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GRAPHICS AND COMPOSITE MATERIAL COMPUTER

PROGRAM FOR USE WITH SPAR

BY Gary L. Farley and Donald J. Baker
Structures Laboratory, USARTL

SUMMARY

The SPAR computer software system is used for finite
element structural and thermal analysis. This report
contains user documentation of additional computer programs
that have been developed for use in conjunction with SPAR.
These programs plot digital data, simplify input for
composite material section properties and compute lamina
stresses and strains. Sample problems are presented
including execution procedures, program input and tabulated

and graphical output.




INTRODUCTION

Studies of structural configurations using finite element
models yield large amounts of data which must be analyzed.
Effective evaluation of these data can be enhanced by a
graphical representation. This paper contains the user
documentation for computer programs developed or modified
to interface with the data base of the SPAR level 14 finite
element computer code (reference 1) . These capabilities are
used in the interpretation of results and in reducing input
to the composite material section properties of the SPAR
computer code. These capabilities include; (1) a hidden
line graphics program for plotting the deformed and undeformed
finite element model; (2) a contour plotting program; and (3) a
capability for the development of composite material section
properties and subsequent postprocessing of lamina stresses
and strains into a’more convenient form. These programs
are written in FORTRAN IV language for the Control Data
Cyber series digital computers with the Network Operating
System (NOS). The plotting program contains adequate

comment statements to allow conversion to any plotting system.
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SYMBOLS

Coordinate system fixed in model
Coordinate system containing viewing planes
Coordinate through the thickness

Normal and shear stresses in the elemental
reference frame

Normal and shear stresses in the principal
material coordinate systems

Normal and shear strains in the elemental
reference frame

Normal and shear strains in the principal
material coordinate system

Three dimensional extensional
and shear moduli and Poisson's
ratio

Material density

Finite element thickness

Distance from neutral axis

Layer numbers




Program Capabilities

The three capabilities described in this report were
developed as preprocessors Or post processors to SPAR, interacting
only with the SPARLA data base. By implementing these
capabilities in this fashion the impact on subsequent
versions of SPAR would be minimized. The necessary 1/0
and data handling routines employed in these capabilities
are described in reference (2).

Another common feature of these capabilities is dynamic
addressing of storage (DAS). By utilizing DAS all problem
dependent vectors of data are stored in a single working
vector in blank COMMON. This allows the user to specify
only the central memory necessary to solve the problem. The
working vector, blank COMMON, begins at the first word
address following the loaded program and extends to the end
of the available central memory as defined by the user.

The concept of element groups and types, in SPAR, can
enable a user to greatly reduce the complexity of modeling
and interpreting the results of a structure. In a similar
fashion the three capabilities utilize this concept to allow
the user to specify parts of the structure to be operated
upon. This is performed by the selection of sets of
element groups and types. No option exists to select

specific elements within a particular group.




HIDDEN LINE REMOVAL GRAPHICS PROGRAM - HIDLIN

The hidden-line graphics program, denoted as HIDLIN,
is a modification of that presented in references 3 and 4
which was an option to the general orthographic plotting
program of reference 5. Plots of the deformed and undeformed
finite element model in a 3-D rectangular Cartesian
coordinate system are generated on a 2-D viewing plane by
HIDLIN. The deformed plots are of nodal translations such
as static displacements and vibration or buckling modes .
Such plots are very useful in debugging complex finite
element models and in visualizing the overall structural
response of the model.

Comparison of figures 1 and 2 illustrates the clarity
of a composite cross beam model drawn by HIDLIN versus a
drawing of all elements by SPAR. The deformed plot is shown
in figure 3.

Another example of the usefulness of HIDLIN is depicted
in figures 4 through 7 showing the finite element model
used in supersonic cruise aircraft research at NASA -
Langley Research Center (ref. 6). This model consists of
rods, shear webs and triangular and quadrilateral membrane
and aleotropic elements. The full undeformed finite element

model of the aircraft model is presented in figure 4 with

figures 5 and 6 representing the undeformed and deformed HIDLIN
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plots respectively. Figure 7 represents the HIDLIN
drawing of just the shear webs of the model depicting the
internal structure. Upon inspection of figures 1 through 7
the advantages of using HIDLIN is evident in debugging and
visualizing the structural response of the finite element
models.

Plots can be generated for structural models containing
any combination of 1, 2 and 3-D elements. Faces of the
solid elements (3-D) are internally converted by the
program to triangular or quadrilateral (2-D) elements for
computation purposes. In terms of SPAR nomenclature the
elements the user can specify are; E21-E24, E31-E33,
E41-E44, s41, s6l, S8l.

Graphic errors in the form of partially drawn "hidden
elements" can occur during a normal execution of HIDLIN.
These errors, if they occur, do not greatly detract from
the overall appearance of the structure and do not reduce
the program's effectiveness in debugging complex finite
element models or in depicting overall structural response
as seen by comparing figures 3 and 8. To eliminate these
errors, the user can rotate the model a few degrees oOr
adjust DMAG. DMAG, used in checking an element's visibility,
is the parameter that controls the amount an element is
reduced about its center. The causes of these errors are
numerical roundoff and a limitation on the number of .

segments of a partially hidden element.




The additional computation required to reduce or eliminate
these errors is not justifiable.

Input data.- The input data deck is shown schematically
in Figure 9 and is described in detail in this section.
SPAR data base SPARLA must be disc resident prior to the
execution of HIDLIN.

SPARLA data.- The SPARLA data base must contain the

basic structure topology prior to execution of HIDLIN.

