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ABSTRACT 

This manual describes "how to useii the computer code, HITCAN (HIgh Temperature 
Composite ANalyzer). HITCAN is a general purpose computer program for predicting 
nonlinear global structural and local stress-strain response of arbitrarily 
oriented, multilayered high temperature metal matrix composite structures. This 
code combines composite mechanics and laminate theory with an internal data base 
for material properties of the constituents (matrix, fiber and interphase). The 
thermo-mechanical properties of the constituents are considered to be nonlinearly 
dependent on several parameters including temperature, stress and stress rate. 
The computation procedure for the analysis of the composite structures uses the 
finite element method. HITCAN is written in FORTRAN 77 computer language and at 
present has been configured and executed on the NASA Lewis Research Center CRAY 
XMP and YMP computers. 

This manual describes HITCAN'S capabilities and limitations followed by input! 
execution/output descriptions and example problems. The input is described in 
detail including (1) geometry modeling, ( 2 )  types of finite elements, (3) types 
of analysis, ( 4 )  material data, ( 5 )  types of loading, ( 6 )  boundary conditions, 
( 7 )  output control, ( 8 )  program options, and (9) data bank. 

ABSTl 
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CHAPTER1 

INTRODUCTION 

The potential use of High Temperature Metal Matrix Composite (HTMMC) materials 
in propulsion systems has already been recognized. The advantages of HTMMC 
materials are high operational temperatures, high specific moduli and strengths, 
tailorable properties, dimensional stability, andhygral resistance. The thermo- 
mechanical properties of components made from HTMMC materials exhibit a nonlinear 
dependence on parameters such as temperature, stress, and stress rate. Since 
comprehensive experimental investigations are prohibitive in cost, it is 
advantageous to have computational schemes which can simulate the nonlinear 
response of components made from HTMMC materials. 

Research related to various aspects of HTMMC materials and structures has been 
conducted at NASA Lewis Research Center (LeRC) for several years. This work has 
focused on high temperature material behavior, constitutive law development, MMC 
experimental mechanics, mathematical modeling, and nonlinear structural analysis 
and simulation. Building upon this research effort, a HIgh Temperature 
Composites ANalyzer (HITCAN), has been developed. 

HITCAN is a general purpose computer program for predicting global structural and 
local stress-strain response of arbitrarily oriented, multilayered high 
temperature metal matrix composite structures both at the constituent (fiber, 
matrix, and interphase) and the structural level. The thermo-mechanical 
properties of the constituent materials are considered to be nonlinearly 

. dependent on several parameters including temperature, stress, and stress rate. 
The computational procedure uses the finite element method, which employs an 

schematic of this approach is shown in Figure 1.1. 

D 

incremental direct iteration procedure to solve the nonlinear equations. A 

HITCAN includes: 

- a dedicated mesh generator, adapted from COBSTRAN (Reference 1); - capability for simulating nonlinear behavior at all levels of 
composite material, adapted from METCAN (Reference. 2 ) ;  

- finite element structural analysis, adapted from MHOST (Reference 3 ) .  

All three computer programs, COBSTRAN, METCAN, andMHOST were developed in-house 
at NASA and are used as modules. This makes HITCAN a modular stand-alone code, 
independent of commercial codes. 

HITCAN, written in the FORTRAN 77 language, has been configured and executed on 
the LeRC CRAY X M P  and YMP computer systems. The code is made up of approximately 
16,000 lines. The companion codes residing in the HITCAN library, COBSTRAN, 
METCAN, and MHOST consist of approximately 7000, 10000, and 51000 lines, 
respectively. 

Chapter 1 
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Figure 1.1: HITCAN:An hkgrated Approach for High Temperature Composite Structural Analysis 
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After a brief description of the capabilities and limitations in the HITCAN 
computer code, a step-by-step outline of the procedure necessary to utilize 
HITCAN, i. e., the preparation of the input data and the creation of a databank 
of constituent material properties and parameters, is given. Chapter 3 describes 
the input data file preparation. The shell scripts which are requiredto compile 
and run HITCAN on the CRAY X-MP and Y-MP are described in Chapter 4. A 
description of the output is given in Chapter 5 .  Finally, in Chapter 6 ,  the 
input for three example problems is explained. 

The potential user of HITCAN is reminded that the program is in a state of on- 
going development and the methodology which HITCAN comprises is of an 
evolutionary nature. 

