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Section 1

INTRODUCTION

Thermal analysis by the lumped parameter finite difference technique is
the most widely used and accepted approach to the solution of complex,
mixed-mode ,heat transfer problems. Computer programs such as CINDA!, SINDAZ,
and MITAS3 are widely distributed and have found diverse application
in aerospace and commercial industries.

In the finite difference technique, the thermal network is represented
by an analogous electrical network. The development of this network modei,
which is used to describe a physical system, often requires tedious and
menial data preparation and checkout by the analyst. The data preparation
and checkout can be greatly reduced through the use of the computer programs
described in this report. These programs automatically develop the
mathematical model and associated input data and graphically display the
analytical model to facilitate model verification.

Three separate programs are involved which are linked through common
mass storage files and data card formats. These programs are SPAR
(processors TAB, TELD and AUS), CINGEN and GEOMPLT. The objectives of the
programs were to:

1. Develop thermal models for the MITAS II thermal analyzer program
2. Produce geometry plots of the thermal network

3. Produce temperature distribution and time history plots.

1.1 METHOD

The basic approach used to gererate a thermal model (MITAS data) was to

develop an equivé}ent finite element model, convert this model
to a lumped parameter thermal network, and display the network graphically
for verification. Figure 1 illustrates the basic program flow diagram.

A Tumped parameter thermal model inherently lacks the geometric data
necessary for graphical display. A finite element model, however,
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Figure 1, Integrated Flow Diagram SPAR/CINGEN/GECMPLT
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contains all of the geometric and physical data necessary to create a graphical
displar. Furthermore, there are numerous finite element mesh generation
programs which can be utilized to develop large analytical models with a
minimum of data input and user preparation. Some of these programs are

conns#, COON3D5, ICES TOPOLOGYG, and SPAR TAB/ELD’. The latter program was
selected for thermal model mesh generation since a modified version

developed by Sperry has the capability of producing both NASTRANE and SPAR
finite element thermal or structural models, and the simpiicity of use was
judged superior to the other programs.

Having produced a finite element model using the SPAR formatted data
cards, the second program (CINGEN) is used to convert the finite element
model into a lumped parameter model. The output of this program is MITAS
nodal and conductor data cards.

Finally the resulting MITAS data and the SPAR finite element data are
processed by the GEOMPLT9 interactive graphics program for visually dis-
playing the thermal conductor network and the finite element mesh. The
analyst would normally view the model from several angles and "partial
views." If model refinement or error corractions were required, the entire
process may be repeated or the local file containing the data may be edited
using the computer system text editor processor. When the nodal and
coanductor data are correct,they may be combined with the necessary MITAS
control cards for processing in a thermal analysis.

An option for post processing thermal data in the form of XY plots is also
available in the GEOMPLT program.

1.2 USER PROCEDURES

Detailed input and output requirements for each program are described
in Section 2, 3 and 4 of this report. The foliowing discussion is an over-
view of the procedure reccmmended for developing MITAS or SINDA data.

a. When using the SPAR program for mesh generation, three processors

must be executed. The TAB (CDC-SPARPUNCH) or TABX (UNIVAC) processor
is used to generate joint (grid point) locations for the finite

1-3
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element model. The user is requived to set the "ONLINE = 3 or 4" flag
which indicates that GRID cards will be punched., The TELD
{CDC-SPARPUNCH or UNIVAC) processor is used to generate the

NASTRAN finite element connection cards. The SPAR TELD (€DC or
UNIVAC) processor can be used to obtain conduction, convection,

and radiation elements. The user is required to RESET CINGEN=1

to punch the element cards.

Any other finite element mesh generation program may be used provided
that standard NASTRAN formatted BULKDATA cards are punched or that
the SPAR thermal element punch format is used.

If convection or radiation is present in the thermal probiem, the
coefficients hC and eoF must be manually -inserted into the finite

element PUNCH file or CINGEN input deck.

The user is now ready to execute the CINGEN program. The input
cards are placed on TAPE4 (CDC) or file 4 (UNIVAC), This may be
accomplished by renaming the PUNCH file resulting from the SPAR
execution or loading the cards inte a local (temporary) file
(TAPE4). The CINGEN program will read this file and compute

the Tumped thermal characteristics of each finite element. This
data will then be punched on cards in the appropriate MITAS (CDC)
or SINDA (UNIVAC) format. In addition, a mass storage Tile
TAPE29 (CDC) or 20 (UNIVAC) is written for use by the graphics
program. ' -

When file TAPE4 and TAPE29 have been attached to a demand RUN using

a Textronix terminal, the GEOMPLT prugram may be used to display
either the finite element model or the thermal model or both.

Labeling is provided for_conductor_and node type and number. Partial
views may be plotted and each view may be rotated to ahy viewing arigle.

1-4
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1.3

f. Finally, the user may create an output file from MITAS which contains
tabular Node-Temperature or Time-Temperature data from the thermal
analysis. This data can then be displayed by the GEOMPLT nrogram
as an X-Y plot. Node-Temperature plots will be scaied along the
abscissa proportional to the geometvric relationship of the nodes.

THERMAL NODE AND CONDUCTOR REQUIREMENTS

This section describes the type of lumped parameter thermal nodes
and conducters which can be defined by SPAR finite elements and
converted to MITAS data by the CINGEN prngram. The description
includes the characteristic input for =zach type.

Diffusion Node -

Diffusion nodes are located at the geometric centroid of an
K or F-type finite element.

K-type elements include bar (K21}, triangular (K31) and

quadrilaterial (K41) plates, wedge (61) and hexahedron (K81)
solids. F-type elements are restricted to bars (F21).

Positive values of density (o) required.

Negative values of specific heat (C;,) or conductivity (K)
produce a reference to an ARRAY table.

ARRAY tables are not automatically generated and must be
supplied by the user.

Arithmetic Node -

Arithmetic nodes are located at the geometric centroid of any
K or F-type finite element.

Any K-type element (K21, K31, K41, K61, or K81) or F-type (F21}
may be used to generate an ar1thmet1c node.

If area of K21 or thickness of K31 or K41 is input as 0,
a surface arithmetic node is generated.

Negative value of density required.

Arithmetic surface nodes are generated for C and R - type finite
elements provided these elements are not applied to a surface element.

1-5
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Boundary Node -

Boundary nodes are located at the geometric centroid of any K or
F-type finite element.

Any K-type element (K21, K31, K41, K61, or K81), or F-typa {F21)
may be used to generate an arithmetic node.

I area of K21 or thickness of K31 or K41 is input as 0. then a
surface boundary node is generated,

Density {(p) must equal 0.

Standard Conductor -

A conduction conductor is genecrated for all the K21, K31, or K41 eTements
with adjoining edges for all K61 and K81 elements with adjoining

faces.

Surface nodes are considered to have faces only.

Negative values of thermal conductivity (K) for temperature
dependent K. ' ‘ :

ARRAY tables must be manually input by the user.

One-Way Conductor -

A one-way conductor is generated for all F-type (F21) elements
having a common edge, connecting the cg of these elements.

The conductor value is calculated a fi Cp A where, M, flowrate
per unit flow area (input in the K location of the NMAT card)
Cp, specific heat, and A input cress-secitional area. '
Negative value of flowrate {M) for temperature dependent M.

ARRAY tables must be manually input by the user.

Convection Conductor -~ =

One standard conductor generated for each C-type {C21, €31 or C41)
element input connecting the element defined by the grid points
input an the C-type element and the element on the NFILM card.

NFILM card is required for each different convective sink node
or convective rate (Hc).

1«6
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NFILM cards are manually input by the user.

Negative value of convective rate (Hc) for temperature dependent Hc.
ARRAY tables must be manually input by the user.

An arithmetic surface node is created on the element to which the
C-type element is applied except when applied to surface elements
and 2-grid point elements. :

Only one surface node is created regardless to the numbeyr of C-type
elements applied to the surface.

Radiation Conductor -

One radiation conductor generated for each R-type (R21, R31, or R41)
element. The connecting elements are defined by the grid points on
the R-type element and the element on the NRAD card.

NRAD card is required for each different radiation sink node or
radiative rate ?eoF).

NRAD cards are manually input by the user,

Negative value of radiativé rate (eof) for temperature
dependent eoF.

ARRAY tables must be manuaily input by the user.

An arithmetic surface node is created on the element to which the R-Type

element is applied except when applied to surface elements and 2 grid
point elements.

Only one surface node is created regardless to the number of R-Type
elements applied to the surface.

1-7
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1.4 MODELING TECHANIQUE.

Tc familiarize the user with the method of thermal modeling using
the finite elements discussed in Section 1.2, Figures 2 thru 4 are
presented. Figure 2 presents a typical model of a conduction element
with radiation and convection. An arithmetic surface (K41) is placed
on the conduction element (K81) so the thermal resistance between the
conduction element and the surface will be accounted for in the Tumped
parameter model. If desired, the K41 element could have been excluded.
A convection element (C41) and radiation element {R41) are applied to
the surface element. As many C41 and R41 elements required can be
applied to an element. For this example, the convection and radiation
elements are connected to a K41 boundary element. These elements
can be graphically displayed to aid in moda1 check-out. The lumped
parameter designation will appear as in Figure 2 with D1 representing
the K81 elemert, A2 representing the arithmetic element (K41), and
B4 representing the boundary element. "D" signifies a diffusion node,
"A" signifies an arithmetic node, and "B" a boundary node. The
conductor neiwork can also be graphically displayed. As in the Jabeled
conductors of the example, "K" signifies a standard conduction conductor,
"C" a convection conductor, and "R" a radiation conductor.

Figure 3 presents a typical pipe/Tluid model. This figure shows
the finite element representation, the thermal idealization of the
model, and the graphical display of thermal model. It is important to
note in fluid flow analysis, that F-iype elements must be used because
they represent thermal nodes which are connected by "one-way" conductors.
F-type conductors are graphically represented by "F" preceeding the
conductor number.

When a transition from 1-D to 2-D or 3-D, or 2-D to 3-D elements
is reqguired, special modeling is required. Figure 4 gives the method
required to change from 1-D to 2-D elements. As shown in the figure,

an arithmetic surface is applied to (1) and (2} and a zero length

arithmetic surface added to the element (4). These arithmetic surfaces
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cause conductors K1C1, K102, and K103 to be added to the thermal network,
but these conductors aren't connected (see graphical display of model).
To connect these conductors, nodes A5, A6, and A7 must be converted to

a single node. That is delete two of these nodes from the MITAS node
data block and convert these dgieted node numbers to the remaining node
number on all the conductor cards in the MITAS conductor block.

Resulting in the thermal idealization shown in the figure. These

changes can be made with the text editor. Other dimensional transitions
are similarly made.

1-9
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have been modified to output joint location and element connection data

‘Section 2

THERMAL MESH GENERATION -SPAR PROGRAM

The SPAR program is a finite element structural and thermal analysis o
program which operates or a common data base using mutipie processors.
Three of these processors are designed to input to the data base, all of the
necessary physical and material properties of the thermal probiem. These !
processors, TAB, TELD and AUS are well suited for the task of finite |
element mesh generation since they utilize free field input and have
extensive options for automated mesh generation. The TAB and TELD processors

cards of the thermal model, which can be interpreted by the CINGEN program.

The following sections describe the capability of the SPAR, TAB, TELD
and AUS processors for mesh generation, illustrate typical deck setups, and
describe input and output data cards. ;

2.1 CAPABILITY

Within the TAB and TELD processors are several subprocessors which
perform specific input and output tasks. The following subprocessors are
used for thermal model mesh generation.

Processor TAB {CDC) or TABX_(UNIVAC)

Parameter:

- ONLINE - A parameter used to control printout and punch card output.

Subprocessors: o

START - Used to défine'the number of jdints or grid pointé used L
in the finite element model; 1ist of excluded joint motion b
components. ' - - o : ]

JLOC - Used to define the joint Tocation (X,¥,Z) with a reference

* coordinate system. This subprocessor allows for automatic
‘mesh generation through "loop-Tlimit" logic.

2-1
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Processor TELD (CDC or UNIVAC)

The TELD processor provides for thermal element definition. Elements
which may be generated include conduction, one-way flow conductors, con-
vection and radiation. The subprocessors described below are used to
select the type of element and to direct card output for the CINGEN
progranm,

Parameter,

CINGEN ~ A RESET parameter used to control punch card output. .
NUTED - A RESET parameter used to select thermal element generation.

Subprocessors,
k21, K31, K41, K61, K81 - Used to generate 1-, 2-, and 3-dimensional thermal

conduction finite elements. These subprocessors ailow for automatic
element generation through "Loop-Limit" logic.

Note: To obtain a one-way conductor (F21), a K21 element must be
placed in element Group 2 during processing in the TELD
processor (see Appendix A for a description on piacing
setected elements in a GROUP),

€21, €31, C41 - Used to generate 2~, 3-, and 4-node thermal convection
surfaces. These processors allow for automatic element generation
through "Loop-Limit" Togic.

R21, R31, R41 -~ Used to generate 2-. 3-, and 4-node thermai radiation
surfaces. These processors allow for automatic element generation
through "Loop-Limit" logic.

Processor AUS (CDC or UNIVAC)

The AUS processor is a general matrix and table manipulation package
which is used to input material and section properties, canvection
coefficients and radiation coefficients when generating a thermal finite
element model. The procedure for using this processor has not been
modified and no card output occurs from this processor. SPAR data blocks

2-2
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are generated for use in the TELD processor. Therefore, the AUS processor
must. be used to input properties prior to execution of the TELD processor.

TABLE - The table processor is used to input the SPAR thermal
analyzer the conduction, convection and radiation properties,
conductor thickness, and surface areas.

- 2.2 LIMITATIONS

The SPAR thermal analyzer is still under going development. As a

‘result, material properties were not punched out automatically during

TAB, AUS or TELD execution. These properties must be prepared manually by
the user for input to the CINGEN program. This was not considered a severe
Timitation since most thermal problems invelve only a small rumber of
dissimilar materials.

Temperature dependent conduction, convection and radiation properties
defined on SPAR input cards COND PROP, etc. are currently not used to
generate the MITAS {or SINDA) temperature dependent ARRAYS.. SPAR INPUT
cards are described, however, for completeness; since some users may choose
to analyze a problem using MITAS and SPAR.

There are no problem size restrictions when using SPAR for thermal
model mesh generation. However, when large problems are involved, the
user must RESET the CORE in the manner prescribed by the SPAR program
and adequare mass storage must be prov1ded for h01d1ng the punch card

"output

_ 2 3 INPUT/OUTPUT DESCRIPTIDN

- This sect1on describes each type of 1nput card ava11able for generating

gr1d mesh and thermal finite element networks. The OUTPUT from SPAR is
“punched cards. The output format of each card is described under -

“REMARKS" on each input card description.

: 2;3_-.
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Subprocessar:

SPAR DATA CARD DESCRIPTION

Bescription: Use to produce the position coordinates of the finite

element joints,

Format and Example:

JLOC

K., XA],_XAZ., XA3, XB]1 szg XBa, NI, IJUMP, NJ,
(if W is given a second card wmust appear)
JJUMP, XCy, XC2, XC3, XDy, XDp, XD3

JLOC
1, 0.1, 5.2, 3.0 (Figure A )
66, 1.0, 1.0, 2.0, 10.0, 1.0, 2.0, 10 (FigureB)
5, 1.0, 1.0, 2.0, 10.0, 1.0, 2.0, 10, 2, 2 (Figure €}
1, 1.0, 1.0, 4.0, 10.0, 1.0, 4.0

Field

JLOC

K

XAT, XA2, ¥\3
XB1. XBz. XB3
XC1. XC2. XC3

IJUMP
NJd
JJUMP

Contents
Subprocessor of TABX (UNIVAC) or SPAR PUNCH TAB

Joint index

Joint A coordinate location

Joint B coordinate location

Joint C coordinate location

Joint D coordinate location

Numbeyr of jointsdefined in the I-direction

Increment added to the joint index in the I-direction.
Number of joints defined in the J-direction '
Increment added to the joint index in the J-direction.

2-4
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OPTION 1

Only one joint (k) is
define at location
XAy, XAy, XA3

Point f e

A

2-5

7

/

4

A+2 (13uMP).

&K+ 1IUMP

Figure B

QPTION 2

Point B

¥
,/1(+(NI-1) ( IJUMP)

TABX




b

®
&
Y
Point C *
e K={NJ-1)JJump
K+ (JJUMP) 4+ + + + +
Point N@ K K + IJUMP + JJUMP
L <+ toup T NJ Joints
NI Joints K + 2(IJUMP) +
(NI -NJ Joints are defined) QPoint B
Figure C K={NI-1)}IJumMpP

1.

Remarks:

There are three possible interpretations of the input card. Each
is described in Figures A, B, and C.

TABX (Univac) or Sparpunch TAB (CDC) must be used to obtain Grid
card punch output for use by the CINGEN or GEOMPLT programs.

Punch card output is selected by the ONLINE parameter. Where,

ONLINE = Minimum printeut
Normal printout (DEFAULT)

Maximum printout

Print SPAR output and punch NASTRAN GRID card with
displacement coordinate system (Field 7) blank.
Print SPAR output and punch NASTRAN GRID card with
displacement coordinate system (Field 7) equal

to local grid point coordinate system.

= W MO

Example:

@XQT TABX

ONLINE = 3

Start 125

JLOC

5,.1-03 1-0_'3 ]0.7

The GRID card punch output format is:
GRID GID GD X1 X2 X3 ¢D (A4, 4X, 2I8, 3F8.3, 18)

Where,

GID = Grid point number. S . -

60 = Local coordinate system used tn define GRID Tocation
X1 = Local X position coordinate

X2 = Local Y position coordinate

X3 = Local Z position coordinate

CD = Displacement coordinate sysiem.

See Appendix A for detail discussion on JLOC prodecuras.

2-6




SPAR DATA CARD DESCRIPTION

Subprocessor: K21, C21 or R21

Description: These subprocessors are used to venerate a 2-node, one-
dimensional conduction, convection or radiation element.

Format and Example (Typical):

K21
NMAT = nmat
NSECT = d

Jl, J2, Netopt, NI, JK, JINC (if Netopt = 1 or 2)
J1, J2, Newtop, NI, IINC, NJ, JINC (if Netopt =3}

K21

NMAT = 5
NSET = 2
NSECT

9, 12, 1, 4, 2, 100 (Figure a)
9, 12, 2, 4, 2, 100 (Figure b}
4, 37, 3, 4, 10, 2, 100 (Figure c)

Field Contents
K21 2-node conduction element subprocessor
€21 2-node convection element subprocessor
R21 2-node radiation element subprocessor
J1 First joint number of first element generated
J2 Second joint number of first element generated
Netopt Element network option
N1 Number of elements generated in the I-direction
NJ Number of elements generated in the J-direction
IINC - Increment added to joints in the I-direction
JINC Increment added to joints in the J-direction
NMAT Material property table pointer (nmat, nfilm, nrad)
NSECT Section property table pointer (J)
1 NETOPT = 2 NETOPT = 3
: 5
(4 (1) / 3) (4) b7
18 12 . o
@12 Ny
5 157 | |
(8) (5 7) (8) 167
118 112 04
Figure a 147 (5
7 115(6) - 137
Figure b Figure ¢
2-7
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Remarks:

1. The order in which the elements are defined is indicated by the number
enclosed in parentheses. The index number (EID) identifying elements
within each group are determined by the order in which the elements
are defined.

2. Conduction properties are selected by the table pointer NMAT = nmat, where
nmat = table number (default = 1) of the data block "COND PROP NMAT 9".

3. Sectivn properties (Area) are selected by the table pointer nsect = J,
where J = table number (default = 1) of the data block "K Area fisect 9"
for conduction elements; "C CIRC nsect 2" for convection element;
and "R CIRC nsect 2" for radiation elements.

4, Convection properties (h) are selected by the table pointer NMAT = nfilm
where nfilm = table number (default = 1) of the data block "CONV PROP nmat
2".

5. Radiatinn properties (eoF)} are selected by the table pointer NMAT = nrad,
where nrad = table number (default = 1) of the data block" RADI PROP nmat
2!1 .

6. One card is punched for each element if the parameter CINGEN = 1 is
RESET. Punch card format is,

K21  EID nmat Ji J2  Area (A3, 5X, 418, 1PE16.7)
€21 EID nfilm Ji J2 Acirf. (A3, 5X, 4I8, 1PE16.7)
R21  EID nrad Ji J2  Acirf. (A3, 5X, 418, 1PE16.7)

7. A single element may be generated by specifying only J1, J2.

8. Surface elements are defined for CINGEN arithmetic nodes if:

Area = 0.0 For K21 elements

9. Arithmetic nodes are defined at the centroid of €21 and R21 elements.
If more than one element type exists at the same spatial location,

CINGEN will generate only one MITAS arithmetic node. Nodes are not
created for 2-grid point elements. : - -

-

10. To obtain a one-way conductor (F21), a K21 element must be placed in
element GROUP 2, e.qg.,

@XQT TELD
EE?ET CINGEN = 1, NUTED = 1
GROUP 1' Pipe Conduction_;

6 47 1 3 1 Punch K21 elements

50 51 1 4 1 )
GROUP 2' One-way Flow Conduction )
5. 6 1 2 1 }  Punch F21 elements

2-8




SPAR DATA CARD DESCRIPTION

Subprocessor: K31, €31, R31
K41, C41, R4

Description: These subprocessors are used to generate 3- or 4-node two-
dimensional conduction, convection or radiation elements.

Format and Example (Typical):

K31
NMAT = nmat
NSECT = J

J1, 92, J3, Netopt, NI, N0 (if Netopt = 1
J1, J2, J3, Netopt, NI, NJ, JINC { if Netopt = 2 or 3)

K41

NMAT = nmat

J1, J2, J3, J4, Netopt, NI, NJ, NK, KINC (if Netopt = 1)
J1, J2, J43, J4, Netopt, NI, NJ (if Netopt = 2)
K31

NMAT = 5

NSECT =3

2, 3,103, 1, 3, 2 (Figure a)
2,5,7,2, 6, 30 (Figure b)

2, 5,7, 3, 6,2, 30 (Figure c)

K41

2, 3,2,22,1,2,3,2,200 (Figure d)

1, 11 12,2, 2,6, 3 (Figure e)

Field Contents

K31,Ka1 3- or 4-node conduction element subprocessor

C31,Ca1 3- or 4-node convection element subprocessor

R31,R4] 3- or 4-node radiation element subprocessor
J1 first joint number of first element generated
J2 second joint number of first element generated
J3 third joint number of first element generated
Jé fourth joint number of first element generated
Netopt element network option
NI number of elements generated in the I-direction
NJ number of elements generated in the J-direction
NK number of elements generated in the K-direction
KINC increment added to joints in the K-direction
NMAT material property table pointer (nmat, nfilm, nrad)
NSECT section property table pointer (J)

2~9
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3 NODE, NETOPT : 1

202 203 204 205 ~ 3 NODE, NETOPT = 2 3 NODE, NETOPT =

(3)4(10) (12)7;|

11
1022103 104 105 ]3 5) . 43 u 35]3
(2),/](4)./|(6) - 9}19)
(1) ()] 15) (3’
2 3 4 % |
Figure a Figure b _ Figure ¢
4 NODE, NETOPT = 1 4 NODE, NETOPT =
- 62 63 64 262 263 264 ‘
(5) (6) ( ( 3 13 23 33
1 12
Capl 43, 84 o 233 234.» 4 (3)]42(2) 12(B) 2‘2(14) |
(3) | (4) (9) [ (10) (4) Mm (7) (13)
oal 23 240 ool 223 224 g 151 11 21
_ (5) -
(1} | (2) (7) | (8) (6) (12) (18)
6 16 26 36
2 3 4 202 203 204
' Figure d ' o Figure e

Remarks:

1. The order in which the elements aré defined is indicated in the aboﬁé'
figures by the number enclosed in parentheses. The index number (EID)
identifying elements within each group are determined by the order in
which the elements are defined, :

2. Conduction properties are selected by the table pointer NMAT= nmat, where

~ nmat = table number (default = 1) of the data block COND PROP nmat 9",

3. Section prdperties (thiéxness) are selected by the table poiﬁter NSECT=4,
where J = table number {default = 1) of the data bleck "K THIC nsect 2"
‘for conduction elements. _ v

4, Convect1on pro ertxes (h) are se]ected by the tab]e pointer NMAT = nfilm
where nfilm = table pumber (default = 1) of the data block, "CONV PROP
nf1]m 2". o _

5. Rad1at1on propert1es (ch) are se1ected by the tab]e po1nter NMAT nrad

whegezqrad table number (default = 1) of the data block "RADI PROP
nrad 2. . L . _ , o

2-10
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SPAR DATA CARD DESCRIPTION

Remarks:

6. One card is punched for each element if the parameter CINGEN = 1 is RESET.
Punch card format is,
K31 EID MID J1 J2 J3 thick (A3, 5X, 518, 1PE16.7)
€31 EID NFILM J1 J2 J3 (A3, 5X, 5I8)
R31 EID NRAD J1 J2 J3 (A3, 5X, 518)

K&l EID MID 41 J2 J3 J4 thick (A3, 5X, 618, 1PE16.7)
C41 EID NFILM J1 J2 dJd3 J4 (A3, 5X, 618)
R41 EID NRAD J1 J2 J3 J4 (A3, 5X, 618)

7. A single element may be generated by specifying only J1, 42, J3, or
Jl, J2, 43, J4.

8. Surface elements are defined for CINGEN arithmetic nodes if:

Thick = 0.0, for K31 and K41 elements.

9. Arithmetic nodes are defined at the centroid of €31, C41, R31, and R41

elements. If more than one element type exists at the same spatial location,
CINGEN will generate only one MITAS arithmetic node.