SPARLA DATA

SET NAME DESCRIPTION

JLOC BTAB 2 5 Data set containing nodal
coordinates

DEFO POSI MASK MASK Data set containing nodal

translations in similar format
as JLOC BTAB. This data set
is used in deformed plots
only. This data set can be
developed through use of the
TRAI; function in processor
AUS.

DEF E21 MASK MASK Data sets containing element

-

" E2 4 " "
n E 3 l 7" [1}

connectivities.

L1} E 3 3 " L1}
" E 4 l n "

[1] E4 4 " "
" S 4 l n "
" S 6 l L1} "
" S 8 l L "




User defined data.- User defined data includes a NAMELIST
statement and data defining element type and group numbers of the
plotted structure.

NAMELIST MAX.- This NAMELIST contains values to allocate

storage and values specifying various program options.

FORTRAN DEFAULT
NAME VALUE DESCRIPTION
IDISP 0 Deformed plot parameter

0 - undeformed plot
1 - deformed plot

NCKELE Estimate of the total number
of triangular and quadri-
lateral finite elements (must
be equal to or greater than
the actual numbers)

DSCALE 1.0 Displacement magnification
factor used when IDISP=1

DELX, DELY 1.0 Origin shift factor in the
scaled and rotated coordinate
systems

KHORZ 1 Integer designating the
horizontal axis of the
viewing plane where l=XO;
2=YO; 3=Zo

KVERT 2 Integer designating the
vertical axis of the viewing

plane where l=XO; 2=Yo; 3=Zo




FORTRAN DEFAULT

NAME VALUE DESCRIPTION

PHI 0.0 Angular rotation of model about
its X-axis in degrees (per-
formed third)

THETA 0.0 Angular rotation of model
about Y-axis in degrees
(performed second)

PsI 0.0 Angular rotation of model
about its Z-axis in degrees
(performed first)

PSCALE 1.0 Joint coordinate magnification
factor

DMAG .99 Reduction factor used in

reducing the size of each
element about its center for
checking visibility of an
element.
The scaling of the joint coordinates (XYZ) and deformations
(DISP) and the translation of the plotting origin (DELX,

DELY) is described by the following equation;

original

xyzPlot _ yxyy model 4 pocarE + DISP * DSCALE + DEL(X or Y).

The following card(s) determine element type and group

number to be considered by the program.




COLUMN FORTRAN VARIABLE

1-5 (Right adjusted) NGRP Element group number
6-10 " NELT Spar Element Type

21 E21

gz E?Z

44 E44

441 sS4l

661 s6l

881 s81

An estimate of the field length required to run HIDLIN

is given as follows:

FLlO = 18355 + 6* (NNOD + NCKELE)

where NNOD is the number of nodes and NCKELE is the

sum of the triangular and guadrilateral finite elements.
Output.- The input NAMELIST MAX is printed to verify

input data, followed by the length of blank common required

for program execution. The third section of output is a

listing of element types and group numbers that are being

plotted. An example of input and output (printed and

plotted) 1is presented in sample problem 1.

CONTOUR PLOTTING

The contour plotting capability consists of two programs
which are executed sequentially. The first program,

denoted as STR, extracts user designated topology and stress
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information from the SPARLA library and sets up two input
files for the contour plotting program, STCR. Using the
input data developed by STR, STCR plots contours over the
specified structure. Besides the contour levels only the
. border of the specified structure is drawn to reduce
confusion. Three plots are generated corresponding to
S cy, and Txy stresses. Figure 10 depicts stress
contours of the upper flange of the composite cross beam

structure shown in figures 1 through 3.
PREPROCESSOR FOR CONTOUR PLOTTING - STR

STR extracts stress and topology data resident in the
SPARLA library and sets up two input files for the contour
plotting program STCR. The user designates the element types
and group numbers in specifying the desired structure.
Triangular and quadrilateral membrane and aleotropic elements
are considered in SPAR nomenclature as E31, E33, E41, E43
elements. All the elements in the specific groups are
included in the input file for STCR.
Stresses as calculated in SPAR are oriented in the local
elemental reference frame. These local reference frames
. can vary from element to element and must be transformed to
; a common reference frame. This transformation is accomplished
by rotating these local stresses by the angle 6 which the
user must input into the SPAR material property (MATC)

table.
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Input data.- The input data deck is shown schematically

in Figure 9 and is described in detail in this section. SPAR
data base SPARLA must be disk resident prior to the execution

of STR.

SPARLA data.- The SPARLA data base must contain the

basic structure topology and stress information prior to

execution of STR.

i DESCRIPTION
JLOC BTAB 2 5 Data set containing nodal
coordinates
MATC BTAB MASK MASK Data set containing material
property table
SA BTAB MASK MASK Data set containing section
property table
S?RS E31l MA?K MA%K Data sets containing element
" gzi " " connectivities and stress
" E43 " "
information
User defined data.- User defined data includes a NAMELIST

statement and data defining element type and group numbers of
the plotted structure. A

NAMELIST MAN.- This NAMELIST contains topology and stress

parameters pertinent to the execution of STR. MAN also
contains the appropriate NAMELIST parameters used in

NAMELIST MAX of program STCR.

