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ABSTRACT

The Computer Analysis Language (CAL) Program was originally written by Pro-
fessor Edward L. Wilson of the University of California at Berkeleyv as a teaching tool
for structural analysis. The program was modified for use on the Naval Postgraduate
School (NPS) mainframe (IBM 360.67) in 1979 by Lawrence B. Elhott, Licutenant
Commander, U.S.N. The modified version was called CALNPS. In 1982, Warren L.
Roberts, Lieutenant, U.S.N,, integrated the Finite Element Analysis Program (FEAP)
with CALNPS. This provided a means for the solution of linear and nonlinear, two and
three dimensional, and, stcadyv state and transient heat conduction problems. Roberts
also generated an interactive "HELP” facility and the code for terminal graphics displays
of heat transfer and structural analvsis meshes. Since then. changes to the NPS com-
puter svstem and transition of CALNPS to the VAX computer system have rendered
CALNPS unusable in many ways. The "HELP” facility is obsolete. The purpose of this
thesis was to bring CALNPS back up to date, rewrite the "HELP” facility, and make the
program “user friendly”. Also several modifications were added to CALNPS. The
graphics capabilities were expanded to include hardcopy options using the Plotl0 and
Disspla graphics hibraries. Two display size options are now available and the user now
has the capability to plot curves from data files from within the CALNPS domain.

As CALNPS is a verv large program, several of the functions available had not been
tested completely and as a result did not work at all or did not work in the muanner de-
scribed in the user’s manual. This thesis work included the testing of every command
and verifving that they work in accordance with the user’s manual. Several problems
were discovered and corrected bv either changing the FORTRAN code or the in-

structions or both. The work was focused around use of the VAN computer svstem.

hooession Tor

NTIS ~nTAdl ;
PTIT TAS O
Unarsrm meed 3
JusaTtoatdien e
“.. e e ———— o ——
| S
&" . } Py ————
.\ ’ -/ Dt :‘ih'.t't’\-in/' U
Tl - Ao 1Tantidde Lodo T
it [ Lo o e
1Ak 2GS
Diat | Suoc:sl
p! } |

i




TABLE OF CONTENTS

L INTRODUCTION e e e e l
A. GENERAL DESCRIPTION ... 1
B. OBJECTIVES ... 2

II. ORGANIZATION OF CALNPS . . e 3
A, MAIN PROGRAM .. e 3
B. GROUP ONE ... e e e i 4

I. General Commands . ......... . 3
2. General Matrix Commands . ... ... 5
3. User Supplied Operations . ...t 6
4. Looping Operations . . ......... ..ot 0
C. GROUP TWO . e 0
1. Static Analvsis Commands . ... ... 7
D. GROUP THREE ... . . e 7
1. Dyvnamic Analvsis Commands ... ... . o T
E. GROUP FOUR e 7
[. Heat Transfer Commands .. ... ... ... . .. . .. . S
F. GROUP FIVE .. e 9
l. Graphics Commands . ... .. 9

[TI. MODIFICATIONS TO CALNPS ... 10
A, CHANGE I SAVE AND RESUME COMMANDS ... ... ... ... 10
B. CHANGE 2: SOLVE COMMAND ... ... 11
C. CHANGE 3: LOG COMMAND ... 11
D. CHAXNGE 4: COSEL AND SINEL COMMANDS .................. 11
E. CHANGE 5: PROD COMMAND ... ... .. . i 12
F. CHANGE 6: GRAPH COMMAND . ... .. ... . .. ... ... .. 12
G. CHANGE 7: USER SUPPLIED TITLE ...... ... ... ... ... . 12
H. CHANGE 8: PRINTED OUTPUT ... ... .o !
I. CHANGE 9: ODE COMMAND ... . 13
J. CHANGE 10: STRUCTURAL GRAPHICS ... .. .. o oL, 14

"




Iv.

K. CHANGE 11I: THREE DIMENSIONAL HEAT TRANSFER MESH ... 14

L. CHANGE 12: SMALL GRAPHICS OPTION ... ... e 14
M. CHANGE 13: CUBIC COMMAND ... .o o 14
N. CHANGE 14: XYPLOT COMMAND ... 15
O. CHAXNGE 15: GRAPHICS HARDCOPY OPTIONS .. .............. 15
P. CHANGE 16: DEMONSTRATION FACILITY ......... . ... ... ... 15
Q. CHANGE 17: MEMFRC COMMAND ... ... . e, 15
CALNPS OPERATIONS ... e i7
A. GENERAL OPERATIONS ... . e 17
oo Description ... oo 17

2. Command Specifications ... ... . 17

B. GENERAL MATRIX OPERATIONS . ... ... .. ... . 19
oo Description ...t 19

2. Command Specifications .. ... ... oot 19

3o Examples . e DS

a. Uscof LOADIcommand ............ ... ... ... ........2%

b. Use of SOLVE command ........ ... . ... . .. ... ... ..... 20

C. STATIC ANALYSIS OPERATIONS oo 0
Lo Description ..o e 30

2. Command Specifications .. ... 31

a. PropertvData ......... ... . N2

30 Examples o 43

a. Two Dimensional Frame Member . ... ... ... ... ....... 43

b. Two Dimensional Truss Analvsis . ........ .. ... .. ... ...... 16

¢. Static Analysisofa Bridge ....... ... . . L 48

D. DYNAMIC ANALYSIS OPERATIONS ... ... . 30
I Description . ...t e SO

2. Command Specifications . . ... . .ovv it Sl

30 Examples ... S5

a. Dynamic AnalysisofaBridge . ........ ... . ... ... ... ... 55

E. HEAT TRANSFER OPERATIONS ... ... ... .. .. ... .. ... . ... 58
L. DeSCrIPUON .« o vt 58

2. Conunand Specifications . ...« ..t 38
SooExamples Lo 72




a.  Hollow Cyvlinder With Circumferential Heuting Strips 72

b. Chimnev Problem .. ... .. .. .. . . 76

F. GRAPHICS GPERATIONS ... o, s

oo Description . ..o 78

2. Command Specifications ............. i e 78

3. Examples ... §2

G. LOOPING OPERATIONS .. e 87

L Description ... . oot 87

2. Command Specifications . ........ ...t 87

H. USER SUPPLIED OPERATIONS ... ... . . . . S8

V. RECOMMENDATIONS AND CONCLUSIONS ... A\
APPENDIX A, CALNPS MODIFICATION AND TROUBLESHOOTING

GUIDE 91

A, CALNPS VARIABLES o 91

B. PROCEDURE FOR THLE ADDITION OF A NEW COMMAND ... .. 93

C. SUBROUTINE FLOWPATHS FOR SELECTED COMMANDS ... ... 94

LIST OF REFERENCES .. ... e, 103

INITIAL DISTRIBUTION LIST ... e 104

V1




Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

LIST OF FIGURES

1. Data Flowpath Within Main Program Subroutines ................ J
2. Local Sign Convention For BEAM Command. ............... ... 33
3. Two Dimensional Frame Member. ...........................38
4. Positive Definition of Element Forces for FRAME Command. ....... 36
5. Geometry and Joint Displacements for Frame Command. .......... 36
6. Positive Coordinate Systems For NODES Command. ............. 39
7. Numbering System for Isoparametric Elements (PLANE Command). .. 41
8. Sign Convention for SLOPE Command. ....................... N2
9. Direct Suflne<s Method Example of Two Dimensional Frame. ....... 44
10. Sample Truss Problem. ... ... .. . . 40
I1. Static Analvsis of a Bridge. .. ... ... . . 49
12. Solution of Bridge Problem (Static).  .......................... %0
15. Form of the Function Represented by M. . ... .. ... ... ..., 35}
14. Displacements of Bridge Problem. ....... . ... ... ... ... . ... .. 57
15, Positive Coordinate Syvstems for COORD Commuand. .. ... .. ... .. 60
16. Connectivity Conventions for Heat Transfer Clements.  ............ 62
17. S and T Axes for Two Dimensional Heat Transfer Elements. ... ... .. 68
I8. R, S and T Axes for Three Dimensional ileat Transfer Elements. ... .. 71
19. Hollow Cylinder. ... 73
20. Geometry of Chimney Problem. ......... .. .. ... .. ... ... ... 76
21. Sample XYPLOT Curves. ... 81
22 T'rame Problem. oo 83
23. Truss Problem. ... ... .. . 84
24. Hollow Cylinder Problem. . ....... .. ... ... . .. 85
25. Chimney Problem. . ...... . ... . . ... 86
26. Flowpath for HTXFR Command. ............ ... ... ... .. ... 94
27. Flowpath for COORD Command . .................. ... .. ... 95
28. Flowpath for CCAP Command. .......... ... ... 96
29. Flowpath for LCAP Command. ................. .. ... ... 97
30. Flowpath for FORM Command. ............. ... ... 98
31. Flowpath for ODE Command. . ........... ... ... ... ... .. ... 99

vil




Figure
Figure

Figure

32. Flowpath for PLHX and PLST Commands.  ................... 100
33. Flowpath for PROP Command. ................ ... ... .... 161
34. Flowpath for SYMC and USYMC Commands. ................. 102

vl




I. INTRODUCTION

A. GENERAL DESCRIPTION

CALNPS is an interpretive language which 1s designed to manipulate arrays and
matrices for the analysis of structures and heat conduction problems. With the inte-
gration of the Finite Element Analysis Program (FEAP), CALNPS has the ability to
solve linear and nonlinear, steady state and transient, two and three dimensional heat
conduction problems involving temperature dependent thermophysical properties and
complicated radiation convection boundary conditions. The orniginal program was de-
signed as an instructional tool for structural analysis and published as [Ref. 1].

Modifications have been added to expand the graphics cupabiiities to include hard-
copy options and two size options. Three commands were added to CALNPS in thic
thesis work. The ability to solve a cubic equation with real or imaginary coeflicients or
roots was added and is enabled with the command, CUBIC. The abilits to plot curves
from existing data files was added and is enabied with the command, XYPLOT. Thie
function utilizes the Plotl0 graphics hbrary for the ternunal graphics and the Disspla
eraphics library tor the hardeopy options.  An onhine demonstraion reutme was alvo
added. This required the addition of the new command. DEMO. DEMO provides u
menu cf example data f{iles that the user can choose to view. The files are complete with
graphics displavs.

CALNPS can be operated in either the interactive or batch mode. In the batch
mode, the command. READ, is used to obtain the existing data file from the user’s local
directorv. In the interactive mode, the user has the capability to save the session using
the command. SAVE, at any point. The SAVE commund creates a data file with the
name supplied by the user (prompted) which contains all of the arrayvs in storage at the
time of issuance. The session can later be recalled with the command, RESUME. The
use of the SAVE command is highly recommended when using the interactive mode as
input errors to CALNPS frequently result in stoppage of the program and loss of any
data not previously saved.

CALNPS can be used to solve simple problems for instructional purposes or more
complex problems for research purposes. This thesis work provides an expansion of the

sample problem files that previously existed including imnput and output data files. Some




problems are simple to demonstrate the use of the commands and some are more com-
plex to demonstrate the capabilities of CALNPS.
CALNPS was recently implemented on the VAX computer svstem at NPS. This thesis

1© the completion of this implementation and the generation of a revised user's manual.

B. OBIJECTIVES
The objectives of this thesis are:

(1) Test every CALNPS command in the current manuals with example problems and
determune if thev work properly.

{2) Make corrections to CALNPS code and or user’'s manual as necessary. During the
course of the work several problems were discovered and corrected.

(3) Expand the graphics capabilities. The graphics capabilities were limited to the use
of the print screen opuion (on the VAN computer) at the beginning of this work.

i+ Rewrnite the "HELP facility. The online "HELP™ facility was obselete and Jdid not
accurately apply to the VAX computer,
(3} Revise the user’'s manual. The same situation existed with the user’s manual as

with the "HELP” facility. The user's manual stll conteined references to FORTRAN
card decks.

Lgv]




[I. ORGANIZATION OF CALNPS

This chapter provides a description of the internal organization of CALNPS.
CALNPS consists of a main program and five operational groups of subroutines.
CALNPS is also linked to the PLOT10 and DISSPLA graphics libraries. The graphics
iibraries will not be discussed in detail in this work. The average user does not need to
be concerned with the workings of these libraries as there is no required user interface
with them. The user who is interested in (and has the privilege to do so) modifving

CALXNPS should refer to the appropriate user’s manual as necessary.

A. MAIN PROGRAM

‘The main program as referred to here consists of the actual main program and the
subroutines that accomplish data management and interpretation of the input operation
commands. The subroutine CAL! recognizes the input operation command and deter-
runes which group the command and its related subroutines reside in. Belore the pro-
gram branches to the appropriate group, CALI performs a series of data management
tunctions.

The subroutine INPUT checks to see if the input operation command is part of
loop or a new command. If it is a new command. then the subroutines OPREAD and
RCARD are called to interpret the input data associated with the operation command.
For example, matrix names, dimenstons, numerical data. etc. If the command is part
cf a loop then the OPREAD RCARD operations continue until all of the loop cper-
auons have been read and stored. The subroutines INPUT and OPSTOR work in con-
junction to carry out the loop operations properly.[Ref. 2. pp. 33-38]

Dynamic dimensioning 1s used to store «ll arravs and matrices in CALNPS. lor a
detailed discussion of dynamic dimensioning refer to chapter I1. of Elliott’s thesis[Ref.
2: pp. 11-18]. The subroutine LIST reserves the storage of new matrices and prepares
the directories. The subroutine FIND is called later to locate the desired arrayv and its
directory when required by the current speration command.

When no longer required, arravs and matrices are deleted by the subroutine DE-
LETE. DELETE is also called prior to creating a new matrix or array to prevent du-
plication of names. [f a command creates an array or matrix with the same name as an
existing one, then the eaisting one is automatically deleted. The user 1s informed of the

deletion after the fact and there is no way to recover the deleted arrav or matnx unless




iwas saved with the command, SAVE. The user must Keep track of names asvgned o
arravs and muarices.

This sectton provides a brief discussion of the data management process widhin
CALNPS. Tigure | shows the data flowpdath between thie subroutines of the main pro-
cram.  Only the major functions have been discussed here. For a more detailed dis-

cussion of this process. refer to chapter [ of Liliot's thesis [Refl 20 pp. 34-33),

MAIN PROGRAM

M
i DELETE K—{ CAL1 > GROUPS 1-5 i
’ l H
INPUT |~ OPREAD !
H / .
oPsTOR||| [ RCARD

FIND “'; LIST

> MOUE k——

Figure 1. Data Flowpath Within Main Program Subroutines

B. GROUP ONE

Group One consists of the subroutines necessary to support general conunands,
general matrix commands, user supplied operations. and looping cperations. Luch of
these three functions will be explained and the {unction of cach command will be listed

in the follow:ng discussion.




1. General Commands

General commands perform standard functions that allow the user to interface

and control CALNPS. The General Commands and their functions are listed below in

alphabetical order:

CALNPS

DEMO
HELP
LABEL
LIST
NO
READ

RESUME

SAVE
START
STOP
WRITE
YES

Provides a list of CALNPS commands when issued from the "HEL P~
facility.

Runs a sample problem as chosen from a menu by the user.
Enables the interactive HELP facility.

Reads and prints comment hnes.

Lists arravs currently in storage and the amount of storage used.
Suppresses all printing of output.

Directs reading of input from ternunal or Jata fiie.

Reads a saved file into memory.

Saves all arravs currently in storage to a data file.

Initializes CALNPS for a new problem by deleting all arravs in storage.
Terminates CALNPS operations.

Directs output to a file or to the screen.