SPAR DATA CARD DESCRIPTION

SUBPROCESSOR: K6l

Description: Subprocessor used to generate a 6-node pentahedron conduction

aelement.

Format and Example:

K61 ‘ (A3)
NMAT = nmat

JA, JB, NJ, NK, JINC, KINC, ICLOSE, NETOPT (free field, use space or
K61 comma as delimiter)

NMAT = 5
.‘9 25 5, ]s ]s 200: 1:1

Field Contents
K61. Element generation processor for 6-node pentahedron conduction
element
JA - First node of a fan of elements (pivotal node)
JB Second node (first node on outer edge of fan)
NJ Number of elements in the fan (default = 1)
NK Number of element layers (default = 1)
JINC Increment added to JB resulting in index for JC = JB + JINC
KINC Increment added to JA, JB, JC resulting in KA, KB, KC
TCLOSE 0 = Open Fan (default)
T = Closed Fan
NETOPT Element Network option, O = Single element (default)
T = Fan network

NMAT Table pointer for conduction properties (default = 1)
See COND PROP input card description

JB . KB = JB + KINC

/
_——/xa \gA + KINC
. =~

203 //I

J JC = JB + JINC

CLOSED PENTAHEDRON FAN .

2-12
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REMARKS :

1. Conduction proEerties are selected by the table pointer,
NMAT = nmat, where nmat = table number (default =1) of the data block
"COND PROp nmat 8."

2. Element identification numbers (EID) are assigned by the SPAR Program.

3. One card is punched for each element i the parameter CINGEN is RESET
to 1 at the start of the TELD processor e.g.,

GXQT TELD |
RESET CINGEN = 1, NUTED = 1
K6

4. Punch card format is:

Card 1: K61 EID MID JA J8 JC KA KB KC (A3, 5X, 8I8)
5. When NETOPT=0, input 6 joints .for a single element.
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SPAR DATA CARD DESCRIPTION

Subprocessor: K8i

Description:

element.

Subprocessor used to generated an 8-node hexahedron conduction

Format and Example:

K81

K81
NMAT=2

1,1, 2, 3, ¥, 100, 16, 0, 1

Field
K81

J0

NI

NJ

NK
TINC
JINC
KINC
ICLOSE

NMAT
NETGPT

conduction element.

Starting joint number

J0, NI, NJ, NK, IINC, JINC, KINC, ICLOSE, NETOPT

Contents

Number of elements in the I-direction

Number of elements in the J-direction

Number of elements in the K-direction

Increment added to joints in I-direction

Increment added to joints in J-direction

Increment added to joints in K-direction

0 = OPEN string of elements in I-direction

1 = CLOSED (Ring)} string of elements in I-direction
Table pointer for conduction properties (default = 1)

Element network option

231

222

e
212""'

202

o 2-14

0
1

K i

KA =

 Element generation subprocessor for 8-node hexahedron

single element (default)
network in 3 directions

i

JA = J0 9B = J0 + f?uc

b,

1) A

KD ® JDSERIHC KC = JC ¢ KINC = |
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REMARKS :

1. Conduction properties are selected by the table pointer, NMAT = nmat
where nwat = table number (defauit =1} of the data block “COND PROP
nmat 9.

2. Element ‘identification numbers éEID) are assigned by the SPAR Program
in the order they are generated.

3. Two cards are punched for each element if the pafameter CINGEN is RESET
to 1 at the start of the TELD processor.

4. Punch card format is:

Card 1: K81 EID NMAT JA JB JC JD KA KB (A3, 5%, 818)
Card 2: KC KD (8%, 218)

5. When NETOPT = 0, input 8 joints for a single element.

TELD
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Table: K AREA
== or

K THIC

SPAR DATA CARD DESCRIPTION

Description: Defines tables of conduction area or thickness

Format and Example:

TABLE (NI =1, NJ

A'ls Az, . AJ‘

TABLE (NI =1, NJ
0.16, 2.45, 1.73

TABLE (NI = 1, NJ
1, t2, .....15

TABLE (NL = 1, NJ
0.025

Field
TABLE

‘A
t
Remarks:

1. The thickness

DK AREAT : d=1, 3

=3) 3K AREAT1 ;d=1,3

OR .

=j)s K THICT 3 J=1,

=1) 3 K THIC 135 J =1
Contents

name of the AUS subprocessor used to create a neyw table
in the SPAR data complex.

number of areas or thickness input in table.
area

thickness

is selected by the table pointer nsect = J, during

K31 or K41 conduct10n element generation in processor TELD.

2. The area is selected by the table pointer nsect = J, dyring K21
Conduction element ?enerthon in processor TELD. J’ points to a data
item in "K AREA 1"

3. No punch card

4. The 5/8 punch (: on UNIVAC) or ]2/8[7 punch (3 on CDC) term1nates one

output is created for CINGEN

record and initiates a new record on the same card.

© T
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Table: C CiIRC
R CIRC

AUS

SPAR DATA CARD DESCRIPTION

Description: Defines tables for convection and vradiation surface areas for 1
dimensional elements. .

Format and Example:

i TABLE (NI = 1, NJ

! -

],Cz’v-n J

TABLE (NI = 1, NJ
0.16, 2.45, 1.73

OR

TABLE (NI = 7, NJ
Cys Cos ...Cj

TABLE (NI = 1, NJ
0.025

Field
TABLE

Remarks:

|

i

n

(]

§)3C CIRC 13d=1, j

3) 5 C CIRC 135J=1,3

e
[}
{1
—
-
Lh

i) ; R CIRC 1
1) 3R CIRC 1 ;J=1

Contents
name of the AUS subprocessor used o create a new table

in the SPAR data complex

number of circumferences input in table

circumference

1. The circumference is selected by the table pointer ,nsect = J, during
C21 or R21 convection or radiation element generation in processor

TELD.

2. No punch card output is created for CINGEN.

3. The 5/8 punch (: on UNIVAC) or 12/8/7 punch (3 on CDC) terminates one
record and initiates a wey record on the same card.

217
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SPAR DATA CARD DESCRIPTION

Table: COND PROP
Description: Defines the temperature dependent property tables.
Format and Example:

Table (NI = i, NJ = j) ; COND PROP nmat 51 =1, 2, .. NI3 Jd=1, ]
To 05 €5 Kjps Kops Kaze Kipe Koge Ky

Table (NI =9, N0=1) s CONDPROP 1 31I=1, 2, 3, &4 5 J=1
0., 1., 1., 20

Field Contents

TABLE name of the AUS subprocessor used to
create a new table in the SPAR data complex

i number of constants input

J number of data lines corresponding to temper-
ature T.

nmat material ID {integer > 0)

T Temperature

o mass density (at temperature T)

Cy ¢ specific heat (at temperature T)

K11 -3 conductivity (at temperature T)defined with
respect to the element coordinates. Default
= 0. '

Remarks:

1. Conduction properties are selected by the table pointer, NMAT = nmat

during conduction element (K21, K31, etc) generation in processor TELD.

2. If conduction properties are temperature dependent, set NJ = j where

j equal the number of temperatures used to define the material properties.
"j" data lines follow the TABLE card, each data line defines the properties

corresponding to Temperature T.

3. No punch card output is created for CINGEN .

4. A1l required Kij must be input.

2-18
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SPAR DATA CARD DESCRIPTIGN

Table: CONV PROP

DESCRIPTION: Defines the temperature dependent convective Film
coefficient.

Format and Example:

TABLE (NI = 2 MJ = j) 3 CONY PROP nfiim ;3 J =1, j

T, h _
TABLE (NI = 2, NJ = 2); CONV PROP nfilm; d = 1, 2
100., 1. + 5
200., 1.5+ 5
Field _ Contents
TABLE name of the AUS subprocessor used to create a new table in
the SPAR data complex.
J number of data Tines following the TABLE card.
nfilm = film coefficient property ID (integer > 0)
T ' Temperature :
h film coefficient
Remarks:

1. Convection properties are selected by the table ptinter, NMAT = nfilm,
during convection {C21, C31, C41) element generation in processor TELD.

2. Ifconvection propehties are temperature dependent,'set Nd = j, where
J equal the number of temperatures used.

3. No punch card output is created for CINGEN.

AUS
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SPAR DATA CARD DESCRIPTION

Table: RADI PROP v
Déscription : Defines the temperature dependent radiation coefficient.

Format and Example:

TABLE (NI =2 NJ =j) ; RADI PROP nvad ; d=1, J
T, €
TABLE (NI = 2, N0 =2) ; RADI PROP nrad ; d =1, 2
100., 0.5
200., 0.6
Field ~ Contents
TABLE name of the AUS subprocessor used to create a new table
in the SPAR data compiex.
J number of data 1ines following the TABLE card.
‘nrad radiation coefficient ID (integer »0)
T ' Temperature
€ emissivity
Remarks

1. Radiation properties are selected by the table po1nter,NMAT nrad,
during radiation (R21, R31, R41) element generationin processor TELD.

2. If radiation properties are temperature dependent, set NJ = 3, where
J equals the number of temperatures used.

3. No punch card output is created for CINGEN. -

-2-20
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Section 3

FINITE ELEMENT TO LUMPED PARAMETER CONVERSION - CINGEN PROGRAM

CINGEN is a computer program developed by Sperry Support Services
to aid the analyst in the development of thermal models. The program
utilizes finite element input data, which can be generated from mesh
generators, such as the SPAR TAB and ELD pracessors. This data is
used to create a lumped parameter themal network formatted for thermal
analyzer programs, such as CINDA, SINDA, and MITAS. CINGEN also creates
data files for the production of temperature graphs and thermal network
plots by the GEOMPLT program. '

3.1 CAPABILITY. AND METHOD

The CINGEN computer program has the capability of accepting SPAR or
NASTRAN finite element data and generating 1~, 2-, and 3-dimensional
Tumped parameter thermal networks. Permissable element types include:
conduction, one-way fiow conductors, convection, and radiation. The
conduction elements can have 2,3,4,6, or 8 grid points, the one-way
flow element can have 2 grid points and radiation and convection elements
can have 2,3, and 4 grid points. In each conduction or one-way flow,
element, a thermal node is assigned to the element. These nodes can be either
diffusion, arithmetic, or boundary nodes as determined by the density value
selected for the element. Arithmetic and boundary type surface nodes are
also available. Figure 5 presents a functional flow diagram of CINGEN.

In determining a diffusion node capacitance (pCVV) a positive, real value
must be input for the density (o). The specific heat (C,) can be a positive,
real value or a negative, real value for temperature dependent property.

The volume (V) is calculated by the CINGEN program for each finite '

“element. The volume of six {6) and eight (8) grid point elements is

calculated byldividing the element into tetrahedrons and employing vector.
calculus to yield the exact volume. The volume of three (3) and four (4)
grid point elements is calculated as the product of the element surface
area (A) and the element thickness (t). The area is computed from the
coordinate location of the element grid points, and the thickness is an’

3-1
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CINGEN
MAIN

!

SET CORE SIZE
AND DIMENSION
_ VARIABLES

t

READ INITIAL
NODE AND
CONDUCTOR NO.

{

READ DATA CARD

ITYPE, ID, NUMI1,
NUM2, HNUM3, NUM4 -

t

CHECK TYPE
DATA

DECODE VALUES
IRID, INODE,
RAD

|

WRITE FILE NRAD

IRID,INODE, RAD

(SMAT, NFILM, NRAD) {,

CALL SPAR

DECODE VALUES: g
nmat, RHO, CV, COND,CH

|DECODE VALUES
{1FID, INODE,HC

!

SET VARIABLE PROPERTY
FLAGS |

|

“HWRITE
FILE NFILM

IF1D, INODE, HC

Figure 5, CINGEN Functional Flow Diagram
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SUBROUTINE
SPAR - )

INITILIZE 1
COUNTERS SET ' : ;
FILE NUMBERS

g

READ DATA CARD| | | L

*1 ITYPE, G1 THRU[™
G8

DECODE GRID o ;
POINT DATA ;
‘ WRITES TITLE :
, OF MODEL - "
DECODE VALUES

BASED ON NO OF
GRID POINTS

IF 8 POINTS READ .
69, G10

DETERMINE TYPE
- QF NODE
FROM RHO

|

CREATE FILES

|1E FOR DIFFUSION HODE ~
iEA FOR ARITHMETIC NODE |~ |
IEB FOR BOUNDARY NODE ,

s i e ke AR v e ik o Kt iR Lo

o WRITE FILE IEC |
(CONVECTION)

YES

o] WRITE FILE IER

(RADIATION)

- WRITE FILE IEF —
ONE WAY COND. _

T A R T P AT Sy

Figure 5 (continued) -
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DATA FOR K AND F TYPE

CALEULATE NODE AND CONDUCTOR |
ELEMENTS. CREATES FILES IC, ICF

!

CALCULATE NODE DATA FOR ARITH-
METIC AND BOUNDARY NODES
CREATES FILE ICA

|

i

GENERATE MITAS CONDUCTORS TO ARITH-
METIC AND BOUNDAY NODES FROM DIF-
FUSION NODES. WRITE FILE IS

§

GENERATE MITAS CONDUGTORS
FOR F ELEMENTS

|

GENERATE MITAS CONDUCTORS

FOR C ELEMENTS

|

W

GENERATE MITAS CONDUCTORS
FOR R ELEMENTS

RETURN

" Figure 5 (continued)
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input parameter (see CINGEN Data Card Section). The volume of a 2-

grid point element is calculated as a product of the length of the
element and the cross sectional area. The length is determined by the
coordinate location of the grid points and the cross sectional area is

an input parameter (see CINGEN Data Card Section). IF there is variable
specific hest (temperature dependent), the diffusion node would be output
by CINGEN as a single interpolated node (MITAS type CGS). Variable
specific heat is specifiéd by using a negative specific heat on the

" element material card. The absolute value of the negative specific

heat is used as the specific heat arvay nuiber on the MITAS CGS card.
(User must supply MITAS ARRAY DATA BLQCK.) .

The center of gravity of the element is computed. Thermal resistance
from the center of gravity to each face or edge is determined by the equation.

2
2-Lc

R* KVo

where
K = thermal conductivity _
5:= distance from cg of element to the cg of the surface or edge
Vo] volume of element.

This equation pruduces accurate values of thermal resistance for

' e]emewus with constant cross-secitonal area perpend1cu1ar to the direction

of heat flow. Finite element wodeling techniques require that element
(trlangular and quadrilateral plates) aspect vratios less than 3 to 1 be
used for structural acceptable accuracy, This same rule should be applied
to thermal modeling to assure modeling accuracy.

Temperature dependent thehna] conductivity is definéd similar to the
variable specific heat. That is the conductivity is input as a negative
value. Each edge (1D and 2D element) or face (3D element) is then assigned

a coded number. After all of the conduction and one-way elements have been |

processed, the coded numbers are compared to determine common edges or

' faces. When two elements have a common edge or face, they are connected
by a conductor equal to the reciprocal of the sum of the resistance to each

face.

=5
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After all the conduction and one-way elements are connected by
conductors the convection elemants are processed. Convection can be applied
to any type of element. The gvrid points on the convection element card are
assigned a coded number then compared with the coded numbers for the con-
duction and one-way elements. Uhen common edge or face is found a conductor
is connected to that element given on the NFILM card. The convection rate
{hc) is defined on the NFILM card (can be temperature varying) and the area
is detrmined from the grid poinis on the convection card or read from the
element card for 2 grid point nodes. Radiation conductors are processed after
convection conductors. Radiation is applied the same way as convection ex-
cept NRAD cards are used to define the vradiative rate (eoE). CINGEN multiplies
this value by the area. An arithmetic node is generated on the surface.
to which convection and radiation are applied. Only one node is generated
for each surface.

3.2 LIMITATIONS

CINGEN has built-in program Timitations which were used to reduce core
requirements. These limitations are the number of material property cards and
number of nodes. Explanation of these limitations and how to increase the
number of material property cards and nodes is given below. .

1. NMAT cards #:+ cuorrently limited to 50 which should be adequate for
most therma: v+ qicns. I more NMAT cards are requived the following
dimensional vi-iavies in common block /PROP/ of CINGEN (main program and
subroutine SPAR) must have their dimensions increased to the desired
1imit. These variables are MAT7, RHO, CONDUC, CP, CV, CFLAG, and CVFLAG.

2. CINGEN is currently limited to a waximum of 500 nodes. This maximum
can be changed by chang1ng the 50110w1ng cards in the main rout1ne of
CINGEN ' '

COMMON BUCKET (19500)
LOAN = 15500

The number of nodes allowed is determined by the core size assigned
(19500} to COMMON BUCVET. For 1000 nodes these cards would be

COMMON BUCKET (39000} e.g. CORE - _NODES
19500 500
LOAN = 39000 -
3. The element ID (EID) and CINGEN node number must be the same if a

node and conductor network are to be graphically displayed by GEOMPLT.
That is, NODADD must be input as 0 (See page 3-13).
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3.3 INPUT/QUTPUT DESCRIPTIQN

CINGEN is capable of processing both SPAR and NASTRAN elements.
The acceptable SPAR elements are conduction (K21, K31, K41, K61 and
K81), one-way flow element (F21), conveciion €lements (C21, €31, and
C41), and radiation elements (R21, R31, and R41). The acceptable
property cards are NMAT, NFILM, and NRAD. NASTRAN type elements are
CBAR, CTRI, CQUAD, CWEDGE, and CHEX. The program keys only on the
first two characters of these elemeni names. CINGEN reads data from
files as assigned by the variable INP im the MAIN program. This value is
currently set to 4 for reading file &, change INP = 5 for card reader.
Figure 6 shows the basic data set-up ¥or CINGEN. The data is broken
into two blocks. BLOCK 1 contains the NMAT, NFILM, and NRAD cards.
The cards cem be mixed and in any order. BLOCK 7 must be preceeded
by '1st Input Record' and ended with an END card., These two cards
are required by CINGEN, BLOCK 2 contains the TITLE card, GRID cards,
and ELEMENT cards. These cards can be mixed and in any order. The
TITLE card is not required. This data block is ended with a
ENDDATA card. '

CINGEN outputs a complete MITAS data deck except for the ARRAY and

"CONSTANTS data cards. The user must add these cards according to the array

numbers assigned on the NMAT, NFILM, and NRAD cards and the constants re-
quired by his particular probiem. Figure 7 is an example CINGEN dutput.
CINGEN also creates a data file 29 (TAPE 29) which is Lsed by GEOMPLT to
graphically display the model. Figure 8 defines the variables output on
TAPE 29 and their formats. '

Data is input in any consistent set of units and the following pages
describe the format of these data cards.

3-7
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Figure &,

Deck Set Up for File 4, Input to CINGEN
and GEOMPLT Programs.
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CGS 41 1 "75.00¢
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BCD 3CONDUCTOR DATA
CGS iy 1%
€GS 2y 20¢
CGS 3 21,
C6S B 22
CGS S5 23,
CGS be 32»
CGS Te 33¢e
CGS 8 30y
CGS 9 35
[49:31 10e 36
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-«1000+01
—«1000+02
-=1000+01
«0000
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«0000
=« 0060
=0000
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b Al3e
Tr Al3s
Be Al3y
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11» Al3e
12» Al3,
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16y Al13.
18» Al3y

«6312+01
«6312401
o6312¢01
«5631240]
«5312401
«56312401
«63124+01
«6312+01
«3156+01
«3156+01
«3156+01
«3156+401
«56312+01
«6312+01
«6312+01
+6312401
«6312+01
6312401

=2000+02
«2000+02
02000402
«2080+02
«5625+01
»1000+02
«1000+62
» 2000402
» 2000402
»2000+062

DIFFUSION NODES

ARITHMETIC NODES

BOUNDARY NODES

Figure 7. Thermal Model Created By CINGEN For MITAS
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OHE-WAY CONBUCTOR

DADIATION CORDUCTORS

Figure 7.{continued)
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000133
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BCD 3CONSTANTS DATA

BCO 3ARRAY DATA

END

BCD 3FXECUTION
FORWRD

END

BCD 3YARIABLES 1

ERD

BCD 3VARIABLES 2

END

BCD 20UTPUT CALLS
TPRINT

END

BCO 3EHD OF DATA

Figure 7 {continued)
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- 000003 000
000002 oop
000003 000
000008 000
ponoRS5. - 0ao
0go00s 000
000007 o060
060008 000
0e0non o con
000010 oono
po0u1l 0ao
000012 000
000013 000
oDONIA Doo
Tanp) s 000
Bb. - 0gn-
aooh:s . T ey
000035 U
000036 oon
000037 0G0
nNoD038 ago
000039 ooo
0000450 aon
o00GAL 000
000052 060
000053 oon
000054 oon
000045 00D
000084 a0

0o 000
pbux
ooposo ——298
0000561 . ooQ
000042 00p
goone3 000
0000465 000
00900865 oo
000066 090

I

= ﬁ:ﬁ!‘ﬁ‘ﬁ!/i MAXPRRERARNETRXIRRRKRERA

661

1A 190 5 20,000 2,500 5.000 2.500 2,500 3,750
24 200 6 20.000 2,500 5.000 7.500 2,500 3,750
34 210 7 20,000 7.500 5.000 2,500 7.500 3.750
R4 22D B 20,000 7.500 5.000 7.500 7.500 3.750
SA 230 18 5e625 20,000 3,750 5.000 18,333 . 3,750
bA 320 13 10,000 11,667 5.000 3.333 11,667 3.750
78 ‘33D $2 10,000 11,667 S5.000 - 6.567 11,5667 3,750
BA 380 18 20,000 15.000 5,000 . 1.467 15,000 3.750
94 35D 16 20,000 15,000 5.008 8.333 15,000 3.750
1DA 36D 18 20,000 1B.333 S.000 5,000 . 18.333 3,750
11D 10 2  2.500 2.500 1.250 2,500 2,500 1,250
120 19 3 2.500 2.500 1.259 2.500 7,500 1.250
13p 1D % 10.000 2.500 1.250 2.500 2,500 3,750
150 2o & 2.500 2.500 1.250 7.500 7,568 1.250
" 150 20 & 10.000 2,500 1,250 7.500 2.500.-.3.750
16D 30 8 2,500 7.500 1.250 2,500 %% 7w
170 3D 7 10.000 7,500 1.250 2,000 13-800  2-750

- - - —— . Enn = ie [ ] [
“*%Eg""’:::'“"-~3,4¢§?§., 15.066‘”'i:i50- 1.567 18.333 1.250
370 140 18 2.813 15,000 3.750 1687 18,333 3.750
30D 150 36 10,080 15,000 1.250 8,333 15,000 3.750
298 15D 17 2,013 15,000 £.250 84333 18,333 1.250
300 16D 1B '2.813 15,000 3,750 8,333 18,333 3,750
51D 176 18 $0.000 18.333 1.250 5,000 18,333 3,750
® a2p 47D L 000 20,000 3,750 5,000 22,500 3,750
® 53p 18D a9 o008 22.500 3.750 S5.000 27,500 3,750
F %80 56D 57 862 22.500 8,000 5.000 27.506 B.800
€ 454 198 50 2.508 2,500 5,000 2,508 2,500 306,000
[ aa5’___h§9§_~id_§gq,,3‘£gg§::§:§oo 5.000 7T.500 2,500 316,000
= < - +500__ 5,000 250 00 10.000
Eu¢///9?; 228 51 co00smsoe—2r2y 712 1t200 1aooo
: a04 32p 52 08B 11.567 Solod : 2 v
R 5617 38 - 52 2000 11,867 5.000 ooy  IZeduu Jul.lUu
R 624 -L1:] 53 000 15,000 5.000 1,667 17,500 10,000
R 638 358 53 o080 15,000 S$.000 8.333 17.500 10,000
R 851 "I6B 53 00D 18,333 5,000 5.000 17.500 30,000
n 45D nap 58 000 22,5586 3,750 5,000 22,500 310,000
R 598 55 B0 27,500 3,750 5,000 27.500 - 19.000

** Figure B. Typical Data File 29 as Created by CINGEN
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2.500
T 500
2.500
7.500
% .000
3:.333
6eH&T
1,667
8333
5000
1.500
2500
2.500
7500
75008

a0
Be3-=
1667
5.000
5000
8333
5,000
5.000
5.000
5.000
5000
5000
5000
50049

" 5,000
)

Zawul
5.000
S.006
S .000
S 000
5.600
£.200



Card: 15% INPUT

LikaEnN UARIA LARLD ULOULRIF ] LUN

RECORD

Description: This card increments ail element and conductor numbers,
specifies the type of coordinate system used, and defines initial reference
temperature of all thermal nodes.

Format and Example:

NODADD, CONADD, ICS, Tinitial’ ETYPE (218,7X,A1,F8.3)
. 0 500 R 75.
-
' Field Contents
NODADD Integer that will be added to element number to form
the node number, NODE NO. = EID+NODADD.
CONADD The conductors are numbered sequently from beginning
with CONADD.
ICS #C retangular coordinate system
=C cylinderical coordinate system
Tinitia] Initial reference temperature used on all MITAS node cards.
ETYPE = NAST, NASTRAN type elements
# NAST, SPAR type input
EID4+NODADD
Where, the EIDi are element
4+CONADD 3+CONADD numbers assigned during element
1+CONADD generation in the SPAR program.
Then '
EID3+ i =
EIDT+NODADD ¥V 1 nomoDbD 3+NODADD NODE NO. = EID + NODADD
Remarks:
1. The EID's shown in the above figure are the element numbers assigned
during finite element generation in the SPAR program.
2. The node number assigned by CINGEN will be
NODE NO. = EID + NODADD
3. The conductors whawn in the above figure are numbered by the

CINGEN program.

conductor

v

The numbering sequence begins with the first

generated by CINGEN and is numbered in the following way
Tst conductor NO.= T + CONADD
= 2 + CONADD

2nd conductor NO.