12




FORTRAN DEFAULT
NAME VALUE DESCRIPTION

IIT 1 Horizontal axis on viewing plane
where 1=X, 2=Y, 3=72 are the
model coordinate system

JJd 2 Vertical axis on viewing plane
where 1=X, 2=Y, 3=%Z are the
model coordinate system

IPOS 0 Location of stress calculation

for SPAR finite elements

0 z =0 (mid-plane)

6 z = t/2 (upper-surface)

12 z = -t/2 (lower-surface)
ICEN 0 Location of stress component

(this parameter common to STR

and STCR)
| 0 centroidal stress
1 nodal stress

The following parameters are required in this NAMELIST

and are passed to program STCR.

SCLX, SCLY 1.0 Joint coordinate scale factor
| XSHFT, YSHFT 1.0 Origin shift factor
. NCONT 5 Number of contour levels
? N ILAB 0 Contour labeling parameter
0 - No
1 - Yes
HGHT .1 Size of contour label

13




FORTRAN DEFAULT
NAME VALUE DESCRIPTION
ICOPT 0 Contour specification parameter

0 - program specifies contour

based upon the formula

= I ) 4 -
SS(J) = NCONTE1 (SMAX (J) -SMIN (J) )
+ SMIN(J)
I=1, NCONT; J=1, 2, 3
where SS is the stress contour
level and J=1, 2, 3 represents
the stress component o_, O+ T
X Yy Xy

respectively
1 - user specifies contour

levels based upon the formula

SS(J) = (I-1) * DSIG(J) + SIG(J)

SIG(J) 0.0 Starting stress contour level
DSIG(J) 0.0 Stress contour level increment
RNDOFF 1.0E-7 Roundoff error parameter

used to eliminate small

deviations from 0.0 level contour

ILEROY 0 Leroy plotting option
0 - No
1l - Yes

The following card(s) determine element type and group

number to be considered in this program.

14




COLUMN FORTRAN VARIABLE

1-5 (Right adjusted) NN Element type
Spar Element NN
E31 31
) E33 33
E41 41
» E43 43
6-10 (Right adjusted) NG1 Element Group
Number

The user can stack several different type and group
cards to define the appropriate structure.

An estimate of the field length required to run STR
is given as follows:

FL = 15589 + 3* NNOD + 9* NMAT + 43*% NSECT

10
+ NNN * NEL

where NNN = 9 if ICEN = 0
16 : 1

NNOD is the number of nodes in the model, NMAT
and NSECT are the number of entries in the MATC and SA
tables respectively, NEL is the number of finite elements
to be plotted and ICEN defines where the stresses are
computed on the elements.
Output.- The output from this program is in two forms,
printed and disk or tape resident. Input NAMELIST MAN is
- printed to verify input data, followed by the length of blank
common required for program execution. The third section of
| output is a listing of the element types and group numbers
that are to be plotted. The disk resident output from this

routine to be ugsed 1in the contour plotter is formatted in card




images and located on tagpe 9 and tape 10. The data structure of
tape 9 consists of; NAMELIST MAX, sequential ordering of
joints and element connectivities. Tape 10 contains the

elemental centroidal or nodal stresses (ox, oy, Txy).

CONTOUR PLOTTING PROGRAM - STCR

The éontour plotting program, STCR, draws the border
of the specified structure along with specified contour
levels. Those contours intersecting the border can be
optionally labeled corresponding to the printed output.

The contour levels are tabulated in the program output. The
method of drawing contours employed in STCR is analogous to
that of reference 5 and will not be discussed here. Three
contour plots, depicting O Oy' and TXy, are drawn during
a program execution as demonstrated in sample problem 2.

The contours depicted in figures 10a through 10c have
sharp corners and small extensions which could mislead the
interpretation of results by a novice user of a finite
element program. These corners are a result of the stress
averaging at the element nodes and calculation of the contour
line segment. These contours can be made smoother by using
a finer mesh of elements.

Input data.- If program STCR is executed sequentially
after STR, no additional input is necessary. The following

data are given to allow this program to be used alone. Tape 9
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(input file) contains NAMELIST MAX, sequential ordering of

joints and element connectivities while tape 10 contains

element centroidal or nodal stresses (OX, Oy’ Txy).

NAMELIST MAX.- This NAMELIST contains all the

parameters necessary to control the contour plotting.

FORTRAN DEFAULT

NAME VALUE DESCRIPTION
NNOD Number of nodes

NEL Number of elements

See NAMELIST MAX of program STR for description of the
following: SCLX, SCLY, XSHFT, YSHFT, NCONT, ILAB, HGHT,
ICOPT, SIG(3), DSIG(3), RNDOFF, ILEROY.

«Sequential ordering of nodal coordinates

X YC; (NNOD cards) (2F10.4)

cl
sElement Connectivities (NEL cards) (41I5)
+Element centroidal or nodal stresses
if ICEN=0 centroidal stresses
G, O, Txy (3F10.4)
if ICEN=1 nodal stresses
Oy (4710.4)
o] (4F10.4)
Y
T (4F10.4)
Xy
An estimate of the field length required to run STCR
is given as follows:
FL10 = 18088 + 6* NNOD + 4* NEL

where NNOD and NEL are the number of nodes and finite

elements respectively.

17




Output.- NAMELIST MAX is printed to verify input. The
length of blank common is indicated. The contour number and
its associated value is listed. A typical plotted output is

shown in sample problem 2.

COMPOSITE LAMINATE CAPABILITY

The composite laminate program consists of two programs;
SAT, which is used to calculate the section property table
(sA data set), and program STST for the determination of
lamina stresses and strains in the elemental and principal
material directions. The input of composite laminate
section properties into SPAR is possible by direct input of
the laminate stiffness coefficient matrix or by ply-by-ply
specification of the lamina stiffness matrix. Either method
requires the user to execute additional programs, separate
from SPAR, to generate this input data. In the execution
of program SAT the user defines the necessary orthotropic
material properties and the appropriate stacking sequence for
each section while the program performs all necessary
calculations for the SPAR SA table entries.