Restores printing of output. { Negates the NO operation. )

2. General Matrix Commands

The General Matrix Commands perform standard matrix manipulations. The

specific commands and their functions are listed in alphabetical order as foliows:

ADD
ADDSM
COSEL
CUBIC
DELETE
DUP
DUPDG
DUPSM

INVEL
LOAD
LOADI

Adds two matrices.

Adds a smaller matrix to a designated position In a larger matrix.

Evaluates the cosine of each element of a matrix.
Evaluates the roots of a cubic equation.

Deletes a matrix from storage.

Duplicates a designated matrix.

Creates a row matrix from diagonal of an existing matrix.

Creates a smaller matrix by extracting designated positions from a
larger matrix.

Inverts each element of a matrix.
Loads a real matrix.

l.oads an integer arrav.




LOG Cvaluates the natural log of each clement of a matnx.

MAX Evaluates the maximum value of each row of a matix.
MULT Multiplies two matrices.

NORM Evaluates matrix norms.

PRINT Prints a matrix.

PROD - Evaluates the product of all the terms of a matrix.
SCALE Multiplies a matrix by a scaler.

SINEL Evaluates the sine of each element of a matrix.
SOLYE Solves a system of linear equations.

SQREL Evaluates the square root of each element of a matrix.
STODG Stores a row of a matrix on the diagonal of another.
STOSM Stores a submatrix within a larger matrx.

SUB Subtracts two matrices.

SUBSM Subtracts a small matrix from a designated area in a Jarger matrix.
TRAN Generates the tra:spose of a matrix.

ZERO Creates a null or a unit matrix.

3. User Supplied Operations
There are currently two areas set aside in CALNPS for user supplied subrou-
tines. The commands to execute a subroutine placed in one of these areas are as follows:
USERA
USERB

4. Looping Operations
CALNPS has a five level looping ability [Ref. 3: pp. 73], The specific looping

operations commands and their functions are listed in alphabetical order below:

LOOP Initiates the looping operation.
NEXT Signifies the end of a loop.
SKIP Causes a specified number of operations to be skipped.

C. GROUPTWO .

The Group Two subroutines support the evaluation of structural analysis problems.
This group independently provides a static solution, however, when used in conjunction
with Group Three, a dvnamic solution is provided. The specific Group Two Commands

and their functions are listed in alphabetical order below:




1. Static Analysis Commands

ADDK
ADDSF
BEAM

BOUND
DISPL
FORCE
FRAME
LOADS
MEMFEFRC
NODES

PLANE

SLOPE

TRUSS

Adds element stiffness matnx to total stiffness matrix.
Forms total stffness and mass matrices.

Forms the element stiffness, mass, and force-displacement transforma-
tion matrices for a three dimensional beam member.

Specifies displacement boundary conditions.

Prints joint displacements.

Calculates and prints member forces.

Forms the stiffness matrix for a two dimensional frame member.
Forms the load matrix.

Calculates member forces in a two dimensional svstem.

Creates an array containing the coordinates for all joints in a structural
svstem.

Calculates the element stiffness. mass, and stress-displacement matrices
for three to eight node isoparametric elements.

Forms the stiffness matrix for a beam or column from the
slope deflection equations.

Formns the element stiffness, mass. and force-displacement matrices for
three dimensional truss members.

D. GROUP THREE
The Group Three subroutines work in conjunction with Group Two to solve dy-

namic structural analysis problems. The specific Group Three commands and their

functions are listed in alphabetical order below:

J.  Dynamic Analysis Commands

DYNNAM

EIGEN
FUNG
PLOT
STEP

Evaluates uncoupled equations of motion by mode superposition
method.

Evaluates mode shapes and frequencies.
Generates values of a specified function at equal time intervals.
Generates a printer plot of selective rows of a designated matrix.

Evaluates the dyvnamic response of a structural sysiem by integrating
the dynamic equilibrium equations.

E. GROUP FOUR
The Group Four subroutines support the solution of heat transfer problems. The

specific Group Four commands and their functions are listed in alphabetical order be-

low:




1. Heat Transfer Commands

ADTIM
CALC
CCAP
CONYV
COORD

CTEMP
DTIM
EIGYV

ELCON
FORM
HTXFR
LCAP
ODE

PRLD
PROF
PROMPT
PROP
PTEMP
SYMC
TOL
UsymMcC

Advances the time in a heat transfer problem.
Solves time independent problems {or temperature
[Forms a consistent capacitance matrix.

Performs a temperature convergence test.

Creates an array containing the coordinates of all nodes in a heat
transfer svstem.

Inputs constant temperature boundary restraint data.
Set time step increment.

Evaluates the dominant eigenvalue and eigenvector of the current heat
transfer conductance matnx.

Creates an array containing the element connectivity.
Forms the flux vector.

Initializes the heat transfer problem.

Forms a lumped capacitance matrix.

Solves first order ordinary differential equations for heat transfer prob-
lems.

Provides for proportional loading of heat transfer svstems.
Establishes the profile of the equations for solution of the problem.
Suppresses or restores user input prompts.

Inputs matenal property data.

Prints nodal temperatures.

Forms the svmmetric conductance matrix.

Sets the solution convergence tolerance.

Forms the unsvmmetric conductance matrix.

o0




F. GROUP FIVE

The Group Five subroutines support the graphics capabilities of CALNPS.

specific Group Five commands and their functions are listed below alphabeticaily:

1. Graphics Commands

GRAPH Initializes the graphics package.

PLHX Plots two and three dimensional heat transfer analysis meshes.
PLST Plots two and three dimensional structural analysis meshes.
TITLE Allows the user to input a title of up to three lines in length.

XYPLOT Plots up to two curves on a plot of data read from a data file.




III. MODIFICATIONS TO CALNPS

This chapter describes the modifications that were made to the existing version of
CALNPS during this thesis workh. The modifications range in complexity from a simple
change in a format statement to a complex change in the FORTRAN code. Modifica-
tions were necessary to correct functions that did not work properly and to .xpand the
capabilities of CALNPS. In total, 17 changes were made to the CALNPS code. Within
the code thes: changes are clearly marked with the author’s initials and by comment

lines.

A. CHANGE 1: SAVE AND RESUME COMNMANDS
The SAVE and RESUME commands did not work properly. The option to save a
heat transfer file did not work at all. The problem was found to be that two subroutines
existed which could be accessed by CALNPS depending on the value of N1 entered by
the user. The default was zero which directed the program to the SAVE subroutine.
This worked fine as long as the problem at hand was a structural analssis problem. The
heat transfer option requires N1 to be egual to two which directs the program to the -
SAVE2 subroutine. The SAVE2 subroutine contained an error in the file opening
staterient. The file status was set as "NEW”, however, this statement is used by both .
the SAVE and RESUME commands. This prevented the RESUME command {rom
reading an existing heat transfer data file. The status was changed to "UNKNOWN",
which is compatible with both the SAVE and RESUME commands. The original SAVE
subroutine was actually obsolete Jue to the changes made to this command in Robert's
thesis [Ref. 3: pp. 20). The SAVE subroutine was commented out completely and all
input correctly rerouted to the SAVE2 subroutine. The proper use of the SAVE and
RESUME commands is as follows:
SAVE,NI and RESUME. NI
where:
N1=1 A structural problem is being saved or resumed.

N1=2 A heat transfer problem is being saved or resumed.

The default was changed to N1=1.




B. CHANGE 2: SOLVE COMMAND

This change is for clarity purposes only, no computational code changes were made.
The command SOLVE.MI,M2,N1,N2 solves the matrix equation AX =B where MI is
the name of the A matrix and M2 is the name of the B matrix. The information pro-
vided to the user concerning what was happening to the matrices involved was unclear.
The program and the "HELP” file both state that matrix M1 is triangularized. This 1s
true, however, it is also stored as a compact lower upper (L. U) form, where L is a lower
unit matrix which is obtained from a forward reduction and a backward substitution
procedure. The signs of the off diagonal terms are reversed for convenience only. Write
statements were added to provide this information to the user.

When N1=2 the svstem i1s transformed as stated above, however, the program in-
dicated that the system was not solved, which contradicted the information in the
"HELP” file. The svstem is in fact solved and the solution is stored as muatrix M2, A

write statement was added to provide this information correctly to the user.

C. CHANGE 3: LOG COMDMAND

The LOG command was discovered to be completely inoperable. The response to
the LOG command was “operation undefined or blank”. which meant that CALNPS did
not recognize this command as a valid command. It was discovered that the command.
LOG. M1, as listed in the "HELP” file was not the same as that in the code. The code
required the command, DLOG. M, to carry out the required operation, which is to re-
place each term in the matrix M1 with the natural log of each term. A test of the com-
mand, DLOG,M1. was conducted to verifv that it worked properlv. The decision was
made to change the code to recognize the command as stated in the "HELP” file rather
than change the "HELP” file to match the code. This was done to make the command

more easily recognizable to the user.

D. CHANGE 4: COSEL AND SINEL COMMANDS

The ability to calculate the sine and cosine of each term of a matrix was discovered
in the CALNPS code. The commands to utilize these functions were not listed in the
"HELP” file or in the user’s manual. These functions are part of the Group 1 subrou-
tines. These commands were verified to work properly and the "HELP” file and user’s

manual were updated to reflect these commands and their use.
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E. CHANGE 5: PROD COMMAND

The PROD command calculates the product of the elements of a matrix. The rou-
tine was found to be calculating a product that was a factor of ten high. The value of
the exponent in the code was discovered to be initialized as one instead of zero. This
change solved the problem.

The output of the command did not always produce correct scientific notation. For
example, the 6utput would print as 10.00E + 00 rather than 1.00E+01. A change was

implemented to insure consistent and correct output format.

F. CHANGE 6: GRAPH COMMAND

The GRAPH command initializes the graphics subroutines of CALNPS. After is-
suing the command. GRAPH. the user was required to respond to two questions before
CALXNPS would proceed to the graphics operations. This is necessary when the user is
working from an IBM mainframe terminal, however, on the VAX computer svstem the
responses are always the same. The first question is: "Are vou at one of the following
graphics termunals (ves or no)? PLOT10 compatible terminal or IBM 3277 dual screen.”
The answer 1s alwavs “ves” from a VAX terminal. The second question is “Enter termi-
nal code: 1 =PLOTI0 compatible or 2=1BM dual screen.” The response is always one
from a VAX terminal. The subroutine GRAFI was modilied to delete these response
requirements and to allow CALNPS to proceed 1o the graphics operations after receiv-
ing the command, GRAPH. This change does not apply to the iBM mainframe version
of CALNPS.

G. CHANGE 7: USER SUPPLIED TITLE

The user supplied title would not print on the graphics display produced with the
command, PLHX. PLHX produces a display of a heat transfer analysis mesh. When
the command, TITLE,N1, was issued, it seemed to be completely ignored and no user
input was accepted. It was found that the PLOTI0 subroutine TINSTR did not exist
in the current PLOTIO librarv. TINSTR is used to accept alphanumeric input from the
terminal and store it in an ASCII decimal equivalent array for later output by either of
the PLOT10 subroutines, ANCHO or ANSTR. ANCHO allows the user to output a
single alphanumeric character and ANSTR allows the user to output an alphanumeric
string [Ref. 4: pp. 4-1,7-3,4].

TINSTR (written by David Marco of the NPS Naval Engineering Department) was
added to the current PLOTIO0 library. This resulted in an output of the user supplied

title, however, it was not printed in the same graphics window as the mesh display. The
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calls for subroutines, SCRDAT, USRTIT, and TITLE were moved to occur prior to the
drawing of the mesh. SCRDAT prints the mesh dimensions, USRTIT prints the user
supplied title, and TITLE prints the mesh analysis tvpe information (heat transfer or
structural). This resulted in the mesh, the user supplied title, and the mesh type de-
scription being displaved on the same screen with proper scaling of the mesh and no
overlap. The bounds of the screen window also had to be changed to include all of the
above mentioned items and the boxes drawn around them. This change was made in the

subroutine BOX.

H. CHANGE 8: PRINTED OUTPUT

The graphic display from the command PLHX was unprintable using the print-
screen option on the VAX computer. The borders of the program defined screen were
too close to the borders of the PLOTI0 window boundaries. This caused the printer to
print “garbage.” This was remedied by redefining the window a safe distance from the
PLOTI10 window boundaries. This required changing the arguments of the TWINDO
‘PLOT 10 subroutine) call statement in the subroutine., BOX. It also required moving
the coordinates of the user supplied title and of the mesh type description to conform
to the new screen coordinates.

The above changes allowed the mesh and title information to be printed properly,
however, the minimum and maximum values of the coordinate axes still did not print
at all on the graphics output screen. Analysis of the PLOTI0 subroutine, ANMODLE,
which is called by SCRDAT to print this data. revealed that the file read by ANMODE
was not the same as the file being written to by SCRDAT. The file number in SCRDAT
was changed to match the file read by ANMODE. Also the character size was changed
to insure that the data remained inside the new screen and box coordinates. This al-

lowed the entire graphics display to print properly.

I. CHANGE 9: ODE COMMAND

The ODE command solves first order ordinary differential equations for heat trans-
fer systems. The instructions for use of the ODE command were incomplete. The
"HELP” file failed to explain to the user how to input the initial nodal temperatures.
After analvzing the appropriate subroutines for the required input data, the "HELP” file

and user’s manual were updated to include the necessary instructions.
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J. CHANGE 10: STRUCTURAL GRAPHICS

This change is similar to change seven for the heat transfer mesh plotting subrou- .
tine, FPPLOT. The subroutine, CLPLOT, plots the structural analvsis mesh. The calls '
for subroutines, SCRDAT, USRTIT, and TITLE were moved to occur prior to the
drawing of the mesh to allow the mesh, user supplied title, and screen data to be dis-

plaved on the same graphics screen.

K. CHANGE 11: THREE DIMENSIONAL HEAT TRANSFER MESH

This change is similar to changes seven and ten but applies to the subroutine,
FPPLOT. This subroutine plots the mesh for three dimensional heat transfer problems.
The calls for subroutines, SCRDAT, USRTIT, and TITLE were moved to occur prior

to drawing the mesh.

L. CHANGE 12: SMALL GRAPHICS OPTION

The only graphics output that could be printed was a full size output. This change
was implemented to allow the user the option for a smaller output that could casilv be
included in a report or a thesis. The smaller output is 9 inches by 6.25 inches when
printed.

This addition required changes to subroutines, GRAFI, FPPLOT. FP3PLT,
CLPLOT. BOX. SCRDAT. TITLE, and USRTIT., all of which are located in the Group
3 set of subroutines. The variable, ISMALL. was added to the calls for each one. A
user prompt was added to query the user to chose either the small or large graphics op-
tion.

To execute the small graphics option the user only has to respond “ves” to the
prompt that occurs after issuing the command, GRAPH. The output will be scaled
down without any other operator actions other than the normal graphics commands
(i.e.,, PLHX or PLST). The output can be printed with the VAX print-screen option or
with the hardcopy option added by Change i5.

This change does not apply to the IBM version operations.

M. CHANGE 13: CUBIC COMMAND

This change adds the capability to solve for the roots of a cubic equation. The co-
efficients or the roots can be real or complex. The cubic command was added in the
Group One section of CALNPS. The output is written to a file in the user’s local di-
rectory. The user must supply the name of the file at the prompt. The solution is au-

tomatically refined using the Newton-Raphson iteration method.




N. CHANGE 14: XYPLOT COMMAND

This change adds the capability of plotting curves from within the CALNPS domain.
Up to two curves mayv be plotted on the same graph. The data is read {rom a data file
previously prepared. A hardcopy of the plots mayv be obtained by responding to the
appropriate prompts.

