, doublers, stiffeners, etc., result in extensive
variations in section properties over a mesh that is topologically and geo-
metrically regular, A similar situation inveolving distributed nonstructural
weight also sometimes occurs; e.g. thermal protection material of varying

of this type.

The INC commands are used to cause the associated table reference
pointers te be automatically inéremented by n as successive elements are
defined. This is especially useful in conjunction with netwerk generation
options, which are defined in detail on subsequent pages. For example,
the element definition cemmand 701, 702, 1,50 causes fifty elements to be
defined, conmecting joint pairs (701, 702), (702,703) - - - - (750,751). If
section property table entries 101,102, - - -150 apply, successively, to

these ¢lements, the following input would suffice.

NSECT= 101: INC NSECT=1: 701,702, 1,50%

conclusion of each sub-processor execution. The MOD and INC commands

are not cumulative. That is, MOD NSECT 7: - = = - MOD NSECT 3: - - is
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ELD

Reset Controls

Core Requirements

ELD rarely requires more than 1500-3000 words of working core

space, regardless of the size of the problem.

Code Release Data

Level 7 (UNIVAC, CDC), July 1974, ceded by W. D. Whetstone.
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ELD

Two-node element network generators.

If NETOPT=1,

NI= NET(l) (default=1),
NJ= NET(2) {default=1),
JINC= NET(3).

Implied sequence:

N1=J1
IDIFF=J2-71
DO 200 J=1,NJ

N2=N1+IDIFF _
Define element connecting node N1 to N2
100 Nl1=N2
200 Nl1=J1 + J * JINC
Example:
J1 J2 Netopt NI NJ JINC
9 12 1 4 2 100
{1
o1z : _
P M 2 @ 15 3 18 4y 2
109 112 115 118 121
- #The order in which the elements are defined is indicated by the numiber
4 :; enclosed in parentheses, The index number identifying elements within

each group are determined by the order in which the elements are defined.
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ELD

Two-node element network generators continued). L,J;

If NETOPT=2,

NI= NET(1l) (default=1),
NJ= NET(2) (default=1},
JINC= NET(3).

Implied sequence:

Nl= J1

IDIFF= 3231

DO 200 J=1,NJ

DO 160 1=1,NI

N2 = N1 + IDIFF (except for closing element, when I=NI)
Define element connecting N1, N2.

100  N1=N2 |
200 N1=J1 + J*JINC

Example:
71 32 Netopt NI NJ  JING
9 12 2 4 2 100 :l,,

109

18 12 118

115
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ELD

Two-node element network generators{continued).

If NETOPT=3,

IINC= NET(2),

NJ= NET(3) (default=1)

JINC= NET(4).
Implied sequence:

Nl1=J1
N2=J2
DO 200 J=1, NJ
DO 100 I=1, NI

Define element connecting N1 to N2

106 N2 = N2 + IINC
N1 = J1 + JINC*J
200 N2 = J2 + JINC*J

Example:
Ji J2
4 37

67.
,/-‘
; (3) -1
, - (1)
/.’. (2) \N‘\\
g ~.

Netopt NI

3.2-11

IINC NJ  JINC
10 2 100



Three-node element network génerators.

If Netopt=1,

NI=  NET(l), |
NJ= NET(2) {(default=1).

Implied sequence;:

HNC= J2.J1
JINC= J3-32

Ni= J1
N2= J2
N3z J3

N4= J3-IINC
DO 200 J=1, NJ
DO 100 I=1, NI
Define element connecting NI, N2, N3
Define element connecting N3, N4, Nl
Nl= Nl + IINC
N2= N2 + IINC
N3= N3 + IINC
100 N4= N4 4+ IINC
Nl= J1 + JINC
N2= J2 + JINC
N3z T3 + JINC
200 N4= N3 -« ONC

Example:
J1 J2 J3 Netopt NI NJ
2 3 103 1 3 2
202, 203 204 208

102 | 1105

ELD



ELD

Three-node element network generators (continued).

If Netopt=2,

NI= NET(1),
NJ=  NET(2) (default=1),
JINC= NET(3).

Implied sequence:

JIINC= J3-J2

N1= J1

N2= J2

DO 200 J=1, NJ

DO 100 I=1, NI

N3= N2 + IINC

Define element conneeting N1, N2, N3
100 N2=N3

Nil=J1 + F*JINC

Example:
Jdi  J2 J3 Netopt NI NJ JINC

2 5 7 2 6 2 30

3.2-13
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ELD

JINC
30

L10
f" Three-node element network generators (continued).
NIz NET(1),
NJ= NET(2) (default=1),
JINC= NET(3).
Implied sequence:
IINC= J3-J2
Nl=J1
N2= J2
DO 100 I=l, NI o
N3= N2 + INC (except closure when I=NI)
Define element connecting NI1,N2,N3
100 N2=N3 -
N1 = J1 + J*JINC
200 N2 = J2 + J*JINC
Example:
J1 J2 J3 Netopt ot d NJ
- 2 5 7 3 6 2
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Four-npde element network generators.

If Netogtzl ,

NJ= NET{2) (default=1),
NK= NET{3) {default=1),
KINC= NET(4).

o

Implied sequence :

INC= J2-J1
JINC= J4-J1
DO 300 K=1, NK
Nl = J1
DO 200 J=1, NJ
bo 160 I=1, NI
N2= NI+IINC
N3= N2+JINC
N4= NI+JINC
Define element connecting N1, N2, N3, N4
100 N1 = NI+IINC
200 N1 = J1+J*JINC
300 J1 = J1+KINC

ELD

Example*:
71 J2 33 14 NETOPT NI NJ NK KINC
2 3 23. 22 1 2 3 2 200
62 63 64 262 263 264
(5) (6} | (11)
. : . 12
42 - _ A 2az | 2431 U2 oy
(3) (4} _
) 3! 9) . 10
22 __“.‘.23 e 2% 222 L _(9) 223_ (, ) 224
L (1) (2) ' (7) (8)
2T T T T T, 202 203 204

*Note: I3 must be present, although not used,
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ELD

Fowr -node element network generators (continued).

NI= NET(1),
NJ= NET(2) (default=1).

Implied sequence:

IINC= J2-31

JINC=  J4-71

Ni= J1

DO 200 J=1,NJ

DO 100 I=1!, NI

N2 = N1 4 HNC _
N3 = N2 + JINC (except closure when I=NI)
N4 = N1 + JINC ({(except closure when [=NI)
Define element comnecting N1, N2, N3,N4

100 N1 = N1 + IINC
200 N1 =J1 4 J*JINC
Example:
71 32 RE! J4  Netopt NI NI
i 11 12 2 2 6 3

3 13 23 33

| (2) (8) (14\
4 __ﬁé 2_ e e 172’”7 i 22 sy mem——— 32

(n (7} 1.:(13)
B e A LT
(6) (12) (18)

6 e 16 S _26 — = 36
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o 3.3 E — E-STATE INTTIATION

Tunctien. For each element in the structure there is an "element

information packet," Depending upon the particular type of element,
each packet usually contains information in each of the following

categories:
(1) General information such as the connected joint numbers,
table reference integers, etc.
(2) Material constants.

{3) Geometrical data, e.g. dimensions, transformation

matrices, etc.
(4) Section property data.
(5) Intrinsic stiffness matrix (or equivalent).
(6) Intrinsic stress matrix (or equivalent).

Processor E cohstructs these packets in skeletal form (omitting the

intrinsic stiffness, and stress data). Input to E consists of:

® All TAB-produced data sets except for rigid mass data,

constraint data, and the joint numbering sequence.
® All data sets produced by ELD.

Output from E consists of two data sets for each element type present.
Where Exx represents the element type {e.g., E21, E22, - - - E31, - -

E4l, E42, etc.), the output data sets are

3.3-1



() Exx= all element information packets for element type

(2) DIR Exx = an associated directory.

In addition, a SYSVEC-format data set named DEM is produced. This data

set is a system mass matrix in (lumped mass) diagonal form. DEM includes only
the mass associated with elements and any distributed nonstructural mass attached
to elements. Only displacement-dependent terms are included (i.e., rigid link

offsets, if any, are ignored , and rofation—dapendent terms are not included).,
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RESET Controls.

Default

Name Value Meaning

BLIB 1 Library containing all input data sets.

ELIB 1 Destination library for all output data sets.

LZERO . 001 Used to detect identically zero lengths.

WARP . 001 Test for allowable warp of quadrilateral
elements, such as E4l, which are reguired
to be flat. Warp is defined as Z/L, where Z
is the distance from the fourth node te the
plane of the first three nodes, and L is the
distance between nodes 1 and 2.

RCH . 0001 Where R is any 3 x 3 E;thoganal trans -
formation, terms of R 'R must equal the
identity matrix, within a tolerance of RCH.

G 1. Gravitational constant used in construecting the

system diagonal mass matrix, DEM,

Core Requirements. It is rarely necessary to allocate more than abeut

20, 000 words of working core space for execution of E. Requirements
vary from preblem to problem depending upen the size of the TAB-
generated tables. All of the geometry, material constant and distributed
weight tables are held continmeusly in core during execution of E. As
packets are formed for each successive element type, the as sociatéd
section property table is loaded info core. In addition to the above,
about 1000 words should be allowed for input of the basic element
definition data sets from ELD, plus 5000-10000 words to serve as an

output buffer for the element information packets.

Code Release Data. Level 9 (Univac), July 1975, coded by W. D. Whetstone.
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EKS

3.4 EKS - ELEMENT INTRINSIC STIFFNESS AND STRESS MATRIX
GENERATOR

Function. Based on the dimensions, section properties, etc., currently
embedded in the element info rmation packets originated by processor E,
EKS computes intrinsic stifiness and stress matrices and inserts them

inte the packets.

Default

Name Value Meanir

ELIB 1 Library containing the element information
packets.

TIME 0 Nonzero value causes printout of intermediate
CP and wall clock times.

GAZERO 10, =20 Zero-test parameter, (beam area) x {shear
modualus},

ClZERO 10, -20 Zero-test parameter, béeam nen-uniform
torsion constant.

Core Requirements. EKS requires only a buffer area through which

element information packets are transmitted. About 5000-15000
locations are usually suitable. IO counts will vary in inverse proportion

to core space,

Cede release data. Level 7 (Univac, CDC), July 1974, routines

QMB1l, TM, TPB7, QMBS5, QPBl1 ceded by C. L. Yen, all others
ceded by W. D, Whetstone.



éectlon 4
SPAR-FORMAT SYSTEM MATRIX PROCESSORS

Six processors are di‘rectlyr associated with the assembly, factoring,
and display of SPAR-format system matrices. They are TOPO, K, M, KG, INV,
and PS, Figure 4-1 illustrates the data exchange involved in execution of these
processors, This figure should be carefully analyzed before the remainder of this

section is read,

For a discussion of methods of combining system matrices (e.g., K +Kg,
K - CM, adding rigid mass data to CEM or DEM, etc.), see the SUM subprocessor

of AUS.

Reference 1 presents a procedure for solving high-order systems
of linear equations of the kind which occur in displacement-method finite
element analysis. The system stiffness matrix i5 regarded as an array
of submatrices, each submatrix corresponding to the connection of one
joint te another. Each submatrix is n by n, where n is the number of
degrees of freedom at each joint, Fér general shells and frames, n = 6
(three displacements, three rotations); for a plane frame, n = 3 (two
displacements, one rotation); etec. Tﬁe only nonzero submatrices in a
system stiffness matrix are those corresponding to pairs of joints con-
nected by elements. Accordingly in all but the smallest finite element

4-1
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models only a tiny fraction of the submatrices are nonzero - usually less
than 1%. The charaeteriziz{g éeature of the procedure described in

Ref. 1 is that it operates exclusively with data contained in the nonzero sub-
matriees, virtually eliminating the unessential arithmetic (multiplying, adding
zeros) and wasted data storage (storing zeros) associated with conventional band

matrix techniques.

Originated in the early 1960’5;&!11‘3 method was first applied in a series
of large capacity frame analyzers, and later in the SNAP series (e.g., Ref. 2)
of finite element network analyzers. SPAR uses essentially the same procedure,
except for certain differences in the order in which certain of its phases are per-
formed. SPAR users should become familiar with Ref. 1, especially with regard
to the effeets of joint numbering sequénce on execution costs and data storage

requirements.

ge_f'g_r_e nees

1. Whetstone, W. D., "Computer Aralysis of Large Linear Frames,"

J. Struct. Div., ASCE, Nov. 1969.

2. Whetstone, W. D., "Structural Network Analysis Program Users Manual,

Static Analysis Version V70E, " LMSC-HREC D162812, Lockheed Missiles

& Space Company, Inc., Dec. 1970,



TAB/CON

Constraint Definition,
CON ncon

Joint Elimination Factored System
Sequence, JSEQ Stiffness Matrix,
INV K ncon
(INV s also used to
factor other SPAR=
format matrices.)

Topological
Array AMAP

Topological
Array KMAP

Basic Element
Definitions

Assembled System
Stiffness Matrix
K BSPAR

Assembled System
Consistent Mass
Matrix, CEM SPAR

- Assembled System
Initial Streas
(Geometric) Stiffneas
Matrix, KG SPAH

*E-state contained in Eij EFIL data sets.

Fig. 4-1 Assembly and Factoring of SPAR-Format System Matrices
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TOPO

4.1 TOPO — ELEMENT TOPOLOGY ANALYZER

Function., TOPO analyzes element interconnection topology and creates
two data sets, KMAP and AMAP, KMAP is used by processors K, M
and KG to guide assembly of system stiffness and mass matrices in tiie
SPAR standard sparsc-matrix format. AMAP is used by processor INV

in factoring system matrices. Input data sets are:

& All basic element definition data sets generated by processor ELD.
¢ JSEQ, the joint elimination sequence, generated by TAB sub-
processor JSEQ. If JSEQ is not present, serial elimination sequence:

1,2,-=-, is agsumed.

Default

Name Value

BLIB 1 ‘Library containing all input data sets

HLIB i Destination library for KMAP

ILIB 1 Destination library for AMAP

LRKMAP 896 KMAP bleck length

LRAMAP 1792 AMAP block length

PRTKMAP 0 Nonzero value results in printovt of
topological data during generation of
KMAP,

PRTAMAP 0 Same as above for AMAP,

MAXSUB 1000 Masximum allewable value of size index
I (see Ref, 1, Sec. 4).

ILMAX (nore) Maximum joint comnectivity to be permitted

in allocating space for topological tables,
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TOPO

Core Requirements. Core space requirements for TOPO are not

easily defined because they depend on the number of nodes, element
interconnection topology, and the joint numbering sequence prescribed.

The working core required is not often greater than

30004 2% F + 4% IZ, where
J = the number of joints, and

I = maximum joint connectivity.

Code Release Data. Level 9, July 1975, coded by W. D. Whetstone.
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g 4.2 K~THE SYSTEM STIFFNESE MATRIX ASSEMBLER

Function. K assembles unconstrained system stiffness matrices
in the standard SPAR sparse-matrix format. Input consists of the
following:

® The element information piackets produced by processors E

® Topological information contained in data set KMAP
prodiced by processor TOPO.

® Certain minor directory information generated by
processors TAB and ELD.

The output is a data set named K SPAR, the unconstrained system

stiffness matrix,

Default

Name  Value  Meaning

BLIB 1 Library containing TAB, ELD output.

ELIB 1 Library contaihing element information
packets,

HLIB 1 Library conta.mmg data set KMAP, produced
by TOPO.

OUTLIB 1 Destination library for output data.

LREC 2240 Block length of output data set.

SPDP 1 - Value of 2 causes output to be generated in

double precision, .

st

%‘mﬁi
Y=
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gquirements, It is rarely necessary to allocate more than 10000 — 20000

Core K

locations. Space i8 required to concurrently acoommodate the following:

® One block of KMAP

o One block of K SPAR

® A core pool area in which intermediate results are held during
assembly of the system matrix. Specific requirements depend
on element interconnection topology and the joint numbering

- sequence. Required space will be equal to KSIZE (as printed

by TOPO) multiplied by the square of the number of degrees of
freedom per joint.

Code Release Data. Level 9, July 1975, coded by W. D. Whetstone.
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4.3 M- SYSTEM CONSISTENT MASS MATRIX ASSEMBLER

Function. M assemblies unconstrained .systam consistent mass matrices,
considering only the structural and nonstructural distributed mass asscciated with
the elements. Rigid link offsets are ignored by this processor. The nb.:herof'the '
output data set is CEM SPAR, | |

The SUM command in AUS can be used to add rigid mass data (e.g., via
TAB/RMASS) to CEM, if required. | |

M requires the same input data sets as K, and has identical ivor}dng core

requireménts .

RESET Controls. Reset controls are the same as for processor K,* plus the

following:
Default

Name Value ~ Meaning

G 1. Constant used to convert element distributed
"weight'' to mass., For example; if distributed
weights were given in lbs/in and lbs/ in“, and 3
material gpecific weights were given in lbs/ in?,
one would normally reset G = 386., depending
upon the planned use of CEM SPAR.

IBEAM 0 Any nonzero value will cause all beam rotatory

‘ ineftia terms, both lateral and torsional, to

be ignored.

INERT 0 Any nonzero value results in assumption of

lmearly varying lateral displacement fields

in calculating mass matrices for all elements.
That is, beams are treated as axial (bar)
elements, shell eléements are treated as

(continued on next page)

*Except that ZdOuble-.-pree,ision output is not allowed.




RESET Controls, continued

Default
Name Yalue
membranes, etc. This often is an excellsnt
approximation, and requires only a2 small
fraction of the CP time used in the default
mode. '
Code Release Data. Level 7 (Univac, CDC), July 1974, routines M33, M34, M63,
and M64 coded by C. L. Yen, all others coded by W. D. Whetstone.
(¥
e
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KG

4.4  KG-—SYSTEM INITIAL STRESS (GEOMETRIC) STIFFNESS MATRIX
ASSEMBLER

Function. KG assembles unconstrained system initial-stress (geomet-
ric) stiffness matrices, Kg ' ip the standard SPAR sparse matrix format. Kg
will be based on the stress state eurrent—ly embedded in the E-State (EIJ EFIL
data sets), as computed by GSF. Rigid link offsets are ignored by KG. The out-
put data set is named KG SPAR. Required inﬁut data sets are the same as for

processor K. Core requirements are the same as for K.

RESET Controls, Reset controls are the same* as for processor K, plus the

following:
v Default
Name Value  Meaning
IKG2 0 Any nenzero value results in all beams being
treated as though they were axial elements *
(bars) in computing Kg.
N IKG34 0 Any nenzero value results in all shell elements
1. being treated as though they were membranes
in ecomputing Kg.
IZERO 10. -10 Zero-test parameter used to detect identically~
zero beam moments of inertia.
AZERO 10. ~10 Zero-test parameter used to detect identically-

zero cross-sectional areas of beams.

Code. Relg_a_jdae Data, Levei 7 (Univac, CDC), July 1974, routines GTM, GQM,

GTP, GQP coded by C. L. Yen, all others coded by W. D. Whetstone.

*Except that double-precision output is not allowed.
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4.5 INV —- SPAR FORMAT N‘IATRIX DECOMPOSITION PI}OCE‘SSOR
Function. INV factors assembled system matrices in the SPAR

standard sparse matrix format, using a procedure essentially the same

in principal as the one outlined in Ref. 1, Sec. 4. The following input

data sets are required.

@ An unconstrained assembled system matrix, such us

K SPAR.

® A constraint definition, such as CON 1, pr»duced by the
CON sub-processor of TAB.

® Topological information contained in data set AMAP
produced by processor TOPO. ’

R
.-
Output consists of a factored systérn matrix having the name INV XXXX n,
where
XXXX = the first word of the name of the input stiffness matrix, and
n = an integer identifying the constraint case,
' For example, if K SPAR is factored using constraint case 1, the
output is INV K 1,
Default N
KLIB 1 Library containing input system matrix.
KILIB 1 Destination library for INV output,
N ILIB . Library containing tepological data set AMAP,
ﬁé Default is the library containing the matrix to be
factored.
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INV

Default
Name Value
K K
CON 1
L&A 3584

DZERO .00001

Single precision matrices are factored in single precision. INV uses double
precision arithmetic in factoring double precision matrices, then truncates the output

First word in name of input data set. Typical
RESET actions are K= K+KG, K= K+KA,
K= K+CM, etc.

Integer identifying the constraint ¢ase to be used.
This data set must be resident in library 1.

Ouput data set block length.
Zero-test parameter used to detect identically zero

diagonal terms during factoring of the system
matrix.

data set to single precision.

Use the ONLINE=2 statement to obtain printout of joints/ components

where negative diagonal terms ocecur during £actoring

] quirements.

Where

J = the number of joints in the structure,

L1 = block length of input matrix,

Lé = block length of output matrix,

Ly = block length of AMAP, |

m = 1 if factoring in single precision, 2 if in double precision,

n = number of degrees of freedom per joint (usuaily 3, 4,5

or 6), and

core required ié

J+L3+m(L1+L2+n I)

4.5-2
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I_ = the size index (Ref. 1 Sec. 4) of the structure, the minimum
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INV

Univac 1108 CPU Time Estimation.

TOPO prints the value of the _co_st index ‘01 (Ref. 1, Section 4), associated
with the selected joint numbering sequence. Where n is the number of degrees of
freedom per joint, the number of inner product operations performed by INV is
approximately N = n3 x Ic-l . The Univac-1108 time required to execute INV is
C x N. Approximate vailués of C, in U-1108 cpu microseconds, are tabulated

below,

Singie Precision Double Precision
Execution Execution
= 6 8.0 | 12.4
n=3 10.4 15.3

Code Release Data. Level 9 (Univac, CDC), July 1975, coded by W. D. Whetstone.
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PS

4.6 PS —SPAR FORMAT MATRIX PRINTER

Function. SPAR-format matrices and factored SPAR-format matrices
are printed by this processor.‘ The user is cautioned that factored matrices
usually contain a very large amount of data and should not normally be printeld.
PS does not have special RESET controls. Its aectivity is controlled by the

fellowing commands, which may appear any number of times within a single PS

execution:
Command Meaning
Lib=" nlib Source data is in library nlib {default = 1).
J=

Jyrdy Print data for joints iy through iy

N1,N2,n3,n4 Print data from the named data set.

When printing factored matrices (produced hy INV}, the ONLINE state~
ment may be used to further restrict the amount of printout. Set ONLINE= 0
to obtain only censtraint and topologieal information. Set ONLINE= -1 to obtain

only constraint information.

Core Reguirements. Data space is required for one block of any data set printed.

Code Release -Da:t_;_;.' Level 9, July 1975, coded by W. D. Whetstone.
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Section 5

UTILITY PROGRAMS

The following utility programs are described in this section:
e AUS = Arithmetic Utility System, This program performs an array

of functions in the following areas:
(1) Matrix arithmetic,
(2) Construction, editing, and modification of data tables (e.g.,
applied loading).
(3) Operations related to substructure analysis,

e DCU = Data Complex Utility. The following are typical DCU

functions.
(1) Display of library tables of contents.
(2) Data transfer (e.g. ., library to library, sequential file to
library, library to sequential file).
(3) Enabling and disabling of data sets.
(4) Changing data set names.
(5) Printing data sets.
(6) Storing/retrieving libraries on tape.
® Y.Pnt_zlﬁe_ctor__l?nintar. This program is used to edit and display
any data sets in SYSVEC format (e.g., eigenvectors, static dis-

placements, reactions, nodal load vectors).

219
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AUS

5.1 AUS — ARITHMETIC UTILITY SYSTEM

Function, AUS subprocessors are summarized in Table 5-1 aceording to
their functional categories, Detailed information about individual subprocessors
is contained in the remainder of thie section.

It is mandatory that Library 1 econtain the data set JDF1 produced
as a result of the START command in TAB. Any SYSVEC data set or SPAR-
format matrix operated on in AUS must correspond to the JIF1 data set
present in Library 1. This is true even if the data set is present in a
Library other than Library 1.

Res.et Controls

No special RESET controls are provided.

Requirements

Specific core requirements are defined for individual subprocessors.

Code Release Data

Level 9 (UNIVAC), June 1975, coded by W. D. Whetstone.
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AUS

General Data Set

INLIB
OUTLIB
DEFINE
ZERO
FIND

SuM TABLE

PRODUCT SYSVEC
UNION ELDATA
XTY ALPHA

XTYSYM

XTYDIAG

NORM

RIGID

RECIP

SQUARE

SQRT

RPROD

RTRAN

RINV

5.1-2
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AUS

5.1.1 Miscellaneous AUS Commands
The following statements designate the primary data source and destina-

tion libraries, respectively:

INLIB= Source library (default =1)

OUTLIB= Destination library (default=1)

The above statements may be used repeatedly during a single AUS execution, if

different libraries are to be used.

The DEFINE statement i8 provided to permit the use, in certain sub-
processors, of single-word (alpha) names to identify specific data sets or portions

of such sets. The meoest general statement form is as follows:

DEFINE X= Lib N1 N2 n3 n4 k, k

1 ™2

The above statement means that tlie short-form name X (any alpha word) will refer
to a data set, named N1 N2 n3 n4, contained in library Lib. For muitibloeck
data sets, the optienal pa-raméterﬂ k1 and ﬂk2 indicate that X consists only of

blecks kl through kz. If kl and k2 are omitted, X is the entire data set.

The Lib parameter may be omitted; in which case the indicated data set is
in the primary data source library established by the last INLIB statement. I the
k i and k2 parameters are not needed, it is permissible to omit trailing words
of the data set name, provided they are not needed for unique identification of the

data set (i.e. , omitted trailing words are MASK-filled).
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AUS

As an example, suppuse the data set VIBR MODE 10 1 contains 5 blocks,
[Ul, U, U3' Uy U5]. To identify [U2 U3 U'4] by the short=form name VA, the

following statement would be used: -
DEFINE VA= VIBR MODE 10 1, 2,4$

It should be noted that the DEFINE Statement does not cause production of
a data set. INLIB statements have no effect on definitions established in preceding
DEFINE statements. For example:
INLIB= 4: === «=ww; ===
DEFINE V7= VIBR MODE 7
INLIB= 2

MV7= PRODUCT(M,V7)

In the last statement, V7 is understood as being in library 4 (not 2), although
M would be in library 2, unless otherwise indicated by a DEFINE M= ==

statement.

The following is permitted:

DEFINE X= A

DEFINE X= C D (supersedes preceding DEFINE X= VA)V

A maximum of 50 distinet shars form names may be DEFINE] .

5.1.1~-2
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The command ZERO=e defines the current value of a zero-test parame-

ter, e, that is used in connection with several functions. The default value of e is
20 |

1,0x 10°°,

'I-‘_he statement FIND Lib N1 N2 n3 n4 is used, primarily in interactive
operation, to obtain a quick look at portions of library tables of contents. The
resulting printout is similar to that produced by a DCU/TOC; however, all qualify=
ing data sets in Lib are printed, if any parts of the data set name (N1 N2 n3 n4)
are MASKed. Any omitted trailing words of a data 8et name are MASK-filled; i.e. ,
FIND 1 X is equivalent to FIND 1 X MASK MASK MASK. For example, all SPAR- .

format matrices in library 3 would be located by the statement FIND 3 MASK SPAR.

5.1.1-3
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5.1.2 General Arithmetic Operations

Table 5.1.2-1 summarizes commands in this category. All are in the follow-
ing form, except where specifically mfed otherwise.

Z= Oper( ¢ X,, ¢, X,,=--)

where Oper is one of the operation names, such as SUM, PRODUCT, etc., and the
X;'s are short-form names identifying source data. If a short-form name X has
not appeared in a DEFINE X= ... statement, it is assumed that X is a data set
named X MASK MASK MASK that is contained in the current primary data source
library identified by the last INLIB statement. The c,'s are floating -point

constants which may be omitted (default is 1,0).

The data set produced as a result of the command will be stored in the
current destination library designated by the last OUTLIB command. The name of

the output data set will depend on the form of Z , as summarized below:

Form of Z | Output Data Set Name
N1 Nl Aus 1 1
Ni N2 NI N2 1 1
N1 N2 n3 Nl N2 n3 1

Ni N2 n3 n4 Nl N2 n3 md

5.1.2-1
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In the following discussions of individual operations, it will be convenient to

use the abbreviations listed below to identify specific types of data sets:

Abbreviation  Kind of Data Set

Ss Single-precision SPAR format system matrix (e.g.
K SPAR, formed by K in default mode).

DS Double-precision SPAR format system matrix (e.g.
K SPAR. formed in double-precision mode).

D Diagonal system matrix, e.g. the diagonal mass
matrix produced by processor E. Such data sets
are stored as single veciors in SYSVE(C format;
i.e., D is a special case of V below.

v System vectors in SYSVEC format, e.g. VIBR MODE

3 2.
R Single block rectangular matrix,

No. of rows = (NI*NJ)/NJ . _

No. of cols. = NJ l See Secttons 2.2, 2.5
A Any single or muitiblock data set containing all _]:f’

floating point data.

LT

1o t

é Cg
e’
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Z =X + Y (system matrices)
Z = X Y (system matrices)

2= xtY. symmetric

Z = XtY diagonal

System vector renormalization
Rigid body motion vectors

Each element z = 1. /x

Each element z = sign{x) [Tx |

F:;é’f“;"l .
Table5.1.2-1 Summary of General Arithmetic
Command Forms * Mea
7= SUM(X,Y)

Z= PRODUCT(X,Y)
Z= UNION(X, .X,,---)
Z= XTY(X,Y) 2 = x'y
Z= XTYSYM(X,Y)
Z= XTYDIAG(X.Y)
Z= NORM(Xp]lk:V)
Z= RIGID(j)
Z= RECIP(X)
o

Z= SQUARE(X)
Z= RPROD{X.Y)
Z= RTRAN(X)
Z= RINV(X)

Z= LT0G(X)

Z= GIOL(X)

sgi
el

ot

,'éﬁ

Each element z = xz

Z = X Y (rectangular matrices)
7 = x* (rectangular matrices)

7z =x"1 {square matrices)

Converts system vector components from
local joint reference frames to global

Complement of LIOG

5.1.2-3
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'5.1.2.1 SUM. The general form of the command is as follows:

Z= \- SUM(OX X, cy Y)

This statement means that the output data set Z is ¢, times X added to Cy times
Y. Komitted, o, and o default to 1.0,
in Z= SUM(P,Q,R), R would be ignored. The type of Z depends on the type of X

Onl  two_data sets may be combined; i.e. ,

and Y, as shown below (dashes indicates illegal operation).