The stress recovery in SPAR has two forms. For all
elements with section types other than LAMINATE the laminate
stress resultants or average laminate stresses are computed
while the LAMINATE section type provides for the calculation
of stresses on a ply-by-ply basis only. Neither of these

allow for the direct determination of strains in the elemental

18




or principal material reference direction. In addition to

the SPAR generated stress data the user can have program
STST calculate stresses and strains in the elemental and
principal material directions on a ply-by-ply basis. This
information can be optionally directed to a file in a format

consistent with input for the contour plotting program STCR.

SHELL SECTION PROPERTIES PROGRAM - SAT

The SAT program generates shell section properties, SA
table entries, applicable to composite materials. Besides
the SA table data set, developed by SAT, a data set
containing constituent section properties, denoted as
ARMY COMP (NLAY) 0, is stored in the SPARLA library. These
data sets in addition to the stress resultants computed by
SPAR are used by program STST in computing lamina stresses
and strains of the appropriate elements. The SA tables
generated by SAT are applicable to the following SA sections;
isotropic, membrane, plate, uncoupled and coupled.

The user specifies the constituent material properties
to be used in developing all the different section
properties. Each different section is defined with respect
to ply orientation, lamina thickness and constituent
materials. Sign convention and consistency with the
mathematical formulation of SPAR is maintained. Figure 11

depicts sign convention and typical laminate construction.




Input data.- The input data deck is shown schematically
in figure 12 and is described in detail in this section.
SPAR library SPARLA must be disk resident prior to the

execution of SAT.

Comment card.- One card required to identify the data

deck.

NAMELIST MAX.- This NAMELIST sets up the required

number of cards to be read later for different section

properties. Note, there are no default values in this

namelist.

FORTRAN VARIABLE DESCRIPTION

NSECT Number of different section
properties to be developed

NLAY Maximum number of layers in
a section

NMAT Number of different material

properties to be input

NAMELIST PROP.- This NAMELIST contains the material

identification number and its associated properties.

FORTRAN‘VARIABLE DESCRIPTION

IMAT . Material property identification

(number not to exceed NMAT)

E11l, E22, E33, ’ Three dimensional material
Gl2, G113, G23,

UN12, UN13, UN23 properties

RHO Material density

20




NAMELIST SECT.- This NAMELIST contains the section

topology information to be read in NSECT times.

FORTRAN VARIABLE DESCRIPTION
ILAY Number of layers in section
ISPARM SPAR material number

corresponding to MATC table
entry
ISPTYP SPAR section type

ISPTYP SPAR SECTION TYPE

1 membrane

2 plate

3 uncoupled

4 coupled

3 isotropic
ZSHFT Neutral axis shift

The following layer identification card(s) to be read

ILAY times for each section.

COLUMN FORTRAN VARIABLE DESCRIPTION
1-10 THETA(I) lamina rotation angle,

relative to the elemental
and material coordinate systems,

refer to figure 11 (b)

11-20 T(I) lamina thickness
21-25 (Right M(I) lamina material number (IMAT)
adjusted)

21




SPAR stress recovery cards

FORTRAN VARIABLE DESCRIPTION

F(I, J) SPAR stress recovery parameter
I=1, 2, 3; J=1, 2, 3, 4, 5, 6
(18 entries) Format (8E1l0.3)
An estimate of the field length required to run SAT is
given as follows:

FL,, = 18867 + 37* NMAT + (12% NLAY+140) * NSECT + NLAY

where NMAT is the number of different materials, NLAY

is the maximum number of layers in any laminate and NSECT is
the number of sections (SA table entries).

Output.- All input NAMELISTS are printed along with the
[ABD] matrices (a 6 x 6 laminate coefficient stiffness matrix)

and their inverses for each section (SA table entry). An

example of input and output is presented in sample problem 3.

;STRESS—STRAIN CALCULATION PROGRAM - STST

Program STST determines lamina stresses and strains in
the elemental and principal material directions. A contour
plotting option is available to the user in the creation of
a stress or strain file applicable to program STCR. As was
the case in programs HIDLIN and STR the user defines the
structure of interest by specifying group numbers and element
types. 211 the elements within such a specification would

have their lamina stresses and strains computed. Successive
specifications can be defined to establish the desired

structure.
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Input data.- The input data deck is shown schematically

in Fi
SPAR
execu

progr

gure 9 and is described in detail in this section.
library SPARLA must be disc resident prior to

tion with data set ARMY COMP (NLAY) 0, generated by
am SAT, resident.

SPARLA data.- The SPARLA data base must contain the

const

gener

execu

ituent material properties for each section, as
ated by SAT, and stress information prior to the

tion of STST.

SPARLA DATA

SET NAME DESCRIPTION
ARMY COMP (NLAY) O Data set containing the consti-
tuent material properties for
each section
SERS E31 MA%K MA%K Data set containing element
" gii " " stress information
" E43 " "
MATC BTAB MASK MASK Data set containing material

property table

User defined data.- User defined data includes a NAMELIST

statement and data defining element type and group numbers
of the plotted structure.
NAMELIST MAX.-~-

FORTRAN VARIABLE DEFAULT DESCRIPTION
IPLAY 1 Layer number for plotting
IGRPH 0 Plotting parameter

No = 0

[\

11t
m
~
™
~
<
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FORTRAN VARIABLE DEFAULT DESCRIPTION

3 T

11
Q

2" 12
42 ey By Y

PER .5 Ratio defining where the
stresses, thoughthe thickness,
in each layer are computed.
PER is relative to the lower edge
of each lamina. NOTE: PER = .5
is mid-surface

The following card(s) indicate the element type group

number to be considered by the program.