The original XY PLOTTER program was written by David Marco. It was modified
by breaking it into two sets of subroutines and adding them to the CALNPS code in
Group Five. The first set plots the curves on the screen using the PLOTI10 graphics li-
brary. The second set creates files for hardcopy printing (see Change 13).

O. CHANGE 15: GRAPHICS HARDCOPY OPTIONS

This change adds the capability to print graphics by creating and printing files rather
than using the print-screen option on the VAN computer. The code change discussed
previously in Change 14 was expanded to work for all the graphics capabilities of
CALNPS. The structural or heat transfer analysis meshes are printed on the screen us-
ing the PLOTI10 graphics hibrary and the hardcopy files are created using the DISSPLA
craphics librarv. Files can be created for use on either of the printers currently available
{LA73 or LA210). High resolution graphics is available for the LA7S printer and pro-
vides an extremely high quality printout. [xecution of the hardcopy options is con-

trolled entirelv with user prompts.

P. CHANGE 16: DEMONSTRATION FACILITY

This change adds the capability for the user to select a demonstration file from a
menu and run the problem {rom within the CALNPS domain. A new command,
DEMO. was added to achieve this purpose. DEMO causes a menu of available sample
problem files to be printed on the screen. The user onlv has to enter the name of the file
desired. The current files are complete with graphics displayvs. [t is assumed here that
the user is familiar with the VAX computer system and knows how to manipulate the

graphics screens with the mouse.

Q. CHANGE 17: MEMFRC COMMAND

The MEMFRC command calculates the member forces in a two dimensional struc-
tural system. When the MEMFRC command was executed, a FORTRAN error oc-
curred indicating an access violation. Troubleshooting led to the discovery that the
address of the integer array containing the row numbers of the displacement matrix

which were to be multiplied by the stiflness matrix was incorrect. The variables N2 and
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N3 in the subroutine. MEMI'RC. were discovered to be interchanged. After correcting

this error the forces were calculated correctly with no occurrence of a FORTRAN error.
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IV. CALNPS OPERATIONS

This chapter describes in detail the procedure for using each command of CALNPS.
Example problems including input and output data files are also included. This ~hapter
is geared towards the user while the rest of this work is more geared towards modifving
and maintaining the program. Thi> chapter is a revision of the material originally pub-
lished by Professor Wilson as Reference 1. Additions have been made as they apply to
this version of CALNPS. A "+ " svmbol above the matrix designator indicates the for-
mation of a new matrix. A matrix previously defined with the same name will be de-
leted. A “-"indicates that an existing matrix will be moditica. The theorv behind the
numerical methods usad in CALNPS 1s available in the current version of the user's
manual as a reprint of Professor Wilson’s class notes. The author wishes to express

appreciation to Professor Wilson for permussion to use this material.

A. GENERAL OPERATIONS
1. Description
As discussed in Chapter 1. the commands that are classified as gene-al com-
mands perform standard functions that ailow the user to nterfuce with and control
CALNPS.
2. Command Specifications
CALNPS
Thrs command executes the CALNPS program on the VAN computer svstem.
If issued within the "HELP” facility, a hist of all CALNPS commands will be provided.
DEMO
This operation generates a menu of semple problem data files available to the
user. Enter the name of the data file desired. The problem will be run entirely including
graphics displavs. After the graphics display is completed, tvpe "CONTINUE" to return
to CALNPS. The option for a hardcopy of the graphics display will always occur after
the command, CONTINUE.

HELP

This operation enables the interactive "HELP” facilitv. The commands are filed

alphabetically.  Therefore, if several different commands are being requested, they will

be found faster if requested in alphabetica! order.




LABEL.NI
This operation will read and print N1 comment lines which follow the operation
line. Column 1 of cach line will be interpreted as a standard carriage control symbol

f1.e., 0 for double <pace and 1 for sKkip to the top of the next pages.

LIST

The list operation prints directory information for all arravs currentlv in storage

and lists the amount of storage used.

NO

This operation suppresses all printing, except diagnostics, until the operation
YES is encountered. This allows the user to suppress printing of data which has been
proved to be correct in previous runs of CALNPS (see YES).

READ.NI

This operation permuts the selection of a user’s file or the terminal as the input
file device. The file can be read using the file name or an assigned logical number.

N1=XX Subsequent commands will be read from file FOROXX.DAT of the user’s
work space. The file can be named FOROXNX.DAT or be assigned a logical
number with the VAN conmmand, ASSIGN  (re., ASSIGN FENUFT
FORONXX.DAT).

Restores the termunal as the input file device. All files prepared for use with
this command should end with either STOP or READ.S.

7.
—
i
h

A promipt for the file name alwavs follows the exccution of the READ com-
mand. If the file 15 to be called by name, then N1 should be omitted. 1f a logical number

15 1o be used. then press return at the prompt for a name.

RESUNMENI
This operation reads a saved file into memory. Anyv arravs currently in storage
will be destroyed. The file must have been previously created in the user’s directory us-
ing the SAVE operation. The default for N1 1s N1=1 and it will be assumed that a
structural problem is being resumed. The user will be prompted to enter the name of the
file.
Ni=1 A structural problem is being resumed.

NI=2 A heat transfer problem is being resumed.
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SAVE.NI

This operation saves all arrays in storage at the time of issuance. Saved arrayvs
will contain all modifications made since their creation. The delault i1s NI =1 and it will
be assumed that the problem being saved is a structural problem. The user will be
prompted to enter a name consisting of a maximum of eight characters to be assigned
to the file.

Nl=1 A structural problem is being saved.

NI=2 A heat transfer problem is being saved.

START

This operation eliminates all arrays which were previously loaded or generated.

STOP

This operation causes normal termination of CALNPS program operations.

WRITE.N1

This operation will produce a file in the user’s directory. A prompt appears after
the WRITE command is encountered by CALNPS requesting a name to be assigned to
the output file. All output will be directed to the output file unul a WRITE .6 command
is executed. An entryv for N1 is required. Failure to make an entry for N1 will result in

the erasure of any files read during the operation.

NI=6  Restores the termunal as the output file device.

YES
This operation negates the NO operation and permits all printing to resume to
the designated file (See NO).

B. GENERAL MATRIX OPERATIONS
1. Description
CALNPS has the capability to perform most of the standard matrix manipu-
lation operations. In addition there are several nonstandard array operations which are
useful in engineering analysis.
2. Command Specifications
ADD,M[.M2

This operation will replace matrix M1 with the sum of matrices M1 and M2.




ADDSMM M2 NN

This operation adds the smaller matrix M2 to the larger matrix M1 starting at

the row number N1 and column number N2 of M1. This operation cannot enlarge the
matrix M1.

COSEL.MI
This operation calculates the cosine of each element in matrix M1. The ele-
ments of M1 must be expressed in radians.

CUBIC
This operation solves for the roots of a third order equation. The coefficients

or the roots or both may be either real or complex. The required data ent-_:s are clearly
explained by the user prompts. Complex coefficients are entered in the following format:
(Real part, Imaginary part).
DELETE.M]|

This operation will delete the array named M1 from storage.

DUP.M1.M2
This operation will form an array named M2 which is identical to the array
named MI.

DUPDG.MI.M2

This operation forms a new row matrix named M2 from the diagonal terms of

matrix M1. This operation is valid for real matrices only.

DUPSM.MLM2NIN2N3I NS
This operation forms a new submatrix named M2 with N3 rows and N4 col-

umns from terms within the matrix named M1. The first term of matrix M2, M2(1.1),
will be from row N1 and column N2 of matrix M1, MI(NI,N2). This operation is valid

for real matrices only.

INVELMI
This operation replaces each term in the matrix named M1 with its reciprocal.




LOAD.MIENIN2N3

This operation will load an array of real numbers named M1 which has N1 rows

and N2 columns. The terms of the array are entered in row-wise sequence on data lines

following this operation. N3 is optional and defaults to free format. Integer arravs must
be entered with the LOADI command.

N3=90
N3=1
N3=9

The data should be entered in a format of (8F10.0).

An additional line, which contains the format of the data lines. precedcs the
data lines. For example, if the data is to be four numbers per line in field
widths of 15, the additional line would contain the following information:
(4F15.0). Note! Parenthesis are required.

The data lines will be read in free format.

LOADLMIMINININING

This operation will load an integer array named M1 which has \1 rows and

N2 columns. The terms of the array are written in row-wise sequence on data lines

which follow the operation command N3 is optional and defaults to free format.

N3=9

An additional line containing the format of the data lines must follow this
operation command and precede the data. For example, if the data is to
be four numbers per line in field widths of 10, the additional line would
centain the following information: (4110). Note! Parenthesis are required.

Data will be read in free format.

N4 is optional. The matrix M1 will be printed in partitioned form with N4
columns per partition. Lines have (N4+1)*3 characters. Nd defaults to
20 causing 123 characters to print per line.

M2 is optional. If the letters "INCR" are entered as M2, there is a gener-
ation capability. Data must be entered as follows:

CONTENTS

Row number.

Value 1.
Value 2.

Value N,
Generation code.

If the generation code is not 7ero, then the next line must contain the following

data:
ITEM

19 19 ==

Etc.

CONTENTS

Row number increment.
Value | increment.
Value 2 increment.
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N2+ ] Value N increment.
N2+2  Last row to be generated.
This operation must be termunated by a row of at least N2+ 2 zeros, separated

by commas or spaces. The user must ensure that each element is defined.

LOG.M]I '
This operation replaces each term in the matrix M1 with the natural log of the

term.

MAX.M1.M2

This operation forms a column matrix named M2 in which each row contains
the maximum absolute value of the corresponding row in matrix M1. The maximum
and its column number are printed for each row. This operation is valid for real matrices

only.

MULT.MI1M2.M3

This operation generates a new matrix M3 which is the product of matrices M1

and M2 (M3 = MI1%M2). This operation is valid for real arravs onlyv.

NORMMIM2.N1

If N1 equals zero, a row matrix named M2 is formed in which cach column

contains the sum of the absolute values of the corresponding column of matrix M1. If
M1 does not equal zero, a row matrix named M2 is formed in which each column con-
tains the square root of the sum of the squares of the values of the corresponding col-

umns of the matrix M1.

PRINT.M [.NI,N2.N3

This operation will print the array named M1 in a matrix format of up to eight

columns per line. N1, N2, and N3 are optional.

N1 N1 comment lines, which follow the operation line, will be read and printed.
N1 defaults to zero.

N2 The matrix will be printed in partitioned form with N2 columns per parti-
tion. Lines will have N2¥15 + 5 characters. N2 defaults to eight, printing :
125 characters per line.




N3 If N3 is greater than zero, integer format (16) 1s used. The array must be
an integer array that was previously loaded with the LOADI command.
The default value is zero and real format (F13.7) is used.

PROD.MIM2
This operation forms a 1 X 2 array named M2 which contains the product of

all terms in the matrix named M1. The product, X, is stored as two numbers of the
form: X = P*10**E in which M2(1) = P and M2(2) = E. the exponent.

SCALEMIM2
This operation replaces each term in the matrix named M1 with the term
multiplied by the term M2(1.1) of the matrix named M2. This operation is valid for real

matrices only.

SINEL.MI
This operation will calculate the sine of each element of matrix M1. The ele-

ments of M1 must be expressed in radians.

SOLVE.MI, M2.NI,N2

This operation solves the matrix equation, [ AJ[.Y] = [B] where M1 is the

name of the A matrix and M2 is the name of the B matrix. unless modified as indicated

below:

N1=0  The svstem is solved using a compact forward backward substitution proc-
ess. M1 is replaced by the compact L U form. where L is a lower unit ma-
trix. The signs of the off diagonal terms are changed for convenience
purposes. The values of the matrix X are stored in the M2 matrix.

Ni=1 Matrix M1 is transformed into the compact L U form only. No equation
solving 1s done and M2 is not changed at all.

N1=2  For a given matrix M2 and the matrix M1 previouslyv transformed, matrix
M2 is replaced by the values of the matrix X. Forward backward substi-
tution is used.

1=3  Matrix M1 is replaced by its inverse for symmetric matrices only.
N2=0 Matrix M1 is symmetric. N2 defaults to zero.

N2= For svmmetric matrices, matrix M1 is factored into the LDL form. The
diagonal matrix D is stored on the diagonal of M1. The parameter \2
pernuts the direct solution of nonsymmetric svstems of equations. If N2 is
not equal to zero, an L U decomposition of matrix M1 will be performed.




SOREL.MI

This operation replaces each term in the matrix named M1 with the square root

of the term.

STODG.M1.M2

This qperation stores a row or column matrix named M2 at the diagonal lo-

cations of matrix M1. This operation is valid for real matrices onlyv.

STOSM.M {.M2.N1.N2

This operation stores a submatrix named M2 within the existing matrix M1.
The first term of the submatrix M2 will be stored at row N1 and column N2 of matrix

M. The terms within the area of M1 in which M2 is stored will be destroved.

SUB.MI.M2
This operation will replace matrix M1 with matrix M1 less matrix M2. This

operation is valid for real matrices only.

SUBSM.MELM2NIN2

This operation subtracts matrix M2 from the larger matrix M1 starting at row

number N1 and column number N2 of the larger matrix.

TRAN.MI.M2
This operation generates a new matrix M2 which is the transpose of matrix M1.

This operation 1s valid for real matrices only.

ZEROMININZ N3N
A real matrix named M1 is created with N1 rows and N2 columns. The terms
in this matrix will have the following values:
ML) =XN3 I=1,.\NI
MI(IJ)y=XN4 J=1,.,N2
N3 and N4 are optional and if left blank, M1 will be a null matrix. If N3 and

Nd are both = [, M1 will be a unit matrix.




3. Examples
a. Use of LOADI command

This example demonstrates the use of the LOADI conunand with the gen-
eration option. The example shows the generation of a 6 X 6 integer array.

r1) Input Data File. The file demonstrates the use of the START,
WRITE, LABEL, and READ commands as well as the LOADI command. The
WRITE.l command on line two causes the output data to be printed to a data file in
the user’s directory. The LABEL command allows the input of comment statements.
The first data Lue after the LOADI command defines the values of the first row of the
array. The second data line causes rows three and five to be generated by incrementing
row one by the given values. The third data line defines the second row of the arrav.
The fourth data line causes row four and siXx to be generated by incrementing row two
by the given values. The final data line must be a row of at least N + 2 zeros separated
by commas or spaces. '\ represents the number of columns in the arrav.

START
WRITE.]
LABEL.1
GENERATED INTEGER ARRAY EXAMPLE
LOADILMIINCR.6.69
1.1.1.LL1L1.1,1
2LLLLLLS

WRITE.6
READ.S

12, Qutput Data File.

LABEL.1

GENERATED INTEGER ARRAY EXAMPLE
LOADI.MI,INCR.6.6,9

6 ROWS 6 COLUMNS

I 2 3 4 5 6
I 1 1 1 1 1 1
202 2 2 1 2 2
32 2 2 2 2 2
4 4 4 4 4 4 4
S 3 3 3 3 3 3
6 6 6 6 6 6 6
WRITE.6




b. Use of SOLVE command
This example demonstrates the different uses of the SOLVE command.
Comment lines are interspersed throughout the data file to explain how the SOLVE -
command is being used.

71, Input Data File.