X type{  Z type

The following limitations must be observed:

(1) I X and ¥ are types S8 or DS, they must have béen formed on the
basis of the same KMAP data set from processor TOPO.

(2) A type D matrix must be based on the same number of system joints as
any D, 88, or DS data set with which it is combined. ’

(3) Two type A data sets must have the same block length (NI*NJ), and the

same number of blocks. For example,
" DEFINE A=STATDISP 1 1 4,6 (2 blocks)
DEFINE B= STAT DISP 2 1 9,10 (2 blocks)
DEFINE C=STATDISP 3 1 5,9 (5 blocks)
2= SUM(A, B) is legal | |
2= SUM(A, C) is not legal *

5¢ 1--2'- 1"1
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SUM
a@ Examgies,.
K+KG= SUM(K, 4.7 KG) System stiffness matrix including effects
) of prestress. '
Ml1= SUM( RMASS, DEM)  Diagonal system matrix composed of rigid
' mass data plus the lumped-mass equivalent
of all distributed element mass.
M2= SUM( CEM, RMASS) SPAR-format consistent mass matrix, plus
rigid-mass data.
K24= SUM(K, -24000, M) Shifted stiffness matrix to be used in EIG

to compute eigenvalues near 24, 000.

Core Requirement. One block of X plus one block of Y.

(i
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5.1.2,2 PRODUCT, The general form of the command is as follows:
Z= PRODUCT( c, X, ey Y)
This statement means that Z is ey times cy times X post-multiplied by Y. In

standard applications, X isoftype S, DS, or D, and Y isof type V. Z will have

the same number of blocks (vectors)as Y.

Example. Construct inertia force vectors due to rigid-body acceleration. The com~
mand R= RIGID{j) would result in production of a 6~block data set containing system
~ rigid-body motions in SYSVEC format. Where M is the system mass matrix,

MR= PRODUCT( M, R}
would produce a 6-block data set, in SYSVEC format, containing inertia force

vectors due to unit rigid-body accelerations.

In addition to the above, PROD can also be used te perform element-by-
element multiplication of data sets, provided that X and Y have the same block

length (NI*NJ), and both contain only real data, Where:

" the ith element in the first block of X,

X; =

1

Yij = the ith element in the jth block of Y, and
%3 = the ith element in the jth bleck of Z,

%y T Xy

Core Requirement. One block eachof X, Y, and Z.

5.1.2.2-1
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UNION
5.1.2.3 UNION. The general form of the command is as follows:
Z= U=Iﬂl"l0N(c1 Xl, Cy Xpy Cg X3. -—-)
This statement means that Z is formed by concatenating ; Xl, Cq Xz, ——— If

omitted, the ci'a default to 1.0, The only conformability requirements are that
(1) the block lengths of all xl'a be identical, and (2) the ci's must not be used
if the x_i's are not veal. It is permissible for the X;'s to be of integer or alpha
type. Z= UNION( ¢ Xl) is permitted.

Example. Collect eigenvectors from several data sets into a single set.
DEFINE V1= VIBR MODE 1 1 1,7
DEFINE V2= VIBR MODE 2 1 3,5
DEFINE V3= VIBR MODE 3 1 2,6
S V= UNION( V1, V2, V3)

It should be noted that V contains 7 + 3 + 6 = 15 eigenvectors (blocks).

Example. Form a new array of case titles from parts of several existing arrays.
DEFINE T1= CASE TITLES 1
DEFINE T2= GASE TITLES 2 MASK 1,4
DEFINE T3= CASE TITLES 3 MASK
CASE TITLES 123 1= UNION( T1, T2, T3)

_(;J;o;'é, Requirement, One block of Z.

e

¢
WE

5- 1._2! 3"1



Aus/
XTY
XTYSYM
XTYDIAG

5.1.2.4 XTY, XTYSYM, XTYDIAG. The general form of the XTY command is W
as follows:
Z=XTY( c, X, Cy Y)

This statement means that the output data set Z is Cy times c_ times the trans-

pose of X post-multiplied by Y. X and Y may contain any number of blocks.

but only one_column per block (e.g., SYSVEC format). The block lengths of X and
Y must be identical. Z will be a single block of length NI*NJ where NI and NJ

are the number of columns in X and Y, respectively.

The operation XTYSYM may be used instead of XTY if it is known in
advance that XtY is symmetric. The XTYSYM operation requires about half the
execution time and I/0 activity of XTY. If XTYSYM isused, X and Y must have
the same number of blocks. Zis in a single block containing z,,, Z;,5, 295 24

Zogr Zagr T

The XTYDIAG command is in the same form as XTY, The output produced
is a single block of length NI, where NI is the number of blocks in both X and Y.
The ith element of Z is Cy times cy times the vector inner product (x: yi). where

x, = the ith column (block) of X, and ¥ = the ith column (block) of Y.

5.1,2.4~1 =



. \f _J'}

i
&

AUS/

XTYSYM
XTYDIAG

In the following examples, it has been assumed that the following shorti-form

names have been established:

K = gystem stiffness matrix
M = system mass matrix
. U = an array of vectors in SYSVEC format
Example., Form reduced system mass and stiffness matrices, v'MU and UtKU,
respectively.
MU= PRODUCT( M, U/): UTMU=XTYSYM(U, MU)
KU= PRODUCT( K, U): UTKU= XTYSYM( U, KU)
Example, Where U contains vibrational eigenvectors not equally normalized, compute

a vector of generalized mass terms, GM.

MU= PRODUCT( M, U): GM=XTYDIAG( U, MU)

Core Requirement. Minimum of one block of X plus one bleck of Y.
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5.1.2.5 NORM. The general form of the command i8 as follows:
Z= NORM( X, j, k, V)

X must be in SYSVEC format; j and 'k must be integers; and v must be real, I
the optional parameters j,k, and v are given, the ith vector (block) of Z will be
clx!, where x' = the ith vector (block) of X, and ¢ =v divided by the term of

x1 corresponding to joint j, component k.

if j,k, and v are omitted, ci is the reciprocal of the largest (magnitude)

term in xl.
Example, Re-normalize a set of eigenvectors U so that the value of the direetion=2
displacement at joint 420 is 1000.

NEWU= NORM( U, 420, 2, 1000. )

Example. Renormalize U to unit maximum values.

.UNIT= NORM(U)

Core Requirement. One block of X.
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RECIP
SQRT
SQUARE
5.1.2.6 RIGID. The general form of the command is as follows:

Z= RIGID({)

Z will be in SYSVEC form, containing six vectors (blocks) that define rigid-body .
motion of the system. The first three blocks correspond to unit translations in
global directions 1, 2, and 3. The second three blocks correspond to unit rotations
about axes parallel to the global frame, passing through joint j. If the integer }

is omitted, a default value of 1 is assumed.

Core Requirement. 18 times the number of joints in the structure,

5.1.2.7 RECIP, SQRT, SQUARE. These commands apply to single or multiblock
data sets comprised entirely of real data. The output, Z, will be in the same form
{(block length, number of words, etc.) as the input, X. In the following definitions,

z and x, are the ith elements of Z and cxx, respectively.

Z= RECIP( c X) indicates z, = 1.0-/x1-

Z= SQRT( ch) indicates z = (sign of xi) Vv |xi|

Z= SQUARE( c_X) indicates 7, =x_.

The zero-test parameter established by the last ZERO= e statement (see Section
5.1.1) is used to avoid error stops in RECIP and SQRT. In these operations,
2, =X; if the magnitude of X i8 less than e.

Core Re,guir.emgnﬁ:, One block of X.
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RPROD

RTRAN

RINV

5.1.2.8 RPROD, RTRAN, RINV. Each of these commands applies only to single~
block real data sets, interpreted as ordinary rectangular matrices. The output, Z,
will be a single-block real data set. In the following definitions, X and Y may be

replaced by ¢ X and cyY, if desired.

Z= RPROD (X,Y) indicates Z= XY.
Z

RTRAN(X) indicates Z- x%,

RINV(X) indicates Z= X .

n

Z

The usual rules of conformability apply to RPROD, and arguments of RINV must be
square, Following is a tabulation of error codes produced by the subprecessor which

handles these operations.

Code Error
1 X not rectangular
2 X not real
3 Y not real
4 Y not rectangular
5 X, Y not eonformable
for multiplication (RPROD)
6 X net square (RINV)

Core Requirements, Data space requirements are as follows:

@ For RPROD, the sum of the number of words in X,Y . Z.
® For RTRAN, twice the number of words in X,

e For RINV, n 4 n, where X I8 nXxn.

5.1.2.8+1
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5.1.2.9 LTOG and GTOL. The form of the LTOG command is: i oF

Z= LTOG(X)

The source data set, X, must be in SYSVEC format. The output,
Z, will contain joint motion (or force-moment) components
relative to the global frame. The complementary operation is
performed by GTOL; that is Z= LTOG(X) followed by Y=GTOL(2)
would produce a data set Y identical to X.

These commands may not be used if any joint motion components
were excluded via the START command in TAB; that is, the SYSVEC
vectors must contain 6 degrees of freedom per joint.

:’,\.’u...x\
o’

?» /
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5,1.83 Data-=Set Congtructors

Several kinds of data sets may be generated or modified by the TABLE, SYSVEC,
ELDATA, and ALPHA subprocessors. Examples are summarized in the following
tabulation:

Subp rocessoy

TABLE TABLE.* Examples: Nodal pressures, tempera-
tures, and TAB-produced tables,

Kind of Data Set Produced or Operated On

SYSVEC SYSVEC.* Examples: System vectors of applied
forces, motions, and eigenvectors.

ELDATA ELDATA.* Examples: Element-applied load data, e.g.
pressures, temperatures, and dislocations,

ALPHA ALPHA.* Examples: Arrays of alpha character
strings used as load case titles, or to describe
eigenvectors.

In the following, XXXX is any of the subprocessor names: TABLE, SYSVEC, ELDATA,
or ALPHA, To initiate production of a new data set named N1 N2 n3 n4, the
following language sequence is used:

XXXX ( optional parameters): N1 N2 n3 n4: =-data cards ---

To initiate modification (updating) of an existing data set, the following language is

used:

XXXX, U(optional parameters): N1 N2 n3 n4: -- data capds ===

*See Section 2.5.
5.1.8-1



The output data set, N1 N2 n3 n4, is resident in the current data destina-
tion library defined by the last OUTLIB Statement, If omitted, N2, n3, and n4
assume default values of AUS, 1, and 1,

The following characteristics of the Oper, U (update) mode of operation are
noted:

¢ The data set is actually overwritten in mass data storage, rather than
modified and stored in 2 new area.
o Existing data sets must net be extended (i.e., additional blocks cannot be

appended in this mode of operation).

The following example input indicates a typical application of a data set constructor.
In this case SYSVEC is used to create a data set, named APPL FORC 88, comprised

Ty
| {:
of two blocks. The first block defines load case 1 of static load set 88; and the second =
block defines case 2 of set 88.
@XQT AUS
SYSVECS . Enter SYSVEC
APPLIED FORCES 88% Name of output data set.
CASE 1% '
I= 2, 3¢ Direction 2 and 3 forces,
J=17,9% List of joint numbers,
7.2 1.3% fg, f3 at joint 7.
8.2 8, 3% " n 8.
v 9.2 9.38% nom 9,
CASE 2% _ _
I=1: J=10: 14,68 f, at joint 10.
=3 J=7: 19.2% f3 at joint 7.
']}

5.1.3-2
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Many examples of SYSVEC, etc., input are given in Section 6. It is suggested

that these examples be seanned briefly before reading S8ections 5.1,3.1-4.

Because of the central role played by the data set constructors, it is strongly
recommended that new users perform a series of test executions of them, using

DCU/PRINT and/or VPRT to verify that the intended results are achieved.

The TRAN sub-=activity of TABLE provides a very general method of trans-
mitting information from one data set to another. New users should not attempt

to use TRAN without advice from an experienced analyst,

5.1.3-3
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TABLE

5.1,3,1 TABLE. Execution begins as indicated below. If appiopriate, any of the

underlined words may be omitted,

N1 N2 n3 n4: --data -—-

The optional parameters NI and NJ have the same meaning as defined in
Section 2,5; i.e., each block of the output data set is a rectangular matrix of dimen-
sion (ni, nj). The default value of ni is 1, and the defaulf value of nj is the
number of joints in the structure. The input defining the rith block of the output
data set has the following structure:
BLOCK =n ‘
OPERATION = SUM § or XSUM, or MULTIPLY, or DIVIDE

J= j;: igi Jgt === $, a liat of columns. *
‘ 2 3 ni , . 1. , .
e, e e, -.--e, $ Datarecord 1, applies to column j 1
3 . j J. '
1 1 1 1
el e2 e_3 R $ Data record 2, applies to column j
} Tk 3y 2
ete.

*Loop=limit format is also permitted (see Section 2. 3).

)
?

5.1.3.1-1
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If there are fewer data records of the latter type than there are j'8 in the _{L}
list of columns, the last record will be associated with each of the remaining i's .
The meaning of the e;‘s depends upon current arithmetic mode, as established by
the OPERATION= XXXX statement, In the following, x_; is the element in row i
~ and column j of block n eof the output data set, The range of {1 is 1, 2,- = = ni,

and the range of j is jl,jz,j-a"-"'-

Arithmetic mode

eration
o i i i
U ~x +e
SUM xj xj j
XsSuUM x:'i - ei
i i
. L i g4
MULTIPLY xj - xj Bj
DIVIDE o xisel }
3T M s
The sequence (OPERATION=XXX..,,, Listof j's ..... data records for

each ) in the list) may be repeated as many times as necessary to produce the desired

data in block n.

The OPERATION statement continues in effect, not only for the current block
but for 2ll subsequent blocks as well, until another OPERATION statemeint supersedes
it. The default OPERATION is SUM,

5.1.3.1+2
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. The following control statement is frequently useful:
I= il, i? - $ (each 1k between 1 and ni)
This statement indicates that the data records will have the following content;
12 m
I | i
ey e 8.
For example:
BLOCK n: etc.:---$
I= 8,6: J=17,9%
3 5 3 5 3 5
o e7.e7, es. 08- 99, 09$
N 1
I=1: J=10: Blos
The I= ij',’ i2 --= gtatément continues in effect, not only for the current
block but for all subSequent blocks as well, until another I= i1, i* —— statement is
encountered. Default is, in effect,
15» 1 3 2 N —— niv
%

b i 5.1.3.1-3
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The following statement may immediately precede a list of j's: tﬂ}

DDATA= d;,d,, ---d_$

When data records are being duplicated, the DDATA command has the effect
of incrementing each item in the data record by the corresponding d;. The DDATA
statement will apply only to the j-lst immediately following the statement,

Example:
I= 1, 3: DDATA= .2, .1: J= 2, 5: 7., 8.§

The foregeing statement produces the same result as:

1= 1,3:3= 2,58

7.0, 8.0 | $ = e;,-eg
7.2, 8.1 $ = eg'eaa
7.4,8.2 $ = ei,_e.i
7.6, 8.3 $ = eé’eg

1
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To cause an integer constant, jshift, to be added to each j in subsequent

lists of §'s, the following command is used: JSHIFT=ishift. The jshift parameter
will remain in effect unti! superseded by another JSHIFT command,

Ru-lea for ordering control and in

e No statement may precede the first BLLOCK= n statement
(Exception: {f operation is co;lfmd to block 1, the BLOCK= 1
statement may be omitted).

¢ When the BLOCK= n statement appears, block n - 1 must already
exist.

e No control card of any kind (OPERATION= --, I= ===, JSHIFT= ---,
or DDATA= -=-) may appear anywhere between the beginning of a
j=list and the end of the subsequent data records _(the e;'*s) .

{7

Synonyms. If desired, the control word CASE may be used instead of BLOCK,
and JOINT instead of J.

Multiple data records on a single card.. In the preceding, it has been
indicated that each data record should contain exactly ni words, or m words if the
statement I = il, iz === 1™ i3 used. It is also permitted to place several such
complete data records on the same card; i.e., both of the following ave legal cards
and have the same effect:

1.2, 2.9: 4.5, 2.7: 3.2, 9.$

1.2, 2.9, 4.5, 2.7, 3.2, 9.$
o An error stop will occur if a card does not contain complete records.
B o= '
N

- 5.1.8.1=5
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TABLE

The TRANSFER Statement. This command provides a general method of

extracting real data from designated areas of one data set, and adding them to data in -

designated areas of another data set. TRANSFER statements may appear as the first
or last statement in a TABLE executiun, or immediately prior to any BLOCK state-

ment, The command form is as follows:

TRANSFER( List of arguments P v,,P5 v,, ==-)

Any or all of the arguments summarized in the following table may be used.

Default

Neme Value Meaning

SOURCE None ' Name (a single alpha word) of the source
data set. May be established by a
DEYFINE statement,

1.1 1 ‘Successive blocks of the source data set
are added to blocks 11, L1+ 1, === L2
of the destination data set unlesa Li=L2,

L2 1

ILIM Lesser of by, by See ¥Fig. 5.1,3.1-1

JLIM ' 1 ' '

SSKIP 0

DSKIP 0

SBASE 0

DBASE - 0

The TABLE/operation statement has no meaniag in TRANSFER.

5.1.3.1-6
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Fortran equivalent,
repeated for blocks
L1, L141,..,L2:

IS = SRASE
ID = DRASE

DO20 J=1, JLIM
DO10 I =1, HLIM

e 5e 1
_ _ ID=D+1
S ILIM IS8 = IS + SSKIP
=1 20 ID = ID + DSKIP
Block __ Block

L umuimw

Fig. 5.1.3.1-1: TRANSFER Parameters

5.1.38.1-7
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Figure 5. 1. 3.1-1 illustrates the function of the TRANSFER statement for the %;l)
case in which the number of blocks in the source data set is equal to the number of
blocks in the destination data set d.e., L2-L1+1).

If L1= L2, the function {8 similar, except that successive blocks of the source

data set are transmitted to successive areas within block L1 of the destination data set.

The following are a few examples of the TRANSFER statement,

@xQT AUS

DPEFINE OLDV= 2 VIBRMODE 200 1 1,10 $ Salvage vibrational modes
from a previous analysis for
TABLE(NI=6, NJ=1700): VIBR MODE 1 1 § use as initial approximations
, , of modes of a modified struc-
TRANSFER( SOURCE= OLDV, LI=1, L2=10) $ ture having additional joints,

DEFINE U?= STAT DISP 1 1 7 $ Store node point locations of JIft‘
o the deformed structure in
TABLE(NI=3, NJ=400): DEFORMED POSITION $ LEFO POSI,

TRANSFER( SOURCE= JLOC) - $ JLOC= original position.

TRAN(SOURCE=UT?, IL.IM=3, JLIM=400, SSKIP-:}) $ U7= Joint motion due to static
load case 7 of set 1,

DEFINE X= VIBR MODE 1 2 1 8 $ Form a single-block matrix having
, o _ 8 columns, each column corres-
TABLE( NI=30, NJ=8): T MODE 1 2 $ ponding to a mode. Each column

o _ o contains all 6 motion components
TRANSFER( SOURCE=X, SBASE=600, IL.IM=30) $ of joints 101-105,

- 6.1.3.1-8
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BYSVEC

5,1.8.2 SYSVEC. SYSVEC is used spacifically for creating and modifying data sets
in SYSVEC format. (See Section 2.5.) SYSVEC is eatered as follows:

SYSVEC: N1, N2, n3, nd$,
or

SYSVEC, U: NI,N2, n3 n4 §

Input rules are identical to those of TABLE, except for the meaning of the

command. I= 11. i? 13, -—— im.

in SYSVEC, ik = 1, 2, or 3 always indicates a directlon—ik displacement or force

component; ik = 4, 6, 6 indicates a rotation or moment about axis ik—s. This is true,

regardless of whether or not any joint degrees of freedom have been exchided via the
START card in TAB.

If the mumber of degrees of freedom per joint is less than 6, then

vhe T= 1} 12 --- {® commend must precede the first j-list.

5.1.3.2=-1
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5.1.3.3 ELDATA. This subprocessor i8 used to create and/or modify data in
ELDATA form, as defined in Section 2.5. The ELDATA form is used to represent
structural element temperatures, pressures, etc. To create a new data set named
N1 N2 n3 n4, ELDATA is entered as follows:
ELDATA: N1, N2, n3 $
CASE m4 $
OPERATION= SUM$, or XSUM, etc., as in TABLE.
Data cards establishing a list of structursl elements.
Data record applying to 1st element in list. o

Data record applying to 2nd element in list.
Ete.

The above input sequence 18 identical to that of TABLE, except that:

e Instead of a list of columns (j-list), & list of structural elements is given
in a form which will be defined subsequently.

e The fourth word of the output data set name, n4, is given in the
CASE statement. In ELDATA, each separate CASE statement refers
to a distinct data set whereas in TABLE the CASE statement refers

to different blocks within the same data det.

5. l-.s_- 3-1
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The language uséd to establish lsts of structural elements is as follows:

G= gl-: gz: gs: = gng‘ = g lst* of groups.

- . . + mm——— = Hgt* g A
E= ey eyt eg: em$ a Hst* of element !ndexes..

Where (g, e j) indicates group 1, element index j, the above indicates a list of stric-
tural elements in the following sequence:

(glel)’ (gl:ez')! = (glene"' (gzal)’ ‘ggez)l ———= -(‘zene , ote..

order, in

each of @hejndicﬁtad_ TOups,,

) ea The G= --- statement is mandatory and,

if omitted, will cause an error termination.

The I= ---- and DDATA= --- statements may be used in ELDATA,
sybject to the same rules of order, etc., as in TABLE,

E21, E22, etc.). The first name must be one of several specific names (e.g.,
TEMP, PRESS, etc.) described elsewhere in this reference manual, in connection
with the end use of the data set. ELDATA will autormatically establish the correct
value of ni, the number of data words per column (i.e., per structural

element),

*Loop-limit format also permitted (see Section 2. 3).
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Any number of CASE statements are permitted within one ELDATA

execution,

K existing data sets are to be modified, entry beging with the statement
ELDATA, U: N1 N2 n3,

To cause an integer, gshift, to be added to each group number in aub_se-

" quent lists of groups, the command GSHIFT= gshift i8 used. Element indexes are
similarly shifted by eshift as a result of the statement ESHIFT= eshift.
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5.1.3.4 ALPHA. To define a new data set or to modify an existing one (via the

i

optional, U), ALPHA is entered as follows:

ALPHA, U: N1, N2, n3, nd $

Each subsequent input recerd is in the following form:

m'-~- 60-character alphanumerie string --~-,

which defines the mth bloeck of the data set. When producing a new data set, the

blocks must be defined in serial erder.
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5.1.4  Substructure Operations

The following AUS commands are asgociated with substructure analysis.

SSID= Ssid
SSPREP( Kname , ncon)
S8M{ Mname)

SSK( Kname)

The effect of the SSID command is to establish an alphanumeric identifier, Ssid (default
is §801) , which will appeat as the second word of the name of all data sets produced by
the substructure subprecessors, SSPREP, SSM, and SS’KI, as suminarized en Figure
5.1.4-1 and Table 5.1.4-1. The data sets preduced by these subprocessors may be used
ih many ways. In the present discussien no attempt will be made to address details of

possible end uses (e.g., vibratienal , buckling analysis) of the output.

The terms and symbels used in Figure 5.1.4-1 and Table 5.1. 4-1 are defined

as follows.

Boundary nedes are any subset of joints, (jl’ i g ™ = ig)e for whieh all motion

cemponents ave deelared to be NONZERO in constraint case ncon. Boundary node 1 is

joint iy boundary nede 2 is joint j2’ + + ., where jl < j2 < j_3 cel < jn.

node unit motion functions are in SYSVEC format. In the following,

m= the number of degrees of freedom per node,
n= the number of boundary nodes, and

ull{i motion compoenent 1 of boundary node k.

5. 1- 4"1
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There are mn such functions, each of which is a static displacement solution due
to a unit value of ene u_li( » with all other boundary node motions identically equal

to zero.

Fixed-boundary functions are any sequence of vectors of joint motions fo.r
which all motion components of all boundary nodes are identically equal to zero.
Such functiens are usually eigenvectors computed by EIG and/or static displacements
computed by SSOL. In the latter category. uniform acceleration iunctiqns (i.e.,
static displacement fields due to uniform acceleration of the structure) are often use-
ful in dynamic analysis. Fixed boundary functions (if any) must reside in a data

set named FEF Ssid, c¢reated by the analyst via AUS/UNION.

M and K are mass and stiffness matrices of the (sub)structure, identified
by the Mname and Kname arguments of SSM and SSK. Mname and Kname are the
first words of the names of the data séts containing M and K. K must be in SPAR

format. M may be diagonal, or in SPAR format.

All input and output data sets associated with AUS substructure opera-
tions should reside in library 1. The DEFINE, INLIB, and OUTLIB statements

should not be used in any AUS execution in which these operations are performed.
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Basic structural geometry,
resident in TAB=produced

data sets JLOC, QJJT

CON bhbb ncon

Kname SPAR

Kname ncon

| 5%
SSPREP( Kname , neon) FBN SSID
) BNPC SSID
‘BNQ SSID
| BNF  SSID
CEIG, SSOL, AUS, ete. == SSID
e ()
Mass matrix "Mname" S -
SSMK SSID 1 1
\( SSM( Mname) }=——=={SSMK SSID 1 2
- SSMK SSID 1 3
Stiffness matrix "Kname" _
SSMK SSID 2 1
: SSK( Kname) R _“ P p—" o 7 o ) i
M- SSMK SSID 2 2
Figure 5.1,4-1 Information Flow, SSPREP, SSM, and SSK.
£y
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Table 5.1.4-1: Data Sets Associated With Substructure-Related Functions

Data Set Name NWORDS NJ NI*NJ Contents

BN ssua - - n 1 a'®  List of boundary nodes.

BNPC Ssid = = 3n n 3n Boundary node position
coordinates.

BNQ Ssid - = 9n n 9n Boundary node reference

!ré-me orientations.
BNF ssid -~ - £mx® ;@ ¥ x 2 matrix of boundary

node unit motion functions.

FEF sSsid - -— 2-ny'® § 2 Y, a matrix of fixed=
boundary funoctions.

§SMK Ssid 1 1 m?D 1 ™ xtmx

SSMK sSsid 1 2 w1 ny Ymy

SSMK Ssid 1 3 nx-ny ny m-ny X'MY

SSMK Ssid 2 1 mx 1 m KX

$SMK Ssid 2 2 By A 43

(1) Ssid= substructure identifier attached via the SSID= Ssid command.
(2) n= the number of boundary nodes.
(3) j= the number of nodes (joints) in the (sub)structure.
(4) £ j-m, where
m= the number of degrees of freedom per node, uspa;liy 6.
(5) ix= n-m= the number of boundary node motion functions.
(6) ny= the number of fixed-boundary functions.

(N
(8) ny= ny- (ny + 1)/2. Symmetric array, triangular form.

11:‘\|

nx - (nx + 1)/2. Symmetrie array, triangular form.
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5.2 DCU — DATA COMPLEX UTILITY PROGRAM

Function = DCU performs an array of utility functions, as subsequently
defined in this section, New users should review Sectiens 2.2 and 2,5 before reading

this seection,

In defining DCU command syntax, the symbol Lib will be used repeatedly
to represent a SPAR library internal designation (1, 2, ete.), and I will identify
one or more data sets. _I_c;l_, may be in any of the three forms indicated below, unless
specifically stated otherwise:

(1) The four-woerd data set name, MASK-filled.

Example: K SPAR is the same as
K SPAR MASK MASK.

(2) An integer, n, indicating the data set associated with

sequence number n in the table of contents.

{3) Integers n, m, indiecating (m-n + 1) data sets associated

with seguerice numbers n, n+l, - - - m,
(4) Omitted - meaning all data sets in a library.
Consider as an example, the most commonly executed command,

TOC Lib Id.

Examples:
e TIOC 1 K SPAR$ Id form (1) causes a single line of the

Table of Contents of library 1 to be printed, i.e. the line

5.2~1
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1
corresponding to the first data set named K SPAR MASK

MASK to be located.

TOC 1 27$% 1Id form (2) causes printout of line 27 of the

Table of Contents of library 1,

TOC 1 32,50% Id form (3) causes printout of lines 32 through

50 of the Table of Contents ef library 1.

TO! 1 $ 1d form (4) causes the entire Table of Contents of

library 1 to be printed.

Other commands currently available in DCU are summarized below: -

IQ_I_SABL._E _Lib Id$. Data set(s) are marked as disabled.
The data set(s) are still present in the library, but cannot

be accessed until they are re-epabled via the following cermmand:

for this command.