COLUMN FORTRAN VARIABLE DESCRIPTION
1-5 (Right NELE Element type
adjusted)
NELE SPAR ELEMENT TYPE
31 E31
33 E33
41 E41
43 E43
6-10 (Right NGRP Element group number

adjusted)

An estimate of the field length required to run STST

is given as follows:

FL10 = 24249 + 24* NMAT + NSECT* (11* NLAY + 44)
where NMAT is the number of different materials, NSECT
is the number of sections (SA table entries) and NLAY is

the maximum number of layers in any laminate.
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Output.- The input NAMELIST MAX is printed out along
with information pertaining to laminate construction
generated by SAT. For eachvelement of the specified group
and type the laminate strains and curvatures and lamina
stresses and strains in the elemental and principal material
directions are printed. Stresses or strains for designated
layers are printed on tape 10 for use in conjunction with
program STCR. An example of input and output is presented

in the sample problem 4.

Concluding Remarks

The computer codes described in this report have
been found to reduce hand manipulation of data and
improve visualization of results. The HIDLIN program
proved beneficial in debugging complex finite element
models and visualizing the overall response of the
model. The composite material programs SAT and STST
greatly reduce the manipulation of input data and
extend the computational capability of SPAR. The
contour plotting program used in conjunction with
SPAR or program STST significantly adds to the stress

plotting capabilities currently available in SPAR.
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SAMPLE PROBLEMS
Problem 1
This example illustrates the input, output, and typical
plot from program HIDLIN. The Calcomp plotter with Leroy
pen was utilized to plot figure 2. A listing of input data

cards follows:
CMBY PHTZ—4EyTHETAZ¢45, sPST=45 4y NCKELE=450, IDISP=0,NSCALE=1004s ILFROY=1SEND

1 43
? 43
3 43
4 43
_ 85 43 _ _
& &3
7 43
R 43
9 43
10 43
1A 43 _ -
11 43
12 43
13 43
16 43
15 43 .
1R 43
1 33
2 33

27




The output listing for Problem 1 follows.
TMAX
IbysD = 1,
NCKFLE = 450
DSCALF = ,1F+0R.
DFLX T L1E+01

NDEL Y

i

o 1F 401
KHOR7 =

KVFeT = 7

PHY = = 40402,

THETA = c4HBE 407

£SY = L4BE N7
ESCALF = ,1F+07.
DMAG = JOOF +00.
TLEROY = 1,
$END
STORAGF GFOUIRFN IN FOMMON (DEC,) 3910

STARAGE BEQLUIEFND TN coMMON (O0CT,)N0007506

GRONP MNUMKFR= 1
FLFMEMT TYPE= 43
GROUP NMUMREEK= ?
FILFMEMT TYPE= 43
GEONP MUMRE k= 3
FILFMENT TYPE= 43
GROHIP MMRF K= 4
FLFMFMT . TYPE= 43
GEONP NIMRER= [~
FIFMFNT. TYPE= 43
D NUMRFR=
EX ST i
FILFMFNT TvYPF= 33
GROUE NUMRFR= P

20
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Problem 2

This example illustrates the input and output data from
programs STR and STCR. A Calcomp plotter with Leroy pen was
utilized to plot (figure 10) the étress contours on the upper
flange of a composite cross beam. A listing of input data

cards follows:

SMAN T1T1=1edduz3sNCANT=20,TLARE]s TCOPT=1,STA(1)==45004ST6(P)==4000, ILFROY=S1,
STG(3)==1000+DSIG(11=5004DSI6(2)=500,NSIG(3)=2004 JICEN=0,SCLX=,55SCLY=.5 FEND

43 6
43 7
43 R
43 14 I - - - -
33 2




The output listing for program STR of Sample Problem 2

is shown below.

ERAY

11T = 1o

Jodd = R,

SCLy T WJEF 40D

SCry = JEE+NN,

XCRFET = J1F4rT .

VERET = g1k 40T

TCEr = My

renMT = Pl

jLpee = Lo

oae = Ve

st T E L

[CropT = e

ST T o hEF 4Ny = AF b =, [ FeNA,
s Te = ,BE 416 JBT LNy orE+{(13

TLFEERY = 1,
SEOERE = T =0E
S

CTORACE LIQED TH CNlkvann 4 7 0O 14 Y
STrLACE IQFED Yr (COMank ¢ 7 OR 20 X
FIFOFEDT TYPEE 43

0P b livpt = £

FpEMERT TYRE o 43

GRVHID M e 7

FYFAFeT TYP| = 4.4

[RY SIS ERT = AN  BLER S N - M

E)EMFLT TYPF= 41

LD P IMERE = 14

FijiFuFreY TYRF= 33

30
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The output listing for program STCR of Sample Problem 2

is shown below.

EEY Ay

Dy = 402,

wE S = Tt
TCr = N
YT = W1F 400
YORET T oG Ew(],
<Ol % T GEE 4NN
Cryv T GRE 4N
FOemT = e
TLaw = Je

i T SR IRV
<1 T e 40E E N4,
[ AP T JEF AT,
TepeT = 1

TLEEAY = Y.