The structure of the inputloutput file structures in HITCAN is shown in Figure 
1.2. 

Chapter 1 B March, 1992 
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CAPABILITIESAND LtMITA'IXONS 

HITCAN is capable of predicting global structural and local stress-strain 
response ofmultilayeredHTHMC structures exhibiting nonlinear materialbehavior. 
Each layer of the composite can be constructed of different materials and can be 
arbitrarily oriented. The constitutive model employed in METCAN is specifically 
designed for HTMMC, therefore it is recommended that HITCAN be used only for 
metal matrix composites. 

The current version of the code is based on a rectilinear coordinate system. 
Arbitrary shaped geometries can be modeled using interpolators included in the 
mesh generation module of the code. 

At the present time, the following analyses are available in HITCAN: 

- Incremental static analysis with nonlinear anisotropic material behavior 
- Dynamic analysis using direct time integration 
- Modal analysis (free vibration) 
- Buckling analysis (first critical buckling load) 

The element library includes 3 four-noded elements, i. e. plate, plane stress, and 
plane strain, and 1 eight noded element, i.e. a 3D solid. The current mesh 
generation capability of the code allows modeling of solid structures using any 
of the 4 types of elements. The user may also input a finite element model 
directly. The code is capable of handling a variety of boundary conditions, 
loadings (centrifugal, concentrated, distributed, pressure, temperature, static, 
transient, cyclic, and impact), and various types of structures (such as beam, 
plate, ring, culvedpanel, andbuilt-up structures). A 1istofHITCAN's analysis 
capabilities can be found in Table 2.1. 

D 

The limitations of the code are : 

- Formulation assumes small displacement and small strain theory; 
- Elements of different types cannot be combined; 
- Hollow structures can be modeled using the plate element only; 
- The finite element model generated by HITCAN can have a nonuniform mesh 
only along the x-axis; 

- If the curvature is large, the mesh will not be uniform. 
HITCAN presents analysis results at the global, laminate, and ply levels. 
Results include displacements, reactions, stresses, and modes shapes. The code 
also has the capability to generate post-processing files for PATRAN. 

D Chapter 2 
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Fiber Degradation I tested 
Fabricationinduced Stresses tested 
Ply Onemations 

tested Arbitrary 

tested 
tested 

- - tested 

(a) Tested 1 buckling mode (c) Constitutive models: Notation 
(b) Tested 4 vibration modes P: Material properties U: Stress 

T Temperature b:  Stress rate 
t :  Time 

Table 2.1: HITCAN Capabilities for Composite Materials 

Chapter 2 March, 1992 
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A single HITCAN input file includes all the data necessary for the selection of 
analysis options, parameters, mesh generation, composite material type and 
construction, loading, initial conditions, boundary conditions, and print 
options. However, the values of material properties at the constituent (fiber, 
matrix, and interphase) level are not entered in the HITCAN input file, they 
reside in a separate file, labeled "data bank". This file contains material 
property data for each of the composite systems used in the analysis. Each 
composite system is identified with a material name which is entered in the 
HITCAN input file. The user can edit the "data bank" file to define material 
property data for any material required. Additional information on the "data 
bank" file can be found in Section 3.8. 

The input file consists of two blocks. The first block contains the title and 
the program option cards. Figure 3.1 
illustrates the two blocks. The program option cards either control the flow 
through the program or activate various card groups. There are twenty-eight 
program option cards, four of these control the flow through the program. They 
are HPLATE, S3DSOLID, and SPLATE option cards which set the type of finite 
element model to be generated by HITCAN, and the READ IN MODEL option which 
enables the user to input into HITCAN a finite element model consisting of eight 
node solid elements. One of these four cards must be included in the "Program 
Option Cards" block of the input deck. If the program option card HPLATE is 
specified then the following program option cards must be included in the input 
file 

The second block consists of card groups. 

D 

PLATE 
PLYORDER 
ENDOPTION 

If SPLATE is used, the program option cards required in the input file are 

PLATE or STRESS or STRAIN 
PLYORDER 
ENDOPTION 

When the S3DSOLID is specified, then 

BRICK 
PLYORDER 
ENDOPTION 

must be used. 