Nth conductor NO.= N + CONADD
3-13
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NODADD must equal O for plotting (See page 3-§).

This card must be input,
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CINGEN DATA CARD DESCRIPTIGN

Card: NMAT _
Description: This card is used to input material properties of the element.

Format and Example:
NMAT MID RHO CV COND CP (6A8,free field)
NMAT 6 0.12 0.25 1.6 0.20 |

Field Contents

NMAT NMAT to signal material properties
MID material ID

RHO density

=0 elements with this MID will be boundary nodes

<0 elements with this MID will be arithmetic
surface nodes

>0 elements with this MID will be diffusion nodes
and RHO will be their dens1ty

cv specific heat at constant volume

<0 temperature variable specific heat, absolute
value of CV used as MITAS array number

>0 specific heat of element
COND thermal conductivity

<0 temperature var1ab1e thermal conductivity

absolute value of COND used as MITAS array number

>0 thermal conductivity of element

cP specific heat at constant pressure {(used only in one-way flow conductors)

IT CP is to be temperature dependent put the array number containing the °
product of the flow rate per unit surface area and CP {MCP) in the COND |

location and 1.0 in the CP location.
Remarks:
1. This data card must be manually prepared by the user and inserted on
file 4 along with the SPAR generated finite element data.

2. This card should be placed behind the 1St INpUT RECORD" card and ahead of

the finite element connection cards on file 4,

3-16
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Cavd:

CINGEN DATA CARD DESCRIPTION

NFILM

Description: Inputs convective heat transfer coefficient

Format and Example:

NFILM  FID ELEM H, - , (4A6 ,free field)}
NFILM 500 99 0.1 o : :
Field Contents
NFILM NFILM to signal convection properties
FID convection property ID
ELEM element number to which the H, will be connected
Hc heat transfer coefficient
: : <0 temperature dependent coefficients,
absolute value of Hc used as array
number
20 heat transfer coefficient per unit area
Remayks: |
1, Conductor value is calculated as node area times H.. |
2. Convection property ID number must be unique with respect to all other
- convection property ID numbers., |
3. The field iength for HC is 15 columns.

3-16
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Card:

Description: Inputs Radiation heat transfer coefficient

Format

CINGEN DATA CARD DESCRIPTION

NRAD

and Example:

NRAD

SCRIPT

Remarks:

RID ELEM SCRIPT - (3A8, A16, free field) |
6 16  0.2E-10 | | }
| |

Contents
NRAD to signal radiation properties
radiation praperty ID
element number to which SCRIPT is connected .

eofF

<0 temperature dependvnt absojute value of
SCRIPT used as array number.

>0 radiative heat rate per unit area

Conductor value is calculated as node area times SCRIPT.

Radiation property ID numbers must be unique with respect to all other
radiation property ID numbers.

The field length for SCRIPT is 16 c01umhs.

3-17
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CINGEN DATA CARD DESCRIPTION

Card: PBAR
Description: Property card for NASTRAN 2 grid point element (CBAR)
Format and Example:

PBAR PID MID A (488, free field)

PBAR 6 9 A7

Field Contents
PBAR PBAR to signal material property card |
PID property ID
MID material ID
A cross-sectional area
Remarks :

1. Property ID numbers must be unique with respect to all other PBAR
property numbers.

3-18
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GCINGEN DATA CARD DESCRIPTION

1.
2.

Card: PTRIAZ and PQUADZ

Description: Egggg£§y card for NASTRAN 3 and 4 grid point elements (CRTIA2 and
Format and_Examplie:

PTRIAZ PID MID T  BLANKPID MID T - $8A8, free field)
PQUAD2  PID MID T  BLANKPID MID T 8A8, free field)
PTRIA2 100 26 1.8 59 96 .74

Field Contents

PTRIAZ PTRIA2 to signal material property card

PQUAD2 PQUADZ to signal maferia1 propevty card

PID property ID

~MID material ID

T thickness of element

BLANK blank field

Remarks:

One or two element properties may be defined on a single card.

PTRIAZ property ID numbers must be unique with respect to all other
PTRIAZ properiy numbers.

PQUAD2 property ID numbers must be un1que w1th respect to all other
PQUADZ property numbers. -

3-19




CINGEN DATA CARD DESCRIPTICN

Card: END

Description: This card ends the first data block input.

Format and Exampie:

VALUE

END

Field Contents

VALUE END to denote end of first data block.
Remarks:

1. This data card must be input.

3-20
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CINGEN DATA CARD DESCRIPTION

Card: TITLE
Description: Title of the model

Format and Example:

TITLE NAME (A8, 8A8)
TITLE Example problem 2

Field Contents

TITLE - TITLF - signals a title card

NAME up to 64 characters, model description
Remarks:

1. This card supplies title information for the MITAS data deck.
2. Format of the MITAS title card punched by CINGEN is

BCD 6( first 36 characters on the title card)

BCD 6{ last 36 characters on the title card)
3, Every character in the first 72 columns is printed.

4. This data card may be omitted.
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CINGEN DATA CARD DESCRIPTION

Card: GRID
Description: Defines the coordinate locations of the grid point

Format and Example:
GRID ID 8 X Yy Z (6A8,Free Field)
GRID 102 5. 3. o.

Field Contents

GRID GRID to signail grid point card
ID grid point ID

B blank fiegid

X X coordinate of grid point

M Y coordinate of grid point

VA 7 coordinate of grid point

3-22




CINGEN DATA CARD DESCRIPTION

Card: K21, K31, K41, K61 or K8}

Description: Conduction elements with 2, 3, 4, 6 and 8 grid points

Format and Example: - |

KZT EID MID J1 J2  AREAC N .(QAB,free field)

K31 EID MID 91 J2 J3 THICK

K41 EID MID J1 J2 3 J4  THICK

K6t EID MID J1- J2 J3 J4 J5 J6 A _

Kel EID MID J1 J2 J3 J4 J5 96 (9A8,8X,2A8,Tree field)
J7 -~ J8 | | |

K31 42 13 8 9 10

Field Contents

K21 | 2-node conduction element
K31  3-node conduction element
K&l 4-node conduction element
K61 ' 6-node conduction element
K81 8-node conduction element
EID . element ID

MID _ material ID

JT, J2,Jd3,J4, grid points defining the element
J5, J6, 07,48 o _ , -
AREAC crosssseétioha1 area
THICK thickness of the element

3-23




Remarks:

1.

2.

The grid points of K31 and K41 elements must be input in a consecutive

order around the element.

Grid point numbering of K61 and K81 elements must be input in a
consecutive order around any face but the opposite face has to be
input in a similar way starting on the same edge as the first
face as shown in the following examples:

]
6
7
2 6 2 : Bl
L
- 3
-~
1 3 1 1 |
K61 {Typical) . K81 (Typical)

K21, K31, and K41 become surface node elements if AREA = 0.0
for K21 and THICK = 0.0 for the K31 and K41 elements. Use

K31 or K41 elements to obtain surface nodes on faces of K61
and K81 elements.

Element ID numbers must be unique with respect to all other element
ID numbers. _

The field width for AREAC and THICK are 16 columns each.
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Card:

CINGEN DATA CARD DESCRIPTION

Fa1

Description: One-way Tluid fiow element

" Format and Example:

F21 EID MID J1 J2 AREA (6A8,free field)
Fel 100 3 12 6 1.
Field Contents
F21 F21 signals a 2-node, one-way fluid flow element
EID - element ID
MID material ID
J upstream grid point
J2 downstream grid point
AREA cross-sectional flow area
Remarks :
1. Grid point J] must be'ﬁhe upstream grid point.
2. The conductor véiae is calculated as AREA x Cp x COND.
EgtgngeEOER1gr:ugggg;nggegfom material ID. COND is the flow
3. Element ID numbers must be unique with respect to all other
element ID numbers,
4. The field length for AREA is 16 columns.
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- Card:

CINGEN DATA CARD DESCRIPTION

€21, C31, or C41

Description: Convection elements

Format and Example:

cz2i
3l
¢
c41

c21
€31
C4l
EID

NFILM

EID NFILM J1 g2 CIRC (7A8,Free field)
E1D NFILM J1  J2 33

EID NFILM 31 J2 J3  J4

0 17 1 8 7 2

Contents
2-node convection element
3-node convection element
4-node convection element
element ID

convection property ID

Ji, J2, J3, J4  Grid p01nt5 defining surface of element to which the

CIRC circumfierence of the element
Remarks:

1. Grid points must be input in a consecutive order around the element.

2. Element ID numbers must be un1que with respect to all other element
ID numbers. _

3. An arithmetic surface node is created on the element surface to.
which the C-type element is applied except when applied to surface
elements and 2 grid point elements.

4. Only one surface node is created regardless to the number of C- ~type
elements applied to the surface.

5.

convection is applied

The field length for CIRC is 16 columns.
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Card:

CINGEN DATA CARD DESCRIPTION

R21, R31, or R4l

Description: Radiation eiements

Format and Example:

R21
R31
R4l
R3

Field

R21
R31
R41
EID
NRAD

EID NRAD J1 J2  CIRC (788, Free field)
EID NRAD J1 J2  J3

EID NRAD J1 J2 J3  J4

12 20 7 8 9

Contents
2-node radiation element
3~node radiation element
4-node radiation element
element 1D

radiation property ID

J1, J2, 43, J4 grid points defining surface of element to which the

CIRC circumference of the element
Remarks:
1. Grid points input in any consecutive order around the element.
2. Element ID numbers must be un1que with respect to all other element
ID numbers. . A
3. An arithmetic surface node is created on the e]ement surface tb.
which the R-type element is applied except when app11ed to surface
elements and 2 grid point elements. , _ , _
4. Only one surface node is created regardiess to the number of R-type
- elements applied to the surface. ‘
5. The field length for CIRC is 16 columns.

radiation is applied
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Cavrd:

CINGEN DATA CARD DESCRIPTION

CBAR, CTRI, CQUAD, CWEDGE, CHEX
Description:

NASTRAN conduction element types for 2, 3, 4, 6 and 8 grid points

Forimat and Example:.

MID

CBAR EID PIDB J1 J2

CTRIAZ EID PIDT J1 42 ‘J3

CQUAD2 EID PIDG J1 92 J3 J4

CWEDGE EID MID J1 J2 J3 Jd4 J5 J6

CHEX EID MID J1 J2 43 J4 35 | J6

J7 J8

CWEDGE 7 18 1 g 7 6 20 22

Field Contents

CBAR CBAR, 2-node conduction element

CTRIA2 CTRI, 3-node conduction element

CQUADZ CQUAD, 4-node conduction element |

CWEDGE CWEDGE, 6-node conduction eiement

CHEX 'CHEX, 8-node conduction element

EID element 1D

PIDB | propefty ID card numbeyr (PBAR card)

_PIDT property ID card number (PTRIA2 card)

PIDQ propérty ID.card nuimber (PQUADZ card)
mater1a1 1B

J1, d2, J3, J4 grid po1nts def1n1ng the e1ement
Jd5, J6, J47, J8

Remarks:

L

Element ID numbers must be unique with respect to all other element ID
nunibers.

NASTRAN and SPAR elements cannot be mixed. The type of elements
(NASTRAN or SPAR) processed is determ1ned by the 1st INPUT RECORD -

(See page 3-13.) |
3-28
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card:

Dascription: This card ends the input data.

CINGEN DATA CARD DESCRIPTION

END DATA

Format and Example:

VALUE
ENDDATA

Field

VALUE

Remarks:

1.

Contents

(A8, free field)

ENDDATA to denote the last card in the input set.

This data card must be input.

3-29

WA

i ik o e . .

P I

o




th

CRECEsT v o . CTHGT ERD
Section 4

INTERACTIVE GRAPHICS - GEOMPLT PROGRAM

The GEOMPLT program is an interactive graphics program developed,
initially, for the display of finite element data. It has now been
modified and expanded to include plotting a MITAS or SINDA thermal network,
which has been created through the use of the CINGEN program (see Section
2.2.0). In addition, an XYPLOT capability has been added for displaying
MITAS or SINDA results in the form of Time-Temperature or Spatial -
Temperature graphs.

A functional flow diagram of the GEOMPLT program is illustrated in
Figure 9. Figure10 is a detailed flow diagram of the XYPLOT logic. It
is recommended that the user acquaint himself with the overall logic Tlow
of the program and its parameter options before enterihg into a graphics
session on a terminal. However, the program will prompt the user with
questions and options which are generally self exp]anatony. Best results
are most often obtained after carefully planning the view angles, partial
view selection and labeling options.

Appendix B contains a user guide to the GEOMPLT program as it existed
before the recent improvements for thermal network and XY plotting. This .
information has been included for completeness, however, the following
sections describe the capabilities, limitations, INPUT requirements and
OUTPUT options necessary to perform Finite element, thermal network and XY
plotting.

4.1 CAPABILITY
The GEOMPLT program has the following general capabilities:

1. Graphically displays finite element models.

2. Graphically dispiays thermal networks..

3. Prepares data fife for use by CONTUR program.
4. Edits finite element data file (COC only).

.- YRECEDING PAGE BLANK NOT FiLpssu
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FINITE THERMAL
ELEMENT NETWORK
DATA DATA

1 |

—
SELECT NO.OF
ELEM. IN
PARTIAL VIEW

~|NO

FILE 4

YES

ERRORS

CORRECT

1S
EDIT NO/' conTUR FIL;:>
~ \ REQUIRED

TYPE:
TITLE CARD

REQUEST LIST YES
OF . NAMELIST/rf :

OPTIONS
NO

___ B
TYPE

ANY CHAR.
TO_CONTINUE

TYPE: D
SINPUT (LIST PROGRH= 7.
oPTIONS}S / -

$XYPLOT
(OPTIONS)§

1

QU ——

- /WRITE _
FILE 26
CONTUR DATA

YES

Figure 9. GEOMPLT Flow Diagram
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.7 N\Jes
< If PROGRM = 7 >

an

Plot Finite Element | Load JPY Array with -

e o crem e

Hodel g
User Input:

Space = 0 no spatial-temp plot
= 1 spat{ai-temp plot
Hist =0 no time-temp plot
_ s 1 time-temp plot-
—e  JPY(1)= List 6f nodes for spatial-temp
plot (individually or 1in a string)

Times = spat{al-temp plot time

1X = ] plot temp versus x-coord

1Y = 1 plet temp versus y-coord
12 = 1 piot temp versus z~-coord
Node = Node ne. for temp-time piot -
STARTT= Start time for temp-time pleot

Hrite error message ENDT = End time for temp-time plot
and return. $XYPLOT IN = 1 plot temp versus node no.

No
SPACE = 1
\\\__

SAphE .

Yes
1
_ Load JPY with nodes or string
Read unformatted file 99 |of nodes to be plotted in
No. of nodes(MITAS FILE) spatjai-temp plot
Read 99 for each node Load arrays for X, ¥, or Z coord. and node nos,
no, and check with Node nos. may be loaded individually or in &
value in NODE, [string from file 29 (CINGEN written file)

| Figure 10, Detail Flow Diagram for ¥Y Plot Logic
4-3




O

1

Read no, of nodes from unformatted
file 99 (MITAS FILE)

. |
Read node wnos. from file 99 and .
compare with node nos. to he plotted,

i

T¢ HODE NG, from fiie 99 equal
one of node nos. to be plotted

Yes

Store scquence nos, of node nos.
to be plotted in NSEQ.

%

No IT des{irad node seq.
nRo. " node seq, ho,

this time = ¢
which spatial-

des{rad

ead time from file 99, I

me increment at
teop plots are

e

| Load temp valus from

tiie 99 into TEMP 1 namelist input times Is not equal to
array 7 any time on file 99, go to $XYPLOT

Load no. of data points in
first position of arrays
IDG, X1, X2, X3 and TEMP

1

< If IX = |

88 ol Plot temp versus é{-ucaor'dfh

>‘e_-’—-q-| Plot temp versus Y-coord}

Return to MAINI

>Y£§-—ol Plot temp versus Z—szuordjf-‘

<

If IN =1

>l Plot temp versus noda no.}-

| ‘Write Error lMessage

Figure 10, (continued)
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% Node No. from file 99>
ODE -
lYes '

Store sequence of NODE

~—set Read time and tempera-ie
tures from file 99

il

L - ~ |Load time value into array
< IF time > ENDT  >1ES —{THETA Load temp value
No ~{into array TEMP

< 1f time > STARTT >1eS

s

No
[PTace all temp value inta "I&??gtugas?{igﬁtgfpgmﬁs’"
dummy variable., Do not TEMP & THETA

ye

&

Plot temp versus time

g

Return to MAIN? for

next plot _

Figure 10, (continuad) )
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5. Creates an alternate print file with diagnostic information
Tor review after terminal session.

B. Writcs a data file for ebtaining havrd copies of geometric
piots via Calcomp or Houston Instrument drum plotters.

7. Graphically displays XY plois.

Computer Configuration - Versions of the program are being maintained for
the CDC 6600 and UNIVAC 1100 computer systems. Both versions are essentially
the same with minor programming changes to accommodate a variable core
concept on the UNIVAC and CDC systems.

ke e a sy

1. Computer CDC 6600 UNIVAC 1100
2. Core size required 26K min. (user re- 22K min. (Dyn expand
compiles main to for problem size)
expand)
3. Language FORTRAN IV FORTRAN IV '*
4. System Scope 3.4 or NOS Exec 8
5. Plotter Tektronix 4000 Series Same
6. Card Punch Optional Optional
7. Tape Drive None None
8. Mass Storage 1-min problem size Same
(Disk) dependant
9. Run time - 221 elem, - 14 cpu sec.
441 grid - 7.03 cps.
1 plot
10. Restart : None None
Geometric Plot - The purpose of this feature is to provide a 3-D _ :

view of the finite element model and/or the thermal network on a

Tektronix CRT terminal. Options may be selected through the NAMELIST

input. Two NAMELIST's are used; Table I Tists the options available under
the $INPUT NAMELIST and Table II Tists the options available under the $PVIEW
NAMELIST. Table III 1ists element names which are reccgnized and p]otted ) 1
by the GEOMPLT program. Specific capabilities include: -




. A

1. Graphically display finite element,CINGEN (MITAS models), and SPAR modeis.

2. Display grid, element, thermal node and conductor number.

3. Display the conductor and thermal node type with an alpha character
preceding the ID number,

4, Rotate any view about three axes.

5. Plot partial views of a finite element model containing all of one
type element by simply naming the type in a 1list, plot partial
views by providing a Tist of element :numbers, or a combination of
both.

6. Change plot scale factors for inbreasing or decreasing the size
at the image plotted.

Data Editor - The data editor provided in the CDC Version is limited
in its capab 11ty, and is not recommended for general use. The CDC or UNIVAC
system TEXT EDITOR is recommended. This editor can be used in a demand
mode to correct errors found Lhrough plotting the finite e1ement or thermal
network data contained on files 4 and 29 respectively.

- Hard Copy - This feature is used to obtain high quality hard copies
of the plot displayed on the screen. Appendix B, section 3.3, contains
a detailed discussion on this option.

CONTUR Piot Pre-Processor - This feature is used tc create two data
files {16 and 11 which contain transformed grid coordinate data and connect1on
date) for use by the CONTUR program. Append1x B, section 3. 4,conta1ns a
detailed discussion on this option.

Alternate Print_File - This feature provides a permanent record of the
plotting session. File 7 (CDC) is used and the user must divert the file to a

printer if a copy is desired. Appendix B,section 35, contains a description |
of information contained on this file.

4-7
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X-Y Plotting - This feature is used to display analytical results from
a MITAS (or SINDA) model which was developed using the CINGEN program. An
unformatted tabular data file must be written through execution of MITAS
subroutine TSAVE. This subroutine copies thermal data to tape 'PLOT' which
then must be copied to file 99 for plotting. This data file may contain
any thermal parameter (e,g. temperature, heat flux) in tabular form as a
function of: | |

1. Time
2. Node
3. Spatial coordinate (X, Y, or Z)

Options are selected thowugh the use of $XYPLOT NAMELIST input. TabIe v
lists the options available uwder the $XYPLOT NAMELIST. Formatted tabular
data may be input on fiie 30. XY data is selected from fiie 30 or 99
using the IN30 parameter in $XYPLOT NAMELIST (default is file 99).

A typical procedure is as follows:

1. Generate spatial coordinates (file 29) in CINGEN for use by
plotting program.

2. Create thermal results (file 99) with MITAS (or SINDA) for XY
plotting.

3. Attach file 29 and 30 or 99 for use by GEOMPLT.

4, Begin interactive XY plotting. Note parameter PROGRAM in
$INPUT NAMELIST must be set equal to 7 for XY plots.

See example on page 4-10,

4-8
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Parameter

BAUD*

CONDNO

CONTUR

GNO

IHUSIN

XTEST

LIEST

MPLOT

NCHBDY

RODENO

NPLOT

NTEST

.,-

Table I.

Description

Transmission rate from computer to
terminal, BAUD/10

Print conductor numbers for thermal

~ network

Saves XY plotter coordinates on file KC
and connector data on f£ile KD to be read
by CONTUR program.. NOTE: When CONTUR = 1
the following default chanpges are used

KTEST = 1

KD = 11

MPLOT = O

NPLOT = 1

Print element numbers at element centroids
Print grid numbers at grid point

Write hard copy plot commands-on file 253
Tequest to permanently save plot on file
26 is made afie. plol is complete

File number to use when CONTUR = 1

File number to use when LTEST or KIEST = 1

Option for CONTUR element punch option
if KTEST = 9; plotting is suppressed

‘ Option for CONTUR XY data punch options

if LTEST = 93 plotting is suppressed

Option for multiple plots. Set MPLOT = O

te terminate plotting

NASTRAN thermal elements to be plotted

Print capacitance node number for thermal
netuork

Number of plots if MPIOT = 1

Option to print rotated coordinate data

on file 7 ﬂ
AL PAGE
Cﬂiﬂ?ﬂﬁ cﬁm@ﬁﬁﬂﬂg

Default

30
0-NO

0-NO

0-NO
0-NO

0-80

1-¥ES

0-30
0-40
10

0-NO

Namelist SINPUT Parameter Definition (CDC ONLY)

Other'

Integer
1-YES

1 or 9-YES

1-YES

1.YES

1-YES

Integer
Integer

1l or 9-YES

1 or 9-YES

0-}0

1-YES

1-YES

Integer

1-YES
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Table I. (Continued)

Parameter Description Default Other
PROGRM Type of input data on file 4, 29, 30 or 99 1 1«5
1 = Finite element (file 4)

o n

2 = Thermal network {CINGEN) only plotted (file 29)

CINGEN and finite element data

plotted (file 4 and 29}
7 = CINGEN and MITAS XY-PLOT (file 29 and 30 or 99)

PV Option for partial views; if PV = 1 0-NO 1-YES
Namelist $JPVLST is used to specify
element numbers to be plotted

SCALEX Option for adjusting the apparent width 10 . REAL
of the screen

SCALEY Option for adjusting the apparent height 7 REAL
of the screen -

SYMB Option to place a symbol at the grid point 29 Integer
29 =- _ _

X* Angle of rotation about x-axis (deg) 34,27 _REAL

y* Angle of rotation about y-axis {deg) 23.17 REAL

I* - Angle of rotation about z-axis (deg) . 43.0 - REAL

XAXIS Axis to be placed in screen x-axis i 1-6
(+ teft to vight)

YAXIS Axis to be placed in screen y-axis 2 1-6
(+ up)

ZAXIS " Axis to be placed in screen z-axis ' 3 - 1-6

{(+ out of screen)
Structure yes may be interchanged with screen

axes for changing view, where: 1T = x, 2 = y,
3=Z,4=-X55=-y,6=-2'

IDASH* Option for dashed lines in thermal network 0 1 ;‘
plot. Default is straight Tines. =

Notes:
‘1. Parameters marked by * retain input value until changed by a new input value.

T

2. The PROGRAM parameter must be set equal to 7 for XY plotting. A1l other - :
parameters in $INPUT NAMELIST are used for geometry only. See Table II for ;
$XYPLOT-NAMELIST parameters which may be selected for XY plotting. ' U
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Table II. Namelist $PVIEW Parameter Definition

“JPY(1) = List of elements to be displayed in a partial view.
Elements to be displayed in one of the Tollowing ways:

1} Individually

2) A set of consecutive element numbers in increasing order
by naming the first and last number in the set.

3) A set of element numbers of the same type.
EXAMPLE: \]PV(]) = 1, 53 9, 13, ‘05 183
6HK8I1 $

will plot element numbers 1, 5, 9, 13, 14, 15, 16,
17, 18 and all K81 elements.
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Table III.

SUMMARY OF FINITE ELEMENTS RECOGNIZED BY GEQMPLT

NASTRAN Type

CBAR
CONROD
~ CROD

CTUBE

CTRIAT

CTRIA2
CTRMEM
CTRPLT
CODMEM
CQDPLT
CQUAD]

CQUAD2
CSHEAR
CTWIST
LTETRA
PLOTEL
CTRAPR
CTRIAR
CTORDR
CWEDGE
CHEXAT
CHEXA2
15308
CIS3D20
CHBDY

4-12.

SPAR Type

K21
€21
R21
F2l
K31
C31
R31
Ka1
c41
R41
K61
K81




Table IV. $XYPLOT NAMELIST Parameters

PARAMETERS ##*dkikdkkkdikdrk DEFINITION #dkdddkkikhddkrirk DEFAULT #¥adkrQTHER ks

SPACE SPATIAL PLOT

HIST TIME-HISTORY PLOT

IN30 PLOTS FORMATTED DATA

IX PLOT NODAL X-COORDINATES

Iy . PLOT NODAL Y-COORDINATES

1z PLOT NODAL Z-COORDINATES

IN PLOT NODE NUMBERS

NODE NODE NO FOR TIME-HISTORY PLOT
TIMES INSTANT OF TIME FOR SPATIAL PLOT
STARTT STARTING TIME FOR TIME-HISTORY PLOT
ENDT ENDING TIME FOR TIME-HISTORY PLOT

SYMB SELECTS DATA POINT SYMBOLS

Bt e T e e T A o S WU M AT S NC AURT AR AN )

JPV IS AN ARRAY CONTAINING THE NODE NOS TO BE PLOTTED.
(~0) IS USED FOR CONSECUTIVE NUMBERS.