5.2-2
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e PRINT Lib 1d$, or

\3 PRINT Lib N1, N2 n3 n4, jl' j2. i '2. bl' hz. The one or more

identified data sets are printed in tabular form*. Only matrix-form data

sets (e.g., TABLE, SYSVEC, ELDATA, and ALPHA forms, as defined
in Section 2.5) should be PRINTed. H the second form is used, the
printout will be restricted to columns j1 through j2 , rows (items)
i 1 thtough 12, for successive blocks bl’ b1 #1 em b2 . Using the
terminology of Sectfon 2, 5, default parameters are ip =i, 3y =NJ,

i =NI, by, =1, b, = total number of blocks in the data set,

171 i

NOTE

PRINT displays data set items sequentially,

- 80 that matrices appear in transposed

form.

e . __

Data preduced by processors E, EKS, TOPO, K, M, KG, and INV

should net normally be named in a PRINT command,

' COPY__I_AEl, 1 bZ’

to Lib2 Disabled data sets are not copied. This is the recommended

Id$ Copy the indicated data sets from be

method of p _‘a.,ek-gg" r librarics,

& XCOPY Lv'bl, n, Id$ The indicated data set (in Lib) is written on

ordlnary sequential file n in a sequence of physical records identical

to individual blocks of the data set as it resides in Lib, As an example,

* An auxiliary command, NCPL= n, controls the number of columns

\_gf ' j} per printed line, Default NCPT=10. For teletype display, select
[

NCP1= 5.
5.2-3
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XCOPY 1, 5, VIBR MODE$ causes eigenvectors to be written onto
a file known externally as SPAR-E (UNIVAC) or SPARLE (CDC),
corresponding to n =5, The output file will contain one physical

record for each eigenvector,

XLOAD n, Lib, nwords, ni, I

command causes data from sequential file n to be loaded as a data set

named N1, N2, n38,n4 in Lib, The other parameters have the

same meaning as defined in Section 2.2, As an example, suppose a

sequential file, SPAR-D, contains five blocks (physical records

produced by direct binary writes, not unformatted Fortran writes)

of real data and that each block is a matrix with 6 rows and 100 columns.

To load these data into library 1 as a data set named XX YY 1 2, ; i

({,.,g

the following command would be used:

XLOAD 4,1, 3000, 100, 600, -1, XX YY¥ 1 2§

REWIND n$, Used in conjunction with XCOPY, XLOAD, this com-

mand causes sequential file n to be rewound (i.e., set to starting
point), It should be noted that neither XCOPY nor XLOAD rewinds
sequential files either before or after the data transmission, so that

one sequential file may contain many multiblock data sets,

SCALE Cl, 025:. This command may precede a COPY or XCOPY command.

TF it does, the output data sets will = C, (source) + C,.

5.2-4
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CHANGE L.ib Idol Q' Id_.n 9“—’,3' This command causes the

. Only

name of data set to be changed from Id old to Idnew

the full 4-word name form is permitted for both Id's.

éxisti;ng be

ig'glg_éj-;-; disabled data sets, if any.

ll

1"WR1TE__ Lib$. Lib is written onto tape nt (see NTAPE

command). The complete library is written in physical

records as large as the available core will allow.

TREAD Lib%. Lib is read from tape nt (see NTAPE command),

Avaijlable working core space must be as large as it was when

the TWRITE was executed.

NTAPE= nt$. The internal unit number of the tape to be

uged in the next TWRITE ar TREAD comimand is nt
{default=20), Note that logical 20 is Univac file SPAR-T,
CDC file SPARLT.

STORE Lib, ID$. Lib is stored as a data set named 14,

in library n{ (see LIBLIB command). Id may only be a full

4-word name, the first two words of which are typeless.
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RJSTRIEVE Lib, 1d$. The data set 1d is recovered from the

library nf and constituted as library Lib.

LIBLIB= ng$. The internal unit number of the library

library is ng (default=12), Note that logical 12 is Univac
file SPAR-L, CDC file SPARLL.

TITLE 1 - - - Alphamumeric title for Lib - = - -.

The label-field title is embedded in Lib, and will be
displayed at the beginning of each table of contents

printout produced by a TOC command,

STAI‘QS Lilb—$:. The number of library entries and the

curreni 1/0Q counts for Lib are printed.

ABORT n$. To causé an error-abort if an abnormal

event occurs in DCU, set ABORT=1§$.

Core Requirements. Working core must be sufficient to accommodate one block

of each data set transmitted through core (e.g. via COPY, XCOPY, etc.). See

also the discussion of TWRITE and TREAD.

Code Release Data. Level 9, July 1975, coded by W. D. Whetstone.
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5.3 VPRT — VECTOR PRINTER

Function. VPRT is used to edit and display information in SYSVEC format
(see Section 2,5), such as static displacements, buckling and vibrational eigenvectors,

reactions, equivalent nodal loading, etc.

The name convention associated with data sets in SYSVEC format is usually

as follows (name = N1, N2, n3, n4):

N1, N2= descriptive names such as VIBR MODE, STAT DISP,
APPL FORC, etc.

n3= identifies the data set as associated with static solution set
n3, or eigenvector set n3 , ete.
nd= associated constraint case (if any),

The following command will cause data set N1 N2 n3 n4 to be printed
(N2, n3, nd MASK-filled, if omitted),

PRINT N1 N2 n3 n4' optional heading (60 characters)

If the optional heading is omitted, VPRT will supply appropriate headings for data

sets bearing standard names,

If the data source library also contzins an ALPHA-format data set named

CASE TITLES n3 (the same n3 as the SYSVEC data set), case titles will be displayed

5.3-1
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beheath the heading line if the command TPRINT is used instead of PRINT, The

usual applications of case titles are (1) to describe individual cases within a set of

static loads, and (2) to describe individual eigenvectors.

If there is a constraint case* associated with the SYSVEC data set, each con=

strained compenent will be flagged with an asterisk.

If eigenvalues are associated with the data set, they will be displayed.

The following contrel statements may app- i any number of times during a

VPRT execution, Each continues in effect until superseded by another command of the

same kind,

Control
Statement

LIB=m

VECTORS v,, AL

JOINTS 3, : 4yt i

COMPONENTS:= i

P

. |

12

Meaning

Library m contains the data to be printed.
Default Lib=1,

Print only vectors (blocks} vy through Vg
Default is all vectors.

Print data only for joints j;, iy, Jg,
Default 18 all joints., =

Display only components iy, is, ===, vhere
eaeh | is between 1 and 6.
Default is all components.

*Contained in CON bbbb n4, residing in library 1. )
**Loop-limit format, i.e., j%, j°, ine, also permitted (see Section 2.3). Up to 300
input records are allowed, .
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Control
Statement (Cont.) Meaning (Cont.)

FILTER= €1r €y =-- ey Data for a given joint will be printed only if
' ' the absolute value of some component,
vi, exceeds e . All six eq's must be
given for this command to be valid,
Default e =1. x 1020 for all six components.

FORMAT= k Values of k from 1 to 4 select, in order,
one of the following Fortran print formats:
E9.3, F9.5, F9.1, E15.7.,"
Only the first three are suitable for 72~
character teletype output.
Default FORMAT =1.

LINES= n Print n lines per page,
Default LINES =50.

HEADING= m Any non-zero value causes headings to be
repeated at the top of each page.
Default HEADING =0,

. In the preceding commands, J may be used instead of JOINTS,

and I instead of COMPONENTS.

Core Requirements. Data space must be sufficient to contain one block of any

data set to be printed.

Restrictions, Data sets printed by VPRT must correspond to the TAB/START

information (no. of joints, ete.) in data set JDF1, contained in Library 1,

Data sets should not contain more than 300 veetors,

Several examples of VPRT output are appended to this section.

Code Release Date. Level 9, July 1975, coded by W. D. Whetstone.

5.3-3



sTATIC DISPLA?F"ENTS
1200 KIP SHEAR snnn. RIR, ?

miny

S BN N D N -

[
=

!
=y 1 4Bampny
5780y
165400
.lbsﬁﬂﬁ
.qu-ni
-lq?l.n’

60163*60
-.193?00
“.571=0y

-1“7“ﬂ5
W 34Tapnt
06b7-01
thbTany
-30H-nl
e lbSany
e WUTmny
b Twpny
o htbTant
*“«SUbwgy
WU3Tmpny
.1“2501
+3lbmny
v 31bany
oiq!‘ﬂi
!.41150Q
g,iqa-nl
-031b501
‘03}5501
1910y
2 B0
0 000
W 200
R
000
000
H00
.0@0

LR R Y * % B %

é
123400
aluSe 0y
QQSEFUI

= 452wy}
= 1nhe 0
* 123400
e l05%Q0
* 452w
2482w
o US040
69y
AL XR
slibw(y
=, 21p=(1
= ly=py
®aHlUQmiy
*.54%e]
“sllbwitl
AL LB
.5““'“1
Yai.rhE
+18pe01
2722002
"o 72782
"y 191wl
e PYRm1
"2 10ywmi]
,722e0i2
[] ?’?F(“ 2
2190 ]
o (h30)
<00
LY
LT
o DY
ouwﬂ
[ ] U‘UU
o DOG
« D00
PRTIES)

* M WM E N N N

VPRT Example

3

¢ 630205
0757502
218302
.‘73502
1 Titalp
'p633105
'37;7502
e 18%=0)
nei73m02
i.71t-02
1295'0“
0102004
11900y
[90-0[
|102-01
'QBQSPDQ
otoP'ul
Sy190a0y
'.‘qﬂﬂﬂl
",102a01
) 878’05
o‘!QiOl
e119m0g
l5§3W02
1878=04
-.58ﬂi02
mellimly

"eiiln=0y

- .583.02
2 000
000
R
s 300
.000
« 000
e 000
000
."'00

5-3-“

LR IR I JE I RS

4
o153wn2
2 88nagy
T YN )]

.0739'0“
" 153002
w,H8nany
«690a(3
'.GQQ-OS
735204
v122e02
122902
|61ﬁ103
sohlymnd
", 123202
*e122=02
'012390?
i.&tﬁ~03
-3V TE
e 123=02
2 S4R=03
W #91403
", 288«0%
" o564m0%
i.§a6003
..563@03
*,291=0%
.aaﬂiﬂl
e564w03
.000
« 000
«000
0000
« 000
« 000
.OOﬂ,
.00@
2009
« 000

AR IR IR R R YR ey

IDa

5
279005
'llq"OZ
-.119-02
5.1!3-02
“o14%a02
- 790.05
.1“7-ﬂa
0119602
.118-02
0 14%a02
»,152=0p
*,304n02
w,304m02
‘0153'02
s270m0%
195202
I04e(
¢ 304a0?
15302
0250905
=, P0hu03
"o 170w02
-. ‘70-02
*,909a0%
®,209a06
1906803
0170502
|‘70F02
. 909.03
.000
o000
«000
0000
.000
2000
« 000
2000
« 000
« 000

LR K I BE R R Ry

5/ {7/

6
s 42502
=y 367202
0.579103
58102
0347202
»,425=02
e367e02
.579‘03
=e58102
~| 561-03
0760203
=,285«0%
woblin03
0663903
.28&—05
i|760503
|a§5*0§
. 671-0’
Lol ) 65‘.0}
s, 2B8ha03
-.49“’0$
wy, 448203
-.201-03
1 205%0%
V452003
«494e0Q3
alda= s
+201=03
-.452503
+ 000
000
0000
0000
+ 0040
000
9000
0000
.000
[ 000

1

B AR



f
-

STATIC REACTIN g,

NIy

CEITATFT IS

i
s 19Bap)p
0302—01
L ALLY
LIYa-T' LK
&, 08 ey
-0578-n|
w,47hmny
«625=01
o 1T76any
+552=0
o Tddap)p
1T 0w
“,b96mn 3
-ia7q-ﬂ1
“.Vdieny
E'Iau'ﬁi
“.136=01
0219-n1
H81eny
ebdapny
’ouaﬁlnp
-0701502
‘.180-91
*,181mp
« 195802
“,68lapp
n?qﬂﬁna
iS5m0y
2T 0any
e126en1
ol S6en3x
@, B06e05x%
=al31+06x
“.13t406%
~eA0B4 5N

’-136*03*

+B064 05y
s 131906
v131%06%
BORs0Y«

FARPF ERRORS
120U KIP SHEAR 0AN, prR, P e

e
" 238400
=91 w0 |
old33ay
=231my1
e $66000
s131400
w,{1A5+00
e M5 |
"e372=u1
8724000
=, 1 )90
*« 137400
-31?-01
+dlUdT=u2
sldtsot
2 235400
180900
o 33pmut
=, 3%09ml1 ]
*.rhiety
“e 9T Ym0 2
e H8Ym (3P
-5??-02
* 9 5u}2
*, 55«02
., hARe(}P
sdlbhmy |
mathims ]
N ILYYF
®» 6040 ]
= 60+ 05%
-, 758¢ 15 %
“e2T04uSH
o PTU+USE
2 THB+(N%
e IBO$US*
o TRB4US %
PTN4UEK
e 2TUd 5%
s 7TER$US W

3
74702
2789402

"o P34y
..tSl-ﬁx
436w
.OlB!QOx
'0210-0‘
5% w02
=,327e02
123100y
0!51.ﬁ1
s 158401
" ,d49allp
=,788a0 ]
webd2ely
1662wy
018301
eB75a01
115400
+507=01
*s960=02
"o 1790}
=e330=01
=:370e0
~, 187s0)g
=o?12m0}
e1M6u0y
'787‘01
2483wy
Y4 X LT F

e 256402
»,201+048%
“e333406%
33334006
"e201406%

02584 02%

«201406n
»333406%
+333400%
02014 0p*

5.3-5

ST g . e

/]
»,284a)?
228002
386=02
=,192892
ldin=04
2 PLamQ2
ns¥74ymp2
924903
o}‘ﬂn@}
*,T4n=g2
0120202
=.54cen?
*ai0hmn?
#392m02
0689w02
+529902
«354m02
"e217%03
®,b18w02
Pl
520802
®,ih1203
o, 7Tt
ﬁ.ﬂabwos
wlb1=03
eSdpent
e172~02
258203
m, 16002
#,204ymQ?

="e2T0+03%
®,212403%
v 77464024
e THRe02%
«213403%
alTn+p3x

242403>
2 776402%
me782402%
“,P213403%

1is S/ (/ t
? b
+A97a03 0 973=D2
+62Re03 0ob32=02
-.766-03 .220-01
-.?13-02 QHSBﬁﬂl
0196=03 “ebb2a01
, 167407 518201
“e9l4e0s  w,251e01
oHlU2mN3 v 161601
1223e02 N TY. TSI
o, 466m0% »111400
“e580204  ,393e02
865404 122-0!
-, 16703 J200=01
e 4hbm92 026401
.340'03 Q‘BEQOI
'100'02 -l!‘aiOI
-.H3ﬂn03 '.28290!
*e283=02 =, 287401
+665=03 o, ThRa(}?
w 43Tw0p e 2h1e0$
aﬁﬁﬂ-ﬂﬂ g.el“—as
*40607203 W, y4RRe0S
“e2350035 =, 40§n02
i.lq7-02 ..35%-02
"e163202 o 458~02
5.75;-01 LT02%0 8
-0227—Oj UYL
+ 965203 i 38502
7e334e03 =, 171802
«279404% 4284034
cUH0404% < 1414058
lé??‘@ﬂ. “0“294054
201014028  »,581403%
*4279404% =, 4284058
= 4d1eDyn my 1 39+ 54
wu““q#ﬂ“* llal§03$
Se2TT404%  ,429+03%%

Y EPRODUCIBILITY OF THE
gﬁlmAL PAGE I8 POOR



vIBPATINLAL ropp,

FTGEY VAL e

pINE STIFFE

140 A ;

—E BBV AT P L eV

L ondll

—
-~ o

la

|
.5b3+nﬂ
-.223+n1
a,1{9%401
.163#61
e 260D
71400
- 22080y
-llgb*ﬂ)
el03401
s 504019
edMeny
=, 19%401
“ 1 7h4ny
2 F0tie A
e Peben)
W 49900
“219k4ny
171401
.qfaf@n
lEBé?ﬂ[
1 25%+np
=, 10%4n1
“A9a4n
WUTlspe
i119%4n
W 261400
10340y
=, 895400
W4Tdrp0
11940y
00
2000
sO0H
«060
L 00N
« 000
000
0D
$ 000
o N30

*
%
x
%
*
»
x
*
*
*

VPRT Example

«3T13RT71408y FREO:
AN FONE . Hmd GFFORMATION
2 3
e i1Qs09 =, 103400
=«619400 Wd13409
eRiige U0 + 358400
e11240 w,191400
=oi1deyy w,UT6e09
=.1194¢01 w,10%4+0¢
LY - AT Y] el13e00
s B+ LY » 3458409
sftlPent ﬁo‘°a+00
s, lta+p m»adThetp
* s UN24 (1) =, TS5m0
=3 d4964U0 « 298409
eG4 00 1260400
«B897400 = 137400
*,91 1m0 ®» 3345400
e 1534001 m, 7804l
= d9Be Y 0293100
ebLAWY0 e 260400
» 83000 », 138400
“s 9 7Tmt)] w, 345+ 00
;4434090 %s2l0m0g
*e 2310000 829wty
2301400 W T20=0}
17400 ", 38%a0y
“QM‘Q“WI *.QSQhO[
e 43400 wa212m04
" 232400 .533501
«300etU o T22e0
s l1T74UU i.38ﬂ601
XL -LTN w0580}
e Y0 % « 000
DU“H . 3 .00“
o 000 * « 000
» 000 * e 000
O X « 009
« {10 * 2000
UKD ¥ 2+ 000
TR * 000
fDOD * 2 000
o OHIG ¥ 2000

5.3-6

" ERENEERESERe

91641950 M7

4
.85?!01
sildTmpy

'0555501
»,800w01
W A50=n2
862a01
s 4UBa(
*,584=01
o, A00ef]
.862502
.“7“'01
.2“7001
= 320=01
-'“aﬁ-OI
sl ygmn2
sbT5m0}
s 249a01
e, 322m0t

e llT=01

,061-02
e1lge0l
+580a02
'.73?"02
"eiftyep
0 106m02
t111a01
«57g%n2
i.?SﬂvO?
!.iOHOOI
«107=0?
o000
« 000
¢ 000
« 000
2000
000
$000
o 000
o000
000

AR IR 2 SR 2R P 3F BF

=

5
W Jd0mu
-.563-01
=, U4B89u01
20]=0}
.650ﬁ01
W101m0)
*,564=01
“,489a01
2262001
.bso-nl
WU9Tanp
»,19hu01
,172=0}
p AT B 0D
Hl0w02
we197m0y
w, 172804
e 91 3=0?
.223-01
",559=02
.?21@01
#193=01
*,102=01
®, 25680
» 563002
|221ﬁ01
o193'01
#,102001
..256.01
«000
e 000D
+ 000
000
s 000
.000
2000
«000

SRR IR B P 3 B R O )

&/ t/

&
¢ 364400
« 179400
®mea234¢00
», 323400
e 330=014
e 384400
180400
», 233400
®3235400
e 331=0)
'égt’ﬂo
2126400
mibhTenD
ne2eht0
'?29.01
281400
e126¢00
e lb3%00
" 227400
0 P34=0]
21086400
e H82=01
s, TETw01
m, 96w}
$102=01
106400
05535ﬁ1
eT719=01
», 997804
«103=01
o 00N
000
« 000
« 000
.000
« 000
000
000
« 000
000

{

LR 6 K BB BFOE NN



RUCKLING snnF,

FIGENVALIES
1ST milCk wapr ¢

|“n Ir‘T

i
=, 530wnh
-.th-ﬂh
-|6bb--0‘b
neTiRany
*.603‘"5
..562'05
".Sibens
6|55“.0&
= hTupn
., ThhenA
srbBe g
ehBSenpn
N Y Y. Y
sHblleng
.6“1-06
s 73904
072?506
W HUBmngk
0527‘00
.bﬂﬂ-@h
1275808
1 273=08
1@73apy
1 2T4m 05
127 U8m05
.2?“-0%
.2?“0”5
0275805
2273005
v 2T4mps
« 000
000
2900
«s000
¢ 000
2000
2000
2000
o N3Y

«13%6b 002

N

x
*
¥
]
*
*
$
¥
*
L

2

Atitevb

AR LT

«830e06

.862.06

846l

lpﬂ&'ub

.7“?.0&

o?aﬁ.ﬁb

850006

+139e05

v 13805

.138005

0118!05

s Lo US

nliB-“5

13508

ul‘&i“§

0 136=0%

1 VBa 1S
"albTwib
"slhyelib
*slbleib
-.162'06
volb6tatlbh
“.16Tw0b
*.i 7100
’0115006
,173=06
w1678

« 030

000

» 000

2 000

o OO

s 000

s UUY

0 000

s 000

- 000

RN KRS N

VPRT Example

3
21382e06
+378e06
.407-06
vld18«06
03°3505
0392406
+387a06
2 4Qbnlg
.“97ﬁ06

-.835&07
v Ai2e07
i.tOﬂ&Ub
") 18e0s
*s1i1e0p
LTI RL LYY
®i07alip
", A93mi?
i|°70i07
*2101006
6.100505
i.QQHUOﬁ
®{00e0%
illOi*OS
*101e0§
n, 10008
*,100a08

"welliwls

..101505
#,101a085
.“00
200D
s 00D
o 000
2000
2 000
« 000
e 000
s 000
0 000

5.3<7

LR R JE B R RNy

4
*, 850006
*,849406
-|856'°6
-.BSbiOG
..BSﬁUOb
v, 857=04
..BQSQO&
*, 85306
»,A840a06
2146005
+10hw0S
2146w 0S
s 1UeagsS
RETLT L
v 146008
o 1lUn=ps
.!4@.05
o186=08
*ofd4a0S
»etldnuls
*vldpeds
w1 Upm0S
..’abﬁoq
®oilhes
*, 147008
o, 147e88
®,1dga0S
®»oilse0sS
2o N00
.&00
0000
2000
0000
000
000
.000
s 200
-&00

* RN R RN R

Iom

RRESEANAING T0 $000 XIP COMPRFSSIVE LDAD

S
'.120'03
w,129+0%

...‘2"03

6.129-03
w,129a03
», 129003
», 129=0%
v,12%9a03
=,129=0%
w,129e0%
.“19'03
UlBe
1418e03
.a;a-o;
0“13505
.413-03
.HIBDU3
.418-05

.uls.ns

e418a03
*,382a01
»,382x03
e, 382e0%
-.!eaﬁos
*,182a03%
v,382e0%
v,382a0%
w,382a03%
®,382a0%
v,3802e0%
0000
.000
«000
«000
«000
-oﬂa
2000
2000
+ 000
«000

* N e RN

7 1/ 10

(]
va311005

v 30705

»s 306009
i.StOOOS
», 31009
-.310'05
=,310e0%
*,308w0S
e 307009
v 310w0Y
e 57505
1575« 05
5760098
+5T6008
2575008
5755
2L 76m0Y
2 5T6%08
157505
W5T5=05
-0“27.05
i' “27.05
®, 427205
e, 426u0S
-.“27605
®,427w08
-.ﬂ27'05
-.027'Q5
3000
.0‘0‘0
QUOﬂ
000
2 000
'000
.000
« 000
« 000
« 000

LA AR IR B B 3 RN



INEFTIA FNRCES ASSOCTIATFN 1YW VIRR MODE 1o

KD 448 .

1
46202
=y 182mny
5.159l01
sBlland
.?ll-ni
sdbolimn?
in 16?’“1
"o 159mn1
Bl4Qepp
.Eiltﬂl
W THYan?
'1309501
-.269-(\1
olua'ﬂl
.358*“1
.79&502
50399-01
e 2T0mpy
W 1d3=0}
.3“7-01
§912w0p
'1303-01
..t???ﬁ!
2936202
'235‘01
-$l7'02
9203291

“177=01
- 4 937=02

.aSH.Oi
' 000
« 000
.000
90&0
2 000
¢ 200
2 300
.000
.000

AEABREEREE R

a
* 964002
e S03e02
s 6SKey2
LTI
'-933!03
", 965w 2
“, 504002
26535002
a2
'.°23003
®, 150801
®eTA3ei2
sf2witl
sidgmil
e i4Uny2
®el5iei]
=~ TRTet2
s 102ei]
s 1d2e]
®,14%e02
..87QWUR
n, 4S56e2
8252
'.83@@03
» 876002
», %8002
.&2“.02
", 8%Te03
o 0UQ
o 0UD
s 00
+ 000
2 000
o000
s DU
o 000
e 000
« 000

% NN R ERR

VPRT Example

3
»s 830003
v 335402
= 155=02
‘. 33?‘02
830003
+33%e02
1291002
v.iSﬁaO!
",387002
=,119a02
wlT0a02
Wditel?
®y2lbal?
»,5U5e02
=a121=02
.072;02
sllindp
v,21802

*,757a03
®ge190=02
-.01&-03
0 164w02
0143802
-.75&i03

‘wy {8902

+ 0090
+ 000
s 000
0000
.900
0000
o 000
« 000
s 000
2000

5 . 3-8

L A N 3 N I N I N

1ns

17 s/

1

(e

P
s

s



Section 6

STATIC SOLUTIONS

As illustrated in Fig. 6-1, the normal execution sequence for static

solutions is as follows:

& Subprocessors of AUS are used to form tables of appHed loading
data in any or all of the following categories:
(1) Point forces and moments acting on joints.
(2) Directly specified joint motion components.
(3) Inertial loading.
(4) Nodal (joint) temperatures.
(5) Nodal (joint) pressures,

(6) Thermal loading defined for individual structural elements,

.
% £
~

. Transvérse temperature gradients are permitted in beam

elements,
(7) Dislocational (initial mismai;eh) loading, defined for individual
elements,
(8) Pressure loading defined for individual elements.
e If any of the last five of the above types of loading are present,
EQNF 1is executed to compute the corresponding equivalent nodal
(joint) loading, and to determine initial strains subsequently

needed for stress computation.

® SSOL is executed to compute static displacements and reactions,
e GSTF is executed to compute stresses.
e PSF is executed to print stresses.
7% ® VPRT is executed to print displacements and reactions,
6-1
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The following terminology will be used in explaining the data sets in-
volved in the static solutfon process. Static loadings are arranged in sets, There
may be any number of sets, and each set may contain any number of cases, Users
may select any set/case arrangements they find convenient. Table 6-1 lists the
names of the data sets involved in the static solution process, In Table 6-1, and

1S
i

a positive integer identifying the load set

icage = apositive integer between 1 and ncases, identifying a load

case within set gg_g

ncon = the constraint case associated with the factored stiffness
i} matrix used in SSOL to obtain displacement solutions,
(See INV, Section 4.)

e
%
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Card Input, ete.

Nodal temperatures W

g Case titles used
Nodal pressures

in VPRT, GSF, etc.

Element temperatures ' :
Element dislocations Applied nodal forces
Element pressures Specified nodal motions

'K' SPAR
INV K

Equivalent e - |
nodai loading ’ . . Static reactions

Element
initial

strains T

Fig. 6-1 The Static Solution Process
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Table 6-1 Summary of Data Sets Involved in Static Solutions

Data Set Nama

CASE

APPL

APPL

NODA

NODA

TEMP
DISL

PRES

EQNF

STAT

STAT

STRS

TITL
FORC

MOTI

TEMP

PRES

Eij°

Ei®

Eij®

FORC

Eij°

DISP
REAC

Eij°

iset

iset_

iset

iget

15e,t

iset

iset

icase

Main Source-
Destination
Programs

AUS-Misc.

AUS-SSOL

AUS-SSOL

AUS-EQNF

AUS-EQNF

AUS-EQNF
AUS-EQNF
AUS-EQNF

EQNF-SSOL

EQNF -GS¥F

SSOL~GSF

SSOL-Misc.

GSF-PSF

(1) Block 1 = Case 1, Block 2 = Case 2, etc.
(2) One case per data set.

(3) Element type identifier (e.g., E21, E22, ete.)

6-4

Data
Eo,rr_r_a_

ALPHA!

SYSVEC!

sysvEc!

TABLE!

TABLE!

ELDATAZ
ELDATAZ

ELDATA®

SYSVEC?

ELDATA?
SYSVEC

SYSVEC

Special

Co_n_tgnts_

Case title for set iset.
Applied forces and
mements (at joints),
Applied motions

(at joints).

Nodal temperatures.

Nodal pressures,

Element temperatures.
Element dislocations.

Element pressures.

Equivalent nodal forces,
Initial strains.

Statie displacements

(of joints)

Static reactions and

error forces,

Element internal loads,
stresses, ete.
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6.1  APPLIED LOAD INPUT

Input requirements for each category of applied loading are detailed
below., The data forms SYSVEC, TABLE, and ELDATA are explained in
Section 2.5.

6.1.1 Point Forces and Moments Acting on Jofnts

These data must reside in a SYSVEC format data set named APPL

FORC iset. Case 1 resides in block 1, case 2 in block 2, ete,
In the following example, set 20 contains two cases:

@XQT AUS

SYSVEC: APPLIED FORCES 20

CASE 1

E 2:J= 4, 10:420,$  Direction 2, joints 4 through 10,

420 1b,
I= 1: 3= 7:3500.% Direction 1, joint 7, 3566 Ib.
CASE 2
I= 1,2,3:J= 7, 9$
7., 27., 37.% Direction 1,2,3 forces at joint 7,
18., 28., 38.% Direction 1,2,3 forces at joint 8,
19,, 29., 39.% Direction 1,2,3 forces at joint 9,

6.1-1
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6.1.2 Specified Joint Motions

+

These data must reside in a SYSVEC format data set named APPL

MOT!Y jiset. Case 1 resides in block 1, case 2 in block 2, ete,

In the following example, set 14 contains two cases.

@XQT AUS

SYSVEC: APPLIED MOTIONS 14

CASE 1
I= 2: 3= 110: -4,2% Direetion=2 displacement of )
joint 110 is -4.2, L
CASE 2 .
= 1:3= 2,8:3.28 Direction-l displacement of

joints 2 through 8 = 3,2,

Specified motion is permitted only for components declared NONZERO in
the constraint case associated with the current solution (see the CON subprocessor
of TAB), Motions specified for components not declared NONZERQO are ignored,

and ne error message is produced.

Szt

i { c-,-:_‘_,l(‘

6.1.2~1



> 6.1.2 Inertial Loading

A very general capability is provided in AUS for computing equivalent
nodal forces corresponding to inertial loading (elastic, rigid bedy, or both), utilizing

any appropriate system mass matrix. Such loading may be included in the APPL

For example, assume that the following data sets are already known in AUS:

F = vectors of directly applied nodal forces.
X2

if

vectors of nodal accelerations (e.g., rigid body motion defined
via the RIGID command, or combined rigid body and elastic
motion),

M = system mass matrix of any kind,

The following procedure would store the inertial loading in MX2, and the

combined direct and inertial loads in APPLIED FORCES 27$.