START

WRITE,1

LOAD,M1,3,3,9

112

243

36-5

LOAD,M2,3,1,9

910

PRINT.M1.7,3

#*% SOLVE A SYSTEM OF LINEAR EQUATIONS
*##* MATRIX EQUATION AX=B

X+ Y+2Z=9
N+ 4Y -3Z =1
IN+6Y-53Z2=0
Mi=A M2=B
kel ol el Rk sk ok s Rk kol sk ok ok ek ok ko sk ek sk ko ok kR ok kol ok
PRINT.M2
LABEL.2

#* [N LATER PART OF EXAMPLE
DUP,MI.M3
DUP.M2.M4
SOLVE.M1.M2.0,1
LABEL.S
Ak ko kokck ko ok ko kokkk Rk Rk ok kR k ok kokok
* N1=0 WHICH CAUSES M1 TO BE TRIANGULARIZED.
* M1 IS STORED IN A COMPACT L U FORM. WHERE L IS A LOWER
* UNIT MATRIX WITH THE SIGNS CHANGED FOR CONVENIENCE
* PURPOSES. THE VALUES OF THE X MATRIX (SOLUTION) WILL
* BE STORED IN THE M2 MATRIX.
¢ N2=1 INDICATES THAT M1 IS UNSYMMETRIC.
Ao e oooge e ok e vk sk o o s o e g e ook sl e e v S ok o o ok ol o o ol o o o ok vk e ek ook vk K T o ok ok ok ok o o vk ok ok o
PRINT, M1
PRINT,M2.1

Ahebhy SOLL'TIO‘\' xRk kK

PRINT,M3
PRINT,M4
SOLVE,M3,M4,1,1
LABEL.2
**\1=1 CAUSES M3 TO BE TRIANGULARIZED AS BEFORE.
** M4 WILL BE UNCHANGED.
SOLVE.M3.M4.2,1
LABEL.3
*2 N1=2 CAUSES THE MATRIX M3 TRIANGULARIZED IN THE




** PREVIOUS STEP TO BE SOLVED WITH Md. MJ IS

""" * REPLACED WITH THE VALUES OF THE X MATRIX.

PRINT.M3

PRINT.NMA

LOAD.ML.2.2.9  ** EXAMPLE OF INVERSE OPERATION **

.) Py

PRINT. M1

LOAD,M2,2,1,9

11

PRINT. M2

SOLVE.M1,M2.3.0

LABEL,2

** THIS OPERATION WILL COMPUTE THE INVERSE OF A

** SYMMETRIC MATRIX. NO EQUATION SOLVING IS DONE.

PRINT.M1,1

** INVERSE MATRIX **

L \BEL 3
e A e e o e o S "

E‘(A\IPLE OF SOLVING A SYSTEM OF LI\EAR EQLAIIO\S

NVIIERE THE COEFFICIENT MATRIX IS SYMMETRIC.

M3 IS DIAGONALIZED AND THE DIAGONAL MATRIX

\l(\ IS STORED O\ THE DI \GO\ \I_ OF \1*

sadadade ek %ok e sl sk ok ok ook ek sk ko ok ok ok ek ok ok ok

#*

Rt B

LO\D \[*339

PRINT.MS
PRINT.M6G
SOLVE.M3.M6,0,0
PRINT.MS
PRINT.Mo.1
*** SOLUTION MATRIX ***
WRITE.6
READ.5

72, OQutput Data File.

LOAD M1,3,3,9
JROWS 3 COLUMNS
LOAD.M2,3,1.9
JROWS 1 COLUMNS
PRINT.M1.6,3
** SOLVE A SYSTEM OF LINEAR EQUATIONS
= MATRIX EQUATION AX=B
X+ Y+2Z2=9
X +4Y - 3Z2 =1
IX+6Y-5Z2=0

Mi=A MX=B

L X R R BCRCRARCR (LR PRI RIE B F R B F F E ]




1 2 3
1.0000000D + 00 lOOOUOOOD+()U 2.0000000D + 00
2.0000000D + 00 3.0000000D + 00 -3.0000000D + 00
3.0000000D + 00 6.0000000D + 00 -3.0000000D + 00

INT, M2

1
I 9.0000000D + 00
2 1.0000000D + 00
3 0.0000000D + 00

LABEL.2

** REPRODUCE M1 AND M2 FOR USE
** IN LATER PART OF EXAMPLE
DUP,M1,M3

3 ROWS 3 COLUMNS

DUP. M2, M4

3 ROWS 1 COLUMNS
SOLVE.MI1,M20.1

l ~\BLL

i sl e ok sl ks ol ok ok koo ok o e sk e sl ook sl ok ok e o i ok e T e sl st ok ksl ok e sk sl ok ok ok ok ok

l
2
3
PR

\] =0 WHICH CAUSES M! TO BE TRI. \\GL LARI7ED

* M1 IS STORED IN A COMPACT L U FORM, WHERE L IS A LOWER
* UNIT MATRIX WITH THE SIGNS CHANGED FOR CONVENIENCE
“PURPOSES. THE VALUES THE X MATRIX (SOLUTION) WILL

*BE STORED IN THE M2 MATRIX.

\’—l I\DICATFS TH\T \11 IS L\S\ ““UR.KT'. .
PRI\T \Il
1 2 3

I 1.0000000D + 00 1.0000000D + 00 2.0000000D + 00
2 -2.0000000D+ 00 2.0000000D + 00 -7.0000000D + Q0
3 -2.0000000D + 00 -1.3000000D + 00 -3.0000000D + 00
PRINT,M2.1
Hxde el SOLL’TION A fe ool e ofe

1
1 1.0000000D + 00
2 2.0000000D + 00
3 3.0000000D + 00
PRINT,M3

1 2 3
1 1.0000000D+ 00 1.0000000D+00 2.0000000D + 00
2 2.0000000D +00 4.0000000D + 00 -3.C000000D + 00
3 3.0000000D + 00 6.0000000D + 00 -5.0000000D + 00
PRINT, M4

1
1 9.0000000D + 00
2 1.6000000D + 00
3 0.0000000D + 00
SOLVE, M3,M4,1,1
TRIANGULARIZE ONLY
MATRIX M3 IS TRANSFORMED INTO A COMPACT L U FORM WHERE
L IS A LOWER UNIT MATRIX WITH SIGNS OF OFF DIAGONAL
TERMS CHANGED AND U IS THE UPPER.




LABEL.2

“#N1=1CAUSES M3 TO BE TRIANGULARIZED AS BEFORE.

“# M4 WILL BE UNCHANGED.

SOLVE.M3I M40

FORWARD REDUCTION AND BACK SUBSTITUTION
SOLUTION STORED IN MATRIX M2

LABEL.3

** N1=2 CAUSES THE MATRIX M3 TRIANGULARIZED IN THE
** PREVIOUS STEP TO BE SOLVED WITH M4, M43 IS

PRINT. M3
1 2 3
1 1.0000000D+00 1.0000000D+00 2.0000000D + 00
2 -2.0000000D + 00 2.0000000D + 00 -7.0000600D + 00
3 -3.0000000D + 00 -1.5000000D + 00 -3.0000000D-01
PRINT,MA
1
1 1.0000000D + 00
2 2.0000000D + 00
3 3.0000000D + 00

ARRAY M1 DELETED
2ROWS  2COLUMNS
PRINT M

1 2
1 3.0000000D+ 00  2.0000000D + 00
2 2.0000000D + 00 2.0000000D + 00
LOADN221.9

ARRAY M2 DELETED
2 ROWS 1 COLUMNS
PRINT.N2

1
1 1.0000000D + 00
2 LoonnonnD + 00
SOLVE.MI1.M23.0
MATRIX INVERSION ONLY
LABEL,2
## THIS OPERATION WILL COMPUTE THE INVERSE OF A
** SYMMETRIC MATRIX. NO EQUATION SOLVING IS DONE.
PRINT.MILI
** INVERSE MATRIX **
1 2
1 1.0000000D+00 -1.0000000D + 00
2 -1.0000000D + 00 1.5000000D + 00
LABEL.>
AR R AR AR RAARAF RN ARk Rk kh ok kkohok ek kokok ok
* EXAMPLE OF SOLVING A SYSTEM OF LINEAR EQUATIONS
* WHERE THE COEFFICIENT MATRIX IS SYMMETRIC.
* M5 IS DIAGONALIZED AND THE DIAGONAL MATRIX
* IS STORED ON THE DIAGONAL OF M3.

LR e R LR R AR R LR R LA SR R

LOAD.M35339




3 ROWS 3 COLUMNS
LOAD.MS6,3.19
J ROWS 1 COLUDMNINS
PRINT. M3
1 2 3
1 1.0000000D + 00 2.0000000D + 00 0.0000000D + 00
2 2.0000000D + 00 2.0000000D + 00 1.0000000D + 00
3 0.0000000D + 00 1.0000000D + 00 3.0000000D + 00
PRINT, M6
e
1 1.0000000D + 00
2 5.0000000D + 00
3 3.0000000D + 00
SOLVE,M35,M6,0,0
PRINT, M3
1 2 3
[ 1.0000600D + 00  2.0000000D + 00  0.0000000D + 00
2 200000000 4+ ) -2.0000000D + 00 -3.00000001)-01
3 0.0000000D + 00 1.0000000D + 00 3.5000000D + 00
RINT.M6.1
e SOLUTION MATRIX ##*
1
2837D+00
4256D-01
S37143D +00

2.0

12
2-S.
11
WRI

U2~ —
Jroe— L.

— 2t~

—

C. STATIC ANALYSIS OPERATIONS
1. Description

The commands in this section serve to solve static structural analvsis problems.
These operations form the total stiffness and diagonal (lumped) mass matrices for svs-
tems of two or three dimensional elements.

For a two dimensional frame problem, the FRAME, ADDK, LOADI, SOLVE,
and MEMFRC commands are used. The FRAME command forms the 6 X 6 element
stiffness matrix and the 3 X 6 force-displacement matrix. /An integer array relating the
members to the equilibrium equation numbers must be generated using the LOADI
command. The ADDK command is then used to add the element stiffness matrix to the
total stiffness matrix. The system loads must be entered as a row array with the LOAD
command. The displacements can then be solved for with the SOLVE command.
Finally, the forces in each member can be computed by the MEMFRC command. The
frame example at the end of this section clearly demonstrates this process.'

Also for two dimensional analvsis, the SLOPE command which forms a 4 X 4
stiffness matrix for a beam or column member from the classical slope deflection

equations is available. The element stiffness, mass, and stress-displacement transior-
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mation matrices for two dimensional three to eight node isoparametric elements can be
calculated with the PLANE command.

For a three dimensional analvsis of a beam or a truss, the commands BEAM
(or) TRUSS should be used in conjunction with the NODES, BOUND, ADDSF,
LOADS, SOLVE, DISPL, FORCE, and LOADI commands. The NODES command
is used first to define the geometry of the svstem by generating an array of the coordi-
nates of the joints in the syvstem. The BOUND command specifies the nonzero dis-
placements of the joints in the svsicra. Each joint mav have from zero to six
displacement degrees of freedom. Material properties are loadad in an array in accord-
ance with the instructions for the BEAM and TRUSS commands. The BEAM or
TRUSS commands are then used to calculate the element stiffness, mass, and force-
displacement matrices. The next step is the direct addition of element stiffnesses to form
the total stiffness and diagonal mass matrix of the system with the ADDSF command.
Loads on the system are introduced bv means of the LOADS command. The displace-
ments can now be solved for with the SOLVE command and printed with the [JISPL
command. Member forces can be found with the FORCE command. If a two dimen-
sional truss analvsis 1s desired. simply enter zero for one of the dimension coordinates
{NODE command).

2. Command Specifications
ADDK.MIM2.MAN]

This operation adds the element stiffness matrix named M2 to the total stifTness

matrix named M1, where M1 was previously defined and initially set to zero. M3 is the
name of the integer arrav in which the column number N1 contains the row or column

numbers in the total stiffness matrix where the element stifIness terms are to be added.

ADDSFMI, M2

This operation forms the total stiffness matrix named M1 and a lumped mass

matrix named M2 for the structural system from the element stiffness and mass matrices
which are stored on low speed storage. These matrices can be printed with the PRINT
command. If M2 is not specified, the row mass matrix M2 will not be formed.

-+
BEAM.MI1.M2.M3.M4
This operation calculates the element stiffness, mass and force-displacement
transformation matrices for three dimensional beam members. These arravs are stored

in sequence on low speed storage to be used by other operations.




M1
M2
M3
M4

ITEM

h

The name of the beam element group.
The name of the coordinate arrav.
The name of the boundary condition array.

The name of an array which contains beam properties and has been loaded
by the standard matrix LOAD command. One data line for each beam in
this group of beam elements must follow this operation command. The
beam data should be entered in free format as shown below:

CONTENTS

Beam identification number.
Node number 1.

Node number J.

Node number K.

Beam property number NP as explained below.

This sequence of data must be terminated by a row of at least five zeros separated by

Spices or commas.

a.

Md arravin

MAONPL)
MANP2)
MNP
MSUNP S
MANPS)
MNP0y
MMNPT)

Property Data
The material and geometric properties for each element are specified in the
the following order:

Axial area of member A.

Torsional moment of inertia, J.

Moment of inertuia about axis 2, I (See Figure 2).
Moment of inertia about axis 3, 1 (See Figure 2).
Modulus of elasticity, E.

Shear modulus, G.

Mass per unit length of beam.

[ [ T T

NP 1s the specific material property number specified as item five of the beam data

above.
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LOCAL BEAM REFERENCE SYSTEM
AXES | AND 2 ARE IN THE
PLANE DEFINED BY PLANE
1.J AND K NCDES  AXIS |
IS OEFINED 8Y LINE 1-)
AXIS 3 IS PERPENDICULAR
X TO THE [, J, K PLANE

™~
o0
<7
X

wt]

~
onZ e ————
‘\ = q

n
«n
//’
r-cg’
\—n
PR Y

\

\\ \'1: =
%5

Figure

Local Sign Convention For BEAM Command.

BOUNDA I

This operation specifies the displacements which are nonzero for the struc-

tural system of joints specified by the NODES command.

M1

ITEM

to

The name of the boundary condition array to be generated. This operation”
must be followed by a series of data lines containing the following infor-
mation in free format:

CONTENTS

The node number for the first node in a series of nodes with tdentical Jis-
placement specification.

The node number for the last node in the series.

X-Translation.

(9]
s




4 Y-Translation.

th

Z-Translation.
X-Rotation.
Y-Rotation.

Z-Rotation.

-2~ - RN

The node number increment used to generate conditions for additional
nodes.

A translation or rotation equals: (A) Zero for zero or undefined displacements, or (B)
one for nonzero displacements to be evaluated by other operations. If a node boundary
condition is not specified. all displacements at that node are assumed zero. If boundary
conditions are specified more than once, the last definition is used. It 1s not necessary
to enter the data in anyv order of nodal numbers. This sequence of data must be ternu-

nated by a row of at least nine zeros separated by spaces or commas.

DISPL.MULNM2

This operation prints the displacement matrix named M1 in joint sequence

order, where M2 is the name of the boundary condition array.

FORCEMIM2,M3
This operation calculates the member forces for a group of clements.
MI The name of thglcmcm group.
M2 The displacement matnx.
M3 The name of the matrix in which the forces are stored in the order calcu-

lated. M3 is optional and if not specified. the element forces will be printed
only and not retamned in storage.

FRAME.M I, M2
This operation forms a 6 X 6 stiffness matrix named M1 and a 3 X 6

force-displacement matrix named M2 for the two dimensional frame member shown in
Figure 3. The properties of the member are defined on one data line immediately fol-
lowing the FRAME command line. This line of data should be entered in free format
and contain the following information:
ITEM  CONTENTS
l Axial area, A.

2 Modulus of elastcity, E.
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Moment ol mertia, I.

4 N{).
3 Y,
6 N(J).
7 Y (I,

P
e
«n

|
F, F;j
yi
Foi
; AE,T
» 7‘ in
Fei

Figure 3. Two Dimensional Frame Member.

The positive definition of the element forces are shown in Figure 4 and the geometry and

joint displacements are shown in Figure 3.