INPUT EXAMPLE:

0-NO
0-NO
0-NG
0-NO
0-NO
0-NO
0-NC
BLANK
0.0
0.0
0.0

1-YES
1-YES
1-YES
1-YES
1-YES
1-YES
1-YES
INTEGER
REAL
REAL
REAL

INTEGER

JPv (1) =1, 2, 3, 4, -0, 8, 17, 20  (PLOTS NODE NOS 1 THRU 8, 17 and 20)

4-13
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4.2 LIMITATIONS

1. Only finite elements in Table III may be plotted.
2. The number of elements plotted depends upon the size
of core available.
Core = Code + Data + Open Core

Code + Data = 21000p
Open Core = 4 x NGD-+ 4 x NEL + JSIZE + 10 + NJPV

NGD = No, of @rid Foints
NEL = No. of Elements
JSIZE = No. of Connections = (NEL x No. Grid PTS/Elem.)
NJPV = (300 - NEL/2) 1if NEL < 600
=0 if NEL > 600
3. Program stops if 100 plots are generated.
4. If contour data is required for several views, a new execution
must be initiated for each view.
5. Up to three conductor labels can be plotted beiween any two
. nodes, v
6. Labeling will be overwritten if two or more nodes occupy
~ the same spatial coordinates.
7. Maximum number of time increments which may be plotied
must not exceed LENGB/12, where LENGB = 7000. This parameter
may be changed in the MAIN program.

4.3 INPUT/OUTPUT DESCRIPTION

As previously discussed, the user's response during execution of

the GEOMPLT program is geherally an answer to a question or a NAMELIST |

input. The parameters which may be selected or redefined in the
NAMELIST arguments are described in Tables I, II, and IV. The user
is cautioned that some parameters in the $INPUT and $XYPLOT NAMELISTS
revert back to their original default value while others retain their
new value until changed. A1l parameters have a default value which is
Tisted in Table I, II, or IV.

The Table V Tists all files (input and output) which may be used -

by GEOMPLT.




Table ¥. File Allocation

File Number Description Regmnt Input/Output
4 Finite element data - _ Req'd Input
5 TEKTRONIX Keyboard Req'd Input
6 TEKTRONIX Screen Req'd Output
7 Alternate print file (CDC only) Optional  Quiput
8 EDIT file for Finite Element Data (CDC only) Optional Outpui

10 - Grid data for CONTUR Optional  Quiput
11 Connection data for CONTUR Optional  Output
21 Alternate print file (UNIVAC only) Optional Output
25 Hard copy Scratch file Optional -
26 Plot Commands for Hard Copy ~ Optional  Output
29 CINGEN Thermal Network data (MITAS model)  Optional Input
30 FORMATTED XY - DATA - ~ Optional  Input

99 UNFORMATTED MITAS XY - DATA Optional = Input
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GEOMPLT FILE ODESCRIPTION

FILE: 4
Description: Finite element data cards

Record Description Format Q
1 Grid GID X1 X2 X3 (A4, 4X, 18, 8%, 3F8.2) g
2 K21 EID MID J1 J2 A (A3, 5X, 418, E16.7)

3 F21 (See Section 2.1.3 "SPAR DATA

4 €21 CARD DESCRIPTION", a description

R21 of all Element output card

K31 formats are contained under "REMARKS.")
€31
R31
R41
cal
R41
K61
K81 , S
(K81 Continuation) _ ?
Last ENDDATA (A7)

REMARKS :

T

1. Only SPAR Thermal Elements are shown above, however, NASTRAN element
‘types shown in Table III are also permitted. . '

2. Elements may be in unsorted order.

3. If GRDSET card is used it must preceed the first GRID card.

4. If local coordinate definition cards are used, they
must appear before the GRID cards. |
A1 continuation cards must follow their parent.
The last card image in the file must be an ENDDATA card.

7. File 4 may contain additional records to be used by the CINGEN
program. These will be ignored by GEOMPLT.

8., If a CINGEN thermal network is to be displayed the thermal node
numbers must be equal to the finite element numbers.
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FILE:

29

w

w

o

W oum @
L

9

o0 00 0O0;o00n

FORMAT

(3(A1,17), 7F8.3)
(3(A1,17), 7E8.3)
(3(A1,17), 7F8.3)
(3(A1,17), 7F8.3)
(3(A1,17), 7F8.3)
(3(A1,17), 7F8.3)
(3(A1,17), 7F8.3)
(3(A1,17), 7F8.3)

The records shown above are generated by the CINGEN program.
File 29 contains thermal element types and numbe _; thermal

node types and numbers, element conductor values, and node coordinates.

Description: Thermal Network Data Cards
RECORD DESCRIPTION
1 TY, M, TN1, J, TN2, K, GV, X, Y, Z,
2 TY, M, TN1, J, TNZ, K, GV, X, Y, Z,
3 - TY, M, TN, J, TN2, K, GV, X, ¥, Z,
4 TY, M, TH1, J, TN2, K, GV, X, ¥, Z,
TY’ Mg TN],’ IJ’ TNZ’ K, GVQ xb Y’ z,
TY, M, TN1, J, TN2, K, GV, X, Y, Z,
. TY, M, TN1, J, TN2, K, GV, X, Y, Z,
LAST TY, M, TN1, d, TN2, K, GV, X, Y, Z,
FIELD CONTENTS
TY ELEMENT TYPE (eg: K, F, C or R)
M ELEMENT NO.
TN1 NODE 1 TYPE (eg: A, B, or D).
J NODE 1 NO.
TN2 NODE 2 TYPE (eg: A, B, or D)
K NODE 2 NO.
GV ELEMENT CONDUCTOR VALUE
X, Y, Z NODE 1 SPATIAL COORDINATES
A, B, C, NODE 2 SPATIAL COORDINATES
REMARKS :
1.
2.
3.

The values of J and K (thermal node numbers) must be the same as
the finite element ID numbers {EID'S).

g i hfalieiaioc i
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FILE: 30
Description: XY Data (Formatted)

RECORD DESCRIPTION FORMAT
1 NM, N(1), N(2), N{3)...N{NM) (1018)
2 TIME {1), DATA (1), DATA (2)...DATA (NM) (10r8.3)
3 TIME (2), DATA (1), DATA (2)...DATA (NM) (10F8.3)
LAST TIME(K), DATA (1), DATA (2)...DATA (NM) (10F8.3)
FIELD CONTENTS
NM number of nodes
N(i) i th node ID number
REMARKS :

1. File 30 contains formatted data used for XY - Plotting.
2. To select file 30 for XY data input, reset parameter IN30 = 1
in $XYPLOT NAMELIST.

».




FILE:

99

Description: MITAS OUTPUT (UNFORMATTED)

RECORD DESCRIPTION
1 NM, N(1}, N(2), N(3),... N(NM)
2 TIME (1), DATA (1), DATA (2},...DATA(NM)
3 TIME (2), DATA (1), DATA (2),...DATA(NM)
LAST TIME(K), DATA (1), DATA (2),...DATA(NM)
FIELD CONTENTS
NM number of nodes
N(i) i th node ID number
REFARKS:
1. File 99 contains unformatted data used for XY - Plotting.

3.

FORMAT

NONE

© NONE

NONE

NONE

The XY Plotting routine will read Tfile 99 for XY data unless
parameter IN30 is reset to IN30 = 1 in the $XYPLOT NAMELIST.
Sea MITAS (or SINDA) Users Manual for a discussion of variables

which may be written on file 99,and the method used.
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Typical XY Qutput

The following exampie assumes the GEOMPLT program has been loaded
on the machine and all necessary data files (4 for finite element model,
29 for CINGEN thermal network, and 99 for MiTAS XY data tables) have been
attached, After execution, the program is conversational and the user
must respend to reguests by the program in a step - by - step manner.
The > symbol is used to identify response by the user.

This example displays XY plois for temperature vs. node numbers,
temperature vs. time, temperature vs. X-coordinate, temperature vs. Y-
coordinate, and temperature vs. Z-coordinate. Multiple plots are dis-
played by typing a 'blank' (or any other character) after each plot
appears. After 'blank' is transmitted the screen is cleared and the
Tines from 'TYPE (C) FOR A LIST OF $XYPLOT NAMELIST OPTIONS®' will appear.
After typing an 'A’ for a list of $XYPLOT NAMELIST options or a ‘C' for
no list the user must input the correct parameter values to $XYPLOT
NAMELIST to obtain the desired type of plot. To terminate XY plotting
the word 'STOP' must be typed and transmitted.

4-20
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THE FOLLOWING TABLE ALLOWS THE USER TO VARY THE CORE
USAGE IN ORDER TO ALLOW PLOTTING OF LARGER MODELS

ESTIMATED NO. OF
ELEMENTS TO BE PLOTTED
IN ANY PARTIAL VIEW

0.0
121.0
241.0
357.0
471.0
578.0

TYPE IN ONE OF THE ABOVE FLOATING POINT NUMBERS.
TYPE IN MAX NUMBER IF X-Y GRAPHS ARE DESIRED.
» 579.0

MAXIMUM NO. OF ELEMENTS THAT CAN BE PLOTTED i% A COMPLETE VIEW IS = 583
MAXIMUM NO. OF ELEMENTS THAT CAN BE PLOTTED IN A FARTIAL VIEK IS = 579

4-21
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TYPE IN TITLE CARD
> (USER TYPES IN PLOT TITLE)

TO HAVE DEFINITIONS OF 'INPUT' NAME LIST® VARIABLES DISPLAYED, TYPE IN C
OTHERWISE, TYPE IN ANY OTHER CHARACTER

GNO = 1 TO PRINT GRID NUMBERS. DEFAULT = 0

ENO = 1 TO PRINT ELEMENT NUMBERS. DEFAULT = 0

1 FOR MULTIPLE PLOTS. DEFAULT = 1

NPLOT = NUMBER OF PLOTS iF MPLOT = 1. DEFAULT = 10

PV = 1 FOR PARTIAL VIEW OPTION. DEFAULT = O

CONTUR = 1 SAVES XY PLOTTER COORDINATES ON FILE KC AND
CONNECTOR DATA ON FILE KD TO BE READ BY CONTOUR
PLOTTING PROGRAM. DEFAULT = C

NOTE-UP TO 2000 GRIDS ARE ALLOWED PER CONTOUR PLOT.

THE FOLLOWING DEFAULT CHANGES ARE USED WHEN CONTUR = 1

KTEST = 1, KB = 11
NOTE-WHEN CONTUR = 1, MULTIPLE PLOTS ARE NOT ALLOWED
MPLOT IS SET = 0, WPLOT IS SET =1

CONTUR = 9 FOR CONTUR PLOTS ONLY - SAME AS CONTUR = 1
EXCEPT GEOMETRY PLOTS ARE SUPPRESSED.

X=ANGLD = ANGLE OF ROTATION ABOUT BASIC X~ AXIS
DEFAULT = 34.27 _

Y = ELEV = ANGLE OF ROTATION ABOUT BASIC Y - AXIS
DEFAULT = 23.17

Z =RGTX = ANGLE OF RCTATION ABOUT BASIC Z-AXIS
DEFAULT = 0.0

IDENTIFY. TYPE OF DATA TO BE PLOTTED, OPTIONS ARE:

N

PROGIM = 1 FOR FINITE ELEMENT DATA
PROGRM = 2 FOR THERMAL NETWORK (CINGEN) DATA
PROGRM = 3 FOR FINITE ELEMENT + CINGEN DATA

PROGRM = 7 FOR CINGEN ~ MITAS XY PLOT
BAUD = BAUD RATE (DEFAULT = 30)

XAXIS = AXIS TO BE PREPOSITIONED IN BASIC X DIRECTION , {+ UP THE PAGE)

YAXIS = AXIS TO BE PREPOSITIONED IN BASIC Y DIRECTION , (+ RIGHT TO LEFT)

ZAXIS = AXIS TO BE PREPOSITIONED IN BASIC Z DIRECTION , (+ QUT OF PAGE)
NOTE - LOOKING TOWARD ORIGIN FROM POSITIVE END OF EACH AXIS

CLOCKWISE ROTATIONS ARE POSITIVE
NOTE - CODES FOR PREPOSITIONING ARE
XX=1,YY=2,772=3, MX =4, MY =35
DEFAULT AXIS VALUES ARE XAXIS = 1, YAXI

**TYPE IN A CHARACTER TO CONTINUE**

MZ

» Mé =6
S =2, ZAXIS = 3

4-22

e N




:{r

> C
TYPE IN NAMELIST/S$INPUT/
NOTE-THE FIRST COLUMN IS IGNORED IN NAMELIST INPUT

THE LAST CHARACTER MUST BE A §, NOT ON A SEPARATE LINE, BUT AFTER
LAST VARIABLE.

> $INPUT PROGRAM = 7 § (EXAMPLE)
TYPE (C) FOR A LIST OF 'XYPLOT' NAMELIST OPTIONS
TYPE ANY OTHER CHARACTER FOR NO LIST

> C
PARAMETERS RRkRRRkd AR DEFINITION **:\'****.‘k*****‘i L DEFAULT L x 3 OTHER R AR AR

SPACE SPATIAL PLOT | | 0-NO 1-YES
HIST TIME-HISTORY PLOT 0-Nu 1-YES
IN30 PLOTS FORMATTED DATA 0-NO 1-YES
X PLOT NODAL X~COORDINATES | 0-NO - 1-YES
v PLOT NODAL Y-COORDINATES 0-NO 1-YES
17 - PLOT NODAL Z-COORDINATES 0-NO 1-YZS
IN PLOT NODE NUMBERS | | 0-NO  1-YES
NODE ~ NODE NO FOR TIME-HISTORY PLOT BLANK INTEGER
TIMES INSTANT OF TIME FOR SPATIAL PLOT 0.0 REAL
STARTT STARTING TIME FOR TIME-HISTORY PLOT 0.0 REAL
ENDT ENDING TIME FOR TIME-HISTORY PLOT 0.0 REAL
SYMB SELECTS DATA POINT SYMBOLS B e INTEGER
******************1\-********************-k***‘********‘&“:-;; LER kR kR R AR TR R Rk

JPV 1S AN ARRAY CONTAINING THE NODE NOS TO BE PLOTTED.
(-0) IS USED FOR CONSECUTIVE NUMBERS, INPUT EXAMPLE:
e (1) =1, 2, 3, 4, -0, 8, 17, 20 (PLOTS NODE NQGS 1 THRU 8, 17 and 20)

**TYPE ($XYPLOT (OPTIONS) $ )

#% NOTE - 15T CHARACTER IS IGNORED FOR NAMELIST INPUT
ok (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE
¥k ($) AS LAST CHARACTER TERMINATES NAMELIST INPUT.

> $XYPLOT SPACE = 1, TIMES = 4.0, IN = 1, JPV (1) = 5001, -0, 5004 $ (EXAMPLE)

AFTER PLOT IS COMPLETE TYPE IN A BLANK TO CONTINUE PLOTTING
TYPE C. TO CONTINUE
>C

(PLOT APPEARS)  SEE FIG. 11
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TYPE {(C) FOR A LIST OF $XYPLOT_NAMEL15T OPTIONS

TYPE ANY OTHER CHARACTER FOR NO LIST

> A

*+TYPE ($XYPLOT (OPTIONS) $ )

#* NOTE - 1ST CHARACTER IS IGNORED FOR NAMELIST INPUT
*k (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE

** ($) AS LAST CHARACTER TERMINATES NAMELIST INPUT.
> $XYPLOT .HIST = 1, NODE = 5002, STARTT = 0.0, ENDT = 10.

AFTER PLOT IS COMPLETE TYPE IN A BLANK TO CONTINUE
TYPE C TO CONTINUE
> C

(PLOT APPEARS} SEE FIG. 11a.
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TYPE (C)} FOR A LIST OF $XYPLOT NAMELIST OPTIONS

TYPE ANY OTHER CHARACTER FOR NO LIST

> A ‘

**TYPE ($XYPLOT (OPTIONS) § )

** NOTE - 1ST CHARACTER IS IGNORED FOR NAMELIST INPUT
ok (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE
ok ($) AS LAST CHARACTER TERMINATES NAMELIST INPUT.
> $XYPLOT SPACE = 1, TIMES = 4.0, IX = 1, JPV (1) = 5001, -0 5004 $ (EXAMPLE)
AFTER PLOT IS COMPLETE TYPE IN A BLANK TO CONTINUE

TYPE C TO CONTINUE

> G

(PLOT ‘APPEARS) SEE FIG. 11b.
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TYPE (C) FOR A LIST OF $XYPLOT NAMELIST OPTIONS

TYPE ANY OTHER CHARACTER FOR NO LIST

> A

*¥TYPE ($XYPLOT (OPTIONS) §$ )

% NOTE - 1ST CHARACTER IS IGNORED FOR NAMELIST INPUT
*x (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE
o ($) AS LAST CHARACTER TERMINATES NAMELIST INPUT.
. $XYPLOT SPACE = 1, TIMES = 4.0, Iy = 1, JPV (1) = 5001, -0 5004 $§ (EXAMPLE)
AFTER PLOT IS COMPLETE TYPE IN A BLANY TO CONTINUE

TYPE C TO CONTINUE

>C

(PLOT APPEARS) SEE FIG. 11c.
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TYPE (C) FOR A LIST OF $XYPLOT NAMELIST OPTIONS
TYPE ANY OTHER CHARACTER FOR NO LIST
. _
**TYPE {$XYPLOT (OPTIONé) $)
*%* NOTE -~ 1ST CHARACTER IS IGNORED FOR NAMELIST INPUT
*k (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE
*k ($) AS LAST CHARACTER TERMINATES NAMELIST INPUT.‘
> $XYPLOT SPACE = 1, TIMES = 4.0, IZ = 1, JPV (1) = 5001,‘-0 5004 $ (EXAMPLE)
AFTER PLOT ISvCOMPLETE TYPE IN A BLANK TO CONTINUE
TYPE C TO CONTINUE |
> C '

(PLOT APPEARS) SEE FIG. 11d.
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TYPE STOP TO TERMINATE PLOTTING OR ANY OTHER CHARACTER TO CONTINUE

> STOP
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Section 5

SAMPLE PROBLEM

R EEE §
:ot Y

This section presents a thermal problem which was modeled using
SPAR finite elements. The problem (Figure 12) consists of conduction,
convection, radiation, and fiuid flow. This problem was created only to
illustrate program capabiiity and has no real physical identity. Data
input and output for the three programs used in autom:ted data generation
are presented.

5.1 _SPAR MODELING

The physical system was represented by SPAR finite elements. Every
type of element available to the user is included in the problem. Figure 13
is a listing of the SPAR input describing the model. Figure 14 shows SPAR
output to file 4. Grid points and element card are contained on this file.

5.2 CINGEN MODELING

Before data file 4 can be used by CINGEN to produce a MITAS data deck,
property and end cards must be added. Figure 15 shows file 4 after these
cards have been added. These cards are preceeded by the word “New" in
the 1isting. Figure 16 is the MITAS deck output by CINGEN. Figure 17
is a listing of file 29 which is used by GEOMPLT.

5.3 MODEL CHECK-QUT

Check-out of the thermal network created by SPAR/CINGEN can be accomplished
by the use of GEOMPLT. Several types of plots can be generated to assure
correct modeling. Some typical plots are presented. The first page of each
plot gives the required input to generate the plot that follows it.

PRECEDING PAGE BLANK NOT FILMED
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) t
| [ L L L L LIS '
FLUID _
5" i
\—1" ili] ¢
J 10" DEEP .5" 1D 1
———— i —— 20u \ ]O" __!
PHYSICAL SYSTEM DESCRIPTION \__ ALUMINUM BLOCK ‘
FLUID-OIL STEEL AL -
i ¢ = 0.032 - 0.290 ALUMING 1
= .44 ° e - -6 ;‘
i c, = 0. c, = 0.12 p = 0.101 k = 1680X 10/ @ 0°
< ¢, = 0.44 A -6 c, = 0,21 @ 0° 2070 % 10°° @ 500°
- v #w =215 x 10 v 0.22 @ 300°
f = 10.0 e = 0.8 0.235 ¢ 500> °© = 07
50 (50) 51 fs1) 82 (s2) 53 (53) 54 {54) 55 (55) 56,
(BOUNDARY )
3
3 £ ! rerTPY 33 (RaozaTIon)
(28) {30)
) 3 (CONVECTION) 29
29 {31) » *R2]
w9 A 48 (61)  (RADIATION)
38 58 5 59
/25) (27) (28) (40) - (57) >
33 36 ca1 39 a8 (5q) (FLULD/ CONDUCTOR)
(20) k41 (22) /(33) - 49, C21{CONVECTION
- % éﬁ;{;ﬂ{;ﬂm (35) 28 (a9 29 K21{CONDUCTION
(CONDUCTION)| K61 (coNpucTioN) [(1BY 4,
Y I i ) M YO 1) 20 .
K21 (ZERO LENGTH)
(2} (4) (15)
3 6 9 15 :
FINITE ELEMENT IDEALIZATION .
50 5 52 53 54 5% ;
-— ¥ % - % - % -. ¥ —e ¥— - —n
:e 0 R R . : |
. ¢ o Sl : : ]
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l 1 5 I/ / elements (25 and 29 typically) 3
o R - didn't generate surface nodes 41
because they were applied to i
THERMAL TDEALTZATION surface elements.
Figure 12, Sample Problem
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0. 0.101 0.21 1580.-6 S
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SRADIATION COEFFICIENT NRAD

TABLE (NI=2+NJ=11};RADI PROP 1:d=1 %
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Figure 13. SPAR Imput For Sample Problem
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nooooe ooD. NHFILR 3 52 el

00O0IG - D00 HFILM & 53 el

000011 000 NFILM 5 56 0.5

goopi2 - 000  NFILE & 57 0.5

000013 - 000  HRAD 3 50 2.3E~15

000018 000  RRAD 2. 51 2.3E-15

000015 oD NRAD 3 52 2.3E-15

003016 - 000  NRAD 8 53° 2.3E-15

nooo17 0o HRAD & 55 248E-15

0nONi8 = 000  KRAD 5 5% 2=BE~15

080019 - 009 END _

poo0nz20 . 008 TITLE EXAWPLE NUMBER 2

opoo21 nop GRID . 1 0 «000 <000 «000

009022 aco BRID 2 G «000 «000 5000

000023 000 GRID 3 o «000 -000 10.000

000028 00D GRID ] 6 5.000 000 000

ohogzs 000 GRID 5 0 S.000 ~200 5,000

gopo2é QU0  SRID 6 0 5.000 «000 10.000

0027 . 000  GRID 7 0 310,000 «000 -000

0noo2s goe GRID 8 0 10,080 ~ .600 5,000

000029 0oo  GRID 9 0 10.0080 -000 10.000

000030 000  GRID 10 2 15.000 =000 «000

oogo3r - Q00  GRID 11 0 15,000 «060 5,000

0050332 . 600 &RID 12 0 15.0n0 -000 10.000

oopo3s 800  GRID 13 0  20.000 « 00D 000

npoo3s one  GRID 1% 0 20,000  L.000 5.000

onno3s oun GRID 15 0 20.000 <008 10,000

oooB36 . 000  GRID 16 0 <000 2,500 Lnp

000037 o 00p 6RID 17 ] «000 2.500 5.0G%

00po3e 0es  GRID 18 ] «800 2.500 10.000

‘000039 - 00p - GRID 19 0t S.080 2,500 -000

000040 cloc  GRID 20 0 5,000 2,500 5.000

00008t 800  BRID 21 0 5.000 2,500 10,000

000082 aBo . BRID 2z 0 10.000 2,500 =000

{00033 - - 800 GRID 23 ¢ 10,000 2,500 5.000

000088 000 GRID 24 0 10,000 2,500 10,000

6000655 o0 6RID 25 - o 15.000 2,506 <008

000045 000  GBRID 26 0 15.00D0 2,500 5,000

oo00%7 000  GRID 27 0 15,000 2,500 10.CG0

0000s8 0080 - EBRID 28 0 20,000 - 2.500 <004

00pge9  OGR0 - GRID 29 0 20.000 2.500 5.000

008050 . esn BRID 30 0 20,000 2.500 10.000

DO0D51 Q00  GRID 31 g «000 . 5.000 »000

000052 00P  GRID 32 1] -000 S.000 5,000

0B0D53 0os ERID 33 o ~000 5,000 10.000

opoooss aos  GRID 3% 0 S.000 5.900 «0D0
35 0 5,000 5.000 5.000

000055 . 000 GRID

. Figure 15. CINGEN Input For Sample Problem
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o0Go05 6
onoes?
000058
00059
. DO0DLD
gooos1
000062
[elufafs .0
00GOo6s
0obo6s
000066
- pDoaseT
poonsa
000069
009070
000071
003072
‘000073
ogooTs
000075
000075
000077
ogoo?8
000079
090080
aoo08s
000062
000083
poogas
poonNas
opo0G8 6
onopaz
booces
oooos9
000090
0008491
oo0oo092
00093
000094
008095
pooa9s
030097
[ 0oo09s
00009%
000160
000101
op9102
oDD103
0c0104
poo105
pbo10é6
oooio7
000108
0200109
000110
000111
ooo132

oon
o000
eoo0
000
ooo
aago
000
000
oG
aoo
080
oon
ooo
ace
coo
ooo
oao
non
oee
aop
poo
e]:le)
oop
oco

ooo-

0an
900
aaon
oo
oao
aoo
000
oon
009
ooo
o0go
000
oon
0oo
[1]1]1]
oad
oon
Gao
aoo
0ad
oon
000
000
000