D Chapter 
March, 1992 
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I To separate the two blocks the ENDOPTION card is used. 
is  placed a t  the end o f  the "Program Option Cards", as shown i n  Figure 3 .1 .  

This program option card 

Chapter 3 1 March, 1992 
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TITLE CARDS 

ECHO 

ENDOPnON 

Card Groups 

In Ascenaing Order 

uptos l im 
--nm 

Figure 3.1: Organization of input File in HITCAN 
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A card group is a set of one or more cards. Some of the card groups are 
dependent on either a program option card being specified or a parameter defined 
in a previous card group. These optional card groups and their respective 
dependencies are explained within each card group in Section 3 . 3 .  If an optional 
card group is not activated by a previous program option card or user selected 
parameter, the optional card group must not be included in the input file. 
innut file should, however, maintained in numerical order card grouu 
number. 

The input file can be broken into 7 functions. These are shown in Figure 3.2. 
In sections 3.1 to 3 . 7 ,  the program option cards and card groups used in each one 
of these functions will be described. By depicting the input file in this 
manner, the user can quickly assemble an input file. In section 3.9 a summary 
of all the program option cards is given. 

Note that in both the input file and the "data bank" file English units are 
required. 

Chapter 3 
1 
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element model 

3.1 GEOMETRIC MODELING 

READ IN MODEL 

HITCAN generates a finite element mesh of the structure, based on coordinates of 
a few representative points. This is accomplished by interpolating nodal values 
of geometrical coordinates using a cubic spline. The interpolating function 
requires that the surface geometry be represented by a continuous and single- 
valued function. Although HITCAN is a stand-alone computer program, it does 
create a PATRAN neutral file, so that the user can view the mesh generated, 
Figure 3 . 3  shows the different types of structures that can be modeled by HITCAN. 
There are 3 distinct mesh generation schemes in HITCAN, as categorized below. 
Any 1 of the 3 mesh generation schemes is activated by choosing the appropriate 
program option card, shown in the parentheses below. 

(1) For solid structures: use plate, plane stress, or plane strain element 

(2) For hollow structures (panel structure): use plate element (HPLATE). 
( 3 )  For solid structures: use 3D solid element (S3DSOLID). 

(SPLATE) . 

The coordinate system must be rectilinear and right-handed. The center of the 
coordinate system can be placed anywhere. However, in choosing the directions 
of the three axes, the user should keep it in mind that the mesh can be 
nonuniform only along the x-axis. 

Also, HITCAN provides the user with the ability to enter a finite element model 
created by a program other than HITCAN. At the present time, this option can 
only be used with the eight-node solid element. This option can be activated 
with the program option card READ IN MODEL. 

The following table summarizes the different mesh generation schemes and their 
program option cards and card groups. 

TYPE OF STRUCTURE 

Solid structure using 
plane stress, plane strain, 
or plate element 

Hollow structures 

Solid structures 
using eight-node 
solid element 

Read in a finite 

PROGRAM OPTION CARD 

SPLATE 

HPLATE 

SBDSOLID 

CARD GROUPS 

5 
27 

2 
9 
24 

4 
26 

3 
25 

March, 1992 
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CYLINDRICAL SHELL ROOF 
use: SPLATE Element 

ONE QUARTER OF A RING 
use: SPLATE Element 

BLADE 
use: SPLATE Element 

I V 

HOLLOW STRUCTURE 
(PANEL STRUCTURE) 
use: HPLATE Element 

Figure 3.3: Typical Structures That Can Be Modeled Using €€ITCAN 

Chapter 3 March, 1992 
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The SPLATE model option allows modeling of structures with arbitrary shapes in 
x and y directions, but a through-the-thickness plate type shape in the z- 
direction. An example of the type of structure that can be model with HITCAN is 
a solid curved panel shown in Figure 3 . 4 .  The finite element mesh is generated 
in the following 4 steps. 

Step 1: A right-handed rectilinear coordinate system (x,y,z) is 
defined, placing the center of the coordinate system at a 
convenient point. 

Step 2 :  To obtain the surface geometry of a structure, it must be 
divided into several (y,z) sections along the x-axis. The 
number of cross sections selected along the x-axis depends upon 
the curvature of the structure along the x-axis. The mesh 
generator can fit any curve up to a third degree polymonial, 
using a cubic spline. Hence, the x-axis must be divided 
into enough sections such that each section can be modeled 
using a cubic spline. 