FRTOEE = O 1F enA,
TE R
SToRace (ipf g

STADACE WSF T4

ALKt TH QTLE S C
e FLTE 4T
e FPE 404

ETEF +n3

Crifau

CTLf e 2
CTRESE R

R 413,

Crtwan
COmangg

g aF + 70

s PF +0d

(PEC.)

VALLUF S

- TLHF 404
- B8 3F+03
~ e RTHRIT+N3

CONMTPR Pygr e

v o
CANMTOALR Mo E R
CONTOUD MULHE R
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VALIF =e4SNNANN0F+04

FONARGOF 404
VAL -,
VAL ~afnnnpno,
VALUE ~ebnNONAGGF +02R




Problem 3
This example illustrates the input and output from.
program SAT which computes the SA Table entries for SPARLA.

A listing of input data cards follows:

GAMP| F CASF FOR PROARAM SAT

TMAY P‘FCT:?-NL&Y=6.MMAT=? FEND .

CPPOP INAT=1+F11217.F6eE2222.E64G122,52E6,UNIZ=,38 FEND . .. ... . -
CEROP TMAT=22F11=0.F6EP2=0,E64612=,6E64UN12=e3 SEND -
CSFCT JILAY=4,1SPARHMZ] ISPTYP=4 SEND

45, .. ..045% .. 2 e e e
-45, L0455 ? o
-45, . 0455 Yd

45, . 0455 2

1,0 1.0 1.0 0.0 V.0 0.0 1.0 1,0

1.0 0.0 0s0 0eh 1,0 1.0 1.0 0.0

[ ] 0.0

SGECT TLAY=S,1SPARM=3,ISPTYP=4 FEND

0.0 .033 )

45, NP6 2

NN NG44 1

45, oN26 ?

[ .N33 1 . . . - .

1.0 140 1.0 Ded 0,0 Nel 1.0 1.0

1,0 0.0 0,0 0,0 1,0 1,0 1.0 0,0

(] 0.0
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The output listing for program SAT

is shown below.

Svav
NeERT = Fe

SLRY = b i
.-\:T = ,I

2t m

of

623

«100ESN]  L100Fe0]

W FUHARINE wN T
WF1OGNT3E N9
. HATIANGK =g
LPUPEYRPE S0
R RS Ty
eHaPIRLPY =11

LO20PHF =) R
A

CEUNAT -,
PPN (UL )
- PTORNAYF 2P
=s113%10 =03

BISIARAINT]
. BAPPLRAE -] T

~eBRTIROAFE =24
«APTIRN4E =24

=e40T74534F =N

~ R4FIPYPE=11
cHaPIRIPFAT
«17290)10F s 04

~eP1040FF =3P
« P16 0K =D
TIGHENE=]R
€17

«?P'3
145713
L elZinkpaFal
-kl PPHENT LYY
«PRINNYTE-N2

S PRAANBIF =08
s 3P PRI ] K
SRO23214E =17

.("

1000GRNESN]

CYANAAE USED TA Conon (DECL,) L SBR. L ... .
» STORACE USER TN COMMAN (OCT.)000007T) -
My F1i £22 612 G613
. 1 AATI€ 02 G200E20T L Car e o WBRUE SR (DY | PYR
- RTINS LONNE 5T . AL ang G 0a
A LIS B VTR NP Rln
3 WAL PF 00 [\ Ca Ne
2 PRCLA L I L 0. 0,
e - h o
Ty = 4
[ L IVE Te - o o T T
'\Sf:‘\‘” = Al.
JemFT = 0,0
<en - - [ e e
THETS THICKMEQS MAT
AT N S S L] 2
~a&BOT Ly GAREFLn) .2
w kTN ONP  L4EKFaNY 2 R
CLRAEAOT gqRRFan) 2. - - -
[SPCeLC LErevroy pavnusuTEQQ (V}
DR SR AR S LR B U M e
Cerreoy oo, Va ny W1ORFAUY 00pec] L100E<N) D,
o .
S
CATRIN P E QT CY AN 1
JAITEBaNE LT JJrADRNATAAT o, WRYTAGBT AR =
1-. JiEnsari AT ARTGPNNTenT n, dRUFAQTIGUF =N
: S 1. ehAINNARLE 4NEA WdHP2T RN aT
EY .
' fLenTIVaang QRN IF w1 Q HA2TIF AN aD g W AKAINIRF NG
A s S LRI E LR T IS 5 T Sy S A LR L)
- Th GHPTIN AR =L e a0 TaRE N0~ 242 R BT ]
AR Certran 1 g
| allne ML PR Y TR YR LY LT BN
‘ ‘!..‘;\)Qﬂi-.
! e blanTorouy
j TrALEORER AF AEN WAT. Ty FOn RECT TN K]
‘ WSV ETTIAY LN m IPTARN N etie @ 4030140 220 . (0P G00F )
f - FIT AL F LR J1QI LR Fand JInGIaRel -1y PSS B K TS )
| - RURCY LR 2D JINUTHCAR LI GP16AR2E e LRANALR AN e
| . -, tHDRANAL Ly a PR R R IR K] WHAREADLE 4 e 1GALCLAN - 3
| T I R R S T LT 2 AT | A LR B B L T RN}
=W EPEAATIE SR (FOTINLAEL2 (J4R2)24L a7 LIPTE R DLRw] T
_Ffwn noF <A YaRpF
. GATRANRAL LAY IAFIANAT AL O, WORUINEW S . P0TRTHIE0R
W ITNTALDT Ll L SV MIRTICLTA JIUINDIHOF LI 2N TR TR LD GAATYIRE -0
S TRILTLTE AR JO0ATIN T el Y w1 NN ACRAD 2V LA0L e3P  AT1O000F =) 8
CetAnrnpnE e L,100800rE 40 LT A0ANT 0] LINLEA00RTA0Y b0,
Led0NANCIapn] (1300 ANRFEAY 0, D, (L I
. € ry e sanulaGgnEsn) (00N NKOFAN]