@XQT AUS

MX2= PRODUCT(M, X2)

APPLIED FORCES 27= SUM(F, MX2)

N 6.1.3-1



6.1.4 Nedal Temperatures

Nodal temperatures are in a TABLE format data set named NODA TEMP iset.
Case 1 resides in bleck 1, case 2, in block 2, ete, The block length is equal to the
total number of joints in the strueture. 'The structure is stress-free at a uniform
temperature of zero. (See Sectien 6,1.6.1 for furthér infermation concew;&_tng inter-

pretation of the temperature data.)
The following example contains three cases:

@XQT AUS

TABLE: NODAL TEMPERATURES iset

CASE 1

J= 1, 4: 10,8 Joints 1 through 4, temperature =10,
CASE 2

J= 1:14.% Joint 1, temperature = 14,

J= 10: 27.% Joint 10, temperature = 27.
CASE 3

= 4: 44,% Joint 4, température =44 .

6.1.4-1
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i 6.1.5 Nodal Pressures

Nodal pressures are in a TABLE format data set named NODA PRES iset.
Case 1 resides in block 1, case 2 in block 2, ete. The block length is equal to the
total number of joints in the structure. The direction of action of nodal pressure
en individual 3- and 4- node elements {s established by the NREF statement in ELD,
If NREF= 1, positive pressure acts in the +3 direction of the element reference
frame, ¥ NREF= -1, positive pressure acts in the opposite direction, If
NREF= 0, the présSure loading does not act on the element. (Seé Section 6.1.6.3 for

.

further infermation,)

The following example defines load set 9, confaining two cases:

@XQT AUS

TABLE: NODAL PRESSURES 9

CASE 1

F 1,6:1.3% Pressure at joints 1 through 6 is 1.3.

CASE 2
¥ 2,10: 4.2% Pressure at jeints 2 through 10 is 4.2,

F 20, 30:5.08 Pressure at joints 20 through 30 is 5.0,

m":': 6.1.5-1



6.1.6 Loading Defined For Individual Elements

Applied load data defined for individual struetural elements resides in

ELDATA format data sets (see Section 2.5) with the following names:

TEMP Eij jiset icase Thermal
DISL.  Eij jset jcase ‘Dislocational (initial mismatch)
PRES Eij jiset jicase Pressure

In the abeve list, Eij is any valid structural element type (e.g., E21,

E33, E41, etc.). Note that each of these data sets corresponds to a single 1@@__9_;1@_;3_,

icase, within set 1§at . For example, suppose that, in load set 4, case 7, thermal

loads are applied to type E21 and E43 elements, and pressure loading is applied to
type E43 and E33 elements, The names of the corresponding data sets would be as
follows:

TEMP E21 4 7

TEMP E43 4 7

PRES E43 4 7

PRES E33 4 7

Each of the data sets contains an entry (column of data) for each structural
element of the indicated type. Individial entry details for each class of loading are

defined in Sections 6.1.6.1 through 6,1.6.3.

6.1.6-1



6.1.6,1 Temperatures. The content of each entry (data column) within a TEMP Eij

iset icase data set is described 'in this section.

¢ For E21, E22, E23, and E24 elements, each entry contains the following

three words:

T, 1s the average temperature of the element, and "I‘i and T] are
transverse gradients in directions 1 and 2, respect'ively, of the element
due to Ty, if the beam origin were free and the terminus fixed. The

thermal expansion coéfficient is «,

Tl and 'I-"2

produce ne deformation in rigid links.

The following sketch shows how the beam, together with the rigid lnks

{if any) by which it is attached to joints jl and j2, would deform due to

o

6.1.6.1~1



T, . if it were fixed at j, and disconnected from j, . T, and T,

are the nodal temperatures (if any, from block jcase of NODA

TEMP iset) at joints j; and jz, respectively,

- ll.'tic Elem ent
ccas(T,+1(T,+ T,
7 a 2 1 2

Example. Cases 5 and 7 of set 48, fype E21 elements.

@XQT AUS -

ELDATA: TEMP E21 48

CASE 5
G=4: E=10, 20$ Elements 10 through 20 of group 4.
100., 10., 20.$ - . T, =100, T1 =10., T =20.
CASE 7
G=4: E= 50% Element 50 of group 4.
22., 1.5, 2.7% T, = 22 T] =1.5, T} =2.7.
I=1$ Pollowing data records contain Ta only.

G=4: E=1, 5%

1.2, 1.3,- 1.4, 1.5, 1.6$ Ta's for elements 1 — 5 of group 4.

6.1.6.1-2 | =



i, ® Tor E31 and E33 elements, each entry contains three elements:

Tl’ T2, and '1(‘3

The Ti 's are temperatures at the element corners, as shown below.

Joint J1 - Joint J2

In the above, J1, J2, and J3 have the same meaning as defined in ELD.

and 'I-‘J3 are the nodal temperatures (if any, from

Where T J1° T Jor

N block icase of NODA TEMP iset), the total effective corner tempera-

tures are ‘Tl 4" Tz +T.

gpr 80d Tz +T

Ty J3° The temperature

Example, Case 19 of load set 6, type E33 elements.

@XQT AUS
ELDATA: TEMP E33 6
B -
CASE 19
G=2: E=10: 4.5, 6.2, 9.4%

G=9: E=92: 3.7, 6.8, 9.9$

6.1.6.1-3



e TFor E41, E43, and E44 elements, each entry contains four elements:

, and T,

'F_r- 4

3

The T_-i 's have the same meaning as for the triangular elements. The

temperature distribution in 4-node elements is assumed to be linear

resulting in stress=free deformation of the decoupled element, An
averaging procedure is used to determine a lnear distribution approxi-
mating the given ’fi"s . Element meshes should be made fine enough

to suppert this assumption,

e TEMP loading is not defined for E25, E32, or E42 elements,

60 1- 60 1@4

[
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6.1.6.2 Dislocations (initial strains), Dislocational loading, which is similar to
thermal leading, is used to deseribe situations in which element strains are not
zero in the null strueture. The term '"null structure" indicates the state in which
all joints are held motionless. Dislocations are the deformmations an element
would undergo if disconnected from the null strueture, allowing it te assume a

strain-free state,

The content of each entry (data column) within a DISL Eij iset icase data

set is described below.

® For E21, E22, E23, E24, and E25 elements, each entry contains six

words:

d.

ll d’2l d

These quantities have the following interpretation: the d's and r's
are displacements and rotations of the origin, relative to a reference
frame, parallel to the member reference frame, embedded in the

terminus.

For example, the thermal (TEMP) loading defined for the E21, etc.,
elements could alse be modeled as dislocational loading if the follow-

ing values of the d's and r's were used:

42 EZ
1. = -aT? == = - L = -
dl ale . d2 mTz 5 , d3 oe’I‘aﬂ
= - -"! = R =
ry @ ’.{‘2 £ , ry @ ’I'ii R Iy 0.



Example Input, Case 7 of set 4, E21 elements:

@XQT AUS
ELDATA: DISL E21 4

CASE 7

oy}
il

3: Ex 7% Element 7 of group 3.
.2, 1.5, 1.1, .01, .017, .18% d,,d,,ds, 1y, 1y, Ty
=1,3,6% Tdentify dl’dS’rS
G=4: E=2,3%

1.1, 4.2, .008178 ' Element 2, group 4.
3.2, 6.7, .00903% | Element 3, group 4.
e For E31 and E33 -elements, each entry contains three words, as follows:
d11’ d21’ d22
The d-'ij‘s have the same meaning as defined subsequently for the E41, etc.,
elements.
6.1.6.2=2 g
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e For E41, E43, and E44 elements, each entry contains five words:

d11 i d21 ! d22 i d31 ’ d32 '
As shown below, dij is the direction j displacement of node i. The

Ji's are the connected joints, in the order given in the element definition

(see ELD).

Stress Free Element

Element Positioned
in Null Structure

Joint 31  Joint J2

® Dislocational loading is net defined for E32 and E42 elements.

6.1.6.2-3



6.1.6.3 Pressure. The content of each entry (data column) within a PRES Eij n

iset icase data set is described below.

e For E31, E32, and E33 elements, each entry contains three words, '

as follows:

Pl' Pz, P3
The igi's are pressures at the corners of the element, as shown below.

Joint J2

It is assumed that pressure varies linearly over the surface of the element,
The 3-axis of the element reference frame is the direction of action of

The NREF statement in ELD has no effect on the ?i's. The reason for this
convention is to provide a means of introducing pressure loading when NREF
has been set equal to zero to inhibit nodal pressure loading as defined in
Section 6.1.5. ' '

6.1.6.3-1



e For E41, E42, E43, and E44 elements, each entry contains four words:

131 , 132 , Py, P,
The ﬁi' s have the same meaning as defined previously for triangular ele-
ments. Tor purposes of determining equivalent loading, the following
assumptions are made:
(1) The element is comprised of four independent triangular elements
shown helow.
(2) The pressure distribution in each of the four triangles is linear.

The p;'s are total corner pressures.

o 1/2_9,4 1/27p3 1/l2p4. - 1/3p3

6.1.€,83-2



EQNF

6.2 EQNF — EQUIVALENT NODAL FORCE GENERATOR

Function, As indicated in the preceding section, EQNF computes equiva-
lent joint leading associated with thermal, dislocational, and pressure loading, For
thermal and dislocational loading, EQNF also computes the corresponding initial

sirain data necessairy for subsequent stress computations.

Figure 6-1 shows the relationship of EQNF to other processors, and
Table 6-1 indicates the names of all input and output data sets.

o

RESET Controls

Default
Name Value Meaning
SET 1 Load set identifier (iset).
L1l 1 ' First load case,
L2 1 Last load case (cases L1 through L2 will be processed.)
INLIB 1 Source librarv, all applied load data.
FEFLIB 1 Destination Iibrary, equivalent nedal force data.
ISLIB 1 Destination library for initial strain data (if any).
ISBL 896 Block length, initial strain data oufput,

6. 2=
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EQNF

Core Requirements.

Where JT is the number of joints in the structure, the data space require-

ments will not substantially exceed the sum of the following:

6 * JT
+J7T (if nodal temperatures are involved)
+J3T (if nodal pressures are invelved)

+ block length of initial strain output {f any)

+ L, » where
max

Lmax is the largest value of L, defined below, oceurring for any kind of element, Eij:
L =block length of TEMP ELJ iset icase (if present)
+ block length of DISL EIJ iset icase (if present)

+ block length of PRES EIJ iset icase (if present)

Code Release Data. Level 9, July 1975, coded by W. D, Whetstone,
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SSOL

6.3 SSOL - STATIC SOLUTION GENERATOR

Function. SSOL computes displacements and reactions due to point
leading applied at joints, Where iget is the load set identifier, and ncon is
the constraint case (see SSOL Reset Controls and Figure 6-1), the SYSVEC-

format output data sets are

STAT DISP iset ncon, and

STAT REAC 1iset ncon.

Each of the output data sets consists of n blecks, where n is the number cf
cases in the déesignated load set. Block 1 is the solution corresponding to
case 1, block 2 corresponds to case 2, eté. The number of cases, n, is the

largest of the following:

(1) n,, the number of blocks in APPL FORC iset,

(2) n_, the number of blocks in APPL MOTI iset, or

(3) n,. the largest value of icase in any EQNF FORC iset icase
resident in QLIB.

If ng or n_ is less than n, the omitted input load vectors (e.g., applied forces
for cases N+ 1, ne + 2, ete.) are assumed to be identically zere. Similarly,

any omitted EQNF FORC iset icase is assumed to be identically zero.

Components of the STAT REAC iset ncon seét ¢orresponding to constrained
or specified joint motion compenents are reactions. All other items are residual

error forces; i.e,, F - KU, where T = total applied forces, K = stiffness

6.3-1



SSOL

[,
matrix, and U = computed displacements, The error forces should always L"

be seanned for evidence of round-off error,

If the error print (EP) option is in effect, three items, entitled F*U, U*KU,
and ERR, will be printed for each load case, Where F and U are applied force
and computed joint motion vectors, respectively, these three items are in order,
FtU, UtKU, and the absolute value of FtU = UtKU divided by the greater of FtU

or U'KU. If joint metions are specified via APPL MOTI iset, the ERR quantit;

should not b

¢ interpreted as an error measure.

RESET Controls

Defauit
K K Name of stiffness matrix. l
CON 1 Constraint case (sée INV discussion),
KLIB 1 , Library containing stiffness matrix.
KILIB 1 Library containing factored stiffness matrix,
QLIB 1 Data souree lihrary, all lead input,
SET 1 Load set (iset).
REAC 1 Nonzero value causes S TAT REAC iset ncon
to be produced. ' o
EP 1 Nonzero value causes error analysis to be

performed.

6.3-2



SSOL

Core Requirements.

In the following L is the greater of (1) the block length of X, or (2) the block
length of INV K. JT is the total humber of joints in the structure. Data space
requirements are approximately as follows:

L +n*JT

where n =12 if K is single-precision, or 18 if K is double-precision.

Cede Release Data, Level 9, July 1975, coded by W. D. Whetstone.
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Section 7

STRESSES

GST is used to genei'ate data sets containing element stresses and internal
load details. PSF is used to produce various forms of stress printout. Figure 6-1
illustrates the relatienship 6f GSF and PSF to the other processors invelved in static
stress analysis, and Table 6-1 lists the names of the associated input and output data

sets.

7-1



L10 . GSF

7.1 GSF — STRESS DATA GENERATOR

Function, GSF generates data sets containing élement stress and internal
load information, Input data sets are usually (1) structural deformations resident
in STAT DISP iget ncon, and (2) initial strain data resident in IS Ef} iset joase.
Production of these data sets is described in Section 6. Output data sets are named
STRS Eij iset icase, where Eij, iset, and jcase have the same meaning as
used throughout Section 6.

RESET Controls

Default _

Name Value Meaning

QLIB 1 Source library for STAT DISP iset ncon, and
IS Eij iset lcase data sets, if applicable. Stresses
will be stored In QLIB.

SET 1 Load set (iset).

11 1 1casel.

L2 icase,.

CON MASK Fourth word of STAT DISP jget ncen.

EMBED 0 If nonzero, all stresses computed in the current GSF
execution will be embedded in the E-state, for use in
computing geometric stiffness matrices, Kg. (See
Section 4.) "

ACCUM 0 If nonzero, all stresses couputed in the current
GSF execution will be added to those already
resident in the E-state.

LREC 5600 Block length of output data sets.

7.1-1



Executica Control Parameters

The following statement may appear immediately after the last RESET card,
or after @XQT GSF if no RESET cards are given:

SOURCE= N1 N2 n3 nd4 (irailing words MASK-filled, if omitted)

The SOURCE statement names a data set, resident in QLIB, which replaces STAT

DISP jset ncen as the source of joint motion data.

Stress data sets, STRS Eij iset icase, will be produced for fcase = icase, ,

icage, + 1, --- icase,. K L2 is not RESET, icase, assumes, as a default value, the

number of cases (blocks) resident in the input data set containing joint motion data.

Subsequent control cards designate specific groups of elements for which
stress data is to be computed, as illustrated below:
E2L: 4,7 10% E21 groups 4 through 7, and group 10.
E338 All E33 elecments,
E43: 1: 7: 10, 128 E43, groups 1, 7, 10, 11, 12,

E44: 1,5 7,17 etec.

If control cards of this kind are not given, stresses will be computed for all elements.

l';l,l;} .

o THE
s Of

FPRODUCIBILITY OF 1F

CRIGINAL PAGE 18 POOR
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The data space requnirrement's are approximately the sum of the following:

Six times the number of joints in the structure
+ the longest IS Eij block length (if any)
+ the STRS Eij block length,

Code Release Data. Level 8, July 1975, coded by W, D. Whetstone.
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PSF

7.2 PSF — STRESS TABLE PRINTER

Function. PSF prints element stresses and internal load information con-

tained in the STRS Eij iset icase data sets produced by GSF. If present, load

case titles contained in CASE TITL jset are displayed.

Reset Cppt@ls__

QLIB

SET
L1
L2

DISPLAY

NODES

CROSS

IEA

Default

Va-lue

56

Data source library, STRS Eij iset, icase, and
CASE TITL fsst.

iset (load set identified), .
icazae-1

fcasez — Default icrseg is the number of cases (blocks)
in CASE TITL l_s_e_t

DISPLAY =1 produces standard stress print,
DISPLAY =2 designates output of end force data for beams,
bars, etc., and Stress resultants for two-
o dimensionsl elements.(See P 7.2-5a)
DISPLAY = 3 produces detailed display « a%e
ing stress data.

) - C

For 3- and 4-node elemgents, set NODES= 0 to eliminate
printout of streases, gc , at element corners, (See
Fig, 7.8-1.)

For 3- and 4-node elements, set CROSS= 0 to restrict
the printout to mid-surface stresses. (See Fig. 7.3-1.)

Lines per page.

Set TEA= 0 to cause the run to be aborted if an error
occurs (e.g., designated source data sets do not exist).

7.2-1



PSF ' 110

i
»
3(s)
Fig. 7.3-1 Stress Display Convention = 4-Node Elements
.
Execution Control Parameters
The following control card may appear after the last RESET card (if any):
The f;'s are divisors for the following categories of dﬁta, in the order indicated:
{1) Stresses.
~ (2) Membrane stress resultants.
(3) Bending stress resultants,
(4) End forces for beam, bar, etc., elemenis,
The default value of each fi is 1.0.
L

7.2-2
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Data will be displayed for cases icase,, icase, + 1, --- fcase, of set iset.
Subsequent control cards (if any) will indicate specific element types (Eij) for which
data are to be displayed, as indicated below. If no such cards are given, the data
will be displayed for all element types.

E21: E23$ Data will be displayed only for these

element types,
E31: E41: E43$

Several examples of PSF printout are shown on the following pages.

Core Requirements

Data épace required is approximately equal to one block of STRS Eij,

Code Release Data, Level 9, July 1975, coded by W. D, Whetstone.
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120y KI1P SHEAR L OAD. DIR, 2

RING STIFFENER, 2m20

2y STRESSES, DYVIDED AY

INDE X

[ g
QB OAG AL N>

JOINTS

24
22
23
24
25
26
27
28
29
30

Note:

22
2%
24
28
26
27
28
29
3
21

This printout was produced with DISPLAY=1 and the

TENSION

Ta69
15,9}
19,06
5,80

7.54

s UV
s 00U
2 00
e 00
- 00

PSF Example

1000,0000

~ MAX COMBINED
CONNECTED P/A +BFNDING

ConNp

«00
00
000
00
00
.7.69
wi1%,91
.1',06
»{%,80
»7.54

control parameter DIV=1000.

P/A

G,26
12,99
j0.806
2,09
8e81¢
wl,24
wi{2,99
wnib,86
wid,89

wiiail

7-2"'4

4

TRANSVERSE

SHEAR STRESS

8 82
00 00
.00 000
+00 000
00 ' 00
|00 .00
00 00
000 + 00
|°° .00
00 200
.00 .00

L10

ASE Sw
sGROUS

TW1d?
SHEAR

000
«00
200
000
o 00
000
00
. 00
. 00
.00

i
3

: ;
/I\ ‘t‘
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o~

 RING STIFFENER. 7320
F21 FOKCES,
tNDEX JOINT

1

fo

3
22

22
23

a3
24

24
28

eS
2é

2é
27
27
28

28
29

29
30

30
3]

Note:

points.

1200 KIP SHEAR { OADs DIRy 2

PSF Example .
DTVIDFD @Y £,0000
Py r2 L P&
Bba73 $70:97 «9200,%2 »1§73.97
wB647% o5T0e97 9200,52 #4707.38
163,28  140,4%028064,40 25%3,90
©163925 wi004+43 28064,40 *4001.37
10403 wloGln36623,49 3010.12
wi0e03 1008 36423,49 »2999,74
wiB83,99 oil40.31027839,84 398¢,37
183,99 140,51 2783944 »3504,.10
©70:59 567,73 «8882,02 4699,58
70.59 567.75 8882,02 1148,5%
wB86.,72 570,97 9200,.5% 117%.97
B86¢72 570e97 09200.53 4707,.38
©163,2% =180.43 2B064,41 #2554,91
163,25  $40.43028064,41 Q001,37
wl(.03 1.01 36023.08 I3010.13
10403 i,01236423,48 2999,73
183,99 140,31 27839,43 »3989,%36
183,99 #140431%27839,43 2544441
TU,58 S67.,75 B8882,02 wit99,58
070,58 @567,75 #8882,02 w1148,5%

7.2=5a

4]

17136
721498
»542.,98
e324,54

u2379,70
2483403
w2029,59
534436

v613.79
wi13,34

oi71.32
e721:99

642099
w2324+54

2379.70
“2482499

2429455
w534e36

613,77
113427

PI's are point force and moment components (rela-
- tive to element reference frames) acting on element end
This was printout produced with DISPLAYs=2,

CASE Se
SGROUP

Pe

2393,08
hZ}QS.OB

2269,01
w2269,01

3,58
n3,58

h2268.92
2268,92

»2400,72
2q00,72

»2393,08

2393,08

*2269,00
2269,00

w3, %8
3,58

2268.92
od268,92

EHOO'?l
w2400.71

$
3



CASE A VIMD QW

TOWER HADY CORNER AMGLES

E21 BTRESSES,

INDEX
S

Lac

41wy
4imwe
Gim3
dsad

5lm}
5img
S1e3
Siay

d4get
HQm2
4Qw3
40my

50=1
50=g
S0=l
Sowy

42w
42w
4aml
U2al

521
S52=2
S2m3
S2wd

Note:

DIVIDED RY

MY2/11

1635.74
1744,75
.Uy
w1744,75

n251{1,48
'2579|°l

LA
2hT8 .94

wh(38.17
Q6040.71
UV
6440,71

3861,71
4119.16
= )
w4119 16

wih53,93
wiT64,19
s U
1764,19

2u9s5,67
Fhb24u5
w, by
-26b2|U5

PSF Example

TONERSST 6 PSF

1,0000

MY1/12

3029.33
2662450
»w32064.83

- 2662.50

nﬂsﬁbgbi
'399600“

4813,04
w3996 404

w{1607.92
miU202¢27

§12288,07

wiy202.2A

11106.9¢
9761 49%

»1175747}

9761694

302308
36$6097
320018
265698

w4240
4B68,8%
mG042.40

MY2/11
+MYt/12

4668403
440725
“3206.83
1775

w7058409
»b66T449%

4813,01
131713

w1T6l46c09
wl6bU2.99

12238407
376157

14968 .62
13881409

wii7587:71

5642478

136941}
£92.78
w320Qpcid
4421417

@2103968

=138y 3%
4868485

6704445

7.2-5

This printout was produced with DISFLAY=3.

116

CASE Le

«GROUP 9
My,118

PrsA *P/A

5137433  9802,37
5137.,%3 9544,58
513733 1930.50
5137.33 6055,09
5137,33 wi1920,7%
513733 =i537,62
13733 G950 ,34
5137.33 382940
«12866094 a30513.03
w12866.%4 -29509.93
wi1280649U wl662A,5)
w12866,94  2101,68
wi2B66h94 1014415
-IEBOQQ9Q w8624 ,65
®52806494 wT7224.L0
5137.04 6506.10
5i37.04 6029,82
5137.04 1934,86
5137.04 9558,21
5137.04 303%,36
5587404 3754069
5137.04 10060%,69
537,04 'isﬁ?cgi

T
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Note: This printout was produced with DISPLAY=3,

7.2-5¢

L10 PSF Example
CASE Av» WIND ON TNWFRaS7,6 PSF CaSt 1= |
'i;? SECTION FeF sGROUP 17
€21 BTRESSES, DIVYIDFD BY 1.0000
_ MY2/11 MY/,1t3
INDEX LoC MY2/11 MY1/12 *NYL/22 P/A *P /A
13
97et -55.33 2086451 =2121,84 -7703.‘3 wQ824 .96
1w 35,33 aPU86451 2051448 =770%.43 “QT75u.3}
97=3 376,82 829,97 1206079 «7703413 =~6498,34
FTwd =176,8p 829.97 US3415 =770%.13 =7249,98
991 15.56 3374426 3449,82 w7703,13 =y253,34
99m2 75,56 337de26  3298,71 «TT0%¢13 ~yddyele
99ml wA05.92 «1342422 =2108.14 «T770%3.13 =9854,27
99ey 805,92 =1342.22 #536,29 »T7703,15 =8239.42
14 ) _
99umy 76,22  3403¢57  34d79:80 «7157.,43 =3877.68
Q9= w76,22 3403457 332735 7157443 =3830,08
99ul . wAl3U6 wi1353,87 m2166.94 #7157.43 =9324,37
99wy At3,U6 ®313534B7 «SUQa81 »T7157.,43 «7698,25
{0i=} wl2,77 615,57 37280 «T7157.43 =6784,.68
) {ul=2 42.77 415,57 58434 =T157.,43 =699,09
< 1ule3 456422  wioSe1y 290692 &T157.43 wpbhs 52
to1ed ay56,22 »i65:3} wb21e53 wT7187.,43 =7778,98
15 : | :
1olet 37,96 623439 EBS .43 »60628.46 =h04T,U3
101el 37.96 623439 661e34 wb6628,46 w5967,11
101e3 U0U,R9  w24T7.97 15692 *682R,46 =aUT71,.5%4
toled w4084,89 weid7497 n652,86 =b628.46 =7281,31
103e} “033  1917,79  1917.46° «6628,46 =4711{,00
10302 o33 1917479 1918.12 =6h2B.46 =4T710,434
103m3 352 -762-8& -759.34 wb028440b ﬂ7$37050
1034 352 ~762485 wT66e37 w6H2R U6 wT7394,83



200 KIP SHEAR LOADs DIR, 2

CONICAL SURFACE. Zw20 TC 3U

r43 MEMBRANE STRESS RESULTANTS,
ARP/ZIND L OC

. 74

3/

3/

1

NX

€ a6487,25
21C »1287,.83
31C o1287.93
32C=12632,.38
22Ce10741,.58

Ce22498,87
22Cw18290,35
32C=18299,35
33Cw27472459
23Cn25942 22

6030293.18
23Cn30729,10
$3Cw30729,10
34Cw29778,00
24Cw299346,%2

Note:

NY

PSF Example

NXY

3814771 1%909,56
w2dT2.17%11%09,56
-5“72.52‘1‘50935‘
n5128,71211909,56
w2185:67211%09,5%6

-555!.98
n2%67.88
w9i483,.52
wB668,14
»1688,39

wSHUS .01
wlT772.54

w99T76.87

w903674
»R89,10

«8178,34
eB8178,34
»8178,34

o2447 ,99
o2447,99
-33@7.99
w3447 .99
w2447 ,99

DIVIOED BY

ANG

132,
136,
140,
i26,
13%,

112,
113,
121,
118,

964
9%,
”.
97.
98,

This printout was produced with DISPLAY=2,

1.0000
MAX PN

322%,08%2098¢,
S845.26el08742,

02248 ,9942580¢,
IO‘“-SZ-:IT“E-

*4598,48e23175,38
u ‘5503.94.3053"7’
1074

‘aiirQSia'aaah
*8204,9%«30532,

w1567,05030934,

*9692,01«31013,

»8751,7330063401

g?".SQCSOl“al

For eech

element, the first line printed refers to the center of the

eléement.

to mid-surface.

on Figure 7. 3-1

7.246

NIN Py

643%5,86016737,p8
9644 ,94nwi3404 444
8318,20015078,29%

cASE Se
SGROUP 3

MAX MR

11586,87
$11526.79
11698,23
18 12105,63
50 12278,88

87 11776,44
8% 1141%.,44
92&8.“5
frd6t b2
14626,93

12663,98

24
04
60
97 10660,98
10655,604

00 14679,27

Subsequent lines refer to nodes 1,2,3, and 4, with
the connected joint number listed on the left.
0n the following pcgel, all of uhich were

The C refers

14683,78.