0490
ooo
oo
oan
oaon
[an
pao

BRID
GRID
GRID
BRID

- 6RID

GRID

- BRID

GRIBD
GRID
GRID
GBRID
BRID
6RID
GRID
GRID
GRID
GRIB
GRID
GRID
GRID
6RID

" GRIB

GRID
GRID
K81

‘K81

K81
K81

k81

K81

- K81

Kal

K61
K61
Kot
K61
K61
K&61

K61

K61
K61
K61
KA1
K&l

Ke1

Ka1
K8l
c41
ca1

36 0 5.000
37 0 16.000
38 0 10.000
39 6 10.000
A 0 15.000
a1 0 15.000
82 6 15.000
43 0 20.000
a4 0 20.000
55 0 20.000
L1 0 20.000
A7 G 2c.00C
L] 0 25.000
59 a9 30,000
50 o «000
51 a 5000
52 0 10,000
53 0 15.000
5% 0 20.000
55 0 25,000
56 6 30.000
57 0 20.000
5B 0 25.000
59 0 30.000

1 t 1
20 19

2 1 2
21 29

3 1 5
23 . 22

L i 5
28 23

5 L O is
35 3%

6 1 17
35 35

7 1 19
38 37

8 i 20
39 38

9 1 11
10 1 11
11 1 26
32 1 26
33 1 i1
is | 26
15 3 i1
1% 1 26
17 1 11
18 1 26
19 5 ) |
20 8 a2z
21 L. el
22 8 35
23 TR 28
2% 1 31
25 1 32

5.000
5.000
5.000
5.000
5.000
5.008
5.000
S.000
5.000
5.000
3.750
3.750
3.750
3.750
io.000
10.000
10.080
10,000
16,000
10.000
10.000
8,000
8.000
8.000
2

3
5
&
17
38
20
21

7

8
22
23

7
22

9
24
13
28
32
33
35
3t
30
32
33

10,000
-000
5,000
10.000
-000
5.000
10.000
«000
5.000
10.000
5.000
5.000
5.000
5.000
5.000
5.000
5.000
5.000
5.080
5.000
5.000
5.000
5.000
5,000
8

6
B
°

20

21

23

2%

8

9
23
28
13
28
15
30
15
30
35
35
38
29
85
35
36

Figure 15. (continued)

@ = W\ -

19
20
22
23

26
26
L3 1
51
26
41
26
41

26

82
3

- 35

37
38
3
3
35

1%
17
19
20
31
32
3
35

22
23
37
3a
22
37
2%
29
28
k3

‘0-.0000000

17
18
20
21
32
33

35

. 36

23

38
39
28
LE]
30
45
‘30
%5

0.000C000

00000000
0.0000000
0.0000C00

[ T
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oogno2
ooooo3
oooo0a
ogeoes
0000056
ogooo7
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opedl3
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000026
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000028

000029

000030
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ogoo32

000033
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000035
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000037
000038
Qo039
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000041
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0aooa3
0000454
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000046
oooo047
000058
gonog 9
000050
000051
0o0p0s2
006053
000054

000055
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00U
000
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000

0oo
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Goo
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oao
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Figure 16. MITAS Data Deck of Sample Problem as Created by CINGEN

BCD &6TITLE EXAMPLE NUMBER 2

BCD &
END :
BCO 3NODE DATA
CGS 1e 75.00¢
CGS 2y 75.009
CGS 3 75.000
C6S B 75.00
LGS 5¢ 75.00
CGS .1 75.00¢
CES T 75.00¢
£6S Be T5.00¢
cEs Dy 75,00
CGS 10+ 7500+
CGS 11, 75.00r
CGS 12+ 75.00¢
CGS 13, 75.00¢
CGS 1k, 75.00¢
CcGS 15y 75.00¢
€GS 16 75.00
CGS 17 75.00¢
cGS 189 75.00¢
47 T5.00¢
“8' 75.00'
80y 75.00!
56+ 75.00y
57« 75.009
19 75.00¢
20s 75.00¢
21y 75.00¢
22y 75.009
23» 75.00¢
32' 75-00'
33, 75.00¢
34 75,00+
35» 75.000
36 75.00¢
~50» 75.00¢
—-51¢ 7T€=00%
—~52» 75.00¢
-53¢ 75.00
-1 11 75.00¢
-55¢ TS-G“I
END
BCO SCONDUCTOR DATA
CGS 1y 19»
CGS 2y 20y
CGS 3y 210
CES Ay 22
cGS 'S¢ 23»
€GS G 32
(1]:13 rx) 33e
€GS 8y 31y
CGS 9 35
CES 10y 360

o eih -

ALl
All
ALl
All
All
All
All
All
All
Al1
All
ALl
A1l
All
Atl
All
All
All
G000

’
1 ]
 J
L4
L
L)
*
[
L]
’
’
’
r
’
'
14
]
1 4

«1025+08
«1025+00

«1330
«1380

-01
-01

—=1000+01
-.1000+01
~21000+G1
—21000+01
-«1000+01
-<«1000+01
~«1000+01
—21000+31
—e1000+081

«-0000
«~0000
«0000
-0000

0000
0000

Se
.1
Te
By
18»
ils
12«
14,
16y
18y

-~
(]

Al13»
Al3s
Ai3y
Al3s
AL3y
Al3y
Al3y
Al3e
Al3e
Al3e

T S

«6312+01
«5312401
«5312¢01
«6312401
=56312+401
w56312+01
+G312401
«6512¢0%
«31556+01
2156401
«3156+01
«3156401
«6312+01
=6312+01
«6312+01
«56312401
«6322+01
«6312¢01

«2000+02
=2000+02
'.2000*02
= 20Cu+02
«fi625401
«1000+02
«2000+0D2
«2000+02
«2000+02

«2000+02

v oaf

G

o



eL-9

000054
000057
pooos58
000059
000040

‘000061

000062
000063
000064
000065
000066
000047
000068
000069
000070
Deoo71
800072
ooonT3
co0OD7A
000075
000076
000077
000078
BeOOTY
000080
000081
000082
000083
000084
000085

D008 S
o7

000088
000089
oonngg
0000
0000%2
000093
000094
080095
000096
060097
800098
000099

000100
0001011

Q00102
0po1oe3
000104
0001905
a0010¢
0001G¥
000108
0oniog

000110

ooa11 f

000113

000
o680
000
00D
000
000
ouo
ooo
000
000
oop
oc0o
oon
0oo
ooo
0o0o
000
ooo
00c
0os
‘000
Gop
000
‘oan
nop
oop
Doo
¢oo
odo
-000

- g0

ooo
ooc
oog
oco
000
000
00D
00
oop
ono
800
oon
(1]:1]
oop
000
000
oao
000
000
(633 1¢]
efil]
00D
Bop
oon
000
00D

END

11,

12,
. 13y
" 18e
159
.1
17»
18,
19
20y
21y
22y
23,
28 »
‘25
26y
27y
‘2Be
29

‘309

31y
32.
33
3%,
35
by
37

3EG

39y
1]
Kly

A2y .

33
LL 2
55y
85y
E ¥
48y
Qe
Bl
51y
52
53¢

i), Bay

© 55
w56
-57%
-58

-5%
-60»
=&l
-629
o453y
7Y FS
=465y
-5br

14,
169
14,
17»
18»
18

17¢

18y
18»
88
A9y
57
50+
50
51y
51y
52»
52
‘B
53
53¢
58

57y

50
50y
5le
81y
52w
52r
53
53e
53+
5%y
55

Fiqure 16. gcontipued}?

Al3y
Al3e
Al3.
Al
Al3s
Al3e
AL3e
Al3e
413
Al13q
Al3e
Atdy
Al3,
Al3e
Al3e
Al3,
Al3y
313y
113
w13 .
Al
Al3y
Al3.
Al3,.
Al3e
Al3e
AL1Z,
‘AE3v
A3
Al3y
Al3,
.5065-0“
»2533-~04
«8624+00
«2508+01
«2500+01
«2500+01
«2500+01
«1250+01
#2500 +01
«5000+0)
«2500+01
«2500+01
«3925¢01
- a3925401
«5750-13
" «5750-13
«5750-13

«S5TH0=33

«2875-13
2875-13
«5750-13
«5750~13
5750213
-‘396';3
«8396-%%

«2500+01
«2500+01
«1000+02
«2500+01
«1000+02
«2500+D1
« 1000202
«1800+01
«1000+02
w264T7+01
« 2500+ ot
«2500+01
« 2500401
« 2500401
«1800+01
« 2647401
« 1506+01

- «5000+01

«2812+01
«5000+01
«2813+01
1605301
«281d301
«2813+01
= 3000402
+2813+01
«2813+01
«1000+02
«2813201
«2813+01
«1000+02

e




. 0001L¥
i 0001354
; HDO1LE
i 000118
N © 09013%

DROI1E .
@0D11%

60120
too124
[OOTRY
400123
fivo12&
CDOLES

L00%26

00012%

680
oo%
Eelile]
000
000
Gon
00D
000
oo
nen
ooo
aoo

000 -

a8z

poo

BCD BLONSTANTS DATA
END
BCO JARRAY DATE
£ND
BCD JEXECUTION

. FORURD
END
6CD SVARIABLES %
¥uo
BCD BVARIABLES 3
END
BCO 30UTPUT CALLE

TPRINT

ENp
BGD BEND DF DKRTA

Figure 16, (continued)




=

(1 ]e[]eloBd po0 X 1A 190 5 20.000 2.500 5.000 2.500 2,500 3.750 2.500
ooodoz2 008 K 24 200 & 20,000 2.500 5,000 7.500 2.500 3,750 7.500
006003 poe K 3A 210 7 20.000 7.500 5.000 2.500 7,500 3.750 2.500
00004 000 K RA 22p B 20.000 7.500 5.000 7.500 7.500 3.750 7..500
aonoes conD X 5A 23p 18 5.4625 20,000 3,750 5.000 £8.333 ° 3.750 5.000
oocoos oo X Y] 32D 12 10,000 11.867 5.000 3,333 11,667 3,750 3.333
000007 000 Kk 74 33p 12 10000 114687 5.000  6.8667 1Lodé? 3,750 654567
oooposa ops K 8A 330 18 20,000 315,000 S.000 1,667 15,000 3.750 1447
oeeonoy o] K 4 asD 16 20000 15,800 5.000 8.333 15.000 3. 750 B 333
00C010 Do K 104 360 18 20,000 18.333 S5.000 5,000 18.33% 3,750 5,000
000011 000 K 110 1o T2 " 2500 2,500  1.250 2,500 2,500 1,250 7.500
oonD12 0o K 120 1D F 24500 2500 1.250 2.500 7.500 1.250 2,500
000013 0o K 130 14] 5 30.000 2,500 1.250 2.500 2.500 3.750 2.500
00001 % gop K 180 2p 84 2,500 2,500 " 1.250 TF.500 7.500 1.250 7500
000015 oo K 350 ap & 10.000 2,500 1.250 7.500 2.50C 3.750 7.500
000014 o000 K 160 3b %  2.500 7,500 1.250 2,500 7.500 1.250 7.500
000017 o0 K- 17D p T 10,000 7,500 (1.250 2,500 7,500 ° 3,750 2.500
000018 ooe K 18D 3n & 1aB00  T7.500 1.250 2,500 11,667 1.250 3.333
ooDpi'g poo K . 19D AD B 15.000 T.500 1.250 7.500 7.500 3.750 7.500
nout20 e K 20D AD 10 2,687 7.500 1,250 (7,508 11,6867 1.250 5.5567
ogao21 000 K 21D : 50 & 24500 2,500 3.750 2.500 25060 3.750 T.500
‘PoO0G22 oogr K az2p 50 T 2,500 2,500 3,750 2.500 7.500 3,750 2,500
0genN2 3 pon K 23p 4D 8 2,500  2.500 3,750 7.500 7,500 © 3,750 7,500
oeop2e o0 K - 280 - D 8 2.500 7,500 3.750 2,500 7.500 3.750 7.500
oou025 00D K 258 70 11 - 1.800 T7.508 3,750 (}.500 11.467 3.750 3.333
400024 090 K 2560 8p 12 2.687 T.500  3.750  T.500 11.467  3.750 6.657
000027 oo X 27 9D 10 1.906 131.667 1.250 3.333 11,667 1.3250 5.6467
onnn2s8 pop K 280 9D 11 5,008 131,487 1.250 3.333 11.567 3.750 3.333
cooo29 oop K 290 n 13 2,812 11,667 1,250 3,333 15,000 1.250 1.6567
oB0o030 .- oo K 300 10D 12 5,000 11,667 1.250 8.667 11.467 3.750 b5.667
pDoo031 - poo K 310 100 15 2,813 11,467 1.250 6.66T 15,000 1.250 8.333
on0oD32 gop K 320 10 12 1,806 11.687 3,750 3,333 11,867  1.750 B.b667
oocn33 ][ 4 33D 110 18 2,812 130667 3,750 3.333 15.000 3.750 1.667
000034 600 X 390 120 16 20813 11,067 3750 60667 15,000 3,750 8.353
000035 000 K . 350 0 130 - 315 10,000 15.000 1.250 1.8867 15,060 3.T3  1.647
ono03s ooo K 34D . 138 7 2,817 15,000 1 .250 1.667 18,333 1.250 %000
000037 aao ¥ 370 150 i8 2.813 15,000 3.750 1,667 18,333 3.750 5.000
anoo3s 080 K 38D 150 16 30.000 15,000 1,250 8,333 15.000 3,750 8,333
aoDp039 L1 I 390 . 358 17 . 2,013 15.000 1,250 8,333 38.333 1,250 5.000
ooooso0 (08D K s0p 16D 10 2,813 15.000 3,750 8.333 18.333 3.750 S.000
GLELT R T 000 K 3-1: B & : .18 10,000 18.333 1.250 S5.000 18.333 3,750 5,000
000082 006 KX 225 570 a8 <000 20,000 3,750 5,000 22.500 3,750. 5,000
000043 gap X 430 48D a9 «000 22,500 3,750 5,000 27.500 3.750 5,000
00004 % 090 F 85D L131] 57 862 22.500 8,000 5,000 27.500 8,000 S.000
a000x5 ]} ¢ L 37 ) .. 198 50 2.500 2.500 5.000 2.500 2.500 10,000 5.000
0800484 000 c L 1.1 <0B 50 2500 24500 %000 7.500 2,500 10,000 ° 5.000
0000A7 o0 € RIA 218 51 2.500 7.500 S5.000 2.500 7.580 10,000 5.000
0000 8 (27 :] T 1.1 228 51 2,500 7.500 5.000 7.500 7.500 16,000 5.00D
00004 % 600 € A9A 328 52 1,250 11,667 5.000 3,333 22,500 10.000 $.00D
0peosD 0go ¢ S0K ‘* 338 52 1,250 11.6567 S.000 6.567 12.500 -10.000 5,000
006051 oo ¢ 51A - 3B 53 2.500 15.000 5.000 1.667 17.500 10.000 5.000
Doo0sS2 oo € 524 . 358 53 2.500 15.000 5,000 8,333 17.500 1iD.00R 5.000
0p0ns3 g0 ¢ 53A 3B - 53 2,500 18.333 5,000 5,000 17.500 10.000 - S5.000
000054 000 C - 580 LY. 1i] 56 3.925 22.500 3.750 5.000 22.5060 8.000 '8 00
000055 oao ¢

550 490D 57 3.925 27.500 3.750 5.000 27.500 8.000 5.000

Tt
=

:.jt,s;_ﬁgure 17. Data File 25 for Sample Problem as Created by CINGEN




PR e ket b et g & St

Gl-g

0DGos5%
000057
pooas8
000059
6oo0s0
cooB61
DooBs2
800043
opo0sa
0000565
000066

oao
000
000
ooo
ono
coo
onor
00y
oo
oo
ooo

AV /RN ONDNIT D

5564
57TA
S8A
594
604
61K
H2A
63A
&hA
65D
&6D

198

208
21B
228
328
338
338

- 358

348
4388
49B

50 +000
50 «000
51 =000
51 - .000
52 «000
52 <000
53 - 300
53 -080
53 «000
58 «000
55 «080

2.500
2.500
7.500
T«500
11,8667
11.667
15,000
15,000
18,333
22.500
27.500

5.000
5.000
5,000
5.000
5.000
5.000
5.0090
5.000
5.060
3.750
3.750

Figure 17, (continued)

2.500
7.500
2.500
7.500
3.333
6.667
1.667
0.333
5.000
5,000
5.000

AT kb o P § e R s T 5 SRR A
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2.500
2,500
7.500
7.500
12.500
12.580
17.500
i7.500
17.500
22,500
27.500

10.000
10,000
10.000

10.000
10.000 °

10,800
10.000
10.000
10.000
16.000
i0.000

$.000
5,080
5.000
5,000
5,000
5.000
5.000
5 .000
% .030
5000
5.000
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¥¥ TYPE TITLE CARD (80 CHRARACTERS)
>SAMPLE FINITE ELEMENT DATA

XX TYPE (C) FOR A LIST GF NAMELIST OPTIONS

XX OR TYPE ANY OTHER CHARARCTER FOR NO LIST
>A

XX TYPE ( SINPUT (OPTIONS) $)

2% MOTE- 15T COLUMN IS5 XGNORED FOR NAMELIST INPUT&

44 (.3 A8 LAST CHARASCTER TO CONMNTINUE ON MNEXT LINE,

b4 4 (3! &5 LAST CHARACTER TEEFIMNATES RAFMELIST INMUT
> BINPUT wa@@ogV@iQo,ZW%o ,QG@LEK‘.&%@,SGQLEV@&%@ -
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SAMPLE FINITE ELEMENT DATA




81-G

X

2 TYPE TITLE CARD (80 CHARACTERS)
CINGEN + FINITE ELEMENT DATA, K81 K61
XX TYPE ( SINPUT (OPTIONS) 8)
XX NOTE- 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,

xx
XX

(,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE,
(8) RS LAST CHARACTER TERMINATES NAMELIST INPUT

$INPUT NODENO=1,CONDNO=1,PU=1 §
XX TYPE ( SPUIEW JPU(1)= ,(ELEMENT NUMBERS) 8$)
XX TO DEFINE PARTIAL VIEU

XX NOTE - 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,

XX
XX
XX
xx
XX
xx
xx

(,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE,

(8) AS LAST CHARACTER TERMINATES NAMELIST INPUT

(-8) IS USED FOR CONSECUTIVE NUMBERS,

(6H(6 CHAR ELEMENT NAME)) TO PLOT ALL OF ONE
TYPE ELEMENT

EXAMPLE JPVU(1)=1,2,3,-9,8,6HCBAR $

PLOTS ELEMENTS 1,2,.3,4,5.6,7,8 AND ALL CBARS

SPUIEW JPU(1)=6HK81 »,6HK61 $



CINGEN + FINITE ELEMENT DATA, KB1 K61




b 4
¥r TYPE TITLE CARD (80 CHARACTERS?
CINGEN + FINITE ELEMENT DATA K41 + K31
X TYPE ( SINPUT (OPTIONS) 8)
XX NOTE- 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,
XX (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE,
xx (8) AS LAST CHARACTER TERMINATES NAMELIST INPUT
$INPUT CONDNO=i,NODENO=1,PVU=1 8§
XX TYPE ( SPVIEW JPVU(1)= ,(ELEMENT NUMBERS) 8)
XX TO DEFINE PARTIAL VIEUW

XX NOTE - 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,

] XX (,) AS LAST CHARRCTER TO CONTINUE ON NEXT LINE,
i XX (8) AS LAST CHARACTER TERMINATES NAMELIST INPUT
o XX (-2) 1S USED FOR CONSECUTIVE NUMBERS,
XX (6H(6 CHAR ELEMENT NAME)) TO PLOT ALL OF ONE
XX TYPE ELEMENT
XX EXAMPLE JPVU(1)-1,2,3,-0,8,6HCBAR $
XX PLOTS ELEMENTS 1,2,3,4,5,6,7,8 AND ALL CBARS

SPUIEW JPVU(1)=-6HK41 »6HK31 @
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CINGEN + FINITE ELEMENT DATA K41 + K3i
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7 XX TYPE TITLE CARD (80 CHARACTERS)

: »CINGEN THERMAL DATA

XX TYPE (C) FOR A LIST OF NAMELIST OPTIONS

XX OR TYPE ANY OTHER CHARACTER FOR NO LIST

>A

xx TYPE ( SINPUT (OPTIONS) 8)

XX NOTE- 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,

¢2-§

X (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE,
xx (8) AS LAST CHARACTER TERMINATES NAMELIST INPUT
> @

L

SINPUT X=-20.,Y*15.,2-0.,SCALEX=13.,SCALEY=15. §
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X

XX TYPE TITLE CARD (80 CHARACTERS)
>CINGEN THERMAL DATA WITH NODE NO.

xx TYPE (C) FOR A LIST OF NAMELIST OPTIONS

Xxx OR TYPE ANY OTHER CHARACTER FOR NO LIST

>A

xx TYPE ( SINPUT (OPTIONS) 8)

XX INOTE- 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,

XX (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE,

XX (8) AS LAST CHARACTER TERMINATES NAMELIST INPUT
> SINPUT SCALEX=13.,SCALEY=1S5,,X=-20.,Y=15.,2=0.,NODIENO=1 $
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, ©

tY TYPE TITLE CARD (80 CHARACTERS)
>CINGEN THERMAL DATA WITH CONDUCTOR NOS.
¥x TYPE (C) FOR A LIST OF NAMELIST OPTIONS
X¥ OR TYPE ANY OTHER CHARACTER FOR NO LIST
>A
X TYPE ( SINPUT (OPTIONS) 8)
XX NOTE- 1ST COLUMN 1S IGNORED FOR NAMELIST INPUT,
XX (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE,
xx ($) AS LAST CHARACTER TERMINATES NAMELIST INPUT
> SINPUT canmo-x.x--ae..v-is.,z-o..scnl.sx:-w..scm.ev-is.

@
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b ¢
XX TYPE TITLE CARD (80 CHARACTERS)

FINITE ELEMENTS C41,C31,C21 WITH NODE Ne.

XX TYPE ( SINPUT (OPTIONS) 8)

XX NOTE- 1ST COLUMN IS IGNORED FOR NAMELIST INPUT, ©
xx (,) RS LAST CHARACTER TO CONTINUE ON NEXT LINE,
XX A (8) AS LAST CHARACTER TERMINATES NAMELIST INPUT

SINPUT PU=1,GNO=1 $
XX TYPE ¢ SPVIEW JPU(1)= , (ELEMENT NUMBERS) $)
X% TO DEFINE PARTIAL VIEW

XX NOTE - 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,

XX (5) AS LAST CHARACTER TO CONTINUE ON MNEXT LINE,
XX (8> AS LAST CHARACTER TERMINATES NAMELIST INPUT
XX (-9» IS USED FOR CONSECUTIVE NUMBERS,

XX (6H(E CHAR ELEMENT NAMEY) TO PLOT ALL OF ONE

XX TYPE ELEMENT

XX EXAMFLE JPU(1)=1,2,3,-0,8,6HCBAR $

XX PLOTS ELEMENTS 1,2,3,4,5,6,7,8 AND ALL CBARS

SPUIEW JPU(1)=6HC41 »6HC31 6HC21 8
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FINITE ELEMENTS C41,C31,C21 UITH NODE NO.
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XX TYPE TITLE CARD (80 CHARACTERS)
FINITE ELEMENTS R41,R31,R21 WITH NODE NO.

@ XX TYPE ( SINPUT (OPTIONS) 8)

’ XX NOTE- 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,
xX (,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE,
XX (8$) AS LAST CHARACTER TERMINATES NAMELIST INPUT
S$INPUT GNO=1,PU=1 $
XX TYPE ( SPVUIEW JPVU(1)= ,(ELEMENT NUMBERS) 8)
XX TO DEFINE PARTIAL VIEU

S B e e

XX NOTE - 1ST COLUMN IS IGNORED FOR NAMELIST INPUT,

T XX {,) AS LAST CHARACTER TO CONTINUE ON NEXT LINE,
= xx (8) AS LAST CHARACTER TERMINATES NAMELIST INPUT
, XX (-9@) IS USED FOR CONSECUTIVE NUMBERS,
: | xx (6H(6 CHAR ELEMENT NAME)) TO PLOT ALL OF ONE
xX TYPE ELEMENT
b $ 4 PLOTS ELEMENTS 1,2,3,4,5,6,7,8 AND ALL CBARS

SPVIEW JPVU(1)=GHR41 »6HR31 »BHR21  J
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Section 3

STRUCTURE DEFINITION

Four progrums — TAB, ELD, E, and EKS — are used to generate and store in

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

TAB and ELD are used to generate the basic definition of the structure.
Subprocessors within TAB translate card input data into tables of joint locations,
material constants. section properties, etc. Subprocessors within ELD translate
card input data into data tables that define individual finite elements of various

types.

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

intringic stiffness matrices, ete.

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

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

L
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TAB

3.1 TAD — BASIC TABLE INPUT

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

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

TAB may be used to either (1) create new data sets, or {2}
update existing data sets by replacing individual entries in them. The
update mode is commonly used in Demand (teletype) interactive operation.
Only one direct access library, SPAR logical 1, is usable in conjunction
with TAB. When beginning a new problem, the first data card following

@XQT TAB (and any RESET commands) must be

START j, m;, m,, - - -

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

extended without extensive repunching of existing data cards.
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TAILS

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

m-=3 rotation is indicated.