JjeVrEELEps

fRERRIRIFLT G
| , L1218024F 217
‘ s

AR SN

~ 403G 4OF w0

~ . BHALNGEF )&
. baPDAGNF YT
[23
a, .
LYACANOGE e )

103755455010

- ?TAGGLIFeD
WP ANNY TR

S R LT P TN

-y 1134101F~03
QIA0LNDOF DY
<100unfaFag)

Qe

- 10254096 =1H

«10S17TE=02
JINONNU0NESR)
» 1000005403
0,
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[
«h314137F~19

“sA2302]11F=32
«1000000F 0]

..

0o

-~ JUOARASE wl R
-abH219TPF =19
“HDAY7LELT
')‘

W10DINONESDN]
04960 TTAEDA
JEOAAN2NF AT

W PATELNF D
100000065601
n, .

Sample Problem 3 :

L1009 PAPF abR
-, ARITRE TV LS
LRTRHAGRE NS
L10ANNAGELNY
JI000N0GESD]
=e32733105~0¢
J1GRLRLAF LN

$14352134F 217
n.
N, - -



Problem 4

This example illustrates the input and output of program.
STST lamina stress and strains. This example uses the file
ARMY COMP (NLAY) 0 from problem 3. A listing of input data

cards fgllows:

Tieay VEDon [1eEs T

a9 1

34



is
MAX
1P LAY =1,
IGRPH 7 0y
PER = 0,00
SEND

NUMRER OF MATERIALS a

The output listing for program STST

shown below.