J1}
-3

@

N

i
“-A I




PSF Example

1200 KIP SHFAR | 0ADe PIR, 2 CASE S- |

%§ CONICAL SURFACF. Zup0 TC 3U sGROUP 3
FA3 STRESSFS, OLIVINFD RY 1000,0000

GREZING LOC 85X SY . TXY  ANG  MAX P8 MIN Pg MAX SHR

3/ 1€ =1R.97 w763 w2302 132, 12,87 #33,48 23,17

@ 612.?2 o7e6V *23.02 132, 13.90 w353,32 23,16

R =13,23 wTebb 23,02 137, 12474 =33,43 2349

21C 2,58 whs94  w23,02 136, 19,29  m=24,81 23,05

A ~Sei17 mhefd 23,02 136, 17,42 «28,4% 23,03

R ", 08 3,75 23,02 137, 21.18 »25,01 23,09

(3] 2,58 ®10.95 w23,02 140, 16,64 =30416 23,40

A w34 10458 23,02 142, 183,54 =28,78 23466

A ~5,49 «11.31 w23,02 139, 14480  =31,50 23,20

320 wdRe26  w10026  w23,02 126, G045 widi,q7 24,2}

A “2tet1 "3,29  =23,02 128, By,18 239,24 23,83

I @28,92  =11e422 23,02 124, 4959 244473 2l 456

220 a21,48 =4e37 =23,02 125, 11443  «37,48 24456
A =93,74 =5.49 #23,02 124, 10415 =39,38 24476
H  =19,22 *3.25 w23,02 125, 13,13 w35,40 24, %6

3/ 2 € =48e00  milell wih,36 1124 4,50 51,60 23455

A wmld,27 mi0.94 «16,36 112, »4,25 =50.96 23,35

B mdS,75 11427  e16,36 112, 4,74 =52.25 23,76

I A 42,72 »Te71 w16,%6 112, =1.25 =ld9,y7 2396
R =30,44 w1e77  wi6,36 114, S.65 «37.85 2175

T12C  =36,58 =1B.97 wi16,36 1214, 09,20 46435 18,58

A =28,372 #1750 16,36 126, 95,69 =d40.14 17,23

B a4l B4 m2044T  =16,36 117, =12,23  «=53.04 20441

IIC wB54,95  =1T+34  w{6,36 111s =11,22 =61enb 24492

A al6,59  =15.43  =16,36 113,  =8,42 =S53,60 22,59

] b330 wi9,2% wib,36 108, wl3.84 68,71 27443

236 wh1.88 3,38  w16,36 §07, 162 «56,88 29425

A a57,.33 *5,97  wi{6,36 1064 1,20 =62410 30,43

R wldb b4 =79 a{6,36 {08, 4,87 51«59 28,408

3/ 3 € #60,59 =]0.89 *d4,90 96, 410,41 wb1,06 25433

A @ab9,61 ={0s6b 8,90 96. =10416 =60409 24,97

A wbla.56 w1ie13 wl o 90 95, w0406 ab2,04 25,069

23C  «b1,.46 2355 «4,90 95, 3,13 wb61,.87 29.37

A wbR, 3y nbe B =4,90 9%, ~6,42 =68,70 3lel4

B ebd461 .28 wl,90 95, v16  =55,04 27480

33C abht U6 w19,88 w90 97, «19,38 ®»b62.03  21.32

A w51,32 17,97 w90 98, 17,27 52,02 17458

B a7i1eb0 @21.94 w90 98, w21,46 =T72,47 25,31

34C w59,56 =18.07 whe90 9T, 17,50 «60,.13 21451

A adQ .58 w{5.94 4,90 98, »15,24 50,28 17452

B 2h8,53 w2021 nd,90 9h, =19,73 =70,nt 25.14

240 59,87  =1,98  wld,90 9%, =1.57 =60,28 2934

{&5': A abhb,7d b, 23 wd 90 95, "“QBS -67113 31,14
tot B a53,00 1s28 «4,90 95, 1e71  =53,44 27458

7.2=7



PSF Example

120U KIP SHEAR | QADe DIR, 2 CASE  Se |

GOt pCAL SURFArF, 2220 TO 3U AGROUF 3

FA3  STRESSFS, DIVINED BY  1000,0000
aREZIND LOC SX SY  TXY  ANG wAX PSS MIN Pg Ay SR

3/ 1 0 a12.97 7:63  w23,02 132, 12,87 =33,48 2317
A =l2,72 wTa60 w23,02 132, 13,00 =33,32 25,16
R

-13.,2% oTebb e23,02 132, 12,74 »35,463 £3.189

3/ 20 «l45,00 =11s10  wib,36 §12. w80  =S1,4p0 2395
A “GlUeRT w0494 wi6,%6 312, *4y25 =50.96 ?345%
B «df,73 »i1227 16,36 117, wiheTy «$52,5% 2%.78
Y4 ] C w bl g 5% wil B9 2l 90 9s, s10,41 ah]anbk 79 53
4 59,61 w»i0e69 #4,90 964 wl0.16 wb0,09 497
B wb14%0 wlfeld wido90 9%, #10,66 #62.04 P09
3/ 4 € aB0.66 whe?S 8,70 79, i 58 wS51,72 23,97
A 9“0037 ,6|U'q 8.7(:) 79. -'“.35 -51.0.5 230 ‘u
g 50,76 who 4B B, 70 79, =4 A0 52,40 23,8p
3/ S € =21a.63 282 20,27 89, 12,77 33,54 23,47
A T PANL X! .qa 20.27 E_;Q. ‘2.“9 5.53.{[1 83.15
H -c"hBE .72 ?0.27 60| 12.65 FSS.?Q ?‘nlq
s/ b f: 12.97 Yebd 23.0? 42, 3#.“8 512.37 23.‘7 %Jj
A 12472 Tebl 2%.n2 42, 33,32 13,00 23.16
R 13423 Tebb 23,02 42, 35,63 «12474 29,19
3y 7T ¢ 45,00 11e10 16,36 2?7, 51460 450 23455
A angat 10694 16,36 224 50,96 4eph 23435
B 45473 1te2? 16,% 22, 52.2% beTl 23476
3 & 613459 10489 4,90 b 61,06 1004t 25033
A 59,61 10465 4,90 6. 60,09 10616 24,97
B 61.5%6 11013 4,90 Se 62,04 10-66 25,09
9 ¢ 50406 6425 8,70 169, 51.72 G.58 23,57
A 49,37 6.04 *8.70 169, 51,05 446 23+34
R 5075 645 w8,70 169, 52440 4epo 2380
5/ 10 £ 21.63  =eB2  =20,27 149,  33.58 12,77  23.17
A 21.44 =2 w20,27 149, 33,41 =12.89 25415
b 21.82 72 =20,27 150, 33,74 “12.65 2%.19
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120y KJF SkEAR | DADy DIR, 2

ggggcorlan SURFACFe 329 TP 3V

il

o

STHRESSFS

GRE/ZIME

v
A

37

3/

3/

L 74

3/

3/

3/

1

(o0

r
21€
3ic
3ac
2eC

C
et
a0
33C
23

¢
R3C
33
345
puc

c
24t
3“@
35¢€

25

r
as¢c

3Le

36f,
26t

€
R6C
£ {.1o
$7¢
27¢

L
27¢
37C
38C
28C

C
26¢
38c
sar,
201,

PSF Example

NIVINED RY j000,0000
8sX SY TXY
={2,97 Teb3 mp3 up
2458 w94 e23,02
2,58 ®]0.99 23,02
«?25:26 #1026 w23, 02
w2ty 4f ole37 23,02
w500  =11,10 »lb,36
36054 =74 =16,36
w36,45848 w|Re97 le.36
“81,88  w3.38  wi6,36
cbUs59  P10489  =d,90
ablslds w3,5% wi, 990
ahilh =19,95 =d,90
«H9,56 =18.07 =4 ,90
§§9|37 Pip?ﬂ -4.90
abi) e b whe2% 80?“
59,88 ® 1445 8,70
w59 ,80 =]2,29 8,70
CELIY wl] 0l 8,70
ald2,0% -3ty 8,70
Y AT} B2 20,27
=32,49 1,78 21,27
w32,49 se3b 20,27
“R B0 il 0,27
«l2,75% {99 20,27
12.97 Teb3 .23.0?
2458 He94 23,02
2.58 10498 23,02
25,24 10426 23,02
214,48 4037 23.02
QBQOH {1a10) 16.35
36458 4474 16,36
. 3&.68 18g°7 .ibglb
54,99 17,34 16,34
5188 3.38 l6.36
61459 10489 4,90
Atadb 3055 “.90
61440 19.95 - 4,90
59,56 18,07 4,90
59§ﬂ7 l.Qﬂ “.90

792“9

ANG .

132,
136,
140,
126,
125,

f12.
113,
121,
111,
107,

"axX P§

12,87
19.29
16,64

6,45
11,63

wil 50
217
*9.?0
~ll.22
1,62

10,41
'3-13
'1“-35
'17o$0
»ie57

94053
»,0R
510075
wl 5¢
1,44

12,77
I1,19

9,44

16,27
16,19

55,48
30,16
41.97
37,49

51460
43,49
48,435
61,06
6,88

61,06
61487
62,03

60,13

50;2“

CASE Se |
SGROUP 3

MIM Pg  MAY SHR
-53.05 2‘.‘7
n2beat ?3.0%
w30,16 23440
P“lg?? anal
w3748 24456
w3t ,60 23.9%
wd3,49 22493
wlify 35 LIEL
b1 406 24,92
«56488 29425
«b1,06 25433
-64087 29057
»62,03 21432
=H50e17 213}
a«b0,2A8 29,36
*510?2 2397
-61.1ﬁ 30.53
wbi4? 2533
40,99 16,24
“43,77 22460
933.%8 25417
wld]490 26454
6“2.29 ?5‘66
625.10 20.73
«26¢9% 21.57
=12.87 2%:17
wi9,29 23,05
(Y- TY Y 23.40
ah 45 Eaca!
w{isnd 24456
4450 23,5%
-3017 ?3n33
Q420 t8558
i1.22 24,92
'1-&2 29.25
04yt 25,33
3413 29437
19.38 2132
1750 Elo;l
fe57 29430



1200 KIP SHFAR | NADy DIR, 2

COrycal

F43 STRESSES,

GREZIND 00
3 { t
5/ by f
5/ LI
S/ 4 r
3/ B} r
57 ) C
5/ 7 r
vy & r
37 9 ¢
57 11 r.

SURFACE o

DIVINER RY

88X
12,97
«ldS, 00
=61 59
w5l g (+6
n21e63
12,97
45,00
61,59
IR

2163

ZE20 T0 JU

PSF Example

foo0,0000

|sY XY
"7.63 @23,02
wilell w1b,36
=104A9 i ,90
he2S 8,71
B2 20,27
Teb3 23,02
1410 16,36
10489 4,90
6425 8,70
82 =20,27

7.2-10

ANG
132,
112,
96,
79,
5a,
42
22,
LY
169,

149,

HAX P§
12,87
4,50

«l0.41
*4,58
12,77
33,48
51,60
bl.0h
51.72
$5,58

CASH

He

RGROWP 3

MIN P§
«33,48
=51460
wbi,.né
=51472
53,58
=12487

4450
19,41
Ge58

=12.77

MAX SHR
2317
23,55
254353
23,57
23,17
28,17
23,495
25,33
23.57

23,17

o
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EIG
Section 8

EIG = SPARSE MATRIX EIGENSOLVER

Function. EIG solves linear vibration and bifurcation buckling
eigenproblems of the types indicated by Eqs. (1) and (2).

rMX - KX = 0 {1)

rKgX + KX = 0 {2)
K and Kg must be in the SPAR standard sparse matrix format; M may
be in either SPAR sparse matrix or diagonal format; and K must be non-
singular. K need not be positive-definite in Eq. (1), but must be positive-

definite in Eq. (2).

EIG implements an iterative process consisting of a Stedola

(matrix iteration) procedure followed by a Rayleigh-Ritz procedure, followed

by a second Stodola procedure, etc., resulting in successively reéfined
approximations of m eigenvectors associated with the m eigenvalues of

Egs. (1) or (2) closest to zero. Closely spaced roots do hot adversely

. affect the process.

In the following discussion of application of the proeess to Eq. (1),
it is assumed that M and K are n x n, and that m linearly independent

system vectors, YI

R Yz, - - 'fm, are known. Methods of initiating these
vectors _wilsl be discussed later. Usually m is chosen to be much less
than n; that is, m is usually 4 to 30, while n may be extremely large

(e.g. 10000 +).

In the following discussion, Z is a general linear combination
of the Y's:

= HQ, where _
. 8=-1



EIG

H= (Y1 Y2 --—-Ym), and

Q= (a; 9, ---- )" - (3)

The Rayleigh-Ritz procedure consists of replacing X with Z inEq. (1);
that is, substituting (3) into (1) and pre-multiplying by H”, '
r (H¥MH)Q + (H*KH)Q = 0 (4)

Using the Cholesky-Householder method, this low-order eigenproblem
is solved for all m eigenvectors Ql, QZ-‘ ----Qm. The Rayleigh-Ritz
procedure is concluded by using Eq. (3) to calculate m improved

approximations of the n - order system eigenvectors,

Z, = HQ,

Z,; = HQZ

zm = HQm ' (5)

The Stodola (matrix iteration) step is as follows., From each Z

of Eq. {5) a mew Y is computed, subjeci te the requirement that

MZ = KY. {6)

In performing MZ calculations and in selving for Y, SPAR's sparse-
matrix algorithms are used., The iterative process continues by using
the new Y's in another Rayle-igh-Ritg procedure, etc. Vectors are

regularly renormalized to avoid scaling problems.

' The convergence resulting from Eq. (6)is readily observed by
considering vectors Z and Y as linear combinations of the n system

eigenvectors X, Xz - X .



EIG

g, & & A
X z_ié:l a, X, , Y'i;i by X, (n
%
Substitution of (7) into (6) and pre-multiplication by Xj gives
n % Il - T
Y X, MX,a, = 3 X, KX, b..
i=1 J i’i i=1 J i
Since, for i not equal to j,
& e
X' MX. =X KX, =0,
j i J i
_x’;‘ MX, a. _
by = === a = —+, (8)
oxT KX, Y r,
i i i
where r, is the eigenvalue assoc¢iated with Xi. Eq. (8) indicates that in

o the transition from Z to Y the magnitudes of corresponding eigenvector

)

- coefficients are diminisheéd in inverse proportion to the associated eigen-
value magnitudes. Suppose, for example, that sorme of the system eigen-
values are r) = . 5, re = 10, rZS = 1000. Then

bl = 2.0a r
b_—, CHE | ag, and
bZS = ,001 2,5
Since K need not be positive definite, EIG can be used to solve
"shifted" vibrational eigenproblems. For example, if cMX is added and sub-
tracted from the left side of Eq. (1), |
(r-c) MX - (K - cM) X = 0. | (9)
_ Eqg. (9) is of the same form as eq. (1), except that (r - ¢c) has replaced
xg i r, and (K - ¢M) has replaced K. Shifting has several useful applications.
13 :

8-3



EIG

For example, suppose it is desired to compute only the vibrational modes l .

associated with eigenvalues near ¢. The procedure is as follows;

(1) Use AUS/SUM to compute K - cM.
(2) Use INV to factor K - cM.
{3) Use EIG to compute the eigenvalues of Eq. (9), (r - c),

near zero.

It is noted that INV can be used to determine the number of
eigenvalues present in any range of interest. INV prints the number
of negative terms encountered in factoring K - ¢M, which is equal to the

number of reots below c in Eq. (1).

EIG measures convergence of the overall process by tracking I

St

changes in the eigenvalues of Eq. (4), as computed in successive steps.
Through RESET controls, the analyst may choose eigenvector initial
approximations comprised of:

(1} random vectors generated internally by EIG, and/or

(2) data sets, from any source, resident in a library.
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EIG

The following output data sets are produced by EIG:

Data Set Name

VIBR MODE nset ncon

VIBR EVAL nset ncon

BUCK MODE nset ncon

BUCK EVAL nset ncon

Qon_t_a_nts_

The last set of vibrational eigenvector approximations
(Y, ¥, -- Y ), normalized to Y MY, =1.0.

The eigenvalue approximations associated with the last
set of vibrational eigenvector approximations (not in Hz).

Last set of buckling mode approximatioens, normalized
to Y} K Y =1.0.

of buckling mode approximations.

The VIBR MODE and BUCK MODE data sets are in SYSVEC format, containing m

blocks ~ one for each eigenvector approximation,

The VIBR EVAL and BUCK EVAL

data sets contain a single block of m words.

The fourth word of the names of the output data sets, ncon, is the constraint

case identifier, designated by the CON Reset Control. The third word, nset, is

a user-supplied identifier designated by the NEWSET Reset Control. A typical use

of nset is to identify results associated with different shift points,

RESET Controls

Default
Name Value
PROB VIBR
NDYN 8

VIBR indicates solution of Eq. (1).
BUCK indicates selution of Eq. (2).

Maximum numbetr of passes through the EIG iterative
process.

8=5



EIG

RESET Controls, Continued.

Default
Name V.alu.e. _
CONV 0001 )
NREQ .5m

;

V1 .0
V2 .0 ]
K K
KG KG
CON 1
KLIB 1
KILIB 1
KGLIB 1
MLIB 1
QUTLIB 1
NEWSET 1

i
L

Iteration controls. For iteration j, the measure of
convergence of eigenvalue i is:

-1 i
o = 15"/

The ith eigenvalue is said to be converged if e; is
less than the value indicated by CONV . Execution
will terminate when both of the following cenditions are
met:

(1) At least NREQ eigenvalues have converged.
(2) There are no unconverged eigenvalue approxi-
mations within the range V1 < r, < V2

First word of the name of the data set to be used as
K in Eqgs. (1) or (2). Common RESETs are
K= K+KG, and K= K+CM .

First word of the name of the data set to be used as
Kg in Eq. (2).

First word of the name of the data set to be used as
M in Eq. (1). A common RESET is M= M+RM,

. where M+RM is the sum of RMASS and DEM (or

CEM), formed through AUS/SUM .

Constraint case, ncon, applied in factoring of K,
or the K surrogate, by INV,

Library containing K, or the K surrogate.

Library containing the factored K (er K surrogate)
produced by INV .,

Library containing KG, or the KG surrogate,
Library containing M, orthe M surrogate.

Libratry inte which EIG output is to be delivered.

names.

8-6 |
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Name
INIT
L1

L2

INLIB

OLDSET

XRAND

SHIFT

HIST

“TIME

RRCH

Default
Va-lue_

0 Y

1

.0

EIG

Meaning

These parameters designate initial approximations
from either or both o’ the following sources:

(1) INIT = the number of vectors of random numbers.

(2) Vectors L1 through L2 of an existing data set
within library INLIB. The name of this data set
is VIBR (or RUCK) MODE oldset ncon.

If .1 and L2 are not given, and INIT is not given,
all vectors in the data set VIBR {or BUCK) MODE
oldset ncon will be used as iunitial approximations.

The maximum total number of functions, m, is 100,

Advance the random number generator by XRAND
numbers (to avoid re-creating the same vector as
in a previous execution).

SHIFT is added to the computed eigenvaiues [i.e.,
shift corresponds to ¢ in Eq. (9)] , before they are
stored in VIBR EVAL or BUCK EVAL.

Nonzero value, 4 or 8, results in printout of eigen=
value convergence history, displayed as HIST
columns per page.

Nonzeroe value results in printout of intermediate
CP and wall clock times.

Noenzero value results in executio . of a check of the
accuracy of each Rayleigh=Ritz analysis.

8-7



EIG

Following aé RESET cards, two additional types of commands may appear: l _
{1) RSCALE 811 8gs Bg» Sy By Sg-
The above causes all direction — i joint motion components of all
randem vectors produced by the INIT Reset Control to be multi-
plied by 8- Default values are s; = 1. for i = 1, 2, 3, and

8 = .01 for i = 4, 5, 6 (rotations).

(2) PRINT K1 K2 K3 K4 K5
Nonzero values of the K's result in production of the following
categories of printout:
Kl: Vectors Y, KY, and MY are printed during each
iteration. Bring a boxcar to haul your printout

home.

K2: Terms in the m x m coefficient matrices of Eq. (4)
are printed during each iteration.

K3: All Rayleigh-Ritz eigenvectors, Q, in Eq. (4), are
printed during each iteration.

K4: Vectors Zi of Eq. (5) are printed during each iteration.

K5: The final set of eigenvector approximations are printed.

K1 through K4 should be used only to diagnose abnormal results.

8-8
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Suggested Technique: The RESET controls allow EIG to be used in many ways.
The best approach for a particular case will depend on many factors, such as prob-
lem size, the number of eigersolutions required, the mode of execution (batch or
interactive), etc. Arcordingly, no fixed rules of operation can be given; however.
few general guidelines can be stated:

1)

(2)

@)

H ¢igenvectors for a sfmilar structure are known, use them
as initiul approximations. This is very useful in parametric
studle: of the etfects of changes in section propertiea, mass
distribution, etc.

To compute modes of structures for which rigid body motion is
possible, use the spectral shift method. The shift constant,

¢ in eq. (9), should be selected within the expected range of
eigenvalues associated with the elastic modes. Too small g
value of ¢ results in excessive roundoff errors due to K ~ cM |
being nearly singular.

In the first execution of EIG, choose a small value for NDYN,
perhaps as small as 2 or 3 for large structures. This will give
the analyst useful information about the elgenvalue distribution

in many cases, providing a basis for determining whether vectors
should be added or deleted in the ensuing execution. For example,
suppose you want to compute vibrational eigenvalues from .0 to
100. ; and that you RESET INIT= 12, NDYN= 3, If it is found that
only the lowest three eigenvalue approximations are less than
100,, it would likely be reasonable in the next run te continue
iterating on only the lowest five or six modes; e.g. RESET

Li=1, L2= 6. |

Generally, if p modes are to be computed, at least 1.2 p
vectors should be used in the EIG iterative process; gince
the higher eigenvalues may converge much more slowly
than the interior (close to zero) eigenvalues, depending upon
the spread of neighboring eigenvalues.

8=9



EIG

If good turnaround is available (e.g. via an interactive
terminal), it is almost always best to proceed in a sequence
of short executions to avoid wasting computer resources by
iterating on either too many or too few vectors. Note that

_ the default operation (@XQT EIG, followed by no input cards)
is to resume iteration on all vectors computed and stored
in a library in the last execution.

(4) I a very large number of modes 18 required, it may be cost
effective to make several shifts and compute clusters of
modes spanning the desired eigenvalue range. The resulting
geveral data sets can subsequently be merged, if necessary.

Core Requirements.  In the following discussion, m is the number of vectors
being iterated, L is the block length of the factored K (or K surrogate), and J is
the number of jeints. There are two parallel requirements, the second ef which
will dominate in almest all cases:

(1) am? + 16m, and

(2) 2m+L+B

where B is a pool area usable only in integral multiples of 12J. The 1/0 activity
of EIG will diminish linearly as B is increased in multiples of 12J.

Code Release Data, Level 9, July 1975, coded by W. D. Whetstone,

8-10




i

.

-y

Section 9

DYNAMIC RESPONSE

9.1 PRELIMINARY INFORMATION
The following subsections contain general information concerning terminol-

ogy and solution procedures used in the dynamic response processors.

9.1.1 Terminology
The purpose of this subsection is to define terms and symbels that will be
used in subsequent explanations of the functions, input data, and centrol require-

ments of dynamic response subprocessors.



9.1.1.1 Linear Systems. It is assu'med that the reader is familiar with Rayleigh- _ @:?

Ritz methods of dynamic response analysis.

The basic equation of system motion is as follows:

MU + DU + KU = P, | 1)
where
U = system displacement state vector (e.g., a vector of joint moetion
components)
M = system mass mafrix,
K = system stiffness matrix,
D = system damping matrix, and
P = applied loading,
Generalized coordinates are defined as follows: ﬂ}
U = Xq_+ Rq, @
. ol 1 -
where X =K xX---x" , q =],
- nx
| %
=
F 1]
: 9y
R=RER---8"1, andq=:]| @)
LR
nr
“r

9.1.1.1-1 | | g
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EQ? The X''s are generalized functions (usually vibrational modes); and the q;'s

are corresponding generalized coordinates.

Prescribed base motion, if any, is defined by RAqr . The RYs
are rigid-body~metion vectors, corresponding to translation and rotation of a

base point. The base point may be any joint in the structure.

The base point and all other joints embedded in the rigid base must be
constrained in the Xi's . If base motion is not prescribed, the Xi 's are

unrestricted.

Example. Suppose the motion of the base of the plane frame shown below is known, '

as are the time-varying forces acting on joints 1 and 2.

© Time-Varying
Applied Loads .

3 4
Rigid Bage

A typical selection of X'sand R's would be as shown on the next page.

gy

Nt

9.1.1.1-2
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x! Etc.
B ]
1
R = | | R? =
l .
I
|
Translation Translation Rotation About Joint 3
Substituting Eq. (2) into Eq. (1), then premultiplying by Xt and Rt R C}
respectively, gives Egs. (4) and (5):
XtM(Xax + R'gir) # )’itl__;)-(;){*é]x + Rq,) + XtK(qu +Rq) = P, or
xvxg + X'DXy, + X'KXg, = X'P - X'MRG_ . @)
t e ._u ) t . » .t tK . _ . t |
R'M(Xq_+ Rq )+ R'D(Xq, +Rq) + RKXq +Rq) = RP, or
to . otoro”  a nbtaea”
R'P = RMXq + R'MRq,_. )

In Eqs. (4) and (5), terms involving KR and DR are dropped because R contains only

rigid-body-motion vectors,

9.1.1.1-3



The nodal force vector, P ’ mlmu'both the known active applied load-
ing and the unknown (reactive) forces associated with all joints attached to the
base point. It will be convenient to define P, thé nonzero elements of which
are the known applied forces, and P, the nonzero terms of which are the un-
known external force required to produce the specified base motion; that is:

P=P +P (6)

The right side of Eq. (4) may be rewritten as follows:

. t t A ,
x'p = X'p_+X'P, = X'P_ m

. Itisa required characteristic of X that xtPr = 0, since all points fixed to the

rigid base must be constratned in each x“ .

Using Eq. (6), Eq. (5) may be rewritten as follows:

_ = wbarr | g 4 ‘
RP, = RMX{ +RMRi - RP_ (8)

If the _Ri'fs involve unit base motions, Rt'Pr is the vector of base reactions.

P, 18 generally defined in the following form:

r 1

alw

o ¢ 2%
ng[ppz,-apn‘] = Fa (9)

a™)|
b
The Fi'g are applied force influence functions and the al's are corresponding

amplitudes. Using Egs. (7) and (9), Eq. (4) may be rewritten as follows:

x'mxy_ + x'pxg + X'KKg, = X'Fa - X' MRq_ (10)

- 9.1.1.1~4



9.1.1.2 Piecewise Linear Functions of Time in PIF Formet. This discussion

110

is concerned with piecewise linear representation of finctions of the

PLF-format is thé terminology used'to refer to the fellowing method of
representing such functions as data sets within the data complex. Two data sets

are involved,namely:
(1) TIME N2
(2) N1 N2

The meaning of N2, ncase, and n4 will vary, depending on the applica-
tion. N1 will identify a particular function array,’e.g., CA, to represent a in
Eq. (10), or CQR2 to represent q;_, etc. The information éon,tained in these data
gets is summarized on the ﬁuﬂiﬂs page for the case of array a ih Eq (10). The

r 1
aley |
a%e)

Betr

2 ),

nease nd4, and

ncase nd

number of functions (ai 's) is nf, and the number of Hime points is nt.

Data Set. AL

TIME N2 ncage nd

CA ' N2 ncase nd

REPRODUCIBILITY OF THE
ORIGINAL PAGE I8 POOR

Value of
NI, NJ in
‘TABLE

1, nt

nfs nt.

Datnvc oqt-gnt
j=1. =82

[ t1 ' t2

aley) . alty)

az(t 1) ’ a?(_tg)
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In the following example, nf =3, nt =4, N2 = X44, ncase =70, and

nd=1.

700 ==
600 }-
500

Amplitude
-
=5

oo o
=0, t2 =10 ta = 16.

Time

The following input to AUS/TABLE would represent the above information:

TABLE(NI= 1, NJ= 4): TIME X44 70 1$ nt =4

J= 1,4: .0, 10., 16., 28.%

TABLE(NI= 3, NJ= 4); CA X44 70 18 nf =3, ot =4
I= 1: 3= 1,3: 700.: J= 4: 600.% al defined
I= 2: J= 1: 300.: J= 2,4: 100.§  a” defined

I= 3: J= 1,4: 400.,500., 200.,500.8 a° defined

9.1.1.2-2




9.1.2 Matrix Series Expansion Method of Transient Response Computation
Given initial conditions for ¢ and ¢, Eq. (1) may be numerically inte-
grated by repeated application of Eq. (2), to determine q and ¢ attime t =0,

Ap ZA! 3A: —t

M +D§ +Kqg = Q (1)
[em]
, . - e f U -1
qt + A) W.. W__7T[ar N.. N, N,=-N 2
[' ] _ [ 11 W12 [ ] . [10 11 M lr] law -
gt + A) W21 w22 q(t)\ Nzo N21 .N22 - NZI‘ R |
dt

Eguation (2) invelves the agsumption that @ derivatives above order r vanish
identically. For example, if all elements of Q are piecewise linear functions

of time, § and higher derivatives are identically zero.

The W's and N's in Eq. (2) are defined in the following discussion. For
simplicity, Eq. (1) is rewritten as

q=Aq+ Bq+ 7

where
A=-MD, B=-Mk, and n = m1g. @)
The Taylor series expansions of q and § are
4 —_ . 1 2 [
a{t + A) = q) + Ag(t) + A4 +---
. _ s " 1.2
gt + A) = q) + Aqt) + 5 A" §(t) + ~— 4)

2
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@ Using Eq. (3), higher derivatives of q may be expressed in terms of q and §,

ag follows:

A§ + B +

A(Aq +Bg + 1) + By + 4
(A2 + B)q + ABq + An + 1

=
n n

Similarly,
§ = ® By + ABG + AN + i
= [(A% + B)A + AB}4 + (A% + B)Bq + (AZ + B)y + AR + §
In general,
ay O _ - O . p @B
dtj;x =q =R+ P+ P 1+ Py 4=t P)
O
since

(Be1) _

{n-1)
4 7.

Ryd + Py(Ad + Bq +m) + P i ===+ P,

The recursion formulae for Pn and Rn are

P, =PA+R , and

o
|

bl = Pn'B,_ beginning with

o
i

Identity matrix, and

b
u

Zero matrix

90 1- g-'z

(5)

(6)



Substitution of Eq. (5) into Eq. (4) yields Eq. (7):

qlt + &) = qlt) + Aq(t)

A2
+ 5 [Ralt) + Pg() + Py ()

3
T [Rga) + Pgaf) + Pyn(ty + Pliit))
a? ;
+3r [R@) + Pa®) + Panet) + Pyig) + P,ii)
L PO
at + A) = a(t)

+a [Rya) + Pyat) + Ponet)]

2
+ 5 [Rgat) + Pyat) + Pynet) + Pie)]

. N
+E- (Rl + P ) + Pyu(t) + Pyit) + Pi)]

F ien.

If £ terms are taken in the series, the W's and N's of Eq. (2) are

identified in Eq. (7) as follows:

9.1.2-3
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V¥

T s (R L

Lk
A
Wy =1+ E T By
K=2
Lo
Wie = 2 ® Tk
K=1
o ak
wzl = / K Rk+1
K=1

and, for j = 0,1,2,-—=£ -2,

N = —A-i: ] :

1 k! “k=j=1

— R ak -1

sz = 2 -k—!- pk—j M (8)
| k=}+1

Since 1962, the method described above has been used by the writer in a

number of applieations, both linear and nonlinear. Nonlinearities, if present, are

included in Q.