Step 3 :  Each (y,z) cross section along the x-axis consists of a set of 
points. The number of (y,z) points needed to define a specific 
cross section are selected so that the cume between the two 
adjacent points can be modeled using a cubic spline 
interpolator. A different number of (y,z) points can be 
selected for different cross sections, along the x-axis. 

Step 4 :  Once the structure is divided into cross sections,along the x- 
axis in steps 2 and 3 above, the user has already created a 
coarse finite element mesh. To further subdivide the x and 
(y,z) sections for obtaining the desired number of elements, 
the user needs only to input the number of intermediate nodes. 
The nodal coordinates for the intermediate nodes of the finite 
element mesh are automatically interpolated. 

Chapter 3 
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c-- 

SHELL STRUCTURE 

Z 

IDEALIZED MODEL OF SHELL STRUCTURE 

Figure 3.4: A Shell Structure Modeled Using The SPLATE Option in HITCAN 

Chapter 3 
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Note that (y,z) coordinates in each cross section can be input in 2 different 
ways, as follows: 

(1) For each y point, two values of the z-coordinate, for the upper and 
the lower surface, must be input (see Figure 3.5). The thickness and 
the mid-surface of the structure are automatically calculated by the 
code. This option is activated by entering a value of 1 or 2 for the 
variable IGRD. The geometry modeling data are input through 
variables X, Y, ZU, and ZL for each cross section. 

(2) For each y point, one value of the z-coordinate, for the mid-plane 
of the structure and the structure thickness must be input (see 
figure 3.5). The upper and the lower surfaces of the structure are 
automatically calculated by the code. This option is activated by 
inputting a value of 3 or 4 for the variable IGRD. 
modeling data are input through the variables X, Y, Z, and TB for 
each cross section. 

The geometry 

Chapter 3 
1 

March, 1992 

INPUT 10 



User's Katud - Version I. 0 
Z 

A L  
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IGRD = 3 O R 4  
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Figure 3.5: Input Options For The SPLATE Model Cption 
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Note that by setting IGRD equal to 1 or 4 ,  HITCAN will divide the model into IU-1 
elements along the x-axis and JU-1 elements along the y-axis using a cubic spline 
interpolating function. With IGRD having a value of 2 or 3 ,  the input points are 
assumed to be the nodes and the variables X, Y, ZL, ZU, Z, and TB are nodal 
quantities. HITCAN will automatically generate the element connectivities. 
These variables are illustrated in the Figure 3 . 6  on the following page. 

4 

Program Option card: - SPLATE MODEL 

Card Groups: 5 and 27 

Variable 
Columns Format Name Entry 

1st card in card group 5 

1-4 I4 NSECT The number of input cross sections. A 
sufficient number must be used so that the 
surface geometry canbe properly represented 
by a cubic spline. Note, if the surface is 
linear only two points are needed. The 
coordinates ofthe points are enteredbelow, 
using X, Y, 2, ZL, ZU, and TB. 

2nd card in card group 5 

1-4 I4 IGRD 

5 - 8  14 

9-12 I4 

IU 

JU 

Sets the input format. If IGRD is set to 1 
or 4 ,  a finite element mesh will be 
generated. Setting IGRD equal to 2 or 3 the 
input points will be assumed to be nodes of 
a finite element mesh, the element 
connectivity will then be automatically 
created. 

For IGRD equal to 1 or 4 ,  the number of nodes 
in the finite element model along the x-axis. 
With IGRD set to 2 or 3 ,  IU is the number of 
nodes that are input along the x-axis ; i. e. , 
IU is equal to NSECT. 

For IGRD equal to 1 or 4 ,  the number of nodes 
in the finite element model along the y-axis. 
With IGRD set to 2 or 3 ,  JU is the number of 
nodes that are input along the y-axis ; i. e. , 
JU is equal to MSECT. 