Figure 4.  Positive Definition of Element Forces for FRAME Command.

X} X} 3

Figure 5. Geometry and Joint Displacements for Frame Command.

LOADSAILM2N|

This operation forms a load matrix named M1 with N1 columns (N1 load
conditions) where M2 is the name of the boundaryv condition array generated by the

BOUND command. This operation must be followed by a serics of data hues. one for




each loaded joint for each load condition. The data lines must be entered in free format
and contain the following information:

ITEM  CONTENTS

1 Joint number.

[ &)

Load condition number.
Load in X-direction.
Load in Y-direction.
Load in Z-direction.
Moment about X-axis.

Moment about Y-axis.

W 3 N b

Moment about Z-axis.

This sequence of data must be terminated by a row of at least eight zeros separated by

spaces or commas.

+
MEMFRCMIM2M3IMAN]

This operation multiplies the element stiffness matrix named M1 by the

joint displacement matrix named M2. M3 is the name of the integer arrav in which the
column number N1 contains the row numbers in the displacement matrix M2. which are
to be multiplied by the element stiffness (or force-displacement) matrix M1. The results
of this multiplication are stored in the array named M4,

NODES.MI.NLN2

This operation creates an array (N1,3) named M1 which contains the co-

ordinates for all joints in a structural svstem. The following information must be entered
in free format on data lines immediately following the NODES command:
ITEM  CONTENTS

1 Node number.
2 X-Coordinate
3 Y-Coordinate
4 Z-Coordinate.

If N2 is omitted or equal to zero, then no point generation is required and

the input data is in cartesian coordinates. If either of these is not true, then N2 should
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be set equal to one. If N2 = [, there is point generation and coordinate conversion
capability and data should be entered in free format as follows:

ITEM  CONTENTS

i Node number.

2 X-Coordinate.

3 Y-Coordinate.

4 Z-Coordinate.

5 Svstem type.

6 Generation code.

Syvstem tvpe refers to the system used when inputting the data. All coordi-
nates will be converted to the Cartesian svstem for use by CALNPS. Positive coordinate

systems are as shown in Figure 6. The system type codes are as follows:

SystemType System

0,1 Cartesian.

2 Cvlindrical, Z axis longitudinal.

3 Cylindrical, Y axis longitudinal.

4 Cvlindrical, X axis longitudinal.

5 Spherical. )

Note! The input Jata is the same as above with the following correspondence (angles
are in degrees):

Cartesian Cylindrical Spherical

X Rho Rho
Y Theta Theta
Z y4 Phi

If the generation code is not equal to zero, the next line is a generation
vector for the self generation of nodes. It is formatted as follows:

ITEM  CONTENTS

1 Node number increment.
2 X increment.
3 Y increment.
4 Z increment.




s Last node number to be generated.
[t is assumed that the increments pertain to the same svstem ol reference as the presious
ine. This operation must be terminated by a row of at least five zeroes separated by

spaces or commas.

N
<

Figure 6. Positive Coordinate Systems For NODES Command.

PLANEMLM2M3A4NLND

This operation calculates the eiement stiffness, mass and stress-displacement
transformation matrices for three to eight node isoparametric eiements.  These arrays
are stored in sequence as a group on low speed storage to be used later by other oper-
ations fie. ADDSF and FORCE).

M1 The user defined name of the element group.

M2 The name of the joint coordinate array.

M3 The name of the boundary condition array.

M4 The name of the arrav which contains the material properties of the cle-
ments (one row per ditierent materiul) where:
MA(NP.1) = Modulus of clasticity, E.

MIONP.2) = Poisson’s ratio, V.
MANP.3) = Thickness of clement.
MIUNPA) = Muss density of the element.

NP 1s the material identitication number.

N Number ol integration points in the R direction. (See Figure ™)




N2 Number of integration points in the S direction. (See Figure 7)

One line of data for each three to eight node clement in the group must
follow the PLANE operation line. The data should be entered in free format and should
contain the following information:

ITEM  CONTENTS

1 Element identification number.

2 Node number N1.

3 Node number N2.

4 Node number N3.

5 Node number N\4.

6 Node number N3,

7 Node number N6.

8 Node number N7.

9 Node number \8§.

10 Matenal identification number NP.

11 Natural coordinate of stress output Rl.
12 Natural coordinate of stress output S1.
12 Natural coordinate of stress output R2.
14 Natural coordinate of stress output S2.
13 Natural coordinate of stress output R3.
16 Natural coordinate of stress output S3.

N4 through N8 above are optional, however, zeros must be entered in their place if not
used. The mudside nodes, if present, must be within the center half of the side. The local

numbering syvstem for the element is demonstrated in Figure 7.
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[ 24

Figure 7. Numbering System for Isoparametric Elements (PLANE Command).

Stresses will be printed by the FORCLE command at the three poits defined

bv items 11-16 above. The forces are defined as follows:

- -
Fl o (1)
F2i | ol
F3 Tl 1)
F4 Gl
5= 0,,(2)
Fo To(2)
F7 G xl3)
3 Uyy( 3)
9 T (3)

L - L ’ N

SLOPE.MI
This operation forms a 4 X 4 stiffness matrix, M1 for a beam or coluran

member from the classical slope deflection equations. The properties ol the member are
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defined on one data ine nmediatels following the conunand hne. This data should be

catered in {ree format and contain the toilowing information:

ITENT  CONTENTS
1 Moment of inertia. I
2 Modulus of clasticity, E.
3 Length of member, L.

The sign convention is defined as in Figure 8.

FORCES

FORCES

.............

. f
T

DISPLACEMENTS

Figure 8.

For this sign convention the classical slope deflection eguations can be

written as:

—

Sign Convention for SLOPE Command.

IV, + 24+ 6

21, + 4V, + 6

(V=17 7

(1 —17)

L

L




The forces can be found with the matrix equatiou, F = KV, where K 1s the

4 X J stiffness matrix formed by the SLOPE command.

zero for all
quence and
M1
M2
M3
M4

information
ITEM
1

9

b W

a.

The geomet

TRUSS.M 1LM2.M3M4

This operation forms the element stiffness, mass, and force-displacement

matrices for the three dimensional truss members (for a two dimensional analvsis enter

entries in one direction). The arrays are stored on low speed storage in se-
will be used by other structural operations.

The name of this group of truss members. M1 is generated by CALNPS.
The name of the coordinate array.

The name of the boundary condition array.

An NP X 3 array of section properties in which NP is the number of dif-
ferent properties and:

MA(NP.1) = Cross sectional area, A.

MJI(NP.2) = Modulus of elasticity, E.

MJI(NP.3) = Mass per unit length of the member.
This matrix can be loaded using the LOAD command.

The TRUSS command must be followed immediatelv bv one line of data

per truss member. The data should be entered in free format and contain the following

CONTENTS

Truss member identification number.
Joint number [.

Joint number J.

Section property number, NP.

This operation must be terminated by a row of at least four zeros separated

b)« spaces Oor commas.

3. Examples

Two Dimensional Frame Member
This example was published by Professor Wilson in [Ref. 5. pp. 2.7-2.8].

ry of the six member frame is shown below in Figure 9. Due to the length

of the output file, it is not presented here. This problem is available in the online dem-

onstration facility.
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MEMBER PRCPERTIES st
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Meroers | ta 4 :
1s 1000 10 1507 | ?
- t
A= 000t ot ;
¢
E = 20,000 ks {
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Memders S & &
I e 2000 0 l
- A
As n* = 400~ —i

£ 2 20,000 ks

NUMBERS ASSIGNED TO EXTERNAL LOALS "R™ AND JOINT CISPLAZEMENTS "V

T T
Heﬁbefl Mputor J
Force 1 2 ¢ 3 ‘ Ty e |

t I
F1 13 14 o | 15 | n ‘ 13 I
F2 7 9 0 [ [ - 7 l
F3 4 4 I S
Fa 11 12 13 | 1 {az ) o1a ‘
FS 8 10 7 | ? 10 i Q
Fé ) S | 4 | = 2 U

SUMMARY OF EQUILIBRIUM ECUATIONS

Figure 9. Direct Stiffness Method Example of Two Dimensional Frame.

71, Input Data File.

START

FRAME.KI,T!

20 30000 1000 0 150 0 300
FRAME. K2.T2

20 30000 1000 350 150 300 300
FRAMEK3T3

20 30000 10000 00 150
FRAME.K4. T4
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20 30000 1000 300 0 350 130
FRAME, K3 TS

30 30000 2000 0 300 300 300
FRAME K6 T6

30 30000 2000 0 130 350 150
LOADI.LM.6.6.9
13140151113

W \O
=<
NO

1
S
1
3

CinLit -

L(‘ AD, R l~ 1 9
VDOOVOOYVOYDO 3000 1000000
SOLVE.K.R

PRINT.R
MEMFRC.TLR.LMF1,1
PRINT.FI
MEMFRC,T2,R,LMF2.2
PRINT.F2
MEMIPRC T2 R LM F33
PRINT.I3

MEMFRC, T4.R.LM F44
PRINT.FS
MEMEPRC. T3 R.LMSS
PRINT.F3

MEMIRC, T6.R.LM.I'6.6
PRINT.F6
MEMFRC.KI.R.LM.GI,1
PRINT.GI
MEMFRC.K2.R.LM.G2.2
PRINT.GG2
MEMFRC.K3.R.LM,G3.3
PRINT.G3
MEMFRC.K4,R,LM,G4,4
PRINT.G4
MEMFRC.K35,R.LM.GS,5
PRINT.G3
MEMFRC.K6.R.LM.G6,6
PRINT.G6
NODESJOINTS.6,1
100011

1015003
J300300010

30
533018010
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G0V TO
D000
LO. \Dl LCONNGS.

j VTRV SRRV BV

N l_lJquJ--

3
2
5
2
3
5
3
G

F

APH

r...

Y S
TITLE.2
PLST.JOINTS.CONN,1
READ.S
b. Two Dimensional Truss Analysis

This example was published as an example problem in [Refl 6 pp. [50-133)
The geometry of the problem is shown in Figure 10, As expected. CALNPS provided
the exact same resulis as the source. Due to its length the output data file is not pre-

sented here, however, this {iie 1s also availabic on the online demonstration faciiity,

P = 2000 ®

Figure 10. Sample Truss Problem.

71, Input Data File.

START
NODES.JOINTS, 121
100011

115007
S15320010
Q323011
L1300}l
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0-20000000
0-20000000
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c. Static Analysis of a Bridge
This example demonstrates the static analysis of a three dimensional bridge.
The problem is to solve for the static displacement and member forces due to a 1K force
at joint number four in the X direction. The geometry of the structure and the proper-
ties are shown below in Figure 11.

*1, Input Data File.

START
LABEL.3

2 o sl e sl o ok ok e ot o o AR e o aje o ook ok o ok o o o o o e sl e ok ok

** STATIC ANALYSIS EXAMPLE **

B R R R AR R R E T T 3 TS X T X EE
NODES,JOIL,4 *=* GEOMETRY OF THE STRUCT. **
1.0.0,400
2,0,1600.0
3.0.2800.400
4.0.1600,400
0.0.0.0
PRINT.JOI. 4 ** NODE NUMBERS AND COORDINATES **
BOUND.BC ** NON ZERO DISPLACEMENTS **
4,4.1,1,1.1,1L.1,1
0.0,0.0,0,0.0,0.0

LOAD.BPR,2,7,9 ** BEAM PROPERTIES **
3000.1100000,2000000,700000,3000000, 1 200000,0.675
1000.116000.82500,82500,3000000,1200000,.225
PRINT,BPR, 4

BEAM.BRIDGE,JOI,BC,BPR

1,1,4.2.1
24,321
3.4.2.5.2
0,0,0,0.0
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CECK PRCPERTIES

/ ! ’ ‘2
I |
2 ’ ;
_® o
y A = 3000 IN2
J = 1100000 IN*
X I 2 22000000 IN*
I33=700000IN*
COLUMN PROPERTIES E = 3000000 PS1.
lz 2 G 2 1200000 PSI.
| ﬁ::?:go'g-m. m=0.675L8.- SEC¥IN
3 I;5:I133%82500IN*
T E 1 3000000 PSI.
G 21200000 PSI

mas0.22% LB.-SECYIN.

Figure 11. Static Analysis of a Bridge.

ADDSF,K.MAS *%* FORM STIFEFNESS AND MASS MATRICLES #*
PRINT.K.,,4 ** STIFFNESS MATRIX #*

LOADS.LDS.BC.1  ** LOAD VECTOR ##

4.1,1000,0.0,0.0.0,0 :

0,0,0.0,0.0.0,0,0

SOLVE.K.LDS

DPUP.LDS.LLDS

DISPL.LLDS.BC *% DISPLACEMENTS **

FORCE.BRIDGE,LDS ** MEMBER FORCES *#*

READ.3




12, Solutivn.  The output file for this problem is available through the

online demonstration facility. The solution of the forces is as shown in [igure 12 belovw,
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Figure 12.  Solution of Bridge Problem (Static).

D. DYNAMIC ANALYSIS OPERATIONS

The dyvnamuc analysis operations were not changed within the scope of this work. .
1. Description

The dynanuc analysis operations were designed to evaluate the dvnamic re- .

sponse of structures subjected to arbitrary time-dependent loads. These operations work




in close conjunction with the static analysis operations. The user has the option of using
the mode superposition method or a direct step by step integration of the dynamic
equations of motion. The user may examine the spectra of both input loading and cal-
culated displacements.

The most common and convenient form for time-dependent data to be specified
is as straight line segments between given time points. Therefore, an operation which
generates values at equal intervals is necessary. Another common characteristic of
time-varving loads on structures is that it is normally possible to represent the loads at
all points on the structure by the product of two matrices, a column matrix indicating
the spatial distribution of loads times a row matrix which indicates the values as a
function of various times. If a more complicated loading is required, it is possible to
perform more analyses, each within the restrictions of the program. then add the results
of each analvsis.

2. Command Specifications
DYNAMM LM2MALMSM6N]

This operation evaluates the following set of uncoupled second order differential

equations associated with the mode superposition method for the dvnamic analvsis of a
structural svsten:

'or1 = 1 to N\ nodess

.. . 2
X+ 2200 + wixg = D)
M1 M1 is the name of 4 row or column matrix which contains N terms ({re-
quencies in rad sec).
M2 M2 1s the name of a row or column matrix containing the N /(i) terms (ra-

tio of modal damping to critical damping).

The generalized time-varying forces F(t) are not specified directly, but arc eval-
uated from more fundamental information. The forces for all modes are evaluated at

specific times by the program from the following matrix equation:
CPI=[PILF]=CM3II[MI]

M3 P is a specified N X 1 vector named M3,

M4 Fisa l X NT row matrix generated from the 2 X K arrav named Md. M4
w1l have the following format:

=g ]




M4 is the same form as the input arrav described under the operation,
FUNG. It is not necessary to use the FUNG operation before the
DYNAM operation.

M3 M35 is the name of the N X N1 arrav which contains the generalized dis-
placement x(t).

M6 M6 i1s the name of the 1 X 1 array which contains the time increment asso-
ciated with the displacements.

N1 N1 is the number of displacements to be generated. The method of inte-
gration is exact for straight line segments.

- + -
EIGEN.MI. M2, M3, N1
This operation solves the following eigenvalue problem:

Ko =Mdi
M1 M1 1s the N X N\, svmmetric, positive definite matrix, K.
M2 M2 contains the eigenvectors. ¢, for the eigenvalues in M3. Eigenvectors

are stored in the celumns corresponding to respective eigenvalues.

M3 M is a diagonal matrix of nonzero. positive terms designated by M3, M3
must be a row or column matrix containing only the diagonal terms of M.