Although a general analysis of convergence characteristics is beyond the
scope of the precent discussion, the following guidelines are suggested for appli-
cation to linear systems. It is usualfly satisfactory to truncate the series at zbout

ten terms [i.e., f= 10in Eq. (8)]. Where Prnin is the shortest damped natural

9.1.2-4




period of the system, the series indicated by Eq. (8) will diverge as A& approaches
1/4 Prmin * Accordingly, it is usually best to select A near 1/8 Ppmin * In the
special case of an undamped, uncoupied system. the accuracy of the approximation
associated with the suggested parameters (£=10, A= 1/8 pm-in) would be as

follow: :

3 ) 7 9

R S Y LY
sin f = [¢] T + 5! -7!- + 9: 8 and
2 4 6 8 10
~ _ 0 6 .0 a8 e
cos 6 T 1=+ "o 8 16T

where 68 = 7/4. The above approximations are accurate to about 7 deeimal places.

9.1,2-5
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DR

9.2 DR ~ LINEAR DYNAMIC RESPONSE ANALYZER

Function. DR has no special RESET controls. All activities are initi-

ated by commands of the following form:

PROC"(p.1= Vi BT Y, y ====) ,

where PROC is a DR subprocessor name, such as DTEX, and the argument list

is in the usual SPAR form, e.g., INLIB=3, CASE=14, etc. Details of sub-

processor function, input requirements, output, core requirements, etc., are

discussed in the following subsections.

Code Release Data. Level 9, July 1975, coded by W. D. Whetstone.

9.2-1
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9.2.1 Transient Response of Uncoupled Systems

Subprocessors DTEX and TR1 implement the numerical integration
procedure outlined in Section 9. 1.2, for the special case in which:

[ xtMx ) XtDX , and -x*‘xx are diagonal matrices. As a result, the

W's and N's in Eq. (2) of Section 9.1.2 alsé are diagonal.

¢ The generalized forces are piecewise linear functions of time. The
generalized forces, @ (from Section 9.1.2),are generally identified
as either or both of the terms on the right side of Eq. (10) in
Section 9.1.1.1.

The correspondence between data set names recognized by these sub-
processors and the terminology of Section 9.1 is summarized in Table 9.2.1-1.

{ J The normal flow of infermation among processors is shown on Fig. 9.2.1-1.

As indicated in Fig. 9.2.1-1, AUS is nermally the source of all data
input for DR subprecessors DTEX and TR1. The analyst, using the various
tools available in AUS, ecreates the input data sets required for each particular

analysis. *
Typical DR control ecard input is as follows:

@XQT DR
DTEX (optional parameters)

TR1 (optional parameters, e.g., CASE=26, --)
TR1{==-)

-

)

<R

9.2.1=1
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DTEX
TRI1

IQX1 N2

IQR N2
IQR1 N2
XTF N2
| XTMR N2
{ TIME N2
CA N2
| CQR2 N2

. Fig. 9.2.1=1 Normal Flow of Information in Uncoupled Linear Transient Response

QX N2

ncase |

nease |

necase

nease

DTEX N2 -~

ncase [=—#s

ncage
neaseé

necase :

ncase
a

9' 20 1-2

QX
QX1
QX2

QR
QR1
QR2

N2

N2
N2

N2

N2
N2

N2

nease

nease
ncase

nease

ncase
ncase

neasée
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DR/
DTEX
TR1

Table 8.2.1-1: Data Sets Involved in Transient Response of Uncoupled Systems

XTMX N2
XTDX N2
XTKX N2
DT N2
DTEX N2
QX N2
QX1 N2
IQR N2
IQR1 N2
XTF N2
XTMR N2
TIME N2
CA N2
CQR2 N2
A N2
QX N2
QX1 N2
QX2 N2
QR N2
QR1 N2
am N

ncase
ncase
ncase
nease

ncase

ncase
ncage
ncase

ncase
ncasge
ncase
ncase

ncase
ncase

ncase

BEEER

BRR&ER

nenf

- nenx

Nenx
nenx

n‘nr
nsnr
near

#dd

A

E B

B B 8BS

B B B

nx Diagonal matrices x‘mx. X"DX. and

nx X'KX. The number of vectors in X is

nx nx.

1 Integration-step aize, from DTEX.
Wzl._wzz. [N‘Z‘O' Ni’.l' A, B, and M™%,
as defined in Bection 8.1.2,

nx Initial Qe

nx Initial qx

Br Initial & ’

nx-of xtF The number of vectors in F is nf.

nx.nr xthm The number of vectors in R is nr.

nt In PL¥F format (see Section 9.1.1.2) ,

nf-nt TI&IE and CA define a

ar-nt TIME and CQR2 define 4,

afem 2 )

nx.m qx TR1 output data sets. Each column

nx-m ﬁx_ corresponds to an integration time
-point. Block lengths are readjusted

nrem Q. internally to synchronize the output.

nrem 4,

nr-m ﬁfJ

:'I'he u;;r Bélects both the N2 (alphanumeric) and ncase (integer) identifiers. The
fourth word of the name of all these data sets is masked by the DTEX and TR1

subprocessors. E

9.2,1-3
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9.2.1.1 DTEX Command. The function of the DTEX subprocessor is as indicated

on Fig. 9.2.1-1 and Table 9.2.1-1., DTEX is entered via the following statement:
DTEX( p1= Vl , p2= v2 - ena)
DTEX control parameters are summarized below.

Parameter Default

Name  Value Meaning

INLIB 1 Data source library. If data set XTDX N2 is not présent, an
undamped system 18 assuined.

N2 MASK N2 of input data set name XTMX N2 --. Output data set N2
is the same as in XTMX N2 --,

DT Integration step size. Default is one eighth of the smallest
undamped period.

NTERMS 10 Number of terms in matrix series expansion.

OUTLIB 1 Destination library for output data sets.

Core Requirements. Data space requirements are approximately 22 nx.

o«
5
~

s ' 9,2.1.1-1
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9.2.1.2 The TR1 Command. Figure 9.2.1-1 and Table 9.2. 1-1 indicate the func~

tion of TR1. TR1 is entered through the following command.
TRl(‘pl——'— v1 , p2=' v2 y o)

The control parameters are summarized below:

Parameter Default

Name ___  Value Meaning

INLIB 1 Data source library.

N2 MASK N2 of input data sets. Default N2 for output data set is the
same as in DPTEX N2,

CASE 1 Value of ncase.

T1 - Numerical integration start/stop times. Defaults are

T2 i beginning and ending times in TIME N2 ncase.

ALIB 1 ) Destination libraries for output data sets A, QX, QX1,--=.
No output is produced if the associated library is 0, or if

QXLIB 0 the quantity is not defined (i.e., if no CQR2 exists, QR2

QX1LIB 0 will not be produced).

QX2LIB 1 >

QRLIB 0

QRILIB o

QR2LIB 1 J

LB 896 Neominal bleck length of output data sets.

Figure 9.2.1=1 lists all of the input data sets recognized by TR1. I any
of these are not present in the data source library, the associated information is
considered to be null (all zere's). That is,

® TIf IQX is not present, generalized displacements, q ., are zero at

time = T1.

e If IQX1 is not present, qx =0 at time = T1,

9- 2'. 1- 2-1
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TR1

e If IQR is not present, q, =0 at time = T1.

e If IQR1 is not present, qr =0 attime = T1.

e If XTF is not present, XtF = 0.

e If XTMR is not present, there is no ;)rescribed base motion.
e If CA is not present, XTF is not present.

e If CQR2 is not present, XTMR is not present.

In performing the numerical integration procedure indicated by Eq. (2), _
Section 9.1.2, TR1 assumesthat the generalized forces are piecewige linear; i.e.,
"é and higher derivatives are identically zero, within each time step, A. The

value of @ during the time interval jA £ t £ A +jA, {8 asaumed to be
Q= 1 (0 + 1) - g

where Ql and éi are the ith elements of @ and Q. This approximation should

be taken into account when selecting time points for PLF input, and in choosing DT

in DTEX, although it will rare.y introduce significant error. ’

equirements. The required data space is approximately the sum of the
following:

11 nx (to accommodate DTEX N2)

+ one block of each input and output data set

R
L
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BACK
9.2.2 Back Transformation Via the BACK Command.
This subprocessor is entered through the following command:
BACK(P,= vy, py Vy.===3)
The funetion of BACK is to perform a transformation éf the following form:
Z =72, + ‘i‘lYl + T2Y2 + T3Y3 + e+ TyY, (1)

The output array Z is a function of time. Z contains nz rows. Z_ is

c
a constant vector, The Tk-'-'s are transformation matrices, and the Y’k's are
functions of time, represented by data sets such as QX, QX1, QX2, QR, etc., pro-

duced by DR/TR1. Each Yk must contain data for nt time poeints. Tk contains nz

rows (one for each output quantity), and ny, columns, where nyy is the number of
Tows in Yk . The Y's may reside in multi-block data sets, but the T's must be
single block data sets, The T's are usually arrays of stress or displacement

eigenvector components constructed via AUS/TABLE/TRAN.

Output consists of either or both of the following:

(1) The time history of Z, in a format similar to that of Q, QX, etc.

(2) Maximum and minimum values of each element of Z, and the times

of eccurrence,

9.2.2-1
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BACK

After the BACK(p1= v, ,=~=) command, additional commands of the

following types may appear.

Command Meaning

ZC= Data set i.d. 1,2 Identifies Zc' Zc = 0 if this command does not appear.

T= Data seti.d. 1,2 T identifies a transformation, T, . This command must
_ 1.2 be immediately followed by a Y=" Data set i.d. command.

Y= Dataseti.d.”’ Any nuinber of such pairs of commands is allowed.

Z= Data seti.d. 3.2 Name of output data set containing the full time history of

Z. This data set will not be produced if this command is
not present.

EXT= Data set i.d.>"2 Name of output data set containing extreme values of 2

elements. This data set will not be produced unless this
command i8 present.

(1) Input data set i.d.'s are in the following form (underlined words are optional):

2)
(3)

The floating-point constant C, which multiplies the named data set, may be
omitted (i.e., default C= 1.0). ¥ Lib is omitted, the data set is in the

neminal SOURCE library designated in the BACK command. For Y = ---,
nskip means that matrix Y is defined to begin after the first nskip vectors
(time points) in the data set.

Omitted trailing parts of data set names are MASK-filled.

Output data set i.d.'s are in the following form:

Lib N1, N2, n3, nd

If Lib is omitted, the cutput goes to the iibrary designated by the DESTINATION
parameter in the BACK command.

£ o Ty OF THE
h 222 —orOpUCIBILITY
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BACK
The following control parameters may be defined within the
BACK( | A v1 -==) statement: |
P-ara—meter Default .
Name Value Meaning
SOURCE 1 ' Nominal data source library.
DEST 1 Nominal destination n.bmry for output data sets.
M1 1 Z's are computed for time points M1, Ml+l, ---MZ.
Default M2 is the last time point, which must be the
M2 _ same in each Yi.
TSTART 0 ) The time-of-occurrence data associated with maximum
, values of Z elements is controlled by these parameters.
DT 1.0 TSTART is the time corresponding to M1, and DT is
the time increment hetween successive time points, If
DT is not given here, an attempt will be made to locate
it in a data set nnmed DT N2 MASK MASK, where N2 is
the second word of the name of the data set appearing on
the last Y= --- command.
- PRINT 1 Any nonzero value csuses direct printout of max/min
{ ) and time=-of-occurrence data.
BIG 1. x 102 Number used to lnittaliu max/min scan.
FMAX -1,.x 1020 If max/min data are prlntaad data for an element will be
L .90 displayed only if the maximum exceeds FMAX or the
FMIN 1. x 10" minimum is !esa than FMIN.
LRZ 896 Nominal block longth for Z output, if any.
N3REPEAT 1 The effect of tiiese parameters is to cause the entire
, transformation process to be repeated for multiple
N4REPEAT 1 response cases. FEach repetition involves incrementing

(by one) n3 and n4 of the names of all input and output
data set names, except for the T 'a

On successive executions of BACK (within the same DR execution), the
ately preceding execution except for PMAX, FMIN, BIG, TSTART, and IT,
- 8.2.2-3
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Core Requirements. The required data space is approximately

5 times nz
£
+ (Block length of T + bIock length of Y,)
K=1

+ Block length of Z output, if any.
It should be noted that BACK is designed to function efficiently when transforming
a limited number of quantities; i.e., nz should not often exceed a few hundred,
and should be held as small as possible if many time points are involved.

Example;

Track inertia forces.

BACK: Z= INERTIA FORCES 1 1: T= MX: Y= QX2$

9.2.2-4

Y

S

R



Section 10

GRAPHICS

?igure 10-1 illustrates the function of plot programs
PLTA and PLTB, which are described in detail imn Section 10.1
and 10.2. It is suggested that the new user examine the
examples shown in Section 10.3 before reading 10.1 and 10.2.

User input defining one or Basic definition of the
more "plot specifications", structure, resident in the
each of which identifies a data sets produced by
certain collection of elements, TAB and ELD in SPAR-A

view angles, titles, etec.

k_______/

{ Data sets, resident in SPAR-P. (Lib 16),
— | containing the "plot specifications”:
668 xxx 11 ] SPEC 1
GGS =xxx 1 2 . |
GGS xxx 2 1 ] SPEC 2
GGS xxx 2 2 | °oTEC 2
GES xxx n :l SPEC
GGS xxx n f | n
User input selecting : Displacements, stresses,
specifications, load vibrational modes,
cases, display options, buckling modes, in
ete. user~-selected libraries,
- Graphical Display
{7 Fig. 10-1 PLTA - PLTB Data Exchange

10-1
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10.1 PLTA - PLOT SPECIFICATION GENERATOR
Function. As shown on Fig. 10-1, PLTA is used to produce
data sets containing plot specifications. The data input sequence

is as follows:

@XQT PLTA

SPEC nspecy

Optional control statements .
establishing view angles, joint Input defining plot
labels, titles, etec. specification nspec;

Geometric composition commands
establishing which elements are
to be shown and/or which joints
are to be interconnected by lines

SPEC nspec, )
“ Optional control statements Specification nspec,
Geometric composition commands

Th: ptional control statements and the geometric composition
commands are explained in Sections 10.1.1 and 10.1,2, respec-

tively. The SPEC command may also have the form SPEC, nspec, n,

STITLE comnand in Section 10.1.1).

Table PLTA-1 summarizes all PLTA commands.

10.1-1



Table PLTA-1: Summary of PLTA Commands iy

SPEC nspec,

n

Optional control statements:

STITLE'
S2TITLE'
TEXT'
SYM
ANTISYM
ROTATE
LROTATE
VIEWS
LOCLABEL
JLABEL
AXES
MARGIN

Title line 1

Title line 2

Text line

iaxis

iaxis

a1. i]__. 8'23 123 331 i3
8y 1y, 85, 1y, 85, 14
had 1 1y

— uan x; Y

jl' 11n jz. 12: 33' 13» v e o=
01, Oy, Og, 2l’ 21 %q
percent

Geometric Compostion:

ALL

FORMAT 0:
FORMAT 1:
FORMAT 2:

CONNECT

LCONTROL
LINES

ELJ index, index, ijump group; group, gjump -
EIJ group;/group,, 1list of indexes

ELJ index,/index,, list of groups

jl .12 .13”‘

jshift, nrepeat, inc

Jp 32 33 - - -

10.1-2
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Reset Controls.

Default
Name Value Meaning
GGSL 16 Destination Library, plot
specifications
SDEF 21 Destination Library, temporary

data sets produced by PLTA

Core Requirements. The working data space requirement is

approximately the fallowing.

3500 + 8 * (the number of joints in the structure)
+ the number of words in the ALTREF data set (from TAB)

ggggfneleggg_ngta.. Level 10, March, 1976, Univac, CDC.
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10.1.1 Optional Control Parameters

Statement Form

STITLE' 40 characters
S2TITLE' 40 characters
TEXT' 70 characters
SYM iaxis
ANTISYM iaxis

VIEW= view

LROTATE  d) i; d, 1, d4 14

(d, 1, and dy 1,
. are optional.)

(See also the ROTATE
eommand on Page 10.1-8)

10.1-4

Lines 1 and 2 of the plot
specification title.

A line of text to appear on

a separate frame preceeding
the frame(s) generated by this
specification. A maximum of
41 TEXT statements are per-
mitted. Default iz no TEXT.

These commands may be used if
the finite element model is a
half-model of a symmetric
structure, with the symmetry
plane normal to the global axis
iaxis. To plot symmetrical
modes or static deformations of
the complete structure, select
SYM= iaxis. To plot anti=-
gyammetrical deformations,
select ANTI= iaxis.

These commands contrel view
angles. Through the LROTATE
command, the user specifies the
orientation of a plot refereice
frame, as follows: T

Beginning with the plot reference
frame coincident with the system
global frame (1) rotate the plot
reference frame d; degrees about

its 11 axig, (2) from the result-
ing position, rotate thé plot

reference frame d, degrees about
its i, axis, then (3) from the
resulting positioh, rotate the
Plot reference frame d, degrees
about its i, axis. All of the
d's are integer degrees.

RFPRODUCIBILITY OF THIE
ORIGINAL PAGE I5 POOR
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Statement Form (Cont.)

10.1-5

Meaning (Cont.)
For example,

LROTATE 15,3, 20,1, 70,2 means:

e Rotate 15 degrees about the
3-axis, then

¢ Rotate 20 degrees about the
l-axis, then

¢ Rotate 70 degrees about the
2-axis, to establish the
orientation of the plot
reference frame.

The VIEW parameter, which may
assume values of 1, 2 3,-1,-2 or
=3, designates which of rhe
following six views is to be
displayed. The axes shown are
those of the plot_ reference
frame: T

1

2
_ 2 [~ 3 [ e 1

VIEW=1 VIEW=2 VIEW=3

(—-—-—-w

VIEW=-1 VIEW=-2 VIEW=-3

Te obtain 2 views on separate
frames, the following command
is used:

VIEWS= viewl, view2

For 3 views, each on a separate
frame, the command is

VIEWS= viewl, viewz, view3



PLTA

Statement Form (Cont.)

ROTATE dl il d 12 d3 15
(dz 12 and d3 3

_ are optional.)

AXES 0; ©, 03 L1 % zs

MARGIN= percent (integer)

L10

Meaning (Cont.)

To obtain multiple views on a
single frame, use the following
command :

VISyS= viewl, viewz, views, 1

The resulting form of display
is as follows

- . i ‘. 2 .‘. . 3
whab'whab view,

nanmﬂ.dhqﬂay (1f‘vha@f0) (if\ﬂﬁwf*»
The default is VIEWS= 1, 2, 3.

This i8 an alternate method of
prescribing the orientation of
a plot reference frame as

follows:

Beginning with the plét reference (
frame coincident with the system ...

global reference frame (1) rotate
the global reference frame dl

degrees about its il axis, (2)
from the resulting position

rotate the global reference
frame dz degrees about its iy

axis, (3) from the resulting
position, rotate the global
reference frame d, degrees about
its 13 axis. All of the d's

are integer degrees.

A set of coordimate axes are
plotted parallel te¢ the global
reference frame axes. The
origin will be located at

(ol, Oy, 03) The length of

the plotted axes will be
fs Ay, and L.

Percentage of the plotted frame o
allotted for margin. [t
Default is MARGIN= 12 .

10.1-6
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%ﬂé Statement Form -(Cont.) Meaning (Cont.)

LOCLABEL iquad, ix, iy . An alphameric label, 1,, will
JLABEL Jp 1ys g 15, === be displayed next to joint j;.
. 12 next to 32' and so forth.

Each label must begin with a
letter, and may not exceed 4
characters. The following
ghows. the position of a joint
label, ABCD, relative to the
joint (+), if ix and iy
are zeéero.

iquad=2 ABCD . ABCD iquad=1

Labels may be shifted by raster
counts ix and iy from the
nominal positions shown above.
Default LOCLABEL=4, 0, 0.

LOCLABEL and JLABEL commands
may be repeated, and remain in
effect throughout PLTA execu-
tion. For example:

SPEC 3 |
JLABEL 10, X400

SPEC 17
(the label X400 will still be
be attached to joint 10).

To remove all joint labels
previously defined, insert the
command JLARBEL , followed by
no jl 1-1 - = - parameters.

190.1-7
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10.1.2 Geometric Composition Commands

The command ALL indicates that the entire finite element
model is to be included in the specification. Otherwise,
selected finite elements to be included are indentified by
element type, group and index. Optional formats are provided
for selecting specific elements. The command statement,

FORMAT= £, designates the prevailing format option. Dgfgu}t

is FORMAT= 1. A format designatiom will remain in effect for
subsequent specifications until a FORMAT command is encountered.

Switching back and forth among formats is unrestriected.

Where E1J indicates the element type (E21, E43, ete.)
and group and index refer to group and index numbers, element
selection is achieved through the following commands:
FORMAT=0: EIJ index,, index,, ijump, group,, group,, gjump

FORMAT=1: E1J group,/group,, (list of indexes)
FORMAT=2: EIJ indexllindexz, (list of groups).

Exafmple:
Geometric Composition Selected Element
Commands Group Nos. Index Nos.
FORMAT=0 2 3, 6, 9, 12
E33 3, 12, 3, 2, 10, 4 6 3,6, 9, 12
10 3, 6, 9, 12
FORMAT=1 5 16, 27, 28, 29, 30
E21 5/7, 16, 27/30 6 16, 27, 28, 29, 30
7 16, 27, 28, 29, 30
E43 4 4 all group 4 E43's
E31 1, 7, 8, 10, 12 1 7, 8, 10, 12
FORMAT=2
E41 26/30, 6 6 26, 27, 28, 29, 30
E23 7, 3/4 -3 7
/ 4 7

10.1-8
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Two additional geometric composition commands are provided

for generating lines interconnecting specified joints.

Linés
Command Meaning
CONNECT j, 3o v o 3, Line images are constructed

connecting joint jl to j2,
j2 to j3, s e s jn"l to jn-

LCONTROL jshift nrepeat inc One or more LINES commands

LINES 31 g - - - 3,4 build up a joint number
sequence which is manipulated
by an LCONTROL command (shifted,
repeated, incremented) to
construct a joint number array
to be interconnected on the

plot.
Example:
_ _ Interconnected
Commands Joints
CONNECT 402/404, 411 402, 403, 404, 411
LCONTROL 10, 3, 100 ' sequence 1: 12 13 14 19
LINES 2/4, 9, 11 21 32 33 34
LINES 22/24 sequence 2: 112 113 114 119

121 132 133 134
sequence 3: 212 213 214 219
221 232 233 234

CONNECT 128/130, 140 128, 129, 130, 140, 152, 178
CONNECT 152, 178

10.1-9



10.2 PLTB - PRODUCTION OF GRAPHICAL DISPLAYS

Function. As shown on Figure 10-1, PLTB (or PLTB/TEK
when using Tektronix scopes on the U-1110), is used to produce
graphical displays. To cause images corresponding to plot
specifications specy through spec, to be displayed, the

following command is given:
PLOT spec,, specy

The form of display resulting from a PLOT command will depend
on the current values of an array of execution control param-
eters which the user selects ehEOugh the control statements
summarized below. The ?ﬁOT statement and all control state-

ments may appear any number of times during the single PLTB

execution.
Control
Statement ‘ Meaning
DISPLAY=UNDE formed, Display mode selection.
STATic deformation. Default is DISPlay=UNDEformed.

VIBRational mode,
BUCKling mode, ox

DISPLAY=SX, TXY, . . . Selected stress or internal
load data is displayed. See
examples in Section 10.3. A
complete list of available
stress quantit disglay symbols
is given in Table 1
The following form is also
permitted (underlined quan-
tities may be omitted):

DISPLAY%SX[div node, log, TXY ...

SX is divided by div. Div must

be greater than of“é ual to 1.




PLTB

Control
_Statement (Cont.)

DNORM=dnorm

INLIB=inlib
SET=nset
CON=ncon
CASESécasel; ca$e2
or
VECTORS:vectl, vect,
{The eontrol statements

CASES and VECTORS are
aynonymous. )

QPTIQNS!nl, ny - ==

L10

~ Meaning (Cont.)

node indicates the element
node (1, 2, etec.) at which
the stress is to be evaluated.
For 3 and 4 node elements,
node 0 is the center of the
element. :

For 3 and 4 node elements,
loc values of 0, 1, and -1
Indicate mid, outer, and
inner surfaces, corresponding
to points C, A, and B (in
order) on Figure 7.3-1 (PSF).

L

NOTE: Stress data may be
plotted only for complete
element stress data sets

produced by GSF., That is,
the user must not restrict
GSF output to a limited number |
of element groups, if it is

to be read by PLTB. '

10.2-2

When plotting deformed struec-
tures, (i.e.,, if DISPLAY=STAT,
or VIBR, or BUCK), jeint
displacements are normalized
to dnorm. This command must
be given, since there is no
default value.

The following source data, if
needed as a result of the
prevailing DISPLAY statement,
will reside in inlib.

STAT DISP nset ncon
VIBR MODE nset ncon
BUCK MODE nset ncon

STRS EIJ nset |,

Default values are INLIB=1,
SET=1, CON=1, CASES=1l.

List of options. See Table 10.2-2

REPRODUCIBILITY (% Ik
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A Table 10.2-1 Summary of Available Stress Display Symbols

Symbol

Applicable Element
- E31 E32 E33 Type

Meaning E2L EAL EA2 EA3 B4k

SMAX
SMIN
P/A
S1
2
S
SX
SY

PS1
PS2

ANG
NX
. NXY
PN1
PN2

NANG

qQx
QY

(I:qéw.-ﬁ
i

o

Maximum P/A + My/I beam strooa X
Minigum *

Axial beam stress

Dir. 1 beam shelr stress
Dir. 2 "

Beam twisting stress

PN

Normal stress, element x-dir.
" y-dir.
In-plane shear stress
Maximum principal atress
Minimum
Maximum shear stress
Angle between x-axis and PS8l vector

PEPL X DE D e

Normal stress resultant x-dir.
y-dir.

In-plane shear stress resultant

Maximum principal atrass rclultlnt

Minimum

Maximum shear stress resultant

Angle between x-axis and PNl vector

PADEDI DI DEDE  DEDADCDEDI DR

Bending stress resultant, x-dir.
" y~dir.
Twisting stress resultant

Transverse shear resultant x-g:r.
y-

BaBaba e PADADEDADEIPEDE  DADEDINEN NN DG
4

PP

10.2-3

b o s



PLTB

L10

Table 10.2-2 Meaning of OPTION Numerical Codes

Descrig;ion of Option

Specification Control
' ‘otlerroftffee specifications
on
Plot all specifications
ignoring error status
Plot all specifications
appearing on a single
PLOT command to the
same scale

“deformation identification
label

Omit specification titles

Omit "SPEC" identification

Omit "SCALE"

Omit all frame labeling

Collapse margin and omit all
labels

Geometric Construction

Dotted deIormed structure

Curved lines, deformed structure

Superimpose deformed/undeformed
structures

Dotted undeformed structure

Plot Content
- Joint numbers displayed
Joint elimination order displayed
Joint labels displayed
Element index numbers displayed
Element group-index numbers
displayed
Element section property group
displayed
Element stress display size
3-Node elements are shaded
4=Node elements are shaded

Notes:

Option
Numeric Code

4
5
6
7
8
9

14 15
16 17
18 19
20 21
28 29

22 (no size control)
23 (no size control)

Select no more than one from options 10,11,12,13.

Select no more than one from options 14,15.

Select no more than one from options 16,17,18,19,20,21,28,29.
Options 16-21 may only be used in conjunction "with

DISPLAY=UNBEformed

10.2-4
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Reset Controls. There are no special reset controls.

Core Requirements. Where J is the number of joints in the

structure, the working data space requirements are as follow.

For plotting undeformed structures: 2000 + J

For plotting deformed structures: 2000 + 13J
For plotting stresses: 2000 + J + the length of
g:e'block of stress input
ta.

Code Release Data. Level 10, March, 1976, Univac, CDC.

18.2-.5
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4J)  10.3 crAPHICS EXaMPLES
The following plots illustrate various examples of
PLTA and PLTB executions. The plotted images were created
with a COMp 80 microfilm system.

10.3-1
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A
o ¢ LS TR - < 'm-T—..
T ONCITUDINAL ENGINE LOADS. | nIP EACH 5 ID=1~,1~-1 L
B
SU° COMAleNe'3NARSASBEL e
@XQT PLTA @XQT PLTB
SPEC 5 RESET CORE= 40000
STITLE' CONICAL INTERSTAGE DISPLAY= UNDEFORMED
S2TITLE' COMPLETE SPAR MODEL PLOT 5% Frame A
ROTATE 30, 1, 30, 2, 30, 3 DISPLAY= STATIC DEFORMATION
VIEW 3 CASES= 1
AXES 0. 0. 382. 10. 10. 35, DNORM= 5,
ALL PLOT 5% Frame B

10.3-2
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GLL7 775

s s ey, ’5’22;25
77

% e
R

-

5 A
LR
......0 o,
"‘0 75
Oy A2 24
oy o8, AL 7 AL
(L ALTHAL
00"0
eXQT PLTA

SPEC 6

VIEW 3
E2l 1/4
SPEC 7

ROTATE 30, 1, 30, 2, 30, 3

@XOT PLTB
VIEW 3
SYM 2
E21 1/4

ROTATF 30, ', 30, 2, 30, 3

OPTIONS 9
PLOT 6, 7

10.3-3
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l

VIBRATIONAL MODE. FREG (HZ) .e19982x10%%! 1p=100/1/12

SPEC 1100KYV SINGLE CIRCUIT TOWER

@XQT PLTA

SPEC 2
STITLE' 1100KV SINGLE CIRCUIT TOWER
VIEW 3, -2, 1,1
ALL

10.3-4

Q 568
SCALE

@X0T PLTB

DISPLAY= VIBRATIONAL MODES
SET= 100

CASES= 12

DNORM= 50,

OPTIONS= 26, 27
PLOT 2



VIBRAT |ONAL MODE, FREQ (HZ) .310%03x10" 0!