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

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

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

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

joint motions in cases such as those illustrated above.

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

Proc

3.1-2

A-4
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TAB

data cards read by Proul

data cards read by Proc

etc.

In the above, Proci represents a data card containing either the short
or long-farm name of a2 sub-processor to be executed‘, Suh-prpcesgors
may be execyted in any order, subject to the following restriction; if
the data read by one sub-pracessor refers to another TAB-generated
table, the other table must already exist. It is always safe to execute

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

TAB input card rules

In addition to the rules generally applying to SPAR {ree-field
input, the following rules apply specifically to TAB,

(1) Trailing items omitted on data cards are assumed to he
Zero, except when indicated otherwise in discyssions of

specific sub-processors.

(2) Input should be in real (fixed on floating point) format, exeept
for integer items such as entry numbers, jointnumbers, table entry

pointers, and control variables.

3.1-3
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TAB L1l

Py

-~ . 1

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

the following commands may be injected.

FORMAT = j M
MOD-= m
NREF = n

in the above,

Q j identifies which of several admissile
formats is to apply to subsequent cards.

|
. . o . s b
Details are given in discussions of individual [
sub-processors. 1
|

O m is added to the table entry indicator P
(usually called k), in all processors other than TEXT,
JLOC, RMASS, JREF, CON and JSEQ. In JLOC, RMASS,

JREF, and CON, m is added ito joint numbaegn

indicated on subsequent input cards, i

0 In processors JLOC, JREF, and MREF, reference

frame n applies to data on subsequent cagda,

These three commands may be used repeatedly in the card

I T T

3

\

|

streamof any sub-processor. Upon beginning execution of a 1{
* ¢

new sub-processor, these parameters are internally reset to

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

(4) Each input record, including continuation cards, if any,

must not contain more than thirty words.

A-b
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TAB

Correcting existing data sets

To enter the "update' mode of operation, the following command is

injected in the input siream.
UPDATE=1

To .leave the update mode, the command is
UPDATE=0

UPDATE commands should immediately precede sub-processor execution
commands. When operating in the update mode, the output data get produced
ia the current execution is identical to that produced in the preceding execution,
except for entrics defined by the card input of the current execution. The only
sub-procnssors which cannot be operated in the update mode are TEXT and
JSEQ.

As an example, suppose the location of joint 1742 is found to be in

error. The JLOC data set could be repaired by the following card sequence.

UPDATE=1
JLOC

1742, 947.62, 1841.9 23.487§

T
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Library Title

The following statement will cause an identifying title to be embedded in
library 1:
TITL:' 60-character alphanumeric title

The title, which resides in a data set named NDAL--- is diSplayedat the

beginning of printouts of library Tables of Contents (¢.g., via DCU/TO),

RESET Controls

No special RESET controis are available in TAB.

Core Requirements

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

Table TAB-1).

Code Release Data

Level & (UNIVAC, CDC) July 1975, coded by W. D. Whetstone.

3.1-¢
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Short
Name
AL ‘

TEXT
MATT

NSW

ALTREF

JLOG

MREF

BRL

BC

BD

SA Fee
SB

CON

J SEé
RMASS
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Long Foem Naeaw,
Function

TEXT. Creates a data set vonfaining
alphanumeric text documenting thé analysis.

MATERIAL CONSTANTS, Entries define
linear material constants E, p. etc.
DISTRIBUTED WEIGHT. Entries define
nonstructural distributed weight parametess
tweightflength or weight/area),

ALTERNATE. REFERENCE FRAMES. Entries
describe referencé frames selected by the

#nalyst for eonvenience in defining joint locations,
etc.

JOINT LOCATIONS.

JOINT REFERENGCE FRAMES, Entries define

the orientation of referenceé frames asscciated

with joints, used in defining constraint, applied
leading,. etc.

BEAM '@RIEN TATION, Enfries define beam
croeg-section erientation.

BEAM RIGID LINKS. Entries define rigid
links offsetting the end points of ¢lastic
2~node elements from the joints they conneet.
EZl SECTION PROPERTIES,

BEAM S6x6. Entries define ¢lastic
characteristics of type EZ2 and E25 elements,

E23 SECTION PROPERTIES,

£24 SECTION PRGPEKRTIES.,
SHELIL. SEGTION PROPERTIES,
PANEL BECTION PROPERTIES.
GONSTRAINY DEFINITION.
JGINT ELIMINAION SEQUENCE,

RIGID MASSES.

*n is the number of Gntrieo th the £ablq,, and 3 ¢s the gotal humber of joints in the
structure.

9.1-%
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L1l TAB/
' TEXT
MATC

NSW
3.1.1 TEXT

The TEXT subprocessor glves the analyst a means of embedding in the output
library a date set contalning alphanumeric text descriptive of the analysis
being performed, Each card has a 4/8 punch in column |, followed by a 60-
character alphanumeric string. The contents of TEXT data sets may be
printed using the DCU/PRINT command.

3.1.2 MATERIAL CONSTANTS (MATC)

MATC generates a table of material constants., The data sequence on the card
defining the k-£fh entry in the table is k, E, v, p, Gys Oy &, where

E = Modulus of elasticity

V = Poisson's Ratio

p = Welght per unit volume

o = Thermal expansion coefficient, direction x

a, = iThermal expansion ceefficient, direction y

8 & Angle between axes of element reference frame (x,y) and (x,g).

Element reference frame orientavion is discusged in Section 3.2.

b R
b

= &, . temperature

L)
™
"l
f
-

E~. = 0O, . temperature

g

&% < Yy =0 ORIGINAT PAGE IS
OF PONT ATTATITY

If 0 io omitted, the program sets 6 = 0, If g, is omitted, the program
geto Oy = 0y (isotropic material). 6 must be given 1in degrees.

Hateriel constants as8ociated with specific elements are established by
dnputs te processor ELD, by pointing to entries in the MATC tabie.
3.1.4 DISTRIBUTED WEIGHT (NSW}

A table of nom~structural distributed weight parameters is defined. The data
sequence for the input card defining the k-th entry in the table is k, W, where
for 2-node elements, W = waight per unit length, and
for 3 or 4-node elements, W = weight per unit ares.

Non-structu¥al weight attached to spocific elements is defined in processor
ELD by pointing to cntries in the NSW table.

3. 1

1.1~
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an/
ALTREF
3.1.4 ALTERNATE REFERENCE FRAMES (ALTREF)

In addition to the global reference frame, the analyst may {ind
it convenient to define additional reference frames. These frames have
severa. uses, including the following:

(1) Joint locations may be defined in any frame the analyst

finds most‘ convenient (see JLOC).

(2) Joint reference frame orientations may be defined via

the alternate frames (see JREF).

Each frame is uniquely identified by a positive integer. The

global frame is always frame l; accordingly the analyst is free to define

only frames 2, 3, - - -, The order of data on the input card defining
frame k is
®

k, i i,,a

l.al, 2 ’ le x

20 13083 Xy 3,

In the abave Xy Xy and X3 are position coordinates, relative to the
global frame, of the origin of frame k. The x's need not be given if

only the orientation of frame k is of significance, which often is the case.

The parameters i;, a;, ~ - - i3, 2, indicate ordered rotations
defining axis orientations. Two formats are provided. In both cases, we
begin with a local frame parallel to the global irame.  After the ordered
rotations are completed, the local frame is parallel to frame k. Each of

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

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

frame a, degrees about local axis il' then (2) from the new position,

3.1.4-1
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TAB/ALTREF

rotate the local frame a, degrees about axis iy, then (3) from the reculiing
poscition, rotate the local frame aq degrees about axis 13. If FORMAT=2,

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

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

" io assumed that FORMAT=1. :
27 3, 30. 1,10, %
;i
Gy Lj
{ ?
} Ly K3Q 4

\

- + ‘
'
)

.- 10°

LY
-

First rotation,

G, = Global
A Global axes K. = axes of Frame 27.
_ i
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TAB/ 9
JLOC ,

3.1.5 JOINT LOCATIONS {(JLOC)
JLOC produces a table containing the position coordinates of

the joints. The data sequence on input cards is as follows: ]

s ) et

k, xa,, Xa,, xa3, xbl, xbz, xb3. ni, ijump, nj

If nj is given, a second card must appear,

jjump, XC, XC,, XCg, xdl, xdz, xd3

There are three possible interpretations of the above:
{1) If only k, xa, xa, and xa, are given, the xa's are coordinates

of joint k.

(2) 1fk, xa,, - - - - xb,, ni, and ijump are given, the xa's and

l’ 3’
xb's are coordinates of points A and B terminating a string of

ni equally-spaced joints,

Point B
k, k+ijump, k+2(ijump) - - - - |
i - - 7 k+
P
oint A . . (k- 1) (ijump)
i k4 k+ ‘
k ijump 2(ijump)

The default value of ijump is 1.

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

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

D
+ X

C + + |
t N A
3
k+ + + :

Kt ey 4 ijumps +

jjump jjump on
* k+ |
k kt 2(ijump) o
ijump Jomp :
3.1.5-1
A-13



TAB/
. JLOC

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

control cards are summarized below.

ihe Control Meaning
, NREF= n Coordinate data on subsequent cards is relative
to frarmme n (until another NREF command is
encountered).
FORMAT=2 Subsequent data is in cylindrical coordinates,
relative either to frame 1 (global) or to any
other frame selected by an NREF command.
1 The convention is shown below.
x
« 3 X, = radial distance from 3-axis.
*3
X, = angle, in degrees, from
Frame n the 1-3 Efan .
X 5 = linear distance from the
1-2 plane. ®
2
FORMAT =1 Switch back to rectangular coordinates.
Switching among frames, and between rectangular and cylindrical
coordinates is unrestricted. .
if cylindrical coordinates are used in connection with mesh generation,
interpolation is performed before transformation to rectangular coordinates;
so that regular meshes on circles, cylinders and cones are readily generated.
3.1.5-2
A-14
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3.2 ELD — ELEMENT DEFINITION PROCESSOR

Function - ELD translates element definition data from input cards
into data sets which are readily usaLie by other SPAR processors. Elements
may be defined singly or .through a variety of network generators, or com-
binations thereof. An element is defined by specifying (1) the joints to which
it is connected, and (2) pointers to applicable entries in tables of section
properties, material constants, etc. The tables of section properties, etc.,
are usually generated by the TAB processor, As the ELD input is processed,
checks are performed to detect errors such as references to nonexistent
table entries; joint numbers, etc.; however, ELD does not extract any
data from TAB pgencrated tables. Accordingly, if TAB is subsequently
re-~executed to alter values of section properties, joint position coordinates,
etc., it is not necessary to re-execute ELD, provided the connected joint
numbers, table entry pointers, etc., of the elements are unchanged,
Alphanumeric names used to identify specific types of elements used to model
frame/shell structures are summarized in Table ELD-1., The formulations on
which these elements are based are discussed in Volume II of the SPAR

Reference Manual,

Table ELD-1: Summary of One and Two-dimensional Elastic Elements

Name Description

E21 G.neral beam elements, such as angles, wide
flanges, tees, zees, tubes, etc.

BE22 Beamns of finite length for which the 6 x 6
intrinsic stiffness matrix is directly specified.
223 Bar elements having only axial stiffness.
3.2-1
A-15
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Name Description

E24 Plane beam.

E25 Zero-length element used to elastically connect
two coincident joints.

E31 Triangular membrane, flat, aeolofropic, using
TM constant-stress formulation.

E32 Triangular bending element, flat aeolotropic.

£33 Triangular membrane + bending element, flat,

aeolotropic, using TM and TPB7 formulations.

E41] Quadrilateral membrane, aeolotropic,
using QMB5 hybrid formulation. -
K42 Quadrilateral bending element, aeolotropic, .

using hybrid formulation.

E43 Quadrilateral membrane + bending element, aeolotroPic,
using hybrid formulation.

E44 Quadrilateral shear panel, using hybrid formulation.

For purposes of explaining card input, we will consider ELD to be
comprised of an array of sub-processors, one for each type of element.

The function of each sub-processor is ta read input cards defining all of

the elements of a particular type. A sub-processor is activated by an

input card containing the name of the element type. Sub-processors may

be called in any order. A typical input stream is shown below.

@XQT ELD
E43

-

{(Data cards defining all of the E43 elements in the structure)

B2}
(Data cards defining all of the E21 elements in the structure)

3.2-2
A-16
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ELD

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

as K21, E33, etc.):

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

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

N o3
execution. ”

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

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

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

following form:

GROUP n' - - - title describing group n - - -. All elements
defined by input cards following such a card belong to group n. Groups
must appear sequentially (group 1, group 2, - -). If no GROUP card appeafs.
all elements are assigned by _default to group 1. The order in which individual
clement definitions appear following a GROUP card determines the index

numbers they are assigned within the group.

% It is planned in a future release to provide an 'update' mode of operation
allowing deletions, additions, and corrections to be made.

d.2-3
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Element definition cards have the forms shown below.

All 2-node elements: _ Optional

31, J2 . NETOPT, NET(l), NET(2) - - -
A1l 3-node glements: | o

J, J2, 33 NETOPT, NET(l), NET(2}, - -

All 4-node elements:

Ji, Je, J3, J4 NETOPT, NET(1), NET(2), - - -

It should be noted that the order in which J1, J2 - - appear on the element

definition cards is very important, since the orienfation of element

reference frames is defined on the basis of this information (see Fig, ELD-1),

All element—re!.atéd qizantities, such as stiffness coeffici'ents, stresses, etc.,

are relative to these reference frames.

In the above, Jl, J2, - - indicate the joints interconnected by the first
element defined by the card. If the optional network operatidn parameters,

NETOPT, NET(1), NET(2), - -, are given, they result in definition of

.additiona.l elements, in accordance with specific rules which will be defined

subsequently.

The section properties, material properties, etc. associated with
each element depend upon the values of vé.rious table reference pvo'inters. |
prevailing at the {ime the element definition card appears. These pointers

are summavrized below,

3.2-4
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Table Default
, Pointer Value Associated Table
NMAT 1 Material constants, MATC.
NSECT 1 Section properties. K44 elements
o refer to Table SB. All other 3 and 4-
node elements refer to Table SA.,
' ' K21, E22, E23, E24, and E25 refer
. to BA, BB, BC, BD, and BB, respectively.
: NOFF 0 Beam rigid link offsets, BRL
i {2-node elements, only).
NNSW B ¢ Nonstruciural distributed weight, NSW.
NREF 1 Beam reference frame orientation,

o MREF (2-node elements other than E25,
only). For EZ5 elements, NREF points
to an enfry in the ALTREF table,

For 3 and 4-node ¢lements NREF is not

a table entry pointer. Instead, NREF is
used to specify the direction of action of
positive pressure exerted on the element.
If NREF=0, pressure exerts no force on the
element. If NREF=1, positive pressure
acts in the direction of the 3-axis of the
element reference frame (see Fig. FLD-1,
below). If NREF=-1, pressure acts in the
opposite direction.

J3
"__/r}.
2
\ B . J1

(1) Al systems right-hand
rectangular.

{2) Orientation of 1, 2 axes of
2nnde elements depends on the
entry in MREF table indicated by
NREF,

- {3} For 3, 4-node elements, -J3 lies
in quadrant 1 of plane 1-2.

 Figure ELD-1, Element Reference Frames
"3.2-5 A-19
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~ An example of the use of the table reference parameters is shown

below,
NMAT=4 4
29
16 )
NSECT_:'? NSEC'T=8

”2 NMAT=2 .

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

ELD also accepts input commands which have the effect of modifying

the data given on subsequent input cards. These commands are summarized

below.
' ;
i
| Comman& ' " o Meaning of n ( n default is zero in all cases)
MQOD JOINT= =n  Add n to 21l joint numbers,
MOD GROUP= n Add n to all group numbers, 1
MOBR NSECT= n Add n to NSECT pointers. 1
MOD NMAT= n " NMAT " ;
MOD NNSW= n- n NNsw oo -
MOD NREF= n “  NREF " u
MOD NOFF= n " NOFF L - Do
INC NSECT= =n See below. - L
ING NMAT-: n 1t 1" 7 Co
INC NNSW= n nwon
INC NREF= n noon
- INC NOFF= n !

P
kN Pl A s L L

Lo
3]
[}
o
PP TR VAN Y R



o

MR T

ELD

A frequently encountered situation is the one in which a substantial
portion of a finite element model is comprised of a regular mesgh, which
can be automatically defined by a mesh generation command, but the
section properties are so nonuniform that it becomes necessary or highly
desirable for simplicity of input preparation to associate with each element
a unique entry in the section property table. A common‘example is an air-
craft fuselage, where cutouts, doublers, stiffeners, etc., result in extensive
variations in section properties over a mesh that is topologically and geo-
metrically regular. A similar situation involving distributed nonstructural

weight also sometimes occurs; e.g. thermal protection material of varying

thickness. The INC command is intended primaxily to address situations

of this type.

The INC commands are used tu cause the associated table reference
pointers to be automatically incremented by n aé successive elements are _
defined, This is especially useful in conjunction with network generation
options, which are defined in detail on subsequent pages. For example,
the element definition command 701, 702, 1,50 causes fifty‘elements to be
defined, connecting joint pairs (701, 702), (702,703) - - - - (750,751). If
section property table entries 101,102, - - w150 apply, éuccessively. to

these elements, the following input would suffice.

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

All MOD and INC parameters are internally reset to zero after

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

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

not equivalent to MOD NSECT 10,

e
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Reset Controls

Only one reset command is permitted:
OUTLIB = Destination library for ELD output, The TAB-generated

data sets must already be resident in this library,

Core Requirements

[ T

ELD rarely reqhires ore than 1500-3000 words of working core-

space, regardless of the size of the problem.

Code Release Data

Lievel 7 (UNIVAC, CDC), July 1974, coded by W, D. Whetstone.

3.2-8
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Two-node element getworfi peneiators.

NETOPT=1,
Ni= NEET{1) (defouii=1}),
NJI= NET(2) {default=a},
JINC= NEP(3).

¥npiied sequenge:

N1=J1
I FF=J8-71

Do 200 J=4,NJ

DO kOO0 J=%3, NI

N2=N1+:IDIFF

Défine element connecting noda N1 {0 N2

100 NI1=N2
200 N1=J1 ¢ . * JINC

Example:
J1 iy Netopt: NY NI JING
9 12 i 4 g2 rio
* 12 : ..
DR 1 8 B
159 . k12 . 115 118 121
e (5) K ;»,(_6) < (?:ya- Tt YB)M‘%“‘A

g

e L A D

Rt T

#*The order in which the eloments ara defiined s indicated by the numbes
enclosed in parenthescs. The indef fumber idontifying elermyents within
eaclt grougp are determined by the order in twhich the elements ave defined,

3.2-9
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Two-node clem 2nt network gendrators {continued).

If NETOPT=2,

Ni= NET(1) (default=1)},
NI= NET(2) {(default=1};
JINC= NET(3;. N

Implied sequence:

Nl= Jl1

IDIFF= J2-J1}

DO 200 J=1,NJ

DO 100 1I=I,NI

N2 = N1l + IDIFF (except for closing element, when I=NI)
Define element connecting NI, N2,

100 Ni=N2 i
200 NI1=J1 4+ JOJINC
Exampie:
:;_g_'::.
Jl J2 Netopt NI NJT JINC
9 12 2 4 2 100
109
(4) (8) (5)
18 118 112
(6)
115
' 3,2-10
A-24
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Two-node element network generators(continued).

If NETOPT=3,

Ni= NET(1),
IINC= NET(2),
NJ= NET(3) (default=1)
JINC= MNET(4).

Implied sequence:

o N1=J1
: N2=J2

DO 200 J=1, NJ

DO 100 i=1, NI

Define element connecting N1 to N2
100 N2 = N2 + [INC

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

Example:
J1 J2 Netopt NI IINC NI JINC
4 37 3 4 10 2 100

167

137

3.2~11
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Three-node vclement network generators.

if Netopt= l,

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

Implied sequence:

IINC= J2.J1
JINC= J3-32
Nil= 7J1
N2= J2
N3= J3
N4= J3-IINC

DO 200 J=1, NJ
DO 100 I=1, NI

Define element connecting N1, N2, N3
Define element connecting N3, N4, Nl
Ni= NI + IINC
N2: N2 + JINC
N3= N3 + IINC
100 N4= N4 + IINC
Nl= J1 + JINC
N2= J2 + JINC
N3= J3 + JINC
200 N4= N3 - IINC
Example:
J1 J2 I3 Netopt NI NJ
2 3 103 1 3
202 203 204 205
(8) (10) : (12)
(7) (9) (11}
102 103 . 104 105
(2) (4) (6)
(1) (3) (5)
2 3 4 5

3.2-12
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Three-node element network generators (continued).

If Nefopt=2,

Ni= NET(1) (NI must be greater than 1),
NdJ= NET(2) (default=1),
JINC= NET(3).

Implied sequence:

IINC= J3-d2

Ni= J1

N2= J2

DO 200 J=1, NJ

DO 100 I=1, NI

N3= N2 + IINC

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

Ni=J1 + J*JINC
200 N2= J2 + J*JINC

Example:
Ji  J2 J3 Neiopt NI NJ JINC

2 b 7 2 6 2 30

3.2-13
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Three-node element network generators (continued).

If NetoEt= 3,

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

Implied sequence:

IINC= J3-J2
Ni= J1
N2= J2
DO 200 J=1l, NJ
DO 100 I=1, NI
N3= N2 + IINC (except closure when I=NI)
Define element connecting N1,N2, N3
100 N2=N3
Nl = J1 + J*JINC
200 N2 =72 + J*JINC

Example:
J1 J2 I3 Netopt NI NI
2 5 7 3 6 2

3.2-14
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ELD
Four-node element network generators.
If Netopt=1,
Ni= NET(1),
NJI= NET(2) (default=1)},
NK= NET{3) (default=1),
KINC= WET({4). :
Implied sequence$:
IINC= J2-TJ1
JINC= J4-J1
DO 300 K=1, NK
N1 = J1
DO 200 J=1, NJ
DO 100 1I=1, NI
N2= NI+IINC
N3= N2+JINGC
N4= NI1+JINC
Define element connecting N1, N2, N3, N4
100 NIl = NI1+IINC
200 Nl = J1+J%JINGC
300 Jl = J1+KINC
Example*:
J1 J2 J3 J4 NETOPT NI NJ NK KING
2 3 23 22 1 2 3 2 200
62 63 64 262 263 264
(5) (6) (11)
12
2 43 44| 242 243 2) 1,,,
(3) (4}
10
22 a3 24 222 | 223 10 224
(1) (2) (7} (8)
2 3 4

202

203

N _ »
Note: J3 must be present, although not used.

3.2-15
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Four -node element network generators (continued).

If Netopt=2,

NJ= NET{2) (default=1).

Implied sequence:

. IINC= J2-31
JINC=  J4-71
Nl= = Jl
Do 200 J=1,NJ
DO 100 I=], NI
N2 = N1 + IINC | ,
N3 = N2 + JINC (except closure when I=NI})
N4 = N1 + JINC (except closure when I=Ni)
Define element connecting N1, N2, N3, N4
100 N1 = N1 + IINC
400 N1 = J1 + J#*JINC

T
i
i

Example:
J1 J2 J3 J4 Netept NI
1 1t 12 2 2 6

3 13 23 33
@) N\ ) (-14\
4 17\ 2 12 22 32
1
5 1511 M 11(?) 21“3) 31
(6) ‘uz)/(m)
6 16 26 36
3.2-16
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TALl.1  LELEMINY DEFIRITTONS

The SPAR thermal element lihrary consists of conducting elements

K21, Z2-node
K31, 3-node, 2D
K4l, 4-nnde, 2D

NCR

Kél, 6~node, 3D Pﬂl‘ﬁg}ﬁ
' RICI T

K81, 8-node, 3D %§ E@@R QUM"I

convecting clements

C21, 2-node
C31, 3~node, 2D
C4l, 4-node, 2B

and radiating elements

K21, 2-node
R31, 3-node, 2D
R41, A-node, 2D.

Element definition data is input via TELD. ~ Element

node numbering and local reference frames are pictured below.

Bar elements can have zero lengths to
X simulate point sources, convectors, and
1 2 radiators. Zero-length bar elements are
' ' defined by prescribing the same node point
at each end or by identifying zero-length
bars in processor TGEO.

.
. Triangular elements must be numbered as -
X shown.
1 2
TA1-5
A-31
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4 3 ORIGINAL PAGE;;?;
T\ Op POOR QUALITY,
T uadritateral elements must be numbered as
shown suud shyuld be nearly flat, .
. FPirst two nodes set + X direction axes 3rd
1 2 node sets +Y direction, X
z 6
4 A 5 y Pentahedral elements must be numbered as shown.
They should have faces that are very nearly flat
,’//, (all points in a plane). Nodes 4=b musT Lié above
the x-y plane in + Z direction.
1 2**-—-—_x
z2

Hexahedral elements must be numbered as shoun.
They should have faces that are very nearly flat,
Nodes 5-8 must lie above the x-y plane.

Element shape and size parameters are adjusted via RESET controls in

processor TGEOQ,

TAl-6
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Table TAL L Eienent Deliunition Bata Sets

In the following tabulation, ngroup identifies a group of elements of a
particular type. fhe parameters amat, nfilm, and nrad point to the applicable
tables of CONDuction, C“““““’“"Cgf?ﬁ RADIation properties. The j's are

ALY
connectoed points, omGTN QUN}T‘I

The number of ef%munt% in a group is indicated by the TOC item NJ. Each

data line corresponds to the j-th element within its group (j=1,..., NJI).