N1 N1 specifies the approximate number of significant figures of the
eigenvalues. The maximum accuracy possible is 16 and the default value 1s

4. The use of more than 12 figure accuracy is not rccommended.
The program uses the standard Jacobi diagonalization method to solve for all

eigenvalues and cigenvectors.

FUNG.M1 .I\}Z.MS.N I.N2

This operation generates & matrix named M2 which contains values at equal

intervals of the function specified in the array named M1, M1 must be a 2 X K array

of the fornu:
I SR
V1] =
L] [FI F .. rK]

which numericallv represents a function of the form shown below in Figure 13.




F(T)
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/\/ g

Figure 13. Form of the Function Represented by M 1.

K = N1 N2 where N1 and N2 are defined by the STEP operation.
M3 The time interval is specified in the | X 1 matrix named M3,

N1 N1 specifies the total number of values to be generated and is the number
of columns in M2.

N2=0  The arrav will be a 1 X N1 row matrix in which the first value will be I

N2 [f N2 is not equal to zero, the arrav M2 will be a 2 N N[ matrix ol the
following form:

oL+ Ar o+ 280
Li2l= [Fl oy + A1) Flu+2A1)

PLOT.MINT
This operation will prepare a printer plot of selective rows ol the matrix named
M1oONT is the nmater ol rows of M wiien win be plotted by this operation. The
PLOT commuand must be followed by N1 data lines in (1A1,I4) format with the tollow-
ing information:
ITEM  CONTENTS

1 The plot symbol which can be any Kevpunch svmbol. The svmbol must be
enclosed within quotcs.

tJ

The row number to be plotted.

Example: PLOT.MILL followed by ]




CALNPS automatically searches the information to be plotted for maximum

and minimum values. The difference in these numbers divided by 120 spaces is selected

as the plot scale.

STEP.M.M2.M3.M4. M5,M6.M7.M8.NI.N2
This operation calculates the dynamic response of a structural system using di-

rect step by step of the following linear matrix equation of motion:

where:

\¥
M1
M2
M3
M4

M3

Mo
M7

M8

CMICAT+ LCICVI+ CKICUT =[R(W] =CPILHY]

Acceleration vector.

Velocity vector.

M1 is the name of the N X N stiffness matrix, K.

M2 is the name of the N X N mass matrix, M.

M3 is the name of the N X N damping matrix, C.

M4d is the name of the N X 3 initial condition matrix, U, in which:

U(I.1) is a vector of displacements, U.
U(1.2) 1s a vector of velocities, V.
L'(1,3) is a vector of accelerations, A.

M3 is the name of the N X N2 matrix of calculated displacements in which
column I represents the displacements at time I*N1* A t.

M6 is the name of the N X | load distribution matrix, P.

M7 is the name of the 1 X K row matrix representing the load multipliers
at equal time increments F, where K = N2 N1,

MS$ is the name of the 1 X | matrix containing A t.
N1 is the output interval for the displacements.

N2 is the total number of displacement vectors to be calculated.

The total time for which results will be calculated by this operation is

N1 x N2 x Ar. This command must be followed by data lines containing the following

information 1n {ree format:

ITEM

1

[B%]

I

CONTENTS
0
3

¢
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Different values of 6, « and 6 will allow the user to select different methods of step by

step integration. The following are some possibilities:

é o 0
Newmarks average acceleration 12 14 1.0
Linear acceleration 12 16 1.0
Wilson's 6 method (low damping) 12 1.6 1.42
Wilson’s 6 method (hi damping) 1.2 1.6 2.0

3. Examples
a. Dynamic Analysis of a Bridge
This example i1s a continuation of the bridge problem in the previous sec-
tion, where a static analysis was done. Refer to Figure 11 on page 49 to review the ge-
ometry of the problem. This example demonstrates how the dvnamic commands work
in conjunction with the static commands. Note that the comuands in the input file are
identical up to a point.
71, Input Data File.
START
LABEL.1
“* DYNAMIC ANALYSIS EXAMPLE **
NODES.JOL4  ** GEOMETRY OF THE STRUCTURE **
1.0,0.400

2.0.1600.0
3.0.2500.d00)

3.0,1600_,300

0,000,000

PRINT.JOI ** NODE NUMBERS AND COORD. **
BOUND.BC ** NON ZLERO DISTLACEMENTS **
J40L L L

0.0.0.0,0.0.0.0.0,00

LOADBPR.2.7.9 ** BEAM PROPERTIFES **

3000, 1160000, 2000000,700000,3000000,1200000,0.675
1000, 116000,8§2300,$2300,3000000,1200000.0,223
PRINT.BPR. 4

BEAM.BRIDGE,JOI.BC,BPR

d t Y
i -

1o e L

[

ADDSE K. MAS ** FORM STIFFNESS AND MASS MATRICES **
DUP.K.KK

ZLERO.MASS.6,6,0.0

STODG.MASS. MAS

PRINT.MASS.3

ZFRO.C.6.000

LOAD.DELTALLILS

003




PRINT,DELTA ** INCREMENT OF TIME **
LOAD,FUA2,4,9

0,1.2.3

0.20000,0.0

PRINT.FUA ** TIME DEPENDENT LOAD **
FUNG.FUA FUALDELTA,500,0

LOAD.SCALEP,6.1.9

1.0,0.0,0.0

PRINT.SCALEP

ZERO.INC0.6,3.00
STEP.K,MASS,C.INCO,DISP,SCALEP,FUAIDELTA,1,100
5..1666666666666667,1.42

PLOT,DISP.1 ** X DISPLACEMENT AT JOINT 4 **
1

EIGEN.KK.MODES,MAS

PRINT.MODES. 4 ** MODEL SHAPLS **
SQREL.MAS

PRINT.MAS ** FREQUENCILES **

LIST

READ,3

72, Quiput. The complete solution is available through the online dem-
onstration facilitv. Figure 14 illustrates the display of the displacements produced by the
PLOT command.
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Figure 4. Displacements of Bridge Problem.
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E. HEAT TRANSFER OPERATIONS

This section is a revision of the material published by Roberts in [Ref. 3: pp. 63-72].
This series of operations was added as a result of the integration of FEAP with
CALNPS.

1. Description

The heat transfer operations serve to form the total conductivity and heat ca-
pacity matrices for systens of two or three dimensional elements, to form the flux vector
and solve the defined set of equations. For two dimensional elements, isoparametric el-
ements of four to nine nodes are available. For three dimensional elements,
isoparametric elements of eight to 21 nodes are available.

A heat transfer problem must first be initialized with the command. HTXFR.
The geometry of the problem is then set up with the commands, COORD and ELCOXN.
COORD creates an array containing the coordinates of the system nodes and ELCON
specifies the element connectivity. Material properties are next specified by the com-
mand. PROP. Nodes of constant temperature are specified with the command. CTEMP.
The equation profile for the problem is generated by the command. PROT.

After the problem geometry, properties, boundary conditions and equation
profile are established as above, the conductivity matrix can be formed with the com-
mand. SYMC or USYMC. The heat capuacity matrix can be approximated with either
a constant or lumped matrix formulation with the comniands, CCAP or LCAP respec-
tuvelv. The flux vector is formed with the command. FORNM.

The equations are solved with the appropriate cquation solver. Time inde-
pendent svstems are solved with the command, CALC. Time dependent syvstems are
solved with the command, ODE. Finallv, the nodal temperaturecs can be printed with
the command. PTEMP.

2. Command Specifications

ADTIM

This operation advances the time in a heat transfer problem by the amount in-
put with the command, DTIM.

CALC

This operation solves time independent heat transfer problems for temperature

and updates the temperature matrix.
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CCAP

This operation forms a consistent capacitance matrix for heat transfer svstems.

CONYV
This operation performs a temperature convergence test on a heat transfer sys-

tem. If this is used inside a loop (LOOP operation) and the test shows convergence,
looping will be terminated.

COORD

This operation creates an array (NDM,NUMNDP) which contains the coordi-
nates for all nodes in a heat transfer svstem. The variables NDM and NUMNDP are
defined by the HTNXFR command. where NDM represents the spatial dimension and
NUMNDP represents the number of nodes in the mesh. Positive coordinate systems
are as shown in Figure 15. Data lines containing the following information must be
entered in free format immediately foliowing the COORD command:

ITEM CONTENTS

1 Node number.

2 X-coordinate.

R) Y -coordinate.

4 Z-coordinate.

5 Svstem type (See note 1 below).

6 Generation code. (See note 2 below).

Note 1 Svstem type refers to the coordinate system used when inputting the data. All
coordinates wil] be converted to the Cartesian coordinate svstem for use by CALNPS.
The svstem type codes are as histed below:

SYSTEM TYPE SYSTEM

0.1 Cartesian

to

Cvlindrical. Z ar1s longitudinal.

3 Cylindrical, Y axis longitudinal.
4 Cylindr.cal, Z axis longitudinal.
s

Spherical.

Angle data should be entered in degrees. The input data 1s the same as above with the

following correspondence:




Cartesian Cyvlindrical Spherical

X I £
Y 7] 0
Z y4 b

Note 2: If the generation code is not zero, the next data line 1s a generation vectar for
the self gencration of nodes. It is formatted as follows:

ITEM  CONTLENTS

1 Node number increment.

2 X increment.

K] Y increment.

4 Z increment.

5 Last node number to be generated.

It is assumed that the increments pertain to the same system of reference as the previous
line of duta. This operation must be teriunated by a row of at feast six zeroes sepuruted

by spaces or commas.

N
<

Figure 15. Positive Coordinate Systems for COORD Command.
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CTEMP

This operation inputs constant temperature boundary restraint data. Temper-
atures for nodes with constant temperatures must be entered. For nodes with no tem-
perature restriction, no entries should be made. Generation capability is built in with

data entered in free format as follows:
ITEM COXNTENTS

1 Initual node.
2 Last node.
3 Node increment.

4 Temperature.

This operation must be terminated by a row of at least four zeros separated by spaces

or comumas.

DTIM.MI
This operation sets the time increment for integration in a heat transfer svstem

to the value found in the 1 X 1 matrix named M1.

EIGV
This operation computes the dominant eigenvalue and vector of the current heat

transfer conductance matrix.

ELCON
This operation creates an arrav (NEN + LNUML) which contains the element
connectivity data for all elements in a heat transfer svstem wheye:
NEN + 1 = number of nodes per elemr at.
NUML = number of elements.
Data lines containing the following information must be entered in free format
immediatelv following the ELCON command:

ITEM CONTENTS

1 Llement number.

2 Node | number.

3 Node 2 number.
ETC. ETC.
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N+1 Node N number.

N+2 Material set number.

N=3 Generaton code.
If the generation code is not zero, the next data line is a generation vector for the self
generation of element connectivity. It is entered in {ree format us follows:

ITEM  CONTENTS

I Element number increment.
2 Node | increment.
3 Node 2 increment.
ETC. ETC.
N+1 Node N increment.
N+2 Material set increment (usually zero).
N+3 Last element number to be generated.

The conventions for connectivity are as shown in Iigure 16 below. Thiv cper-

ation must be ternunated by a row of at feast NLEN = 1 zeroes separated by spaces or

conumas.
% a 7 3 .3 18 2
' T
T 1/5 4 /
e / 19 ! /g 8
' 4 o —t |
8 o HEP &S 6 o M e G
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o
s R 13
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Figure 16.  Connectivity Conventions for Heat Transfer Elements.




FORM

This operation forms the flux vector for heat transfer svstems of equations.

HTXFR

This operation initializes the heat transfer problem solving group. The follow-

ing information entered in free format must immediately follow this command:

ITEM
1

(8]

b W

v/}

CONTENTS

Number of nodes (NUMNDP).
Number of elements (NUML).
Number of material sets (NUMMAT).
Spatial dimension (2 or 3) (NDM).
Number of unknowns per node (NDF).

Maximum number of nodes per element (NEN).

LCAP

This operation forms a lumped capacitance matrix for heat transfer svstems.

ODE.MI

This operation 1s the first order differential equation solver for heat transfer

svstems.

Initial conditions are established by issuing the command. ODLINIT.  The

ODE command is then issued again to define the type of integration scheme to be used.

If M1 1s "LINE", then a two point integration scheme is used and if M1 i1s "QUAD", a

three point integration scheme i1s used. Data lines containing the following mformation

must be entered in {ree format imuediately following the ODE.INIT command:

ITEM
1

E SN S

th

CONTENTS

Integration parameter. €, for two point scheme. The default is 2 3.
Integration parameter, y, for three point scheme. The default 1s 1.5,
Integrtion parameter, f, for three point scheme. The default is 0.§.
Maximum temperature allowed.

Minimum temperature allowed.

Default values are obtained by entering zeros for items 1. 2 and 3 above.

To establich the iniual temperatures, the following data should be entered im-

mediately following the above data in free format




ITEM  CONTENTS

1 Node number.

(]

Initial temperature.

3 Generation code.

If the generation code is not equal to zero, then the next data line is a generation vector
for the self generation of initial nodal temperatures. The data should contain the fol-
lowing information entered in free format:

ITEM  CONTENTS

1 Node number increment.
2 Temperature increment.
3 Last node to be initialized.

Repeatedly enter the above data until all nodes have been initialized. If a node is not
initialized, it will have an initial temperature equal to zero. This operation must be ter-

minated by a row of at least three zeros separated by commas or spaces.

PRLD

This operation allows a simplified proportional loading for heat transfer sys-

tems. The loading is calculated byv:
PROP = A1 + A2 x TIME + A3( sin(.44 x TIME + ASnt

The coeflicients, exponents and tine limits should be entered in free format as follows:
ITEN  CONTENTS
1 L

(35

Minimuam time for which prop is calculated.

3 Maximum time for which PROP is calculated.
4 Al
) A2
6 A3
7 Ad
8 AS
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PROF
This operation establishes the profile of the equations for solution of the prob-

lem. After the issuance of this command, the problem is set and the node numbers with
restrained boundary conditions (constant temperatures) may not be changed. The value
of the restrained temperatures may be changed.

PROMPT

This operation permits the prompts for user supplied data to be suppressed
without the loss of other output. A second issuance of the command, PROMPT will
restore the prompts unless the output is suppressed with the NO command.

PROP

This operation inputs the material property data for a heat transfer system. The

following information, entered in free format, must follow this command:
ITENI  CONTENTS
1 Material sct number.

2 Element tvpe number (2 = 2-D; 3 = 3-D).

The material property data must be entered in consistent units as shown below:

Paramcter English Units SI Units

K BIU 1
(IR x FT'x °F) (M xC)

K BTU i
(HRx FI'x °F) (MxC)

C BlU KJ
(lbim x °F) (KG x O)
LBM KG

P F1° Ve

Q" BTU RS
(HR x FT?) A

Additional information must be provided depending on the spatial dimension
of the element being used. This information should be entered as follows immediatelv
following the PROP command:

For two dimensional elements, the following information must follow the PROP
command. An entry must be made for each item. If the item 1s temperature dependent,

the entry will be 1gnored.
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ITEM

d W W

o 2 & W

9

CONTENTS

Conductivity in the X-direction.

Conductivity in the Y-direction.

Specific heat.

Density.

Heat generation per unit volume.

Number of integration points per direction (one to six). The default is four.
Geometry type ( | = plane geometry; 2 = axisymmetry).

Total number of lines with specified boundary conditions in elements with
the same material set number (NLBC). See Note 1 below.

Temperature dependence code. See Note 2 below.

Note 1: If any Lines have a specified boundary condition (NLBC > 0), a data line must

be entered for each line. If the same line is subjected to more than one type of boundary

condition, a data line must entered for each one of these tvpes. The total number of

additional lines must equal NLBC. The information should be entered in free format

as follows:
ITEM
I

IS I )

4

n

1

CONTENTS

Llement number.