EC

1.1

=

3

VIBRATIONAL MODE. FREQ (HZ) .310803x10% 0!
sPEC 1100KV SINGLE CIRCUIT TOWER

1100KV SINGLE CIRCUIT TOWER

L10

L

I0=100/1,2 i

@XQT PLTA

SPEC 1
STITLE' 100KV SINGLE CIRCUIT TOWER
ROTATE - 30, 3, 15, 1
VIEW -2
ALL

SPEC 2

B ey il STITLE' 1100KV SINGLE CIRCUIT TOWER
" VIEW 3, -2, 1,1
ALL
- [

ID=1 007172 @xQT PLTB

DISPLAY= VIBRATIONAL MODES
SET= 100

CASES= 2

DNORM= 50.

OPTIONS= 26, 27

PLOT 1, 2 $ Frames A & B

10.3-5
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A

ITUDINAL ENGINE LOADS. | ®1P EACK lD-lfl/ll

p——

.

CONICAL INTERSTAGE
COMPLETE SPAR MODEL

B

CUDINAL ENGINE LOADS. 1| =IP EACH

. -
x
R

COrsIC AL [t TERSTYAGE
AVP R TE S PAR MODF L

L
JD=1-7171

b 1 _\:‘;‘

@XQT PLTA

SPEC 6
STITLE' CONICAL INTERSTAGE

S2TITLE' COMPLETE SPAR MODEL

VIEW 3, -2, 1
AXES 0, 0. 382. 10. 10. 35,

ALL

eXQT PLTB

RESET CORE= 40000
DISPLAY= STATIC DEFORMATION

CASES= 1

DNORM= 5.
PLOT 6 $ 3 VIEWS, Frames A,B, & C

C

-LDNGlYUOINAL ENGINE LOADS. 1 ®IP EACH

3 ’ ;
:Lg

CONICAL INTERSTAGE
COMPLETE SPAR MODEL

10.3-6
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The following data input sequence produced the plots on the
adjacent page:

8XQT PLTA

SPEC 1
JLABEL 13 DO 211 D90 428 D180 637 D270
STITLE' ENGINE MOUNT RING, 28 TO 78 DEG
S2TITLE'E43 GROUP 1, E33 GROQUP 1
AXES 0, 0. 382. 10. 10. 35,
ROTATE 30, 1, 30, 2, 30, 3
VIEW 3
add ocutline data¥®
FORMAT 1
E43 1, 9/50
E331
SPEC 2
STITLE' ENGINE MOUNT RING, 28 TO 78 DEG
S2TITLE' E43 GROUP 1, E33 GROUP 1}
VIEW 3
FORMAT 1
E43 1, 9/50
E33 1

€XQT PLTB

DISPLAY= UNDEFORMED STRUCTURE
OPTIONS= 14, 22, 23

PLOT 1 $ Frame A
DISPLAY= TMAX/100., PS51/100., PS2/100.
OPTIONS= 28

PLOT 2 $ Frames B, C and D

*¥Outline data consists of a sequence of "LINES'" and "CONNECT" commands.

1037 CIBILITY OF THE
FPRODUCIBILIT
gRIGINAL PAGE 18 POOR
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The following data input sequence produced the plots an the
adjacent page:

eXQT PLTA

SPEC 3
JLABEL 13 DO 211 D90 428 D180 637 D270
STITLE' CONE SURFACE,SEGMENT AT 50 DEG
S2TITLE' E33 GROUP 10
ROTATE 30, 1, 30, 2, 30, 3
VIEW 3
add outline data¥*
FORMAT 1
E33 10, 158/213
SPEC 4
STITLE' CONE SURFACE SEGMENT AT 50 DEG
S2TITLE' E33 GROUP 10
ROTATE -14¢ 3
VIEW 3
FORMAT 1
E33 10, 158/213

@XQT PLTB

DISPLAY= UNDEFORMED STRUCTURE
OPTIONS= 14, 22
PLOT 3 § Frame A

OPTIONS= 10, 16

PLOT 4 $ Frame B

OPTIONS= 12, 20
PLOT 4 $ Frame C

OPTIONS= 10, 20

PLOT 4 $ Frame D

*QOutline data consists of a sequence of '"LINES" and "CONNECT'" commands.

10.3-9
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419 CONE SURFACE. SEGMENT AT 30 DEG
3 €33 GROUP 10

"

CONE
€33 GROUP 10

r "
L J
2
3 \2
ERYE
°_ No3
3\
I\[
1
1 3
| I\
T « \ [ 4
L B
14
H 4 4
H 3
H
'
. 4
4 4
4
7
4 .
4
- 4
4 1
4

E33 GRQUF 10

10.3-10

SURFACE. SEGMENT AT S0 DEG

(L1
3 3
3 3
142
3 3
i | 3
143
\
4 . \
‘ 4 \
. 4
4 4
]
. 4
4
. 4
[

CONE SURFACE. SEGMENT AT S0 O

i44
\
\IQ5
'.\
\
146
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\
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The following data input sequence produced the plots on the
adjacent page:

@XQT PLTA

SPEC 3
JLABEL 13 DO 211 D90 428 D180 637 D270
STITLE' CONE SURFACE SEGMENT AT 50 DEG
S2TITLE' E33 GROUP 10
ROTATE 30, 1, 30, 2, 30, 3
VIEW 3
add outline data*
FORMAT }
E33 10, 158/213
SPEC 4
STITLE' CONE SURFACE,SEGMENT AT 50 DEG
S2TITLE' E33 GROUP 10
ROTATE -140, 3
VIEW 3
FORMAT 1
E33 10, 158/213

@XQT PLTB

DISPLAY= UNDEFORMED STRUCTURE
OPTIONS= 14, 22
PLOT 3 $ Frame A
OPTIONS= 10, 16
PLOT 4 $ Frame B
DISPLAY= SX/100., SY/100.
OPTIONS= 28
PLOT 4 $ Frames C and D

*Qutline data consists of a sequence of '""LINES'" and '"CONNECT"
commands.

REPRODUCIBILITY Or T
ORIGINAL PAGE Ts Pooi
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CONE SURFACE.
E33 GROUP 10

TUDINAL ENGINE LOADS.

Y= SX 100,

CONE SURFACE.
10

E33 GROUP

SEGMENT AT 30 DEG

1 KIP EACH
NODE= 0. SURFACE= 0
9 10] A} 3
3 -6 7 7
' 3 4 ~
2 -3 4
2 .3 s =10
-2 3 -3
4 -3 -
-4 4 -3
-6 3
-6 6 -3
[} -6
9 -8
9 -6
1} -10

SEGMENT AT 30 DEG

[D=1/171

L_1an_J

r

B L
4.1
1
<4
LONGITUDINAL ENGINE LOAOS., 1 K1P EACH 1IDeir 171
DISPLAY= §Y Z100. NODE= 0. SURFACE= 0O
0
1
1
'
\
1
-
I
1
! 1 ] 9
& [ 0 =1
] 0 . 1
. -3 3 -3
PEC CONE SURFACE. SEGHMENT AT S0 OEG ' P,
4.1 E33 OROUP 10 8

q

10.3-12



vl

L10

Section 11
SUBSTRUCTURE PROCESSORS

It is assumed that the reader is familiar with substructure
methods of vibrational and/or buckling analysis. Figure 11-1
illustrates typical flow of information among processors SYN,
STRP, and SSBT, the functions of which are defined in Sections
11.2, 11.3, and 11.4. 1In Section 1l1l.1, definitions are given
of terms and symbols which are used in subsequent discussions
of processor functions.

Assembled system mass and stiffness matrices, SYN M and SYN K,

produced by SYN and operated on by STRP, are in LE (labelled
element) format, which is sometimes called "strip format."

11-1
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From TAB and/or AUS & DCU,

in library 1:
System joint locations

Orientation of system joint
reference frames

Explicit constraint of

110

User input defining
how substructures are
interconnected to form
the assembled system.

system joints

System joint relative
constraint vectors

From EIG, SSOL, AUS/SSPREP,
AUS/SSM, AUS/SSK, and/or
from external sources via
DCU/XLOAD:

In library nu :

Data sets defining
substructure Ssidl

In library nu, :

SYN

Assembled sysiem mass
and stiffness matrices,

SYN M, and SYN K’

Eigensolution, assembled
system,

SYS EVAL, and SYS EVEC

Data sets defining
substructure Ssid2

Etc.

Also see Figures 11.1-1,
11.2-1, and 11.4-1

SSBT

System joint motion
eigenvectors, relative
to the system global
reference frame, SYS JIMG.

Individual substructure
eigenvectors in SYSVEC
form:

USB Ssid1

UsSB Ssid2

Etc.

‘Figure 11-1 Typical Information Flow in Substructure Analysis



- 11.1 TERMINOLOGY
W »

A system consists of two or more substructures interconnected at system
joints, as illustrated on Figure 11.1-1. Each substructure has one or more

boundary nodes, each of which must be connected to a system joint. If a boundary

node does not coincide with the system joint to which it is connected, the connec-

tion is made through a rigid link.

/ \
Substructure / \ _/_ \ System joint
reference frame""_e-———-

Boundary nodes

'

Rigid links

System
joint
T - Substructure
_ \ reference
frame
/ \ \
\ | \\ \ \
\ Boundary nodes S — J
\ -
AN
3 N
\
~
2 Substructure
reference frame
1

System global frame

Figure 11.1-1 Assembled System,

11.1-1



11.1.1 Reference Frames
The motion of boundary node j of substructure i is b;., a six-component

vector relative to the boundary node reference frame uniquely associated with the

boundary node.

Each substructure has an associated substructure reference frame, rela-

tive to which are defined (1) the locations of the boundary nodes, and (2) the orien-
tations of the boundary node reference frames. Each substructure reference frame

coincides with one of the system alternate reference frames, each of which is de-

fined by specifying (1) the location of its origin, and (2) the orientation of its axes,

relative to the system global frame.

The motion of system joint j is aj, a six-component vector relative to

the system joint reference frame uniquely associated with system joint j. System

joint reference frame orientations are defined relative to the system global frame.

11.1.2 Substructure State
The deformation of substructure i is represented as a linear combination

of houndary node unit motion functions, B;k, and fixed boundary functions, F;n .

Each B;k is a static displacement function produced by point forces and
moments acting at boundary nodes. Where b}k, for k=1 through 6, is compo-
nent k of the motion of boundary node j, B}k is the function corresponding to

b}k: 1.0, with all other boundary node motion components identically zero,

For the F;n's, it is required that all boundary node motion components
be identically zero. Typical Fm's ure eigenfunctions and static displacement

fields due to inertial loading corresponding to uniform acceleration.

11.1-2
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The total motion of substructure i is approximated as

j m
i i i
Z z Bjkbjk+ Z mem. (1?
j=1k=1 m=1
where
j= the number of boundary nodes,
m= the number of fixed boundary functions, and
{inz generalized coordinate associated with Fin.
The correspending approximations of the kinetic and potential energies of
substructure i are as follow.

bof =
[

II

Qb . ’

i i 1
Mpp  Mpg| 19
. , and (2)
izt i i an
(be) Mpe | (9
i i
Kb o1 9%
i i], where (3)
0 Kep | 19
7z
£
and qi;s . . (4)
i
i

The K's and M's of Egs. (2) and (3} are called substructure mass and sliffness

matrices.

11.1-3
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11.1.3 System State
The deformation of the system is defined by (1) all of the system joint
motions, and (2) all of the substructure fixed boundary function coefficients, resi-

dent in the q;'s. Where n is the number of substructures, the system state

vector is

The q;'s have the same meaning as in Section 11.1.1. System joint motion is
defined by q. and 9, 2s described subsequently. System kinetic and potential
energies are expressed in terms of system mass and stiffness matrices M and

K as follows.

o 1t .
T= %thq . V= 2d'Kq (6)

Where a}. has the same meaning as in Section 11,1.1, and p is the

number of system joints,

t
u= [a‘l ay a; ]
- [“1 ug “(6><p)]t )
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In Eij. (7), each U carresponds to a single component of an aj ; for example,
Uq is component 1 of a,. The relation between system joint motion, u, and

vectors q,. and a, of Eq. (5) is as follows:
u= Rq + Eq, (8)

In Eq. (8}, R is a matrix of x relative constraint vectors,

R= [r; r, ... r, ‘ (9)

and elements of q. are the associated coefficients. The composition of q, is

where the U, 's are the subset of components of u for which (1) the corresponding
k

system joint motion component . s not been explicitly constrained, and (2} every

element in row ik of R is equal to zero. Column k of E contains all zeros, ex-

cept for 2 1.0 in row ik‘

The analyst determines the content of q, and 4, by (1) defining relative
constraint vectors, if appropriate, and (2) specifying that certain system joint motion

components be idertically constrained, if appropriate.

11.1-5
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SYN

11.2 SYN — SYSTEM SYNTHESIS
Function. SYN produces mass and stiffness matrices for systems com-
priscd of interconnected substructures. SYN information flow, as illustrated on

Figure 11.2-1, should be examined before reading the rest of this section.

Before executing SYN, TAB subprilo.cessors must he executed as indicated
below, to produce in Library 1 certain system-related data sets.

® FExecute TAB/ ALTREF, to define the location and orientation, relative
to the system global frame, of alternate reference frames 2, 3, 4, -~-.
As described later in this section, the location and orientation of each
substructure is established by reference to one of these alternate frames,

® Execute TAB/ JLOC, to define system joint locations.

® Execute TAB/ JREF, to define system joint reference frame orientations.

® Execuie TAB/ CON, to define system joint constraint conditions,

SYN requires six degrees of freedom per system joint; i.e., in the TAB
exccution outlined above, the START command must not exclude any degrees of

freedom. The same restriction applies to all substructures assembled by SYN.

Relative constraint vectors, if any (see Section 11.1. 2}, must reside in
library 1 in a SYSVEC-format data set named RELC. If no such data set exists,

SYN assumes that there are no relative constraints.



SYN

For the systeny

Basic system
geometry, via TAB/
START, ALTREF,
JLOC, JRET.

System joint constraint,
via TAB/ CON

System joint
relative constraint,

e.g., via AUS/ SYSVEC.

For each substructure;

Boundary node locations,
reference frame

orientations via AUS/ SSPREP

Mbb’ via AUS/ 8SM
M via AUS/ 58M

£f?
M via AUS/ SSM

Kbb’ via AUS/ SSK
Kﬂ., via AUS/ SSK

For each substructure:

Back transform map

For the system:

Dof map #1
Dof map #2
System M
System K

JDF1
ALTR
JLOC
QJJT

Lib 1

CON bbbb ncon

RELC

BNPC Ssid W
BNQ@ Ssid

SSMK Ssid 1 1

Lib nui

3

ﬁYN

SSMK S8sid 1 2
SSMK Ssid 1 3

SSMK Ssid 2 1
SSMK Ssid 2 2

S

Lib 1

SSBT Ssid -

SYN ECON
SYN LOCJ
SYN M 10000 ndf
SYN K 10000 ndf

Lib 1

o

Figure 11.2-1 SYN Data Transactions.
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SYN

After any Reset commands, the following input sequence is given for each

substructure.

In the above, nu is the library containing the data sets which describe the substruc-
ture. These data sets are usually produced by means of the AUS commands SSID,
SSPREP, SSM, and SSK. Ssid is the alphanumeric identificr assigned via AUS/ SSID.
The substructure reference frame (i.e., the '"global frame' used in defining the basic
finite element mesh representation of the substructure preparatory to AUS/SSPRLEP,
etc.) coincides with alternate frame nrf of the ALTREF data set resident in library 1.
Subsequent records, jl: 12: ete., indicate that substructure boundary node 1 is
connected to system joint jl' boundary node 2 to system joint j2, etc. Where n is the

number of boundary nodes, there must be exactly n j's in this list.

The input sequence described below may be used repeatedly, if required, to
cause additional terms to be added to the system mass and/or stiffness matrix. The
sequence indicates a 6 x 6 submatrix, coupling system joint i to system joint j, in

the system mass matrix. The term in row k, column { of the submatrix is m

K-
M i, j
Myy Moy - - “‘614' M2 Moo - "‘62; * Mee
coluvmn 1 coludvm 2
*Loop-limit format also is permitted.
123 REPRODUCIRILITY OF THI
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The string of 36 terms, my; ... Mge, may extend over several cards. Any

omitted trailing mk£'5 are assumed to be zero.

To add a 6 x 6 submatrix to the system stiffness matrix, replace M with

K in the above sequence.

Reset Controls.

Default
Name  Value Meanin
CON 1 Constraint case, system joint constraint
TOLM 10. 30 Terms in system mass matrix less than TOLM are neglected.
TOLK 10. 30 Terms in system stiffness matrix less than TOLK are neglected.
TOLR 10.-5 Elements of relative constraint vectors are agsumed to be zero
if their absolute value is less than TOLR.
LR 896 System M, K output block length,
SYSL 1 Library containing all system-related input, output.

Core Requirements. Data space is required for:

All system related input data sets (see Figure 11. 2-1)

+ one block each of system M and K output data sets,

+ the largést value of Li’ the space required for data sets associated
with substructure i (see Figure 11.2-1),

+ several thousand words of scratch storage space.

Code Release Data. Level 2 (Univac), July 1975. Synthesis routines

coded by C. E.Jones, under NASA Contract NAS8-30520. SPAR interface coded

by W. D. Whetstone.
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11.3 STRP — SUBSTRUCTURE EIGENSOLVER
Function. STRP computes eigenvalues and eigenvectors of the AMX = KX
problem. M must be positive definite, and K positive semi-definite, STRP input

consists of two data sets, normally produced by processor SYN (see Section 11. 2),

SYN M ncode ndof, and

SYN K ncode ndof.

The third and fourth words of the above data set names are automatically established
by SYN ( ncode is the row/column encoding constant, and ndof is the number of

degrees of freedom).

~

Eigenvalues are stored in a data set named SYS EVAL. FEigenvectors are

stored in SYS EVEC.

STRP uses the Cholesky-Householder method, and assumes, in principal
effect that all terms of M and K are non-zero. Accordingly, execution costs
rise steeply as the number of degrees of freedam is increased. STRP has no
explicit degree of freedom limitation; however, a large amount if I/0 activity
will result if too little working core space is provided when attempting to
solve large (e.g., m.ore than 150 d. o. £.) problems.

Reset Controls.

Defauit
Name Value  Meaning
FRQI -10.]'0 FRQ! and FRQ2 indicate lower and upper limits (in Hz) of the
FRQ2 +10.10 range in which eigenvalues are to be computed.
SOURCE 1 Data source library.
DEST 1 Data destination library.

11.3-1
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Core Requirement. There is no explicit working core requirement. As

more core space is provided, I/O activity will automatically dimish.

Code Release Daia. Level 9 (Univac), July 1975. Internal coding by

R. A. Moore and M. L. Pearson. SPAR interface coded by W. D. Whetstone.

11.3-2
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11.4 SSBT  SUBSTRUCTURE BACK TRANSFORMATION

Function. System eigenvectors, residing in data sets named
SYS EVEC generated by processor STRP, have the internal form
indicated by Eq. (5) of Section 11,1.3. As shown on Figure
11.4-1, SSBT back-transforms SYS EVEC data sets in two phases,
as discussed below.

In Phase-1, a data set named SYS JMG is produced. Each block
of SYS IMG is of length 6 x J, where J is the number of system
joints. Components of the j-th six-element subvector of each
block are motion components ( 3 displacements, 3 rotations),
relative to the system global frame, of system joint j. Each
block of SYS JMG is derived from the corresponding block (mode)
of SYS EVEC.

Phase-2 is controlled by the following input sequence:

Ssidy, nuy, ndest1$ substructure,

' Ssidz,-nuz, ndest2$ substructure2
Etec.

For each substructure designated by the user as indicated above,
a data set named USB Ssid is generated and stored in library
ndest. If ndest is omitted, default ndest= nu. £Each block of
USB Ssid is of length 6 x N, where N is the total number of
joints in the substructure ( not just the boundary joints).
Components of the j-th six-element subvector of each block are
motion components ( 3 displacements, 3 rotations) of joint j of
the substructure, relative to the associated joint reference
frame. Each block of USB Ssid is derived from the corresponding
block of SYS EVEC, unless the following command is used:

MODES= nl, n,

11.4-1
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For all (Ssid, nu, ndest) commands following a MODES command,
block 1 of USB Ssid will correspond to block (mode) ny of

SYS EVEC, block 2 to mode n1+1, - - = and block (nz- nl+ 1) to
mode n,. It should be noted that the USB Ssid data sets are in
SYSVEC format for the associlated substructures, and may be
operated on by VPRT, GSF, etc.

Reget Controls.

Default
Name Value Meaning
JMG 1 RESET JMG= 0 to omit Phase~1 if SYS JMG
already exists.
Core Requirements. For Phase-~l, the core required is fourteen

times the number of system joints, plus one block of SYS EVEC
(i.e. 143 + the number of system degrees of freedom).

For Phase-2, data space is required to concurrently hold in
core one block of each input and output data set (see Fig 11.4-1).

Code Release Data. Level 10 (Univac, CDC), March 1976, coded
by W. D. Whetstone.

11.4-2 IBILITY QI L
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Phase-1 of SSBT operation:

In library 1l:

JDF1
QJJT
RELC

SYN ECON
SYN LOCJ

SYS EVEC

]

Phase-2 of SSBT operation:

For substructurel, in User selects:
library nu, :

BN Ssidl
BNPC Ssid,
BNQ Ssid1
BNF Ssid1
FEF Ssid,

For substructurez, in

_1 P

library nu,:

BN  Ssid,
BNPC Ssid2
BNQ Ssid2
BNF Ssid2

FEF Ssid2

Figure 11.4-1

Ssidl, nul, ndest1

Saidz, nu,, ndest2
Etc.

11.4-3

={::EEEE::)-*'SYS JMG O O

For the system, in
library 1:

JDF1
ALTR
JLOC

SYS EVEC
SYS JMG

SSBT Ssidl

| SSBT Ssid,

In library ndestl:

~USB Ssid,

In library ndest2:
USB Ssid,

SSBT Data Transactions



APPENDIX A

Short List*of Commands and Data Sequences

TAB
START + number of joints, list of excluded joint
motion components.
UPDATE = 1 to enter updafe mode, 0 to leave.
FORMAT = i, to select alternate format i.
NREF = n, to identify reference frame n.
MOD = m, to modify table entry numbers or

joint numbers by m,

After each sub-processor execution,
TAB returns automatically to FORMAT=1,
NREF=1, and MOD=0.

*Only frequently used reset controls, etc., are included in this summary. See
the main text for full information,



TAB Sub-processors
TEXT:
MATC:

NSW:
ALTREF:

JLOC:

JREF:
MREF:

BR1:

4/8 « - - 76 ‘characters of text,

k, E, Nu, Rho, Alphal, Alpha,

k, weight/{(area or length).

k, il-'al' iz,az. 13,a3. X)Xy X3

k, xa,,xa;,xa3, xb,, xby, xbj, ni, ijump, nj.
jjump, xcj, xc,, xc.3,‘xd1, xdp, xd 5.
Formats 1, 2 = rectangular, cylindrical.
NREF = reference frame.

NREF= n: jl,jz,inc: k;,kp,ine: - - - -
k, nb, ng, isign, ¢ (FORMAT 1)

k, i1, ®]1, x5, x3 (FORMAT 2)
NREF = n allowed under Format 2.

1
k,: i°, X]» x%s x_']ir izs X%, xgr xg .

L10
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BA:

BB:

BC:
BD:

SA;

SB:

BOX, k, bl'

TEEkbt

ll

ANG, k bl’

WFLkbtb

ll
CHN, k, bl' t

ZEE, k, bl,t

G’IVN, k, Ilp Q’lr Iz; Uz: a, f: fl: zll 2

DSY, k, 11| al, 12; 0'2, a, f, fl-

qll qzl q3l Yll’ le, =

S310 8320

5410 T42
851 9520

561+ Seze

a
k, a, Il’ oy

ty»

1 bz,tz.

bz, tz!
byt
2:t P

bZ'tZ’ b

3

1!

1! zxtzl b3! t3'

TUBE, k, innerr, outer r.

533,

543 S44-

553, 554, 355.
563+ 564r 565: 366

h, <, q,

k, T. (Formatl)

k * b T

€117 €12* €22 €31 ©32° ©33°
d.,, d

d d

11’ d

12’

k, t

22’

a .a .b _b
a9’ T1g Fy» For Fyv Fo.

dsys ds3p.

i P

3t

T T Y41 Va2,

20 8.

(card 1)

(card 2)

(Format 2)
{membrane stiffness)

(bending stiffness)

REPRODUCIBILITY OF THIE
ORIGINAL PAGE I8 POOR



CON n: (constraint case n)
. .1 .1 . 1 .2 .2, 2
ZERO ™. My, - =ty oy dne gy, Jp ARG - - o el
NONZERO (same as above)
RELEASE (same as above)
SYMMETRY PLANE = n

ANTISYMMETRY PLANE = n

FIXED PLANE =n

XZERO = x.
RZERO = r,
ISEQ: REPEAT n', incl jmoal:

ipligs 3 dglis -
REPEAT nz, incz, jmodzz

froe 1y 120iis :

etc.
RMASS: k, M, Il’ 12, 13. {(Format 1)
k, Ml’ MZ’ M3, Il, IZ’ 13. (Format 2)

REPEAT n, jump.

CM = (M multiplier), (I multiplier).



ELD

Finite length, directly specified K

Zero-length, directly specified K

Triangular membrane + bending element

Quadrilateral bending element
Quadrilateral membrane + bending element

Section properties (BA- - - - - SB)

Sub-processor

Name Element type

E21 General beam

E22

E23 Axial element

E24 Plane heam

E25

E31 Triangular membrane

E32 Triangular bending element
E33

E4dl Quadrilate ral membrane
E42

E43

E44 Quadrilateral shear panel
Pointer Default

Name Value Agsociated Table

NMAT 1 Material constants (MATC)
NSECT 1

NOFF 0 Rigid link offsets (BRL)}
NNSW 0 Nonstructural weight (NSW)
NREF 1

Beam orientation (MREF). Also
indicates pressure sense for 3 and 4
node elements.
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Data Modifiers:

MOD JOINT NUMBERS n, or MOD JOINT=n

MOD GROUP NUMBERS n, or MOD GROUP=n

MOD NMAT {or NSECT, etc. )=p

INC NMAT (or NSECT, etc.)=n

All MOD and INC parameters are reset to zero upon

conclusion of each sub-processor execution.

Z2~-node elements:

jll jz
jll jz: 1, ni, nj) jinc. (nj grid lines)
jl, jz, 2, ni, nj, jinc. (nj rings)

jl’ jz, 3, ni, iinc, nj, jinc. (nj sets of spokes)

3-node elements:

Jl-' le j3
jy» 30 33 1, ni, nj. (rectangular mesh)
jl’ jz. j3. 2, ni, nj, jinc. (n} 'open fans')

J1» 39 33, 3,ni, nj, Jinc. (nj 'closed fans')

4-node elements:

S PO T
jl’ jz, j3, j4, 1, ni, nj, nk, kinc. (nk rectangular meshes)

jl’ jZ' j3, j4. 2, ni, nj. (cylinder, nj bays)



110

e

[

iI=

I8

Mass= Weight/G

SPDP= 2 for double precision
Output library

Mass = Weight/G

If not zero, beam rotatory inertia ignored.

If not zero, only displacement-dependent
terms (as in bars, membranes) are included,
for all element types.

If not zero, all beams treated as bars.

If not zero, all shell elements treated
as membranes.

Constraini case.
Name of matrix to be factored.
Destination library for factored matrix,

Reset
Name Default Meaning
G 1.0
Reset
Name Default Meaning
SPDP 1
OUTLIB 1
Reset
Name Defauit Meaning
G 1.0
IBEAM 0
INERT 0
Reset
Name Default Meaning
IKG2 0
IKG34 0
Reset
Name Default Meaning
CON 1
K K
KILIB 1
ILIB 1
KLIB 1

Library containing AMAP (from TOPO).
Library containiag K



AUS — Mi<cellaneous

INLIB= nin

OUTLIB= nout

DEFINE Z= Lib N1 N2 n3 n4
ZERO= value

FIND Lib N1 N2 n3 n4

AUS ~— Arithmetic

Command Forms Meaning
Z= SUM(X,Y) Z =X + Y (system matrices)
Z= PRODUCT(X, Y) Z =X Y (system matrices)

Z= UNION(X,,X,,---) Z= [X1|Xz|x3 -]

7= XTY(X,Y) 7 = X'y

Z=XTYSYM(X,Y) Z= XtY, symmetric

7= XTYDIAG(X, Y) z = X%y, diagonal —
Z= NORM(X, }, k,v) System vector renormalizatibn
Z= RIGID(j) Ri-gid body motion vectors

Z= RECIP(X) Each element z = 1./x

Z= SQRT(X) Each element z = sign x)V[x[
Z= SQUARE(X) Fach element z = x2

Z= RPROID(X,Y) Z = XY (rectangular matrices)
Z= RTRAN(X) Z = xt (rectangular matrices)
7= RINV(X) 7 = X! (square matrices)



AUS/TABLE

e TABLE( NI=ni, NJ=nj): N1 N2 n3 n4 $ = Output name
CASE n$ or BLOCK n
OPERATION= SUMS$, or XSUM, or MULT, or DIVIDE
I= i '2 be e 'm
DDATA=  d,, d,,... d
1 2 m
J= jI: j2: j3: . jr$ Loop limit format also allowed.

1 1

'11 i2 ;m

€ &y e 8 $ Datafor j=j,
il 2 jm

e. , e, ... e. § Datafor j=]j
Jg 1o Ig 2
il i2 im

E-‘j . e. ,..e, % Datafor j=j .
r L e ¥

AUS/SYSVEC

Same as AUS/TABLE, except that NI and NJ are automatically fixed by
SYSVEC.