Data Set Name

Nl N2 N3 - NI* Contents of data line
TED K21 ngroup 7 nmat j1 j2 area
TED K3l ngroup 13 nmat jl j2 j3 thickness
TED K41 agroup 16 nmat I3, iy i, thickness
TED K61 ngroup 27 nmat jl j2 j3 jﬁ 35 j6
TED KB1I ngroup a5 nmat jl j2 j3 j4 j5 jﬁ 37 jB
TED C21 ngroup 7 ufilm# iy j2 circumference
TED €31 ngroup 13 nfilm’ g L i 34
oo B . . R
TED C41 ngroup 16 nfilm iy 1, 33 3,
TED R21 ngroup 7 nrad jl j2 circumferende
TED R31 ngroup 13 nrad I, 3, i,
TED R4l ngroup 16 nrad 33 32 i4 i,

All group titles for element type K21 {or K31, etec.) will reside in a data set
named GT K21, produced by AUS/ALPHA. The first block corresponds to group 1,
the second to group 2, etc.

* The NI values are greater than the number of quantities actually input to

allow certain system computed information to reside in these data sets.

4 If nfilm is negative, its absolute value points to an entry in a table of FIEM

transfer COEFficients.

CTAY-7

A-33

)




3

ERPEES TR
*.kul 3

I

TALl.2 MATERTAL #ROPERTIES

Temperature dependent material paoperty tables are constructed with
AUS/TABLE as shown below. Each data line defines properties corresponding to

temperature T. Properties at intermedinte times are determined by linear inter-

polation. The number of temperiature points (parameter NJ) may be different for

each table. If only one data line is given (NJ=1), properties are constant.

GE 18
. DRIGINAL PA
Data Set Name o5 POOR QUALITY

Nl N2 N3 NI Data Line Contents

CONDuction PROPerties nmat 9 T, p, c, @11 Q22 o33 o012 o33 aziinput all
CONVection PROPerties nfilm 2 T, h gg;:g?g)“°
RADIation PROPerties nrad 2 T, €

Film transfer coefficients which are functions of geometry (e.g. variation
along an aerodynamic boundary layer) can be defined in one data set, The TOC

parameters are NI=1 and NJ=pumber of film transfer coefficients.

N1 N2 Data Line Contents

FIILM COEFficients h h

l, th l--’h

2’

The SI units for the above material properties are listed below. If a differ-

NJ

ent homogeneous set of units is used, the Stefan-Boltzmann ceonstant must be re-
defined via an SSTA or TRTA reset control (Sectiomns TAl.5, TAl.6).

+
¥

temperature, degrees Kelvin (K)

mass density (kg/m?)

specific heat (J/kg K)

= conductivities (W/mK), defined with respect to the element

o
fl

(¢
)]

coordinates shown in Section TAl.l. Any conductivity not specified
is assumed to be zero.

film transfer coefficient (W/m2K).

=
1]

(4]
]

emissivity {(dimensionless)

TAl-8
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TELD FOR THERMAL ANALYSIS

RESET CONTROLS

default R
NUTED 0 Unit on which to save TED elname ngroup
data sets. If NUTED is not reset, no
data sets are created
LRTED 896 Record length of TED elname ngroup data

Thermal elements are defined in exactly the same manner as structural
and fluid elements are defined.

The table pointers NSECT.are used.for thermal definition.

A-35
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TABLE POINTER:

default
NMAT 1
NSECT 1

- - -

# If nfilm is negative, its absolute value points, to an entry in a
table of FILM transfer COEFficients

{See page TAI-8)

~ {See Table TA1.2, page TA1-8)

e

Matawrial properties pointer
nmat for conduction properties
nfilm for convection properties
nrad for radiation properties

Entry in the appropriate table
constructed via AUS/TABLE

K AREAS (K21 elements)

K THICknesses {K31, K41 elements)
C CIRCumference (C21 element

R CIRCumference (R2] element

These data sets must exist
before ELD is executed, For
exampies if K21 elements are
to pe constructed, the data
set K AREA must exist.

A-36




5,3.3 Datyg-Set Constrytors

Several kinds of datisisets may b2 gepezated or modified by the TABLE, SYSVEC,

ELDATA, and ALPHA subgirocessors. Examples ars summarized in the jollowing

tabulation:

Subprogaessor

TABLE

SYSVEC

BLDATA

ALPHA

;Sipd of Datg Set Produced or C Operated Qn

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

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

ELDATA.* Examples: Element-applied load data, e-g.
pressures, femperatus es, and disloecations.,

ALPHA#® Exaimples: Ariays of alpha character
strings used g8 load case titles, ot to describe
eigenvectora.

In the following, XXXX is any of the subpracesscr names: TABLE, SYSVEG, ELDATA,

or ALPHA. 7o inftiate production of a new dati set named Nt N2 mn3 a4, the

following language sequencé i3 used:

XXXX¢ optionz] parapefers): N1 N2 n3 nd: == data Sards wo

Ta Initiate modification (updating) of a3 existing dats set, the following Janghage is

used:

XXXX, Y ( opHonal parametisnd; M1 N2 ©3 ads - data 0ards ses

¥See Section 2,5.




ORISHINAL PAGE 1§
ok PBBR QUALITY,

. The ouiput data set, N1 N2 ni n4, is resident in the current data destina-

tion: library defined by tho lyst CUTLTB Statement. If omitted, N2, n3, and nd

assume default values:of AUS, 1, iind 1,

The fellowing charieteristics of the  Oper, U (update) mode of operation are

noted:

e The data set is actually overwritien in mags data storage, rather than
modified and stored in & new area,
e Existing data sets must not be extended (i.e., additional blocks cannot he

appended in this mode of operaﬁon).

The followlng example input indicates a typical application of a data_set constructor.
In this case SYSVEC is used to create & data set, named APPL FORC 88, comprised
of two blocks. The first block defines load case 1 of statie load set 88; and the second

block defines case 2-of set 88,

GXQT AUS
SYSVECS Enter SYSVEC |
APPLIED ¥FORCES 883 Name of output data set.
CASE 1% - o
I= 2, 33 Direction 2 and 3 forces.
J=17,9% ' = List of juint numbers.
7.2 7.35 f¥a,f5 at joint 7.
8.2 8.3 -~ »n o 8.
9.2 9-3$ 0 1" n _ 9.
CASE 23

I= 1z J=10: 14.6% f; &t joint 10. ©
I=3: J=9: 19.2% I3 at joint 7.

6- ."}:. 3_2
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Many examples of SYSVEC, etc., input are given in Section 6. It is suggested

that these examples be scanned briefly before reading Sections 5. 1, 3, 1-4,

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

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

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

to use TRAN without advice from an experienced analyst.

5.1.3-3
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5,1.3,1 TABLE, Execution begins as indicated below. If appropriate, any of the

underlined words may be omitted.

TABLE, U(NI= ni, NJ= nj): N1 N2 n3 n4: ~--data ---

The optional parameters NI and NJ have the same meaning as defined in

Section 2.5; i.e., each block of the output data set is a rectangular matrix of dimen-
sion (ni, nj). The default value of nl is 1, and the default value of nj is the
number of joints in the structure. The input defining the nth block of the output

data set has the following structure:

BLOCK n
OPERATION = SUM 3 or XSUM, or MULTIPLY, or DIVIDE

Td= jlz 12: 33: - - $, a list of columns. *

el e2 e3 ——— eni $ Data record 1, applies {o column j
J i i ] 1
1 1 1 1

el e2 e3 -o - ht $ Data record 2, applies to column j
i i i i 2
2 2 2 2

ete.

*Loop-limit format is also permitted {see Section 2. 3).

5.1.3.1-1
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If there are fewer dat: records of the latter type than there are j's in the
list of columas, the last record will be associated with each of the remaining i's.
The meaning of the e;'s depends upon current :u'ithmetic. mode, as established by
the OPFRATION= XXXX statement. In the following, x; is the element in row 1
and coh;mn j of block n of the output data set, The range of i is 1, 2,~-==ni,

and the range of § is jl' jz' j3 -= .

Operation Arithmetic mode
i i i
! . y— +
SUM x] xj ej
XSUM x; - e;'
i il
MULTIPLY xj -— xj ej
i,
- (3]
DIVIDE xj xj/ ;

The sequence (OPERATION=XXX .,... List of j's ..... data records for

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

data in block n.

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

5.1.3.1-2
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The following control statement is frequently useful:

k

t= i} - i™§ (each i

TABLE

between 1 and ni)

This statement indicates that the data records will have the following content:

1.2 m
it i i
. Eiiej okl ej $ -

For example:
BLOCK n: etc.t=~~§
I= 8,56: J= 7,98

3.&3: oS e5: e 99$

e -B’ 8 9!

The I= i]; 12 -—- statement continues in effect, not only for the curvent

block but for all subsequent blocks as well, until another I= i

encountered, Default is, in effect,

= 1,2, --- i,

9.1.3.1-3
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The following statement may immediately precede a list of j'a:

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

When data records are being duplicated, the DDATA command has the effect

of incrementing each item in the data record by the corresponding d;. The DDATA

statement will apply only to the j-list immediately following the statement,

Example;

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

The foregoing statement produces the same result as:

1= 1,3:J= 2,58
7.0, 8.0 $ = e;,eg
7.2, 8.1 § = ey, 6>
7.4, 8.2 $ = ey, e
7.6, 8.3 $ = \é,eg
5.1.3.1-4
A-43
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To cause an integer constant, jshift, to be added to each § in subsequent
lats of j's, the followlng command is used: JSHIFT= ishift. The jshift parametsr
will remain in effect until superseded by another JSHIFT command,

-

Rules for ordering control and input statements;

® No statement may precede the first BLOCK= n statement
(Exception: if operation ia confined to block 1, the BLOCK= 1

statement may be omitted).

e When the BLOCK= n statement appears, block n - 1 must alveady
exist, |

e No control card of any kind (OPERATION= ==, I= cw., JESHIFTF -—,
or DDATA= ---) may appear enywhere between the beginning of a

j-list and the end of the subsequent data records (the e;'a) “

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

Multiple data records on a single card. . In tho preceding, it has been
indicated that each data record should contain exccily »i words, or m words if the

statoment I = 11, 12 —— ™ 18 used. It is also permitied to place several guch
complete data records on the same card; f.e., both of the following are legal cards
and have the same effect:

1.2, 2.9: 4,5, 2.7: 8.2, 9.$%

1.2, 2.9, 4.5, 2.7, 3.2, 9.9

An error stop will oceur if a card does not conizin complete racords.

. 5,1.8.1-6
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The TRANSFER Statement. This command provides a general method of

extracting real data from designated areas of one data set, and adding them to data in
designated areas of another data set, TRANSFER statements may appoar as the first
or last statement in a TABLE execution, or immediately prior to any BLOCK state-

ment, Ths command form is as followsn:

TRANSFER( List of arguments P Vi P3 Voo ——-)

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

Argument Default

Name Value Megning

SOURCE None Name (a single alpha word) of tha source
data set, May be established by a
DEFINE statement,

L1 1 Successive blocks of the source dafa set
are added to blocks Li, L1+ 1, =—- L%
of the destinatfon data set unless L1=1.2.

L2 1

ILIM Leaser of by, by See Fig. 5.1.3.1-1

JLIM | 1 | '

8SKIP 0

DSKIP 0

SBASE 0

DBASE - 0

The TABLE/operation statement has no meaning ia TRANSFER.

5,1.3.1-8
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Source Destination Foriran eguivaient
Data Set (5) Data Set (D) repeatedeg)r blacks 3
r—T T T 375 L1, L1+#1,...L2:
DBASE i
SBASE : * IS = SBASBE
ID = DBASE -
y ILIM
ILIM __¥_ DO 20 Jm=1, JLIM
DO10 I = 1, ILIM
ip DSKIP IS=I8+1
ID=ID+1 . )
| j=2 ‘—é—
ILIM 10 DED) = D(D) + 3(IS) 0
. 20 ID = ID + DSKIP
Block : Block
I
- |
v |
L i = JLIM
X
L AN
S | %
- i
A

Fig. 5.1.3.1-1: TRANSFER Parameters

5.1.3.1-7

P VR TP TUP P Y
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Figure 5.1.3.1-1 illustrates the function of the TRANSFER statement for the

case in which the number of blocks in the source data set is equal to the number of

blocks in the destination data set (i.e., L2-L1+1),

If Li= L2, the function is similar, except that successive blocks of the soturce

data set are transmitted to successivé areas within block L1 of the destination data set,

The following are a few examples of the TRANSFER statement.

@XQT AUS
DEFINE OLDV= 2 VIBR MODE 200

=

1 1,10 §$

TABLE(NI=6, NJ=1700): VIBR MODE 1 1

TRANSFER( SOURCE= OLDV, Li=1,

L2=10)

DEFINE U7= STAT DISP 1 1 7

TABLE(NI=3, NJ=400); DEFORMED POSITION §

TRANSFER( SOURCE= JLOC) -

TRAN(SOURCE=UT7, ILIM=3, JLIM=400, SSKIP=3)

DEFINE X= VIBR MODE 1 2 1 8

TABLE( Ni=30, NJ=8): T MODE 1 2

TRANSFER( SOURCE=X, SBASE=600, ILIM=30) $

e e e

5.1.3.1-8
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Salvage vibrational modes
from a previous analysis for
use as initial approximations
of modes of a modified struc-
ture having additional joints.

Store node point locations of

the deformed structure in
DEFO POSI,

JLOC= original position.

U7= Joint motion due to static
load case 7 of set 1.

Form a single~block matrix having
8 columns, each column corres-
ponding {0 a mode. Each column
contains all 6 motice components
of joints 101-105,
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6.2 BCU - DATA COMPLEX UTILITY PROGRAM

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

this section.

In defining DCU command syntax, the symbol Lib will be used repeatedly
to represent a4 SPAR library internal designation (1, 2, ete,), and Id will identify
one or more data sets, Id may be in any of the three forms indicated below, unless

specifically stated otherwise:

(1) The four-word data set name, MASK-filled.
Example: K SPAR is the same as
K SPAR MASK MASK.

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

sequence number n in the table of contents.

(3) Integers n, m, indicating {m-n + }) data sets associated

with sequence numbers »n, nt+l, -~ - - m.

{4} Omitted - meaning all data sets in a library.

Consider as an example, the most comrmonly executed command,

TOC Lib 1Id.

Examples:

® TOC 1 K SPAR$ Id form (1) causes a single line of tho

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

5.2-1
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Other commands currently available in DCU are summarized below:

- M .
corresponding to the {irst data set named K SPAR MASK
MASK to be located.
TOC 1 27% 1Id form (2) causes printout of linc 27 of the
Table of Contents of library 1.
A .
L4 n_r_' =

TOC 1 32,50$ iId form (3) causes printout of lines 32 through

50 of the Table of Contents of library 1.

TOC 1 $ Idform (4) causes the entire Table of Contents of

library 1 to be printed.

DISABLE Lib Id$, Data set{s) are marked as disabled.

The data set{s) are still presént in the library, but cannot

be accessed until they are re-enabled via the following command:

ENABLE Lib, Id$. Only forms (2) or (3).of Id are allowed

for this command.

5.2-2
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e DPRINT Lib kif. or

PRINT Lih N1, N2, n3, n}, jl' i il' i,. bl' b,. The one or more

identified data sets are printed in tabuiar form*, QOnly matrix~-form data

sets (e.g., TABLE, SYSVEC, ELDATA, and ALPHA forms, as defined

in Section 2.5) should be PRINTed. if the second form is used, the .
printout will be restricted to esciumns i1 through j2,. rows (items)

i 1 through iz' for successive blocks bl’ b1 +1 -—- b2 . Using the
terminology of Section 2,5, default parameters are jl =1, 12 = NJ,

i, =1, i, =NI, b1 =1, b2 = total number of blocks in the data set.

1

NOTE

PRINT displays data set items sequentially,
so that matrices appear in transposed

form.

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

should not normally be named in a PRINT command,

¢ COPY Lib,, Lib,, 1d$ . Copy the indicated data sets from Lib,

to Lil:n2 . Disabled data seis are not copied. This is the recommended

method of packing libraries,

e XCOPY Libl, n, Id§. The indicated data set (in Lib) is written on

ordinary sequential file n in a sequence of physical records identical

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

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

per printed line. Defauit NCPT.= 10. For teletype display, select

NCPL= 5.

5.2-3
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XGOPE 1, 5, VIBE MODRES wouses pigenvectors: tehe sritterd onts

of]
a file known-axteinnily os SPARSE (UNIVACH 7w SPARLE (CDCY,, O;‘
corresponding to ©h = 5, The “utput {ile wil) contain.Gne physical . u\
recc,»_rgi for &ach eip;envamior. o
e XLOAD:m, ib, nwords, nj, ninj, type, Ni, N2 ) ‘
conﬁnaﬁﬁt causes datu dzom sequentiaf file n to'be loaded as 1 datd sef : " 1
named Nk, N2, n3,n4 in Lib, The other parameters havé the q;
same meaning as defined in Section &.2, As anexample, suppose &
sequendial file; SPAR-D, contains five blocks {physieal fecords “cé :
produced by direct binary writes, c;r@_'t:;mfoifmatﬁe(;‘i Fortran writes) - o
of reaj lata and that each block is 2 matrix with 5 rows and 100 columns. C; i
To load these dats into library 1 as a datoset nameri XX ¥YY 1 3, > |
the following command would be used:
XLOAD 4,1, 3000, 100, 608, -~i, XX ¥Y 1 2§ | o
¢ REWIND n§. Used in conjunctith with XCOPY, XLOAD, this coms
mand wauses sequential file n tobe rowound {i.%,. set te:stariing 2o
point), It should be noted that neithe:: KCOPY moi XLOAD rewinds r:
sequgntifiﬂ files either hefore oy after the data: fransmission; g that o : ., |
: 3

one sequentialfile may contain wany muliibleck data sets,,

e SCALE 015} Cz$. This sommand may prece&m a COPY o XCOPY sorsmand. 2

If it does, thrépout_put data #sis wild = Q‘:q {seuree) » iu,?ﬁ
: : G, . o

5 2.4
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~name of data set to be changed from Idold to Idm=

DCU

CHANGE Lib Id id $. This command causes the

oid' new

QOnly

w.

the full 4-word name form is permitted for both Id's.

DUPLICATE Lib Lib2$. Libz is creatod identical to

1)
existing Lib 1’ including disabled data sets, if any.

&

TWRITE Lib$. Lib is written onto tapc nt (see NTAPE

command), The complete library is written in physical

records as large as the available core will allow.

TREAD Lib$. Lib is read from tape nt (see NTAPE command).

Avajlable working core space must be as large as it was when

the TWRITE was executed.

NTAPE= nt$. The internal unit numbey of the tape to be

used in the next TWRITE or TREAD command is nt
{default=20), Note that logical 20.is Univac file SPAR-T,
TDC file SPARLT.

STORE Lib, ID$. Lib is stored as a datp set named 1d,

in library nt (see LIBLIB comnmand). Id may oniy be a full

4-word name, tle first two words of which are typeless.

5.2-5
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RETRIEVE Lib, Id%. The data set ld is recovered from the

library n{ and constituted as library Lib.

LIBLIB= n2$. The internal unit number of the library

library is ng (default=12). Note that logical 12 is Univac
file SPAR-L, CDC f{ile SPARI.L,

TITLE Lib' - - - Alphanumeric title for Lib ~ - « -,

The label-~field title is embedded in Lib, and will be
displayed at the beginning of each table of contents

printout preduced by a TOC command,

STATUS Liky. The number of library entries and the

current I/O counts for Lib are printed.

ABORT n$. To cause an error-abort if an abnormal

event occurs in DCU, set ABORT=1§.

Core Reguirements, Working core must be sufficient to accommodate one hlock

of each data set transmitted through core (e;g. via COPY, XCOPY, etc.). See

also the discussion of TWRITE and TREAD,

Code Release Data. Level 9, July 1975, coded by W. D. Whetstone.

5.2-6
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GEOMPLT USER'S GUIDE

(w/o updates for LaRC installed Jan. 1%78)
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ABSTRACT

The GECMPLT program is an interactive graphics program for finite
element and thermal network models. The program was developed for use on
a Tektronix 4000 series CRT thermal connected to a UNIVAC 1100 series
or CDC 6600 computer. The hrogram has the following features:

1)
2)
3)

4)
5)

Plot data frcm the NASTRAN, SPAR, STRUDL (UNIVAC only; and
CINGEN progre. s.

Automatically expands core for NASTRAN and STRUDL bulk data
(UNIVAC only).

Create hard copy plot . le for drum plotters.

Create input data Tiles "> CONTUR program.

Provides an alternate print file for post plotting diagnostics.
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1.0 INTRODUCTION

It has long been recognized that a graphic presentation of a finite element
model is necessary to validate the model prior to structural amalyses. Most finite
element programs contain some form of general purpose plotting. The plotting
capability of such programs as NASTRAN (Ref. 1) and other general purpose structures
programs are quite extensive and very useful; however, they generally require large
core and offline plotters which results in delayed processing and, therefore,
delays in data editing. With the increased use of mesh generators (Ref. 2) operated
in a demand terminal environment, it has been necessary to develop stand alone,
small core, graphics programs for use in this new modeling environment.

The GEOMPLT program in its current state of development, provides a program
which operates with small core (as Tittle as 22K), on a Tektronix CRT graphics

terminal connected to a UNIVAC 1100 series or CDC 6600 computer. The initial development _f

of the program began in 1968 with a small off line plotting program which utilized a
small core computer {16K) and a CalComp drum plotter. The program was first used

in conjuntction with the SAMIS program and since that time it has been modified

and improved. In 1970 it was converted to plot NASTRAN data and to operate on

the UNIVAC 1108 computer system. In 1971 an interactive graphics version was
written for use on the UNIVAC Advanced Graphics terminal, In 1972 a version for
use on the 4000 series Tektronix CRT terminals was completed. Since that time,

the program has been expanded to plot data from other finite element programs and
conductance/capacitance networks for thermal analysis programs.

The program is written in FORTRAN with the exception of two assembly routines

(UNIVAC only) used to control system parameters. The program in its present configuration

and combined with the use of mesh generators, provides the necessary software for
complete model generation, and viewing. A1l data can be prepared and checked
prior to execution from a demand terminal.

The following sections of this manual describe the program installation and
initiation, program features and their use, and finally a brief description of
each subroutine.

R




2.0 OCPERATING ENVIRONMENT

The most recent version of GEOMPLT program (Version 4.0) is designed to
operate on the UNIVAC 1108 Exec 8 Level 31 system, with a Tektronix 4000 series
CRT terminal. Earlier versions exist for the CDC-6600/Tektronix 4000 series
terminal, UNIVAC 1108/CalComp model 565 drum plotter, UNIVAC 1108/UNIVAC Advanced
Graphics terminal and IBM 1130/CalComp Model 565 drum plotter,

The earlier versions represent historic developments of the program leading

to the current version described in this manusl.

2.1 PROGRAM INSTALLATION

UNIVAC PROGRAM SETUP

The program is contained on & 9 track tape, recorded on three files in
800 bits per inch (BPI) density. A fourth file contains a small NASTRAN bulk
data deck for testing the program. |

All files were written with @CDPY?GM executive instruction. Therefore,
they may be read into the local system with the .following instructions:
@ASG,T IN,T,# o GEOMPLT PROGRAM TAPE
@ASG,UP ABS,F2
* @ASG,UP SR, F2
@ASG,UP TCS, F2
@ASG,UP 4,F2
@REWIND IN. |
@COPY,G IN.,ABS. {(Absolute element = ,MPA)
@COPY,G IN,,SR. {Source and Relocatable element)
@COPY,G IN.,TCS. (Terminal Control System Library)
@COPY,G IN.,4. . (NASTRAN Bulk data sample)
@FREE ABS.
@FREE SR.
@FREE TCS.
@FREE 4.
@FREE 1IN,
@rinN
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2.2 PROGRAM EXZCUTION FROM TEKTRONIX TERMINAL

The GEOMPLT program as described in this manual is currently operated by

Sperty in two environmentsa.

The first uses & Tektronix 4013 connected to a "NIVAC 1108

3x2 system, Exec 8 Level 31, with 1200 baud tramsmission rates.
the program is cataloged using the SECURE processor.

commands to initiate a plotting session:

Al,
A2.

A3.
A4,
AS.
A6,
A7,

A8,

i
Set modem to "talk".

Dial {241), when high pitched tone is heard, push "data" button and
set phone iInto recetiver.

Clear screen - push "reset" -’

Type site ID - [DIK230
When system responds, type run card [@RUN - - -<:]
Set qualifier for secured file JIQUAL SPERRY|
Secure prngram

@SRG
SPERRY*GEOM, *
@USE TPES.,*GEOM.

Data to be plotted is obtained from one of the following sources:
+ A previously written tape

o 4 previously cataloged data file

« A meeh generator program .

« The CINGEN program

+ The TOPOLOGY I program

+ The SPAR program

° A newly created data file using the DATA,ELT or ED processors and
keyboard input.

Data nust be placed in or attached to file 4 for reading by GEOMPLT,
e.g., QUSE 4,,BULK, {Data on file BULK).

ox

@ASG,A 4. (Data cataloged ou file 4).

On this system
The user enters the following




ey e

An exception occurs if the data to be plotted is from the SPAR program.
In this case the TAB and ELD processoxs are executed and the print £ile is
BRAKPT to a cataloged file 9, File 9 is the GEOMPLT input file for plots of
SPAR data, €.B.,:

@ASG,UP  9,F2
@BRKPT PRINTSS/9
@XQT TAP

(SPAR INPUT DATA)

@XQT ELD

L X X

(SPAR INPUT DATA)
@BRKPT PRINTS
@FREE 9.

@ASG,A 9.