Boundary condition code (see Note 3 below),
Line code (see Note 4 below).

Propertv value (see Note 5 below).

Ambient temperature (see Note 6 below).

Note 2: The temperature dependence code is zero if all material properties arc constant

and one if any property 1s temperature dependent. [f the code is one, the following in-

formation is required:

ITEM
I

W ' M9

CONTENTS

Conductivity in X-direction code.
Conductivity in Y-direction code.

Heat capacity (specilic heat X density) code.

Heat generation per unit volume code.

Zero represents a constant property and one represents a temperature dependent prop-

erty. Temperature dependent properties are entered i the form of a table. Tne tables
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are consecutively input for conductivity in the X-direction, conductivity in the Y-

direction, heat capacity and heat generation per unit volume. Omit the tables for which

the temperature dependence code is zero. Tables are input in {ree format as follows:
ITEM  CONTENTS

1 Number of data pairs to be entered.
2 Temperature 1.
3 Property 1.
4 Temperature 2.
5 Property 2.
ETC. ETC.
2N Temperature N\.

2N + 1 Property \.

Note 3: Boundary condition codes are as follows:
1 Flux.

2 Convection (constant coeflicienth.
3 Radiation.
4 Convection (temperature dependent property). See Note 7 below.

Note 4 The line subjected to a specified boundary condition is identified using the local
coordinates. A line is numbered one or two if it is perpendicular to the axis S or T re-
spectivelv. These numbers are positive or negative according to which direction of the
axis it is perpendicular. Tigure 17 shows the orientation of the S and T axes. The line

codces are as follows:

l S = +1Ime
-1 S = -1 line.
2 T = +1 line.
-2 T = -1 line.
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Figure 17. S and T Axes for Two Dimensional Heat Transfer Elements.

Note 5: The property values are as follows:

Flux-Tlux per unit area.
Convection-Constunt heat transfer coeflicient (ignored if temperature dependent.
Radiation - Product of enussivity by Stephan-Beltzman constant.

Note 6 The ambient temperature is ignored {or the {lux boundary condition.
Note 7:If the boundary condition code is four (temperature dependent heut transler

coctlicient), a table for the temperature dependence must be entered in {ree format and

contain the following information:

ITEMN CONTENTS
1 Number of data pairs to be entered.
2 Temperature 1.
3 Heat transfer cocfTicient 1.
4 Temperature 2.
) Heat transfer coeflicient 2.
ETC. LTC.
2N Temperature \. .
AN = 1 Heat transfer cocflicient \.

(40N |




For three dimensional elements, the following information must follow the

PROP command. An entrv must be made for each item. If the item is temperature

dependent, the entrv will be ignored.

ITEM
1

Yy

h = W

e &

10

Note 1:
must be
boundar

number

CONTENTS

Conductivity in the X-direction.

Conductivity in the Y-direction.

Conductivity in the Z-direction.

Specific heat.

Density.

Heat generation per unit volume.

Number of integration points per direction (one to six). The default is four.
Geometry tvpe ( 1 = plane geometry; 2 = axisymmetry).

Total number of surfaces with specified boundary conditions in elements
with the same material set number (NLBC). See Note | below.

Temperature dependence code. See Note 2 below.

If anyv surfaces have a specified boundary condition (NSBC > 0), a data line
entered for each line. If the same line is subjected to more than one type of
v condition, a data line must entered for each one of these tvpes. The total

of additional lines must equal NSBC. The information should be entered in free

format as follows:

ITEM
1

2
3
4

7]

Note 2

and one

CONTENTS

Element number.

Boundary condition code (see Note 3 below).
Surface code (see Notc 4 below).

Property value (see Note 5 below).

Ambient temperature (see Note 6 below),

The temperature dependence code is zero if all material properties are constant

if any property is temperature dependent. If the code is one. the following in-

formation 1s required:

ITEM
|

2

CONTENTS
Conductivity in X-direction code.

Conductivity in Y-direction code.
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Conductivity in Z-direction code.

da W

Heat capacity (specific heat X density) code.

th

Heat generation per unit volume code.

Zero represents a constant property and one represents a temperature dependent prop-
erty. Temperature dependent properties are entered in the form of a table. The tables
arc consecutively input for conductivity in the X-direction, conductivity in the Y-
direction, conductivity in the Z-direction, heat capacity and heat generation per unit
volume. Omit the tables for which the temperature dependence code is zero. Tables are
input in free format as follows:

ITEM  CONTENTS

1 Number of data pairs to be entered.

[

Temperature 1.

3 Property 1.
4 Temperature 2.
) Property 2.
ETC. ETC.
2N Temperature N.

2N + 1 Property N\,

Note 3: Boundary condition codes are as follows:

1 Flux.

2 Convection {constant coeflicient).

3 Radiation.

4 Convection (temperature dependent property). See Note 7 below.

Note 4: The surface subjected to a specificd boundary condition is identified using the
local coordinates. A surface is numbered one, two or three if it is perpendicular to the
R, S or T axis respectively. These numbers are positive or negative according to which
direction of the axis it is perpendicular. Figure 18 shows the orientation of the R, S and

T axes. The line codes are as follows:

1 R = +1 surface.
-1 R = .1 surface.
4 S = +1 surface.

-2 S = -1 surface.
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Figure 18. R.S and T Axes for Three Dimensivnal Heat Transfer Elements.

Note 5: The property values are as follows:

Flux-Flux per unit area.
Convection-Constant heat transfer coeflicient (1gnored if temperature dependenty,
Radiation - Product of enussivity by Stephan-Boltzman constant.

Note 0: The ambient temperature 1s ignored {or the flux boundary condition.
Note 7: If the boundary condition code is four (temperature dependent heat transfer

coellicicnt, a tabie for the wemperature dependence must be entered in free format und

contain the foliowing informauon:

ITEM CONTLENTS
1 Number of duta pairs to be entered.
2 Temperature 1.
3 Heut transfer coeflicient 1.
4 Temperature 2.
5 Heat transfer coeflicient 2.
ETC. ETC.
2N Temperature N,
AN -1 Heat transfer coelhicient N




PTEMP
This operation prints the nodal temperatures of a heat transfer system.

SYMC
This operation forms the symmetric conductance matrix for heat transfer sys-
tems.

TOL.M]
This operation sets the solution convergence tolerance to the value found in the
1 X 1 matrix named M1.

USYMC

This operation forms the unsymmetric conductance matrix for heat transfer
systems.

3. Examples

There are several example heat transfer problems available on the online dem-
onstration facility including three dimensional problems and transient problems. Only
the following two problems will be discussed and provided here.

a. Hollow Cylinder 1ith Circumferential Heating Strips

This problem was published by Roberts [Rel. 3: pp. 25-26] and is included

here as an example of the use of the heat transfer commands. The problem consists of
a hollow cvlinder with a four inch outer diameter and a three inch inner diameter which
was subjected to an axial forced convection condition in a wind tunnel by Professor P.
F. Pucci of the Naval Postgraduate School. There were 16 one-quarter inch wide heat-
ing strips equally spaced over 180 degrees of the outer surface as shown below in Figure
19.
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Figure 19. Hollow Cylinder.

The heating strips were maintained at 160° I The rest of the purameters

mvolved in this problem are as {ollows:

T..... 0 F

0 LBM'TT

C, 0.6 BTUALBM °I%)

k, =k, 0.1 BTU/(LBM FT °F)
h 10 BTU/(LBM I'T*"F)

The mesh consists of 99 nodes and 80 elements of four nodes each.
1, Inpu Data File.
START
PROMDPT
HTXFR
99 So |
214
COORD
1 1660667 3819103 2 1
11 -.00]3019 0 23
2. 10066667 4.232421
11 - 001301y 024
31600667 3,464080)
11 - 0013019 0 23

to
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4 .1666667 2.909551 2 1
11 -.0012019 0 20
5.1666667 2.461928 2 1
11 -.0013019 0 27
6 .1666667 2.238116 2 1
11 -.0013019 0 28
7 1666667 2.0143052 1
11 -.0013019 0 29
8 .1666667 1.790493 2 1
11 -.0013019 0 30
Y .1666667 1.342870 2 1
11 -.0013019 0 31

10 1666667 0.783341 2 |

11 -.0013019 0 32
I1.16666670 2 1

11 -.0013019 0 33
34 .161338 5.819103
11 -.003906 0 56
35161358 3.232421
[1-.003906 0 37

36 .161438 3.369080 2 ]
11 -.00300G6 O 38
370101438 2909551 2
[1-.0039636 0 349

AN TO1438 2461928
11 -.003606 0 60
39101458 2238116 211
11 -.0013906 0O 6]

J0 101438 20143035
1 -.0030906 0 62

J1 1GTSAN 1.790393
11 -.003900 0 63

A2 1001438 1.3428Tn 2 ]
1T 003506 0 64
43161455 0.78334)
[1 -.003906 () 65
431614350 2

11 -.003906 0 66

67 14TIAN ANIYI03
11 -.0V10675 0 89
68 137135 4.252421
11 -0110675 0 90
69 147135 3.469080 2
11 -.01106750 9]

70 137133 2909551 2]
17 - 0110673092
T1LU13T135 2361928 2 ]
11 0110673 0 93

72 147133 2238116 2 1
11 -0 =30 9]
TR 2014305 2]
11 -.0110673 0 ys

9]
—

(o
—

rJ
—_—

()
—a

to

139}
—

()

[
f—

-




74 147135 1.790493 2 1

11 -.0110675 096

75147135 1.342870 2 1

11 -.0110675097

76 147135 0783341 2 1

11 -.0110675 098

77 147135021

it -01ICE75099
00000000000000000

ELCO.\
112132111
11111010
112324131211
11111020
213435242311
11111030
314545353411
11111040

41 56 37464511
11111030
S167683735611
111110060

61 78 796867 11
111110750

TISY 90797811
11111080
Q0000000000000 0
CTENP
161160

SY 49 1 on
O00000000Q0
PROP

12

d.1.6700

S0

10 60

10 6O

1O GO

g 10 0
1022 10 60
PROT

SYMC

FORM

CALC

PTENP
PRONPT
GRAPH

YLES

TITiFS

PLHX

RITAD.S

(o2 SN

]
Tttty ty —
totortory




b. Chimney Problem
This problem wus solved in Kitchin's thesis using the Automatic Dynanuc
Incrementul Nonlinear Analysis (ADINAY code [Refl 7). The problem was run here
using CALNPS to verifv the changes to CALNPS. The geometry of the problem is
shown in Figure 20, The mnside surface 1s held constant at 630°C and the outside 18

constant at 130°C. The results from CALNPS were in exact agreement with ADINAL
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Figure 200 Geometry of Chimney Problem.

e Inpu Data Fiée,

START

PRONPT

LABLL.

= CHINMNEY PROBLEN =~

HTXIR

2131

20

COORD
1
1

to
‘o
4 —
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416416.2004100
PROI
SYMC
FORM
CALC
WRITE.]
LABLEL.S
* CHIMNEY PROBLEM TEMPERATURES *
* NINLE NODES PER ELEMENT
* ENXTERIOR SIDES HELD CONSTANT AT 150°C *
PTENIP
GRAPH
YES
TITLE.}
PLHX
WRITE.¢
READ.

*2,  Quiput Data Fiic.  The output data file is shown here to demonstrate
how a portion of the output can be selected. The output that occurs between the

WRITE statements 1s sent to a file which can later be printed.

LABLL.3
*CHIMNEY PROBLEM TEMPERATURES *
* NINE NODES PER ELEMENT *
*EXTLERIOR SIDES HELD CONSTANT AT 150°C *
PTENMP
NODAL TEMPERATURES
NODL TEND
] 0. 153000F + 03
2 0375EE~03
3 063000 + 03
4 013000 + 03
N IRYONRNY B TR
O 0.65000F - 03

0. 13000 — 03




S 0.34000E + 03

9 0.63000E+03
10 0.65000E + 03
11 0.65000FE + 03
12 0.13000L + 03
13 0.25300E+03
14 0.34267E + 03
15 0.38S03L+03
16 0.39347E+03
17 0.15000E + 03
18 0.15000E + 03
19 0.15000E + 03
20 0.15000E + 03
21 0.15000E+03

WRITE,6

F. GRAPHICS OPCRATIONS
1. Description
The graphics capabilities of CALNPS were expanded considerably during the
course of this work. The graphics operations must first be initialized with the command.
GRAPH. When this command 1s i1ssued the user must respond to a prompt for the size
of the output desired. The small option provides a printout that is 6 3/4 inches by 4 3/§
inches which is ideal for use in reports. The large option is 10 inches by 7 1/2 inches.
High resolution graphics 1s available using the LA7S printer and provides a high quality
product. The TITLL command allows the user to input up to three lines of title data.
The commands PLHX and PLST plot two and three dimensional heat transfer and
structural analvsis meshes respectively. XYPLOT allows the user to plot curves within
CALNXNPS from a prepared data file.
2. Command Specifications
GRAPH
This operation initializes the graphics package for CALNPS. If the user is using
an IBM terminal, then the following information must be provided as a response to a
prompt:

Terminal Code Terminul

I Plot-10 Compatible.
2 IBM 3277 Dual Screen.
2 IBM (No graphics),

This response 18 not required on the VAX computer.




On the VAX computer, the user has the choice of two sizes of printouts. All

required entries are controlled by user prompts.

PLHXN1
This operation plots the two or three dimensional heat transfer analysis mesh.
If the mesh is three dimensional, N1 specifies the plane of observation.
NI =1 X-.Y plane.
N1 =2 Y-Z plane.

NI =3 X-Zplane.
PLST.MI1.M2.N1
This operation plots two and three dimensional structural analyvsis meshes.
M1 M1 1s the node coordinate matrix created by the NODES operation.
M2 M2 is the element connectivity matrix. The row dimension is the number

of elements and the column dimension is the maximum number of nodes
plus one. Itis created by the LOADI command and contains the following:

M2(K.1) = Number of nodes in element number K.
M2(K.2) = Node 1.
M2K.3) = Node 2.

ETC. ETC.

M2ZIKN+1) = Node \.

If the structure is made up of trusses onlv. M2 would be dimensioned
number of trusses by three. If the structure contains plates (PLANE oper-
ation), the connectivity must follow the convention shown in Figure 7 on
page 41.

NI = 1 The presentation represents the X-Y plane.

N1 = 2 The presentation represents the Z-Y plane.
NI = 3 The presentation represents the X-Z plane.
TITLENI

This operation allows the user to input up to three 15 character lines to label
plots generated with the PLST and PLHX commands. The label will appear in the upper
right corner of the display. This command must immediately precede the plot operation.

NI N1 is the number of lines in the title (up to three). The default is onc.




AYPLOT

This operation produces a plot on a X-Y scale of one or two curves. The data
must be read from an existing data file. The name of the file is supplied by the user when
requested by the appropriate prompt. All required inputs are requested by user prompts.

The data file must be arranged with data in two columns as shown below:

X(1) Y(1)
X(2) Y(2)
X(N\) Y(N)

The data should be in free format and delimited by a space or a comma. If two curves
are to be plotted on the same graph, then the data for curve two should immediately
follow the data for curve one in the data file.

Hardcopies of graphs may be obtained by simply answering YES to the prompt
that occurs after the plotting operation is completed. When the screen plotting is com-
pleted, the user must tvpe "CONTINUE” to return to the CALNPS domain. The
hardcopy prompts will then appear. The hardcopy option creates a file in the user’s
directery which can be printed as any other file.  The prompts request the user to specify
which printer is to be used. Currently the choices are the LA75 and the LA210. Also
the user must specify whether high or low resolution is to be used.  The LA210 works
with low resolution onlv. The LA7S5 can use high or low resolution. High resoiution
produces a very high quality output. Figure 21 illustrates an example sct of curves
plotted with the XYPLOT command. The user has the capability to label the curve and

the axes.
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Sample XYPLOT Curves.