AUS/ELDATA

ELDATA: NI N2 n3$% 4th word not given here
CASE n4$ Results in output data set N1 N2 n3 nd. Other input is the

same as in TABLE, except that J= jlz jo. === is replaced by
G= BF Bof = - - $ List of groups
E= €y Byl m v = - ¥ List of element indexes

AUS/ALPHA

ALPHA: N1 N2 n3 n4
1' Title string 1
21 Title string 2

ete,

A-9



TITLE
STATUS
TOC
DISABLE

ENABLE

COPY
XCOPY
X1L.OAD

REWIND

CHANGE

DUPLICATE

NTAPE

TWRITE

TREAD

LIBLIB
STORE

RETRIEVE

PRINT

ABORT

Lib' Title - -
Lib

Lib, Id

Lih, Id

Lib, Id

lel, Lib?-, Id

Lib, n. Id

n, Lib, nwords, nj, ninj, type, N1, N2, n3, nd

n

Lih, Id d

old’ I new

L1bl, L:l)2

nt
Lib

Lib

nl
Lib, Id

Lib, TId

Lib, Id, ji+ g, iy iy

n

A-10
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]
&
Z
=)

SSOL

|

:
7]
T

PS¥

|

Reset

Name Defauit Meaning

SET 1 Load set identifier

INLIB 1 Source library

FEFLIB 1 Destination library, equivalent nodal loads

ISLIB 1 Destination library, initial strains

Reset .

Name Default Meanin

SET 1 Load set identifier

K K Name of stiffness matrix

CON 1 -Constraint case

KLIB 1 Library containing stiffness matrix

KILIB 1 Library containing factored stiffness matrix

Reset

Name Default Meaning

SET 1 Load set identifier

QLIB 1 Library containing displacement and initial strain data

L1 1 Pirst case

L2 - Last case

EMBED 0 Nonzero value causes stresses to be embedded
in E-state,

ACCUM 0 Nonzero value causes stresses to be added

to those already resident in the E-state.

Execution Control Parameters

SOURCE=N1, N2, n n, $ Replaces STAT DISP --

3’
EIJI: Byl Bgi - EIJz-etc. -

Reset controls SET,QLIB, L1, and 1.2 are the same as in GSF.

Reset

Name Defauit Meaning

LINES 56 Lines per page

DISPLAY 1 DISPLAY= ] for standard stress print
DISPLAY= 2 for forces, stress resultants
DISPLAY= 3 for beam bending stress detail

NODES 1 Set = 0 to omit data at element corners.

CROSS 1 . Set = 0 for mid-surface data, only.

A-11



Reset
Name

PROB

CONV
NREQ
Vi

vZ

K

KG

M

CON
KLIB
KILIB
KGLIB
MLIB
OUTLIB
NEWSET
INIT

L1

L2
INLIB
OLDSET
SHIFT
HIST

Default

VIBR
8

KG
DEM

R T T =

Meaning

BUCK indicates buckling analysis.
Iteration control.

n "

K name
Kg name
M name
Constraint case
Data source library, K
" " , NVK
" " , KG
1" " , _M I
Output destination library o
Output set identifier
Number of random vectors.
Degignates source of initial
functions — vectors L1 through L2
of VIBR MODE oldset, contained
in inlib,
See Section 8,
Controls print-out of iteration history

R A
S N TURRE R A LR Y B .
N " 15 POUR

* I U
(“1"-. plyaln
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DTEX TR1
Parameter Default Parameter Default
Name Value Name Value
INLIB 1
T - " N2 MASK
NT ERMS 10 CASE 1
N2 MASK Tl -
INLIB 1 T2 -
OUTLIB 1l ALIB 1
QXLIB 0
QX1LIB 0
QX2LIB 1
QRLIB 0
QR1LIB 0
" QR2LIB 1
LB 896
BACK
Parameter Default
Names Value BACK Execution Control Btatements:
M1 1
M2 - ZC= C Lib NI N2 n3 nd
DT 1.0 T= "
TSTART L0 Y= t
LRZ 896 Z= Lib N1 N2 n3 nd
PRINT 1 EXT= Lib N1 N2 n3 nd
N3REPEAT 1
N4REPEAT 1
SOURCE 1
DEST 1
FMAX -1. x 1020
FMIN 1. x 10%°
BIG 1. x 10%°

A-18
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Reset

Name Default Meaning

CON 1 Constraint case for system

LR 896 Output block length

SYSL 1 Library containing system JLOC, etc.

For each substructure,

8sid, nu, nrf

-‘1: ]2° .|3' -T s Jn$

Reset

Name Default Meanin

FRQ1 -10. 10 Frequency range is FRQ1

FRQ2 10.10 through FRQ2

SOURCE 1 Data source library

DEST 1 Data degtination library

Reset

Name Default Meaning

JMG 1 If zero, omit creation of the data set

SYS MG 4f SYS IMG already exists

Execution Control Statements

MODES= n,, n,

SSIDi, nu, ndesti (Control for substructure "i") '

A-14
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Reset

Name Default
GGSL 16
SDEF 21

Meaning

Destination library for plot
specifications

Destination library for temporary
PLTA data sets

Execution Control Statement

SPEC aspec, n

Optional Control Statements

STITLE'
SZ2TITLE’
TEXT'
SYM
ANTISYM
ROTATE

MARGIN

Title line 1

Title line 2

Text line

iaxis

ianis .

ay 1; apz 1 a3 i3
ay 1) ap ip a3z 13
vy Va2 V3 D

iquad 1ix 1y

11y 321 J3lz---
01 02 03 2) 22 23

percent

Geometric Composition Statements

ALL
FORMAT O:

FORMAT 1:
FORMAT 2:
CONNECT

LOONTROL
LINES

ELJ indx; indxy; ijump grp; grps gjump
ELJ group;/groups, list of indexes
ELJ 1index,/index,, 1list of groups

J1 32 33~~~

jshift nrepeat inc
Jrd233--~-
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Execution Control Statements

DISPLAY=

DNORM=
INLIB=
SET=
CON=

CASES=
or -
VECTORS=

OPTIONS=

UNDEf ormed

STATic deformation

VIBRrational mode

BUCKling mode

Stress Quantity/div, node, loc
{See Table 10.2-1 for swmwmary of
stress quantities.)

dnorm
inlib
nget
nceon

casey, casejp
or
vect), vects

ny np - - - (See Table 10,2-2 for
summary of options)

A-16



APPENDIX B

ELEMENT FORMULATIONS

Sections 1, 2, and 3 of this appendix summarize the assumptions involved in

the routiness used by SPAR to compute individual element K, M, and Kg matrices,

respectively, relative to local element reference frames.

The correspondence

between these routines {named K21, TM, M3L, GQM, etc.) and the SPAR element
type designations (E21, E22, etc.) is indicated in Table B-1.

TABLE B-1

Flemeni

Type X
F21 Gen.bzam K21
E22 Direct K (see text)
E23 PBar (see text)
¥2L, Pl. beam (see text)
25 nDirect K, L=0 (see text)

Membrane
Bending

Mem. +bend.

Membrane
Bending
Mem. tbend.

Shear Panel

™
TPBY7
THM+TPB7

QMBS
QEBIL1
QMBS +QP
QMB1

o
f=
|_l

B-1

M33
M63
M63

M3k
M6
Mol
M3k

SUMMARY OF K, M, and Kg ROUTINES

Kg
BEAMKG
BARKG
BARKG
BEAMKG

nomne

none
GTP

GQM
none
GQP
oM
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1. Sgitfness Matrices

Individual element K's computed by the routines K21, TM, QPBLLl, etc. indicated
in the first column of Table B~l are relative to intrinsic reference frames

imbedded in the slemenis. As indicated on Figure B-1, the intrinsic frames

move Wwith the elements as the structure deforms. Some of the principal reasons

for using intrinsic frames are summarized below.

(1) K'!s relative to intrinsic frames totally represent each element's inherent

flexibility characteristics in minimal (least data) Forwm.

(2) Transformation, assembly into system K, etc., car be verformed by very
general routines which are totally unaffected by the details of specific
formulations used in computing the element intrinsic K's. 4Aas a resulti,
the cost and time reguired to develop routines teo implement various
element formulationsare minimized, since their total function is to cowpute
an intrinsic K, given the dimensions, section properties, and material

constants of the element.

n
:h‘h - S Jj
2 - - —_— _\/'\
\ .
\
\
\ J
e _____~;_E,EL_ 1
Membranes

1 Bending Elements

J

1
(1) Dashed lines indicate undeformed shape.
(2) For beams, the origin of the intrinsic frame is imbedded in (rotates with)
joint J2, to which the beam terminus connects.
(3) For bending elements, the origin of the intrinsic frame is imbedded in J1.
(4) In the undeformed state, the intrinsic frames coincide with the local

"element reference frames.?

FIGURE B-1 INTRINSIC FRAMES
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For each class of element, an intrinsic deformation vector, ', is defined as -
follows,

Beams : U = |u, u u e e

3~node o 3 t
membranes : U = u u u 2]

i -node L t
membranes: U = u u u u 2]

3-node t

bending : U = u23 921 922 u33 931 032]

li-node t
bendipg: U = u23 921 922 u33 931 932 uh3 Gul thl (1-1)

In the above, the uji and ij are displacement and rotation, respectively, of
point Jj (i.e. J1, J2, ...) in direction i, relative to the intrinsic frame.
For each type of element, the associated intrinsic stiffness matrix, K, is
defined by the following equation.

i(
\_’

Strain energy = V = 1/2 Ut KU. (1-2)
The order of K is 6, 3, 5, 6, and ¢, respectively, for the five classes of U
indicated above. For linear elastic materials, K is symmetric.

The methods used to transform and assemble the intrinsic K's into system matrices,
etc., will not be discussed here, since the purpose of the present discussion is
to explain the basis of the intrinsic K's.

- B:_3
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1.1 Beam Intrinsic S5tiffness Matrices

For element types E22 and E25, the 6 X 6 intrinsic K, as defined by equations
(1-1) and (1-2), is directly read as input. The following discussion defines

the basis of E2l and (as special cases), E23 and E2L. The characterizing

feature of the E21 class of elements is that the force-deflection behavior may

be expressed in the form indicated by equation (1-3). The relation between

the §'s and the intrinsic deformation vector, U, will be established subsequently.

fl sll 0 0 0 515 0 17T 611
£, 5,55 0 Sl 0 0 62
3} ~ 533 © © O M9 s
fu Shh 0 0 8,
fS Sco 0 §g
fé symmetric S¢6 d¢
or, R
t = sé , (1-4)

In the above, the fi‘s are forces(i=1,2,3) and moments {(i=4,5,6) acting on a
rigild plang‘imbedded in the beam origin, with the beam terminus fixed. The 6j‘S

are corresponding displacerments and rotations. As defined on Figure B-2, the

transverse forces and bending moments do not act through the beam origin; instead

they &:t in principal bending planes - hence the form of equation (1-3).

% The rigid plane is perpendicular to the 3-axis of the intrinsic frame.
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The 1,
of the
frame,

2 and 3 aXes are those
element ln‘bI‘lnSlC
The 1! and 2 axes

2

angle of inclination
of section principal
axes relative to
element intrinsic

are in cross-section principal « frame,
planes. 2 , 62

»8
5 5\ hﬂ;/'

zz ‘_— e ,\’ Shear Center
-\ rne—fp 1
Centroid
f3 ,6 /

/ﬁ’dé The d's are displacement
3 and rotation components

corresponding to the f's,

FIGURE B-2 FORCE AND MOMENT RESULTANTS EXERTED ON THE
MEMBER END SURFACE BY THE TRANSVERSE RIGID PLANE



In equation (1-3), 8117 S1g and sgg are associated with hending about principal
. axis 2; 522, S5),? and shh with bending about principal axis-l.

% -
On Figure B-3, components of the element intrinsic deformation vector, and the
associated peint forces, pi , and moments are shown.
2 i
The u j's correspond to the
first of equation (1-1).
pss 2 pe:u -’
Beam Origin (Centr01d) l[ ph,g 1
P
p6| p ,'U.
i
3’73
3
FIGURE B-3 FORCES, DEFORMATIONS RELATIVE TO INTRINSIC FRAME
In order to identify K, the equilibrium relation between the pi's {(Fig. B-3)
and £ 's (Fig. B-2) will be established. In the following, ¢, % and 22 are as
i
defined on Figure B-2, Also, ¢ = cos 9, s = sin ©.
ST - 1
IS 1 0 Q O 0 0 o] -5 G 0 0 0 fl
p2 G 1 0 0 0 0 5 c 0 0 0 Q £2
Pyl |0 0 10 0 0 0 0 1 0 G o I} 1,
_ > 1a-s
Py, 0 0 0 1 0 0 0 0 0] c -5 0 fh
el |0 0 0 0 1 0 0 0 0 s c o || fg
- 2 0 0 0 0 0 0 O 0 1
Poj [*2 1 ! L7
or.
p="TTf, (1-6)
t
where T is defined by equation (1-5), and p = [Pl Ppe oo p6J .
The kinematical relation indicated by equation (1-7) may readily be verified.
&
i 5=1"U. (1-7)
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From equations (1-4), (1-6), and (1-7),

T S T%U, or
T s Tb, (1-8)

P
K

If the shear center and centroid coincide, and the intrinsic frame axes are in
principal. planes,

K= 3,

The following symbols will be used in identifying the eight non-zero sij's.

L = length of beam.

A = eoro:s sectional area,

E = modulus of elasticity,

G = shear modulus,

Il’ 12 = cross-section moments of inertia about principal axes 1 and 2,
respectively,

Gl, a2 = transverse shear deflection constants (see Timoshenko "Strength
of Materials," Part 1, p. 170),

C = yuniform torsion constant, and

Cl = non-uniform torsion constant (see Timoshenko "Strength of

Materials," Part 2, p. 255-273).

The axial spring constant is

533 = AE/L.

The torsional constant is

s =g_(1_tanhb

-1
- L
66 b ) , Where b = 5 JC7(31

which assumes no warping of end cross sections.

Under the usual assumptions of Timoshenko beam theory,

4. =1¢ 1y - f L2 + f f}_&
1 1l 3 EI 5 2 EI 1 GA
2 2

2
I L
6. = -f + f —_—
5 1 2 E, 5 5’

B-7
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mza EI,
or where e 5 — and =
1 GA 1 kl ;I-:-£=7i§ »
F‘J‘ " 97 "
1 (L e1) 1 £
(3 v F 1
E
8 2 - x £
=N L 2 L jf 5]
and
f 1 2 |,
L 2 1
= kl
e
1 L 1)
f ——— —
5 |z (5 % |

From the above, the first set of -bending stiffness constants may be ldentified ag:

= 1
%11 Tk
= .k
515 5 kl , and
- (L. &
S5 (3 * ‘r)“l y
Also,
Spp T T K,
- .3
S2h = 5 k2, and
_ L >
w7 (‘3’ +T)k2’

where the definitions of k2 and 62 are analogous to those of k., and e,.
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1.2 Membrane and Bending Elements

In the displacement formulation of linear finite element networks, the boundary
motion of each element is written in terms of certain generalized displacement
guantities, usually the displacement and rotation components of system joints
to which the element is connected. Elements are said to be conforming if the
relations beiween the system generalized displacements and element edge motions
are such that displacements are continuous across element boundaries. The
basic problem in determining the stiffness matrix of a conforming element may
be stated as follows: given the boundary motions of the element, determine the
interior stress state. Since the late 1950's, this problem has most commonly
been approached through the assumed displacement field - minimuw. potential
energy method. In the July, 196l issue of the AIAA Journal, T.H.H. Pian
wsroposed a simple, general, and highly effective alternative: Uthe assumed

stress field - minimum complementary energy method, which is outlined below.

In terms of generalized displacements, g, (e.g. joint motions )}, the strain
energy of an element is

%
V = %q Kaq. (1.2-1)
The minimum complementary energy principal msy be stated as

m = v- J[’ u, S d(Area) = minimum (1.2-2)
Area

where V is strain energy in terms of stress components, aij' u, and Si are
direction i components of prescribed boundary motion and boundary force on the

exterior surface.

To apply the principal, the stress distribution, g,1is written in terms of m

undetermined stress coefficilents, bl’ b2, -+ by, as follows,
¢ = PB, where
t -
[bl, LIPS bml , (1.2-3)

[“11’ To2 "'] ,

and elements of P are functions of position coordinaties, selected such that
equations of equilibrium are identically satisfied within the element, regardless
of the values of the bi's.



Where the stress-strain relation is
€= No,

the internal strain energy within the element is

v o= —12- f 0" N o d(vol)
vol
or,
v = -f?: B'H B, (1.2-L)
where
H = _f P* N P d(Vol) (1.2-5)
vol

Where u = {ul v, u3 F, the relation between boundary motions and generalized
displacements, q, is of the form

u = ILg, (1.2-6)

where elements of L are funciions of position coordinates, determined by the
location of the boundary.

Where S = [sl S, EB]F the relation between surface forces and the stress

field coefficients is of the form

5 = R B,

where the elements of R are functions of position coordinates determined by
the location of the boundary, and by the form of P.

Accordingly,
SN A, t,
.ﬂ; 5 B"HB -B'Tq,
Where
7 o= R® 1, d(Area) . (1.2-7)
Area

For minimum f%, ices GTE/Bbi =0, for i = 1,2,...,

HB = T q,

B = H1rTaq, (L.2-8)
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and, from equation (1.2-4)},

v =X%q¥ 1t alrg,

from which it is concluded that

t -
K = gl (1.2-9)

The procedure outlined above was proposed by Pian as a method of calculating
K's approximating those of conforming elements. Where K is the stiffness
matrix corresponding to the perfect conforming element, K approaches K

from the soft direction (too much strain energy), as the number of assumed
siress functions is Ancreased. In the assumed displacement field - minimum

potential energy approach, K approaches R from the stiff side as the number

of assumed displacement functions is increased.

A network comprised of conforming elements will converge uniformly from the
stiff side toward the exact solution, as the mesh is made progressively finer.
Even if a mesh were comprised of perfect conforming elements (equilibrium,
compatibility equations satisfied over the interior of each element), the net-
work solution would be too stiff, Therefore, K's based on the assumed stress
field procedure may be viewed as a means of systematically introducing compen-
sating error (K's softer than K), to obtain more accurate solutions.

To summarize, the following are the two basic assumptions involved in applica-
tion of the assumed stress field - minimum complementary energy method.

(1) The boundary motion of the element is assumed as a function of system
generalized displacements (e.g. joint displacements, rotations, etc.),
in a form which provides inter-element compatibility. This amounts bo
defining the matrix L in equation (1.2-6).

(2) An equilibrated stress field, expressed in terms of m undetermined coef=-
ficients, bl’bz’ ‘o bm, is assumed. This amounts to defining the
matrix P in equation (1.2-3).

To implement the above assumptions, the principal computational tasks are the
caleulation of H from equation (1.2-5), and T from equation (1.2-7). From H
and T the element stress and stiffness matrices, H—lT and TtH_lT are readily

determined.

The in-plane edge motion assumed for the TM (triangular membrane), QMBS
(quadrilateral membrane), and QMBl (quadrilateral shear panel) elements is
shown on Figure Bl.2-1. The edge motion assumed for the TPE7 (triangle),
and QPBll{quadrilateral) bending elements is shown on Figure Bl.2-2.
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L = length of edge deforned edge
{straight line)

node i

FIGURE BL.2-1 IN-PLANE EDGE MOTION ASSUMED IN TM, QMBS, QMBL

oW, = 93
deformed edge 0s J)’
ow i \\\L_, w is normal to the element surface,
—-—), = 6 - ’
a5k /}VM;,, -3 _ w = a cubic function of s such that:
I w(s) w At xode 1, _
-L node v, FE s O
node i [PRNE
s = \\\\\ At node , i
undeformed edge W= WJ’ {%§»= QJ,

2z = normal to
element

oW . .
¢ = e at edge ij,

= ¢+ @-gh)

r = normal tc edge ij,

undeformed in plane of element

FIGURE Bl.2-2 EDGE MOTION ASSUMED IN TPB7, QPBLl
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Stress fields assumed for TM, QMHE)L, and QMBS are indicated below. In the
1 following, x and y correspond to directions 1 and 2 of the intrinsic frame
g defined on Figure B-l, and Nx’ Ny and Nky are in-plane stress resultants,

For TM (constant-stress triangular membrane),

N, = b

x 1
gy = b2’
Nﬁy = b3.

For QMBl (quadrilateral shear panel),

Nx = O,
NV = 0,
Ny = by

For QMBS (quadrilateral membrane),

ﬁx = b1 + bzy,
= b, +b
| Ny 3 * o
1 = b.,
ny 5

In TPB? and @PBll, the (Kirchoff) stress resultant-curvature relation is of
the following form.

- - L -
2
M, Dy Dy, Dy, - /ox
M = D D D _Fus/aye (1.2-10)
v 12 22 23 ¥y
2
D
Mo, J ] Dy 23 Dy3 i 29 w/c’)xé}y_!

The stress fields assumed in TPB7 and QPBll are derived, using equation (1.2-10},
from the displacement functions indicated below, which satisfy both equilibrium
and compatibility* equations.

This is not essential to application of the assumed stress field-minimum
complementary energy method. It is necessary only that the assumed stresses

satisfy all equations of equilibrium.
o

wir
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For TPB7 (triangle):

2 2 3 3 2 2

_ X Y ﬂ_ X - X - _D.C_y_ _
w—-bT“ b;‘T+b thhbS% bé——-x b 5 (102]—1)

1

For CPE11 {quadrilateral:

W = same as for TPB'?-bB(--]feL2 + 0-’1 Lzh)- bg(-x%j— + ‘72 T);,i)
_bm(..?‘i"; + a3 %)- bll(%i + au f_;t), (1.2-12)
where
a; = —(2D12 + hDBB)/Dll,
%y = EByy/Dyys
UG T Ry
4, = DDy

Calculation of H and T (see equations (1.2-5) and (1.2-7) for the above
elements involves area and line integrals, respectively, of polynominals
of varying degrees of complexity. For the simple terms, closed form expres-
sions are readily determined. For the complicated forms, Gaussian integra-

tion of order sufficient to assure exact integrals is used.

The routines which compute intrinsic K's for the TM, QMBl, QMBS, TFB7, and
QFBl1 elements were written by C. L. Yen.



2. Element Mass Matricaes

3
é@g; For immediate reference, the SPAR element reference frame convention is shown
below.
J -
1* J2, J3, Jh all are in plane 1-2
3 of the element reference frame
2
///}
—e3
91 Ja
2-node elements 3 or L4-node elements

FIGURE B2-1 ELEMENT REFERENCE FRAMES

In the following, uik and Olk are the total displacement and rotation, res-
- pectively, of node Ji in direction k, relative to the element reference frames.
Local generalized displacement vectors q, for individual element categories

are defined as follows.

i _ i i i
Where u = [u 1 u 5 u BL

for bars (M32),
1 er‘
q = {u ulf.
For triangular membranes (M33),
1
q = ul u2 u3] .
For beams (M62),

1 1 1 .1 1 a1 2 =2 2 2 =2 2]t

i, o 0 o ¢ @
q Uy b, By By 0, By uy u, w0, 8, 5y
T BE S

Where !bl = u 3 @] 1 (4] 2' s

for triangular bending elements (MIF),
t
1-.,2 .3
a - |t 2
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For quadrilateral bending elements (MJP),

4 J
1 2 .
qQ = | ¢? wh . ‘al*
Where q 1s as defined above, the kinetic energy of an element is expressed in
I
terms of a local element mass matrix, M, as % 4 M 4. Transformations to
system coordinates, assembly into system M, etc., are performed in SPAR by

gereral purpose routines which are independent of the source of the element
M's.

In the following discussion, X, ¥y and 2 are position coordinates in directions
1, 2, and 3 of the element reference frame; and u, v and W are displacement
components in directions x, y, and z. In order to compute element M's, dis-

placement functions in terms of n undetermined coefficients, a

15 8ps = v s B,
are assumed in the following form.
u ay
vi® G, (2-1)
W a
n
where elements of G are functions of X%, y, and z. Where m is mass/volume, -
the kinetic energy of the element is
L] - .2
T = % v}r m u2 + v2 +w )d(Vol). (2-2)
ol
t
Where A = Ial 32 . . anl , substitution of (2-1) into (2-2) gives
E ©
T =13 A[f m G Gd(Vol)}A. (2-3)

Vol

For each element type, n is selected equal to the number of clements in q, so
that a unique kinematic relation between A and q of the form indicated by

equation (2-kL) is readily determined.
g = CA, (2-L)

whare the elements of C depend on the locaticons of the node points. Subsititu-
tion of equation (2-4) into (2-3) identifies the element mass matrix as

M = (c"l)t[\/ m a6 d(ver) | ¢, : (2-5) _ J
ol *
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The displacement fierlds assumed for each type of element are indicated below.

For bars (M32),

n = al + 322,
M T (2-6)
w = as +aéz.
Far triangular membranes (M33),
u = oay + 82x + aBy,
vo= 8 * B +agys (2-7)
v o= a, + agx +a9y.
For beams (M&2), where u, Vv, and w are displacements of the central
axis, and where ¢ is the total twist angle,
- 2 3
uo o= oa; vagz +a3z +ahz s
2 3
= +
v a5 + aéz a7z + aaz s
W= ag * a2,
= all + 8122. (2“8)
For triangular bending elements (MIP)
B 2
w = a, +a2x +a3x
)y +agy + a6x2y
2 2 2 2
+ayy +agky + a9x ¥y . (2-9)
For quadrilateral bending elements (MQP)
- 2 3
W = al + azx + 33x + ahx
2
agy tagy *taxy+ a8x3y
2 2
+89y + alo}ry
8.,y +ay xy3 (2-10)
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Using the displacement fields indicated above, the integration indicated by
equation (2-5) is readily performed in closed form, except for MIP and MQPF,

in which cases Gaussian integration is used. In the case of M62, the rotatory
inertia terms associated with all three cross section moments of inertia may
be included, if desired.

The correspondence between the above and the designations used in Table B-1 is
as follows:

M32: As defined above.

M33: As defined above.

M3k: Two overlaid pairs of M33's.
M62: As defined above.

M63: M33 + MIP.

M6L: M3L + MQP.

It is noted that the above are generally not "consistent" mass matrices,
according to the usual definitions since they are derived on the basis of
arbitrarily selected displacement fieldswhich only in special cases coin-
cide with the displacement fields associated with the corresponding element
K's. They usually give a much better approximation of system kinetic energy
than do lumped mass models, however.

The routines which compute the local element mass matrices designated above
as M33, M3L, M63 and MbL were written by C. L. Yen.

a7
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3. Geometric (Initial Stress) Stiffness Matrices

The meaning of the initial stress stiffness matrix, Kg, may be viewed in the
following way. Assume that a structure in a given equilibrium configuration
undergoes an additional deformation, gq. The pre-stress dependent quadratic
terms in the associated change in strain energy are U1 = ¥ thgq. The
ordinary quadratic terms are %nt K q. Accordingly the total change in strain
energy associated with the perturbation, q, is approximately * qt(Kg+K)q.
This provides means of (1) including effects of pre-stress on deformation of
linear systems, and (2) performing piecewise linear analysis of geometrically
nonlinear problems. The application of Kg to linear bifurcation buckling is
based on the following: if Kg corresponds to an applied force system, F, the
change in strain energy due to perturbation of a structure to which a load AF

is applied istf% AKG+K)q = 0. For stationary strain energy, (AKg+K)q = 0,

In the following discussion of the basis of individual element Kg's, the
notation (u,v,¥, etc.) will be the same as in the discussion of element
mass matrices.

For 2-node elements, the principal contributions to Kg are due to changes in

axial strain due to lateral deformation, u and v,
€ =3 (duy 1 (ov)2
2 é(az) +'é(az .

Where Pz is the pre-stress axial force in the element, the corresponding

change in strain energy within the element is

R L A [ - ()

o C
A planar example is shown on Figure B3-1.

The BEAMKG formulation used in SPAR for general beam elements alsc contains
terms which include the effects of transverse shear forces, bending moments
and torque. The terms produced by BEAMKG are identical to those described in

Section 7.2.3 of the Nastran Theoretical Manual, as corrected on 12-15-72,
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| g
~ 2
Pz. u(g,)a-é-%dz
u(z) 1
| 2

ds-dz

FIGURE B3-l1

Kg EFFECTS IN A PLANE BEAM
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In two-dimensional elements the changes in membrane strains due to
lateral and in-plane displacements produce the following change in strain

energy:

o=z [ [ @)% & &)

Area ) 2 9 _ (3-2)
du v oW -
e, [ B9 &% &y* )

du Ju 3v av Iw Jw
+ ittt di-vendir vl S-vacl-ve d
2N [ X 3y ” "% 3 ]] (Area)

In the above, Nx’ Ny and ny are the pre-load membrane stress resultants.

The procedures used to calculate Kg are similiar to those used in calculating
element mass matrices. Lateral and in-plane displacements are assumed as functions
of n undetermined coefficients, By 855 ¢ v . an. For 2~ and 3-node elements,

each of the Kg fornulations assumes the same displacement field as a corresponding
mass matrix. For the quadrilaterial membrane, GQM, displacements are assumed

of the following form:

u o= a, + a,x + aqy + a,xy

v =ag + acx + ajy + agxy (3-3)

w = a9 + alox + ally + alzxy.

The assumed displacement fields used for Kg formulations are tabulated below:

Assumed Displacements
K _Type u v w&d Element Type
BARKG Eq(2-6) Eq(2-6) Eq(2-6) E22,E23
BEAMKG Eq(2-8) Eq(2-8) Eq(2-8) E21,E24

GT™M Eq(2-7) Eq(2-7) Eq(2-7) E3l
GTP Eq(2-7) Eq(2-7) Eq(2~7) E33
GQM Eq(3-3) Eq(3-3) Eq(3-3) [E&41,E44

GQP  Eq(3-3) Eq(3-3) Eq(2-10) E43



L1O
The membrane stress distribution used in computing Kg for quadrilaterals GQOM
and GQP is the same as indicated for the QMBS element {i.e. linearly varying).
BEAMKG includes, in addition to the principal terms indfcated in Eq.(3-1),
other secondary terms involving initial shear streéses and bending moments.
As before, the integratfons indicated by equations (3-1) and (3-2) in some
cases are readily determined in closed form; and in others are evaluated using

Gaussian integration. These routines were coded by C. L. Yen.
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