A%. Execute GEOMPFLT Program

@AsG,T 21,F2///500
@xqTr +HMPA
AlQ, The program is conversational from this point on and the user must

respond to requests by the program in a step-by-step mannex.

The second system is a UNIVAC 1108 1ix0
system, Exec 8 Level 31, with a 300 baud transmission rate. On this system the
program 1s stored on tape and must be cataloged by a batch job prior to initating
the graphics sessior '

@RUN = =~ - _
@ASG,T IN,T, delivery tape #
@ASG,UP GEOM,¥2 '
@REWING IN.
@coPY,G IN.,GEOM.
@FREE GEOM,

@FIN

8-6
B-7

Ty




Lt T

N

With the

Bl.
B2.

B3.
B4.

B5.

B6.

B7.

program cataloged, the Graphics Job can then be started:

Turn Acoustic Coupler modem to “on”

Dial UNIVAC phone number, when a high pitch tone is heard, place phone
into Acoustiec Coupler.

Type Site ID (switch on 4013 to "LINE")

When the system responds, type in a rum card,

@R ~ - ~

The requirement for data files 4 or 9 are the same as described in
steps A.8 or A.9.
To execute GEOMPLT program

@AsG,T 21,F2///200
@XQT GEOM.MPA

The program is conversational from this point on and the user must

respond to requesiz by the program in a step~by-step manner.

8-7
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CDC PROGRAM SETUP

Computer Configuration

1. Computer - _CDC 6600

2. Core size required 26K Decimal

3. Language ' FORTRAN IV

4. System | SCOPE 3.4 or NOS

5. Plotter requireu Yes - Tektronix model 4000 series
6. Card punch required Yes - If punch option on

7. Tape Assignments : tone

Estimated Running Time

CPU time in GEOMPLT was 7.03 seconds w1th a problem size of 221 elements
and 411 grid points, and 1 plot. An additjonal 86 seconds was required
when data was generated for the CONTUR program (CONTUR = 1 or 9).

Restart Procedure
Not required due to small amount of run time required.
Deck Sequence |

The finite element data is read into the CDC remote system term1na1 and then
batched to Tektronix graphics terminal.

For Intercom Job:
Notes: 1. A=send button
2. Comments are enclosed in brackets { }
3. S5 = two numbers assigned by the operat1ng system
4, v=Blank space

UT-200 Terminal (LX)
R, BULKa
BATCH, BULK, PRINT, LW, ZZa

Tektronix Terminal (LW)
H, 0A

EA

BATCH, IZZLXSS, LOCALA

44 (5-10-74)




BATCH, IZZLXSS, RENAME, TAPE4

REWIND, TAPE4

ETL = 5004

ATTACH, NASB, LPXXXA2, ID = LPXXX, CY = 2a

ATTACH, AGII, LPTEKTRONIX, ID = LPPATRICK, CY = 2a
XEQa

LDSET, LIB = AGIIA

NASBA

TITLEa (Up to 80 characters may be used for the titiel

v $INPUTV (Enter options desired from Table II, for example, ENO = 1,
GNO = 1, PV = 1, etcifa

v $PVIENV{Use only if PV = 1, in $INPUT, for example,
JPV(1) = first element number, - 0, last element number
of a desired set of elements to be plotted, first element
number of another set to be plotted at the same time, -0,
Last element number of the second set of elements to be
plotted, single element number, single element number,

etclifa

EDITA {Option after each plot if editing of NASTRAN connection
or GRID cards are desired.}

ar

NA {No editing at this time and the next plot is initiated
by typing title, $INPUT and $PVIEW.}




3.0 PROGRAM FEATURES

The GEOMPLT program performs the following functions:
¢ Graphically displays finite element modess (NASTRAN, SPAR or STRUDL),

Including partial views, rotated'viéws, a resistance network
with dashed lines and element and grid point numbers.
Creates data files of geometry and connection data for use by the

CONTUR program (Ref. 3).

Edits finite element data through adciition, deletion, and modification
of bulk data card imagez.

Creates an alternate print file which provides a pexmenant record

of the terminal session for review at & later time, _

Writes a data file for obﬁaining hard coples of ploté_v:ta. CalComp

or Houston Instrument drum plotters.

Automatically expands core to the minimum required for ths NASTRAN
problem,

8-8
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3.1 GECMETRIC PLOT

Purpose:
Options:

Erocedure:

To display a 3-D view of the fisite wlcnses model ¥h a Rerminal £RT:
« Plot NASTRAN, CINGEN, SPAR er STRUDL (UMIYAT enly} models.

» Print grid, element, Gapacitance and conductance nvibers.

» Draw any element type listed in Table I.

» Plot partial views ¢o obtain & glear view of %ncal aveas oF selected

elements. .

« Print & title at the bottom of ghe frems.

* Change plot scale factors for increasing or decreasing the size
of the imags plotted.

» Rotate the view about three azes.

» Interchange axes tc obtain a rotated view or view utilizing a
left handed coordinate systém.
The various plot options are selected via the Namelist's $INPUT

and $FVIEY. Table II contains a list of the $INPUT Nemelist parameters,

a description of th: paremeters, end the default value sét by the
program at the start of the péogram. All of these parameteis may be
onitted from the Namelist inpat or they may be changed prior to each
plof. Parameters merked by * in Table 11 xetain an Input value until
changed by a new input value; all other parameters revert to their
defanlt values once the plot is complete.

The request for Nemelist parameters ig made conversationally by the
program, f.e., a mescage appears on the screes reques€ing that the
appropriate Namelist be supplied by the terminal operator at the
appropriate time.

The partial view is selected via the $PVIEW Namelict, Element numbers

are listed thru strings of numbers and/ov tbe use of (-0) symbol to
indicate consecutive numbers, e.g., SEVIEW JEV(l) = 1;3,‘5,=-0,, 10,13 §
is the same as, SEVIEW JPV(1) = 1,3,5,6,7,8,9,10,13%

.9 ° s %
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Note ~ Namelist Input must start in Column 2 and end with a "$".
- { Parameters may be listed on several lines by using a "," at the end

,: of one line and beginning the next line in column 2 or greater.
To terminate the program type "N" after end of current plot.

Limitations: + Only elements listed in Table T may be plotted,
* The number of elements plotted depends upon the size of core

available. Sinsce the program will dynamically expand core the
@ Bize limit is determined only by local restrictions on using a
2 Tektronix terminal, 1305 grid points and 1305 element with an
average of 4 connections per element will fit in 36K core,

» 100 plots are permitted as & default, If more are desired set

o Namelist parameter HPLO’.i‘:»T 00.

Core Hize Calculation:

CORE = (IBANK + DBANK) -+ OPEN CORE

IBANK+DBANK = 21651

OPEN CORE = 4 x NUMGRD + 4 x NELEM + JSIZE + 10 + NJPV
NUMGRD = Number of Grid Points

NELEM =~ Number of Elements

JSIZE = Number of Connectlons = I{NELEM x Number of Grid Points
per Elements).

~~

RJPY = (3D0-NELEM/2) , if NELEM %600
=« 0 , if NELEM >600

iy
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CBAR
CONROD
CROD
CTUBE
CTORDRG

Table I. List of Bulk Data Cards Used by GEOMPLT

CTRIAL
CTR1A2
CTRMEM
CTRPLT
CTRIARd

Element Types Plotted

CQDMEH
CQDELT
COUADL
£QUAD2
CSHEAR
CTULST
CTRAPRG

Other Types Used

SRDSET
GRID

CORD2ZR
CORD2C
CORDZS

All other types ignored

8-11
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CTETRA
CHWEDGE
CHEXAl
CHEXA2
CiS3Ds
CIS3D20

PLOTEL

CHBDY:
POINT
ALINE
REV
AREA3
AREAL

—
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Parameter

BALTD*
CONBNO

TONTUR

GNO

IHUSTN
KC

KTEST
LIEST

MPIOT

NCHBDY

~ NODENO

NPLOT
NTEST

Table 11. Namelist $INEUT Parameter Definition (UNIVAC only)

Description

Transmission rate from computcr to
terminal, BAUD/10

Print conductor numbers for thermal
network

Saves XY plotter coordinates on f£ile KC
and connector data on file KD to be read
by COMIUR program. NOTE: When CONTIUR = 1,
the following default changes are used

KIEST = 1
KD = 11

MR2OT = 0
NYIOT = 1

Print element numbers at element centroids
Print grid numbers at grid point

Write hard copy plot commands-on £ile 253
request to permanently save plot on f£ile
26 is made afies piul ls complete

File number to use when CONTUR = 1

File number to use when LTEST or KIEST = 1

Option for CONTUR element punch option
1£ KTEST = 9; plotting is supressed

' Option for CONTUR XY data punch options

if LTEST = 9; plotting is supressed

Opticn for multiple plots, Set MPIOT = O
to terminate plotting

NASTRAN thermal elements to be plotted

Print capacitance node number for thermal
network -

Mumber of plots if MPLOT = 1

Option to print rotated coordinate data
on file 21 '

8=-12

Defaulc

120

0-NO

0-NO

0-NO
0-NO

0-M0

10

0-NO

1-YES

0-0

0-10

10

0-NO

Other

Integer

1-YES

1 or 9-YES

1-YES
1.YES

1.YES

Integer
Integer
1 or 9-YES

1 or 9-¥YFS

0-NO

1-YES
1-YES

Integer

1-YES

+
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Parameter

PROGRM

PV

SCALEX*
SCALEY*
SYMB

X*

XAXIS
YAXIS

ZAX1S

NOTE:

Table 11,

Description
Type of input data on file 4, 9 or 30

1 = NASTRAN (file

&)

{Concluded)

2 = CINGEN DATA only plotted (file 30)
3 = CINGEN and NASTRAN clement data

plotted (file
4 = SPAR {file 9)

5 = STRUDL (file 4

4 and 30)
y} (UNIVAC only)

Option for partial views; i PV = 1
Napelist $PVIEW is used to specify
element numbers to be plotted

Option for adjusting the apparent width

of the screen

Option for adjusting the apparent height

of the screen

Option to place a
29 = o

Angle of rotation
Angle of rotation
Angle of rotation

Axis to be placed
{+ left to right)

'Axis to be placed

(+ up)

Axis to be placed
{+ out of screen)
Structure yes may
axes for changing

symbol at the grid point

about u-axis (deg)
about y-axis (dey)
about z~axis (deg)

in screen x-axis

in screen y-axis

in cereen zZ-axis

Default

0-NO

10

be interchanged with screen

view, where: L= x, 2=y,

3= 2, &= =11, §7 =y, 6= =3

Parameters marked by
value.

Other

1-5

1-YES

REAL

REAL

Integer

REAL
REAL
REAL

1-6

1-6

1-6

retain input value until changed by a new input

8-13
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3.2 DATA EDITOR

The data editor preseut In Level 3.0 has been removed in Level 4.0. This
was done to minimize the core requirements of the program and thereby increase
the problem size for a given core size., Those who wish to edit their data may
do so using the Standard Text Editor available on the UNIVAC system., When

editing is complete, the reviae@ data may be viewed by re-executing the GEOMPLT
program.

v

SR S ST TET TR

CR T T




. DT

e

3.3 HARD COPY

Purpose: To obtain o high quality hard copy of the plot displayed on the screen.
The "hard copy” is drawn on 2 drum plotter of the CalComp or Huston
Instruments type.

Options: The user must select the hard copy option prior to plotting a view, then
decide to keep the plot or discazd 1t after the plot is complete,

Procedure: The user sets parameter IHUSTN = i at the time NAMELIST $INFUT is
specified.

» The program then writes gemeral purpose plot commands on file 25
while the plot is being generated on the screen.

 When the plot is ccomplete the user 1s given the choice of savirg
or discarding the plot. I£ he elects to save the plot, f£ile 75
(ecratch £ile) is sutomatically copied to file 26 (save file' and
file 25 1s rewound for the next frame,

* 'The file created by GEOMPLT will not drive a drum plotter directly.
A special vrogram must bz written to read £ile 46land write the
prorst plot cowmands, dnpending upon tha type of drum plotter avail-
able at the local computer site., File 26 contains the foilowing
information: .

First record: Title Formet (1346,A2)
Second record: Iminimum, Yminimum, dmaximum, Ymaximum Format
. (4EL5.7) °
Pollowing records: BRANCH, ¥, ¥, ID Format (I5,2E15.7,16)
Where branch indicates the approprigte plotting action to be taken:
Not used

1]

1

B

Draw a line from present pen position to the X,¥Y
coordinates

3 = Move pen to tha X,¥ coordinates
4 = Write the Grid ID at the X,Y coordinates
5 = Write the Blement ID at the X,¥ coordinates

6 = Plot is £inished, read a new first record

B8-13
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7 = A synbol should be written at the X,Y coordinates
8 = Write an X at the X,Y coordinates
9 = Yrite a ¥ at the X,Y coordinates
10 = Write a Z at the X,¥ coordinates
Last record: Title Format (13A6,A2) where the £irst word in the title
is ENDRUN

8=16 5.9
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3.4 CONTUR PLOT BRF-PLN F=~0

Purpose: To create two data files (10 & 31) which contain transfermed grid

coordinate dats and connectlon data for use by the CONTUR program.

Options: The uwser must seleet the Contovr optfon prior to plotting a view

ueing Mawnelist SINFUT parameters.

The options avoiloblz are:

Procedure:

o To punch transformed grid coordinate deta on £ile 10,
o Yo punch Grid deta on file W0 and suppress plotting.
o 9o punch clemeni connection data on £ile i,
o To punch clement coanection deta on £4le 11 and s.ppress
plotting. .
o o ppecify aiternate £ile numbers for output of grid and
elament data for CONIUR.
The user sets porameter CONIUR = 1 oz 9 at the ¢ime Namelist $INFUT
ie specificd.
(Option 1 does mot suppress the sereen plot. Option 9 suppresses the
screen plot).
o A pet of transiormed grid coovdinates and element connection
punbers aze wrikien un £iles 30 and 1L respucuively. 'The
. tronsformad grid coovdinates are the xy sureen cooxdinates
of the projected view
o If the cutput is desized in tha form of punched cards the

parameters WG ond KD ave set ecqual to the punch symbiont

’ File muembar {noweaelly Zile 1 om standard UNIVAC systems).
Limitations: When CONTUR = @ is uased, the multiple frame plot parameter (NEPLOT

4} 45 set fe forminaisz the zmun after the next plot., If contour

dats 1o reguived for several wilews, o new cuecution must be initiated

Eor cach view.

AT 1S
ORIGINAL PAGE
ﬁﬁﬁ}ﬂ)OR.GﬂlAlﬁﬂﬁL
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3.5 ALTERNATE PRINT FILE

Purpose: To provide a permanent record of the plottiag session.
Options: The following output is wwitten on file 21,
®* Maximum number <& elements
s Title card
e Namelist parameters
¢ Grid and connector listing
® Travgformed grid coordinates (£rom local to basic coordinate
system).
® Number of grid points and elements in plot.
® X,Y,Z coordinate max and min values.
® Scale factor
® Error messages
Procedure: File 21 is always writtem. 7To obtain & nrintout, the user must
catalog file 21 prior to execution or copy file 21 into a cataloged
file. The file is then S¥M'ed to a system printer.
Limitations: dot Applicable,

I T T A
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Subroutine Descriptions




A~

Purpose: Calculates absolute value of vector VK
External References: SQRT
Called by: TFORM
Calling Argument: (VK,AABS)
VK = Vector input
AASS = Lbsolute value of vector
ACROSB
Purpose: Calculates vector cross product AxB = C

External References: None

Called by: TFORM DBIGINAL pAuE I8
Calling Argument: (A,B, Cross) mwpg Qu

AX1S
Purpose: Adds three dummy bar elements for use in drawing x,y,z references
axes,
External R~ference: None
Called by: COMBS
Calling Argument: (IPOINT,G1,X1,X2,X3,XMAX,YMAX)ZMAX,NOEL,NOGD,1DG,ELTYP,IDEL)
AXESLG
Purpose: Calculate the co~-inate position of three grid points used to
draw the reference axes. A
External References: None
Called by: MAIN1 ;
Calling Argument: (X1,X2,X3,XMAX,YMAX,ZMAX, XMIN,YMIN, ZMIN,NOGD)
Axis1
Purpose: To change max/min values for axis prepositioning (interchanging
axes or creating a left hand coordinate system).:
External References: None
Called by: MAIN1
Calling Argument: (XAXIS,YAXIS,ZAX1S,YMAX,XMIN,YMAX,YMIN,ZMAX,ZMIN)
AX1S2

Purpose: To change grid coordinates for axis prepositioning.

External References: None

8O0 ok
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L

PN

Called by:

MAIN1

Calling Argument: X1,X2,X3,11,12,J1,XAXIS,YAXIS,ZAXIS,NGRID)

CINGE

COUNT

N

Purpose?

Read file 29 which contains thermal network data created
by the CINGEN Program.

External Referencea: HNone
Called by: MAIN1

Calling Argument: (NL,NS,ICONDS,NA,NB,XWA,YNA,ZNA,XNB,YNB,ZNB)
COMBS

Purpose:

Counts grid points element and coordinate systems, transforms
grid points to basic coordinate system, determines max and
nin x,y,2 coordinates and renumbers grid ID's with intermal ID's,

External References: AXES,TFORM,MAXIMIM
Calling Argument: (NOGD,LDS,X1,X2,X3,XMIN,XMAX,YMIN,YMAR,ZMIN, ZMAX,

NOFL, FLTYPE, IDEL,G1, IPOINT, CP,NTEST)

Purpose; To count the number of elements, grid points and element connection

points to determine the minimum core size required for the given
data.

Called by: MAIN
Calling Argument: (NUMEL,NUMGRD,JSIZE,SIZE,$)

DECODE
Purpose: Decode NASTRAN free field variables
External References: None : *

Called by:

READB

Calling Argument: (M,NUMB)
PSCRI

Purposes;

Writes a table describing the Namelist parameter optlons on
the CRT screen,

External References: HNone

A A TR ARl =, PP e o £ S

i L e,

-

Called by: MAIN1
Calling Argument: None ) !
Dunmy
Purpose: To load blank common after Editor is completed
Called by: MAIN,MAIN1
EDITOR

The Editor has been removed from Level 4.0.
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EQ GENERT (UNIVAC only)
Purpose: To generite intermediate points for CIS3D20 so that a smooth
( curve can be fitted through the input grid points.
Exteinal References: MATIRV
§ Called by: PLOT1
| Calling Argument: (B,INTERV,ISKIP,ISIDES)
LoAD |
Purpose: To load valuea of thermal conductors to arrays for plotting. -3

External References: None

.;* .| Called by: MAIN1 S e ;
= 'T Calling Argument: (NGRID,I1,S1,NL, IN,ICONDS,NA,NB,XNA,YNA,ZNA,INB,YNB,
Eee ZNB, GTEMP,X1,X2,X3)

Purpose: To apportion common into ten sagments for plotting, calculates
maximum number of elements which may be plotted, identifies file
usage, plot title page, and cleavrs plot buffers prior to terminat-
ing execution.

External References: DUMMY MAIN1,COUNT,SIZ,MCORE,LCORE

( Comments: The main program was designcd to open the core size to fit

the problem being plotted.
MAINL
" Purpose: To set the default values for Namelist ($INPUT) and control the
flow of the program,
External References: DSCRI,SPAR,RDB,TFOR,PVW,AXESLG,AXIS1,VW1,AXIS2,VW2,
CINGEN,LOAD,XYSAVE,EDITOR, DUMMY , STRUDL
Called by: MAIN
Calling Argument: (IDG,X1,X2,X3,IDEL,ELTYP,G1,1POINT,JPV,YY)
Comments: The communication line transmission rate can be changed through
Namelist $INPUT prior to the first plot. See BAUD = Rate/10.
The default value is 120 = 1200 Baud. Once it has been changed
it will remain changed for the current execution.

MATINV
Purpose: Invert marrix for subrecutine GENERT.
External References; HNone ‘ .
; Called by: GENERT
Calling Argument: (A,N,NA) D»RIGJN :




MATRIN

(’ Purpose: To find largest and smallest numbers in an array of grid coordinates:’b

Pxternal References: None
Called by: COMBS
Calling Argument: (JJ,XX,MAX,MIN)

MPS
. Purpose: Map symbolic for segmenting the program.
NUMBER
v Purpose: To write a number at the grid point and/or element centroid.
ifh External References: None
e Called by: PLOTYVG,PLOT3G,PLOTL
Calling Argument: (XN,X,Y)
OUTASC

S— .

Purpose: To switch from vector geheration tn hardware character generatilon
after each plot.

1 External References: None
Called by: MAINL
' Calling Argument: None
( mor |
Purpose: To convert drum plotter calls to Tektronix plot calls,
. External References: None
Called by: PLOTVG,PLOT3G,PLOT1,YSMBOL,VIEWL
Caliing Argument: (X,¥,IP)
PLOTVG
Purpose: To draw a line between grid points and place a symbol and grid
nutber at each grid point if requestz2. Used for 20 grid elements
only. .
External References: NUMBER,SYMBOL,PLOT
Called by: PLOT1 ‘
Calling Argument: (C,GNO,SYMRB,NL,J1,AH,AH2 PIBI2,JPT,NO,INTERV,CHAR,
ISKIP) '
PLOTL
Purpose: To plot finite elements and conductors and write element, pgrid,
conducior, capacitor numbers at grid point and element centroids
and to draw a symbol at the grid point 1f requested.
( External References: NUMBER,SYMBOL,PLOT,XYZLAB,PLOT3G,GENERT,PLOTVG
Called by: VIEW2

Calling Argument: {(C,GNO,ENO,KL,K1,NGRID,NND,SYMB, JK,NOEL,IBR)
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PLOTI6

Purpose: To draw a line hetween grid points, and place a symbol and prid
numher at each grid point if requested., Used for ali elements
except the 20 grid isoparametric elemeat.

External Refevences: NWMBER,SYMBOL,PLOT

Called by: PLOTL _ . : _

Calling Argumears (C,CHO,S¥MB,NL,J1,AH,AH2,PIBI2,JPT,NO,CHAR)

PVIEW

Purpose: To read Namelist'$PVIEH and ealculate data for the partial'view.

External References: SEARCH

Called by: P¥W .

Calling Argument: (NOEL,IDEL,G1,NOGD,X1,X2,X3,TPOINT,XMIN,XMAR,YMIN,
YMAX, ZMIN , ZMAY, YY, IDG, JPV,NIPV,LENGB,LP9)

Purpose; Dummy routine foxr calling PVIEW,
External Refeyvence: PVIEW
Called bys MAINL

Purpose: Dummy routine for calling READHE
External References: READB
called by: MAINL

READB

SEARCH

SPAR

Purpose: To read finite clement data from file 4, decodes free field data,
stores in arrays for plotting and calculates maiimum and minimum
coordinate values. |

External References: DCODE

Called by: EDB | _

Calling Arguments (NOGD,IDG,X1,X2,X3,XMIN,XMAX,YMIN,YMAX, ZMIN, ZMAX,NOEL,

ELTYP, IDEL,G1, IPOINT,NCHBDY ,NTEST,CP, PROGRAM, LP9, LENGB) -

Purpose: Not fully implemented at this time,
(UNIVAC only)

Purpose: To convert SPAR print file (9) to NASTRAN Bulk Data format (file 4).

External References: None
Called by: MAIN1
Calling Argument: None
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_ SYMBOL
: ( Purpose: To plot symbols at grid point for structural plots or at element
ceatroid for thermal network plots.
External References: PLOT
Called by: PLOTVG,PLOT1,PLOT3G
Calling Argument: (X,Y,S¥M)
TFOR
Purpose: Dummy routine for calling TFORM
External References: COMBES
- Called by: MAINI
T TFORM ‘
5‘.5 Purpose; To transform grid point coordinates from local coordinate systems
' to a basic rectangular coordinate system,
External References: ABSA,ACROSB
Called by: COMES
Calling Argument: (NOGD,NCORD,X1,X2,X3,CTYPE,CP,CID,RID,A)
Comment: Only NASTRAN CORD2R, CORD2C and CORD2S coordinate definition cards
are currently permitted.
(o ymmn
Purpose: To calculate plot parameter, such as, center of plot and scaling
factors.
External References: PLOT
Called by: VWl
Calling Argument: (ANGLD,ELEV,ROTX,XMAX,XMIN,YMAX, YMIN,ZMAX, ZMIN, XMEAN,
YMEAN , ZMEAN, ANGLE, T, ROTR, C1)
viEw2
Purpose: To rotate and scale each set of grid coordinates for each element
and call plot subroutine,
External References: PLOT1
Called by: VW2
v Calling Argument: {C,NGRID,XMEAN,YMEAN,ZMEAN,ANGLE,T,ROTR,NL,J1,NTEST,ENO,
GNO,SYMB,NND, C1,JK,NOEL, IBR)

- WL
Purpose: Dummy routine for calling VIEW]
External References: VIEW1
( Called by: MAIN1
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by

W2
Purpose: Dummy routine for calling VIEW2,
External References: VIEWZ
Called by: MAINI
XYSAVE
Purpose: To write grid point number and X,Y location on CONTUR data file
KC (KC = 10, default).
External Referencegs None
Called by: MAIN]
Calling Argument: (KC,LAST,IBG,NGRID,G1,C)
XYZLAB
Purpose: To label the trial coordinate symbol with X,Y and Z labels,

by

External References: None

Called by: PLOT1

Calling Arguwment: (C1,C2,NO}

STRUDL (UNIVAC only)

Purpose: To read STRUDL finite element data from file 4, decodes data,
atores in arrays for plotting and calculates max and min
coordinate values.

External References: DCODE

Called by: MAIN1 .

Calling Argument: (B{(LP1),B(LP2),B(1P3),B(LP4),B(LP5),B(LP7),B(LES))
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