MAXINUN MUMRER 0OF LAYERS/SEC’XON = 20
NUVERFR OF SA TABLE ENTREES = 23
STARACE USED IN COMUAN (DEC.) 6148
STORAGE USED IN COMMON {OCT,)00014001
GROUP NUMRER 1 ELFEMENT TvYPR £33
0 LN SGX EPX $6G3 (23] sAy EPY
IN~PLANE STRAINS W6RAESDD w 8TAF w1 L40AF~N2  CURVATURES
1 2 =57,  «0002) @llTTT. g =187, =,00063
1 ? 3726, L00024 3724, ~1133, =.00065
1 3 e,  L0n03 11835, ~11894, «,00068
1 a 5341, 400034 S3ai. ~1i65, «,0007D
1 R & 00037  =121a5, ~12148, ~,00072
1 s NELYYY se8e, ~1}%6, «,00075
1T > 00047 @l2965, @, N05T? =12%6%, «,00077
1 A ncip. LY 8c32. -12:7, =,00079
1 o 811, +0005&  =137a% ~13786, «,000R?
110 ~709, +00NAD ?12. S le =-Z431, -,00C84
111 =197, 00073 w2835, =,0n08A ~21£3, «,0009]
11?2 18, LGn00e ~2INR, = 0 iR =lacs, ~,000098
113 E76, J000GO 1081, 71235 ~1627. -.0010%
MID-PLANE STRAINS 2AARBE~03 «,R7I5F«"3 =~,49PF=03  CURVATURES
ER 5T, L0002 «l07TT, a,7 02 10777, ~.000A3
s 7 AT 6. 00006 3726, Ln0n2s =11233, ~.000#5
2 3 Sp, L0903 wlisuo, - arpnn ~ 1508, «,0008R
2 & S341, L00034 S241, L3403 -1185, ~,00070
) 201, 400037 =121a4S, «.34072 -12145, -,00072
7 & CRRR,  L0NNLA 6888, JNh6sad “1196, =,00075
EI L3844, L00047 12955, =, 62077 =12883, «,00077
5 &032, 00080 8032, L200N%0 =1217, =.0007%
S11.  +00056  =137KES, =13785, ~,00082
. LeThE,  ,00060 ~-2251, =-2431, =,00084
ls ‘97, L0a073 55, =Z2163, =.00001
16 & NGETS 778, -1808, =,00058
le o ~agQ “1662, =,00045 =lep7. - -
1a & -
14 6 5740,
e 7 «TER, @ 000, . « W2000%2
16 2 £107, =.00072 liacu, Guniryg lier4, 00052
14 ¢ =7592, ~,00027 «11854, «,00}44 -e870,  L00049
1s 30 13a, =o00029 4214 00023 Z2%R, L00N4R
14 11 =170Q, ~,0n039 1492, =~,a0n61 1706, ,00043
14 12 ~2553, =,000480 3T2. .00002 1119, L0003
16 13 =3RG6, =,00059 =3R19, ~.00031 530, 400033
MIDSPLANE STRATNS «oa08=03 [ 264€-03 ,2486-a2  CURVATHRES
1« 1 =16586, =a00017 =~26QR8, ~, 00233 =7R01.  J06002R
iR P 8283, ~,000M4 A0845,.  LEN3RI 13742, L,an037
15 1 «167R0. = 00017 «258469, Y ~12%4n, POTHAUKTY
15 & Re62, =,00018 28s7), ld1e9, ,0003%
1s 8 ~1RRA2, a,0nn20 ~25123, =.70203 =7067, ,000364
1= ¢ TEIZ, =.00023 262, 50361 1tafa,  L00037
18 7 15216, ~,00075 ~24004, -.an7ss =6804, LO0032
1s R TORL, =~s000P4 2o489, PFRa 15628, L0003
18 o 14800, -,00029 -22885%, .rﬁia -6846, LNONPQ
LA K 450, ~,0nn3} “138), ~.prpns =782, 00678
I8 1) =587, «,008037 -7 =c92, .000?%
FE -18%3, «,07043 -1107, '8 =1237, 00071
18 13 «238Q, «,00040 =183%, ~, 0048 =1472, L000]A
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of Sample Problem 4
s62 EP2 TAUXY GMXY TAUI2 GM12
¢?90E=02 «,157€~02 ».6TRE=0]
=57, 00021} 314 L20060 ~314, =,00060
=1133. ~,00065 310, 400060 310, 400060
98, W00031 303, L000%8 =303, =~,000%8
=1165%, =,00070 299, ,L00087 299, Ln0N05T
201, L00037 295, LO00NKT =P0%, «.00NST
«1196. ~,00075 287, LGNNSBS 2RT. 400085
356, L00047 283, L00D054 =23, «, 00054
=1717. «.00079 279, L00054 279, L00PS4
511 400056 272, .00052 =272y =,00052
=3351, =«,00064 1782. .0008] =RE), =,00]43
4095, 400039 1675, L00048 983, L0C1k4
T7B. L00039 1568, L.00045% 1105, ,L00184
=1862, =.00045 1461, ,L,00042 1227, =,00204
«P290F =02 =,15TF=02 .678F=03
-57. L00021 =314, ~,00060 314, 000AD
«1133. =,00065 =310, =,0006KC «310, =,00060
98. 400031 ~363, «~,000%8 303, L00NSA
«1165, =,00070 =296, «,00087 ~299, =,00087
201, .00037 «295, =,00067 295, L00057
~11096, =,00075 ~287, ~,00085 «2AT, «, 00055
356, L00047 w2B3, =,00054 283, L0054
=1217, «,00079 279, =,000K4 o LY
5i1e  S40G056 p1
217, L00039
«2R556, - ° . DYy e
-7 e 60168 =2Te = NON05
. «10233, ~,0019? 10, ,nh0a02
«00209 =6704, ~,00186 6s J0O00N)
-66R, =,N0158 ~9190, ~,00178 =38y « 00067
1672, L001RA8 =h44T, =, 00]69 55« 400010
=T06. =,0015] «A404, =,001A3 =71e =.60014
1377. .001%6 ~6181, =.,00151 103, ,00020
2017, ~a00004 =648, =,00145 “97G, =,00163
=592, LnonosS =37h, =.00]1271 B53, L09142
~2406, =,00013 «185, =,00N097 727, L00121
453, L00005 166, =,00073 =601, ~,00N100
~e137E-02 «,758F=C3 -,707F =02
2A02, L0359 1403k, 661359 391,  J0007S
“lR64, «,00327 15503, 00352 =374, =,00772
2369, 00334 13284, ,00336 340, Lrn00AS
~1P29, -,0030% 14347, Lu037R =373, = 00662
2214, J003217 1294a, LO0120 305, SON059
«1794, ~,0029] 13190. ,003nS -?7le =,000652
19P1, ,007092 172296, L0097 784,  GO0h6GG
1770, =,00279 17419, ,062R9 23T, w0046
17454 L00267 118643, 00274 2023, LH00570
iR, .po0062 1945,  ,00768 1620, ~,060270
~15372, «,0n087 1618, «N0234 164, ,0074)
=1fR4, w,000%0 1292, 00202 1269, ,00211
=2196. L000]1 966, L.00169 =103, «,001R82




Beam Finite Element Model,

Using SPAR.

(1) .~ Composite Cross

Figure

Drawn
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Figure (2).- Undeformed Composite Cross Beam Finite Element Model
With Hidden Lines Removed, Drawn Using HIDLIN.



Beam Finite Element Model

Removed, Drawn Using HIDLIN,.

(3) .- Deformed Composite Cross

Figure

with Hidden Lines



(4) .-~ Finite Element Model of Supersonic Cruise Aircraft, Drawn Using SPAR.

Figure



.~ Undeformed Finite Element Model of Supersonic Cruise Aircraft, Drawn

Figure (5)

Using HIDLIN.




Figure (6).- Deformed Finite Element Model of Supersonic Cruise Aircraft, Drawn
’ Using HIDLIN.




Figure (7).- Internal Finite Element Structure of Supersonic Cruise Aircraft,

Drawn Using HIDLIN.
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ELEMENT GROUP AND TYPE (CARDS

e

\ NAMELIST

SOURCE PROGRAM

/.

CDC SYSTEM CONTROL CARDS

Figure (9).- Typical Program Setup.




Figure (10a).- o, Stress Contours of Upper Flange of
Composite Cross Beam Structure.




Figure (10b).- Oy Stress Contours of Upper Flange of
Composite Cross Beam Structure.
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Figure (10c).- Ty Stress Contours of Upper Flange of
Composite Cross Beam Structure.
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Figure (lla).- Composite Laminate Sign Convention and
Construction.
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Figure (1lb).- Composite Laminate Coordinate System.




LAYER ID CARDS

NAMELIST SECT

LAYER ID CARDS

NAMELIST SECT

NAMELIST PROP

NAMELIST MAX

COMMENT CARD

SOURCE PROGRAM

CDC SYSTEM CONTROL CARDS

Figure (12).- Program SAT Deck Setup.
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