3. Examples
The examples presented here are the graphics output corresponding to example
problems presented in the previous sections. The commands that produced the output
are included in the input data files of the example problems. The displays in this section

represent the small option of the command, GRAPH. See Figures 22 through 25.
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Figure 23.
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G. LOOPING OPERATIONS
No changes were made to the looping operations commands during this work.
1. Description

CALXNPS has a five level looping capabilitv. The looping operation is initiated
with the command, LOOF. The command, NEXT, causes CALNPS to loop back to the
LOOP command. This works in the same manner as the FOR NEXT commands in
BASIC programming.

CALNPS operations are normally executed sequentiallv and data required im-
mediately follows the command. However, in the case of looping operations. all oper-
auons between the LOOP and NEXT commands are stored within the computer before
thev are executed. If operations within the loop require data, the data must be supplied
in the order required after the NEXT operation. If an error is encountered during exe-
cuting of a loop, the entire matrix of loop commands is deleted and the user is given the
opportunity to try again. Matrices that have been modified by operations successfully
completed while in the Joop remain modified. after all loops are executed the computer
storage required for these opcrations is released.

2. Command Specifications

LOOP.N1

This operation inttiates the looping process. N1 is the number of times the loop
.s to be exccuted. Associated with each loop operation there must be a corresponding
NEXT operauon which signifies the end of a loop and causes the return to the beginuing
of the loop if the loop has not been executed the required number of times.  The fol-
lowing s a possible series of fooping operations:

LOOP.S L Tirst level loop executed five times. « « « « «

LOOP.2 ..Sccond level loop executed two times, « «
...... (ten times total)

—> >
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NEXT.M1
This operation signifies the end of a loop. It is apparent which LOOP and
NEXT lines are associated if there are an equal number of each. The operation

NEXT,MI will cause the loop to terminate if the first termi in the matrix M1 is negative.

SKIP.M1
This operation will cause the next N1 cperations to be skippel if the first term

of the matrix named M1 is negative for this level of looping.

H. USER SUPPLIED OPERATIONS

As mentioned in Chapter 11, the USERA and USERB commands are available for
the user to add additional subroutines. To execute this option the user must have the
capability to recompile CALNPS and to relink CALNPS with the graphics libraries.
Therefore this option is not available to all users. The procedure for using this option

and the theory behind it is discussed in great detail in Elliott’s thesis [Ref. 2: pp. 40-43].



V. RECOMMENDATIONS AND CONCLUSIONS

The objectives stated in chapter one were met bevond expectation. At the beginning
of this work several of the CALNPS commands did not work at all. The graphics
options were limited and did not work as intended on the VAX computer. The user’s
manual and the online "HELP” facilitv were obsolete. CALNPS is now completelv
functional on the VAX. The graphics capabilities are of a high enough quality for direct
inclusion in thesis work.

Chapter four of this work serves as a revised user’s manual for CALNPS. With this
manual a new user can quickly become fanuhar enough with the commands available to
solve the problem at hand. The example files included and the files availuble on the
onhne demonstration facilitv work in conjunction with the command specifications to
demonstrate how the commands of CALNPS work together to solve structural and heut
transfer problems.

CAL was originally designed as an instructional tool for structural analyvsis. The
current version of CALNPS is not only valuable as an instructional tool but is readily
available as a research tool for complex problems. The following are recommendations
tor future use of CALNDS:

¢ ['sc CALNPS in the classroom to solve statics, dyvnamics and heat transfer prob-
lems,

¢ MNauke students more aware of the capabilities of CALNPS by introducing it in the
computer course.

o <o CALNDS in thesic research.

o [xpand CALNPS as necessary to complete thesis research. Refer to Appendix A
for « discussion of how to modifvy CALNDPS.

o Expand CALNPDS to include Fluid Analysis capabilities.
CALNPS has the following advantages over other software packages even though
there are several more powertul packages:
o CALNPS i< very "user friendiv.”
o CALNDPS is readilv available on NPS svstems.

¢ CALNPS can readily be modified at NPS to perform other functions as desired.

L9




CALNPS has not been utilized to its potential due to the problems addressed in
Chapter I1I. This thesis work has corrected these problems and the use of CALNDPS
should be expanded.
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APPENDIX A. CALNPS MODIFICATION AND TROUBLESHOOTING
GUIDE

The purpose of this appendix is to provide a guide for further modification of
CALNPS. CALNXNPS is relatively simple to modify to the user who is familiar with the
internal workings of the program, however it is veryv time consuming to gain that fanul-
iaritv. The attempt here is to provide the information gained during this thesis work to

munumize the future modification efforts.

A. CALNPS VARIABLES
The st of variables previded Lo is not a complete nst of variable detinitions, but
a list of the variables used in this work. As future modifications are made additions to

this list should be made.

AENGY Energy.

D Conductivitv in x-direction.

D(2) Conductivity in v-direction.

D(3) Specific heat.

D(4) Mass density.

D(%) Heat generation per unit volume.

IEL Element type number ( two or three dimensional).

IGRAF Deternunes if the graphics package has been initiaiized.

I Name of array being searched for.

INCNR Number of times the increment operation 1s performed.

INOL Code indicating if any material pro,-criv 5 temperature dependent.
10P Number of operations (commands) in .... current group.

IPR Number of integer words required to store an element.

IPRMT Determines whether user prompts will be printed or suppressed.
ISMALL Deternunes size of graphics display.

ISYS Coordinate svstem of input data.

ITERM I1=PLOTI10 compatible termunal; 2=1BM terminal.

ITYPE Dectermines whether the problem being executed is a heat transfer or

a structural problem in the SAVLE2 subroutine.

IVECT Indicates presence of an increment generation vector.
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KAT
KBCOND(I)
KEL(I)
KLINE()
L(NA)
LBYTE
MA
MODE
NA

NC

NDM
NDP

NDF

NEL

NEN
NERR
NGP

NH

NINC
NLBC
NLST
NM

NR
NREAD
NROW
NSAVE
NT
NUML
NUMNDP
NUMNMIAT
NWRITE
PROPB(I.H

Plane geometry = 1; Axisvmmetry = 2.

Boundary condition code.

Element number.

Line number code.

Used to pass matrix N M to and from called subroutine.
Number of bytes per integer word.

Material set number.

Selects interactive or batch mode (. NE. 1 = batch; 1 = interactive)
Index in L array for first element of array.

Number of columns i a matrix.

Spatial dimension.

Number of computer words used by a real variable.
Number of unknowns per node.

Nurnber of eleiuents in an array.

Number of nodes per element.

File device number for error messages.

Number of integration points.

Number of words required to contain six Hollerith characters.
Node number increment for self generation.
Number of lines with specified boundary conditions.
Last node to be gencrated.

Arrav name as assigned by user.

Number of rows in a matrix.

Read file device number.

Array containing the standard element connectivity.
File device number for save file.

File device number for scratch tape.

Number of elements.

Number of nodes.

Number of material sets.

Write file device number.

Property valuc.




PROPB(I,2 Ambient temperature.

SHP(1.I) X derivauve of shape function.

SHP.D) Y derivauve of shape function.

SHP(3.1) Shape functions for 2-D element or Z derivative of shape function for
3-D clement.

SHP(4,1) Shape functions for 3-D heat transfer elements.

TMIN Minimum time for proportional load table in heat transfer problems.

TMAX Maximum time for proportional load table in heat transfer problems.

WG Integration weight.

X(L.D X nodal coordinates.

X(2.1) Y nodal coordinates.

XD Z nodal coordinates.

XINC X increment for self generation of nodes.

XS Jacobian arrav.

XSJ Jacobian determinant.

YINC Y increment for self gencration of nodes.

ZINC Z increment for self generation of nodes.

B. PROCEDURE FOR THE ADDITION OF A NEW COMMAND

This section provides the procedure that should be followed to create a new com-
mand in the CALNPS code. This procedure is consistent with the original design. The
procedure as stated here is relatively simple. however. it is not a simple task for someone
unfamiliar with the inner workings of CALNPS to establish.

The progranuner must first lecide which group of subroutines that the new com-
mand belongs to.  Within the appropriate group, the "DIMENSION 10P” statement
should be located. This dimension establishes the number of commands currently i that
particular group. This dimension should be increased to accommodate the new com-
mands. A list of data statements follows the dimension statement. These data state-

ments define the commands to CALNPS. A sample statement is as follows:

DATA TOP(142).10P(242),10P(3.42) 4HCUBILA4HC 41

This statement defines the command, CUBIC, as operation number 42. The number of
operations in the group must then be increased as appropriate. This is done by the
NUMOP =42 siaiement (for this caser. CALNPS branches to the appropriate subrou-

tines for the command given by means of the "computed goto™ statement. This must




be adjusted for the new commandis). Finallv the subroutines to accomplish the new
tasks must be added.

C. SUBROUTINE FLOWPATHS FOR SELECTED COMDMANDS

The subroutine flowpaths of some of the more complex commands to frace through
CALNPS are presented here. The subroutines operate with numerous flags that Jistin-
guish between the different conditions that apply. The most important flags are identi-
fied in the flowpaths presented in Figures 26 through 34 on the following puges. The
numbers on the charts indicate the sequence of events that apply to the corresponding
subroutine.

lGROUP 4

SLUE

Figure 26. Flowpath for HTXFR Command.




——
GROUP 4,

VA

FIND
MESH
FPNODE
ISYS=2.3.4 ISYS =5
{?ﬁ%?f_ FngnE

Figure 27.  Flowpath for COORD Command
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[FIND —<——(1)—{GROUP 4——)—=>—1IST ]
/(2)/ J \(4)$\'_ -
ISW=35

CFL=DIL=F
ITP=4
(2D) (3D)
[ STELMLIBT
~—(2— ELMTO2|—— ELMTO3|~2)—
(3) (1) M3 |
PGAUSS J
SHAP3D
\J[,\'EL>8
SHAP32

IFLAG=23

N=14 AFL=TRUE: BFL=FLG=FALSLE: NMFLG=1

Figure 28. Flowpath for CCAP Command.

a6




[FIND"—<——(1)—[GROUP 4——(2) >—{ PZERO
\,3,—>—? LIST
ISW =23
CFL=DFL=F
ITP =4
Y
PFORM }>—(2)—{ADDSTI
s
——(3D<—{ ELMLIBF=>—3D)—
CLMTO2 ELMTO3?
(2) (1) ST
r-'—_—'YZ
V (£> XPGA( '$S m Vi
SHAPL SHAPID
NEL >4 ,  NEL>s
IFLAG =3 @Fy IFLAG =3
L

TENPD

PROC

TABLE

N=13 AFL=FALSLE: BFL=NNFLG=1

Figure 29,

Flowpath for LCAP Tommand.
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O —

"FIND & (—GROUP 4——2)3 PLOAD
(2] 1ISW=6
'ADDSTF < 2= PFORM |
(1
SW=6
ELM
EL LIB
()  —2D— —(3D)——y ()
i r_c ELMTO2 —(1)———> PGAUSS K—(1—] ELMTO3—~2)—,
| IFLAG=2 IFLAG=2 | D
MFLAG=2 | MFLAG =4 ]
PR ~ <
=2 SHAPE SHAP3D [
| I o o
, H NEL >4 WTIND |, NEL >4
| | S11AP2 TOBC SHAP22
1 —_— AT —
| (H IFLAG=2 IFLAG=2 (1) :
| ——(2{BCOND2! —— BCOND3| 22—
|

IFLAG = 3 IFLAG = 2

[JACEBB2 ’ “JACBD2 I
|
|
i
|

”'LA(;=2.3—\ /——ll’[__\(}=2 —
TEMPD “
//4//// [FLAG=3 ITLAG=35
N N

i [PRX_| (PKY | [PKZ ] (FQ _ [PROC] CONV.
\
TABLE

Figure 30.  Flowpath for FORM Command.




INITL <——NGOTO=1— PODL1
— =2 .
GENVEC| NGOTO =2 ,_J NGOTO=3

GROUP 4 <1} INPUT

(5T?h
: [LIST |
DUP (3):7

(2-FIND |
- DELETE

Y

{4

(DUPL]

—
[PLINE ] QLAD |
PRONMUL PR()\H L
[ PRODIA | PRODIA |
[TPSCAL | FPROMUL
l PROMUL ;PADDM ]
IP\DD'\I PADDD_|
I:PADD::D ] [ACTOL
—
(ACTOL IY
RETURN TO < FTERM . A

GROUP 4

|
| I—— |

NGOTO=1 = INIT: 2 = LINE: 35 QUAD

Figure 31.

Flowpath for ODE Conunand.
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[ FiInD  KE—{GROUP sF3{INPUT]

[FPPLOT|(2)———

(1) ﬁ (1)

ITERM = | —<— ITERM =2
V V
INITT DSINIT | [SCRDAT |
i [GSLPG [USRIIT |
St
V| —<—{GSERSE] |
1 BOX \
ITERM =17 ITERM=2
ITERM = | ITERM =2

[n\;x.\*ool [GASWI[;‘\'] [TWINDO W,
[TWISDO 1 | | [GASVIE | MO | y DSTERN
[STOVADS] | L{GSVECT] , —{DRAWA | |
[DRWABS] (FISTTT ] :
9 NODES 9 NODES |
vV |
MOVEA i
_CHRSIZ ] GAXUTD Y'
[ANCHO | GSCHARY | |
[CHRSIZ | [GSSL__— |
ot — | |
J

RETURN TO GROUP 5 &

Substitute FTP3PLOT for FPPLOT for 3-D.
Substitute CLPLOT for FPPLOT for structural problems.

Figure 32.

Flowpath for PLHX and PLST Commands.
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SROUP 4

v
MESH
JSw=1
ELMLIB
(2D) (3D)
— [FIMTO2]  IFLAG=1 - IFLAG=1_ [ELMTO3
MFLAG =1 MFLAG =3

P TOBC [TTIND
-421»—-——(3) (1 \-m—(m),

LIST

BCOXND2 BCOXND3

——————————
|

——IFLAG=d — Y IFLAG =4

L IFLAG=1 TEMPD |—<—IFLAG =1
\ IFLAG =4
'PK:. ] [PEY | [PKZ 1 [PROC] [PO ] ICONV]
ﬁ \\ \4/ y//
. .
TABLE

N=4: NGOTO=3

Figure 33. Flowpath for PROP Command.
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FIND < {1) sROUP 4|——2) DELETE

ST —<— v N> {VALUE ]
ISW=3
PFORM |—(2>>—[ADDSTF
< . 14 ~
(3! ,——(’D)——é—l—\lLlB%—mD)\(?)
—(2<-ELMTO2 [~ 1)—>>———PGAUSS |—<—(1y—{ELMTO3}2)
A4) (4)
IFLAG=2 IFLAG=2
MFLAG=2
SHAPE \D | SHAP3D
INEL > 4 RN JNEL >
[SHAPE2 | TOBC SHAP32
[ o
I IFLAG=1 IFLAG=2 —_—
@ o & (o
|BCOND? BCOND2
3) 4 TRE
"JACBB2 | / JACBB2
IFLAG=5 IFLAG =35
IFLAG=2 TEMPD |- —ITLAG=2 —<
IFLAG= S
[PRY | [PEKZ | [ PQ ] [PROC] [CONV]
Y
TABLE |

Figure 34.  Flowpath for SYMC and USYMC Commands.
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