Chapter 3 March, 1992 
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INPUT POINTS OF 

QY)SSSECTION t l  

INPUT POINTS OF 

CROSS SECTlON 12 

SHaL MlDSUlFAQ 

X 

SHELL INPUT GEOMETRY 

XBKi 
\ 

IU = NUMER OF NODES 

ALONQ X-AXIS 

NXDN = NUMBW OF ELEMENTS 

JU = NUMBER OF NODES BETWEEN CROSS SECTIONS 

ALONQ Y-AXIS 

FINITE ELEMENT MODEL OF SHELL 

B 

Figure 3.6: Variables Used In The SPLATE Model Option 
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Variable 

Columns Format - Name Entrv 

3rd card in card group 5 

1-8 F8.4 B E G  The initial x coord. of structure, use if 
IGRD = 1 or 4 

9-16 F8.4 XEND The final x coord. of structure, use if IGRD 
- l o r 4  

1st card in card group 27 

1-80 2014 MSECT Number of input points ateachcross section. 
If IGRD is equal to 2 or 3 ,  then the number 
of input points must be the same for each 
cross section. 

2nd card in card group 27 

1-4 I4 NXDIV 

3rd card in card group 27 

1-8 F8.4 X 

9-16 F8.4 Y 

17 - 24 F8.4 Z or ZU 

25-32 F8.4 TB or ZL 

Number of elements between two consecutive 
output sections 

X coordinate of an input point 

Y coordinate of an input point 

If IGRD = 1 or 2, use ZU. ZU is the Z 
coordinate of the upper surface. If IGRD = 
3 or 4, use Z. Z is the Z coordinate of the 
mid-plane. 

If IGRD = 1 or 2, use ZL. ZL is the Z 
coordinate of the lower surface. If IGRD - 
3 or 4, use TB. Tb is the wall thickness. 

One block of data for each input cross section. Each block will contain MSECT(J) 
cards of card #3 and 1 card of card #2. The coordinates of each input point will 
be on one card. The total number of cards will be MSECT(1) + MSECT(2) +...+ 
MSECT(1) + NSECT, where I-1,NSECT. 

Chapter 3 
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I n  t h i s  example, the input required for  a p la te  o f  length 4 i n . ,  of width 2 i n . ,  
and a thickness of 0 .1  in .  is given. In  the f i n i t e  element mesh there w i l l  be 
4 elements along the x-axis and 4 elements along the y-axis.  

Card Group 5 
1 2 3 4 5 6 

1........0..........0..........0..........0..........0..........0 
2 
4 4 4  
0.0 4.0 

Card G r O U D  27 
1 2 3 4 5 6 

1.........0..........0..........0..........0..........0..........0 
2 2  
3 

0.0 -1.0 0.0 0.1 
0.0 1.0 0.0 0.1 

0 
4.0 -1 .0 0.0 0 . 1  
4.0 1.0 0.0 0.1 

Columns -- Field Name Value DescriDtion B 
1-4  
1-4  

5 - 8  
9-12 
1-8 
9-16 
1-4 

1-10 

11-20 

21-30 

31-40 

1-10 

11 - 20 

NSECT 
IGRD 

IU 
J U  
XBEG 
XEND 
NXDIV 

X 

Y 

Z 

TB 

X 

Y 

1 
4 

4 
4 
0.0 
4.0 
3 

0.0 

-1.0 

0.0 

0.1 

0.0 

1.0 

There is 2 input sections.  
Since I G R D  equals-4,  a f i n i t e  element 
model w i l l  be created. 
Number of nodes along the x-axis. 
Number o f  nodes along the y-axis. 
The i n i t i a l  x coordinate of the plate .  
The f i n a l  x coordinate of the plate .  
Number of elements between the 1st and 
2nd output sections. 
Xcoordinate of i n p u t p o i n t # l o f i n p u t  
sect ion #l. 
Ycoordinate of i npu tpo in t j l l o f  input 
sect ion #l. 
Zcoordinate of i n p u t p o i n t # l o f i n p u t  
sect ion 81. 
The thickness of input point #1 of 
input section 111. 
Xcoord ina teo f inpu tpo in t#2  of input 
section fl. 
Ycoordinate o f inpu tpo in t#2  of input 
sect ion #l. 

March, 1992 Chapter 3 
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Field Name Value Description -- Columns 

21-30 Z 

TB 

0.0 Z coordinate of inputpoin t#2  of input 
section 111. 
The thickness of input point 112 o f  
input sect ion 111. 

31-40 0 . 1  

1-4 
1-10 

NXDIV 
X 

0 
4.0 X coordinate of input point #l of input 

section #2. 
Ycoordinate of i n p u t p o i n t # l o f  input 
section 8 2 .  
2 coordinate of input point #1 of  input 
section #2. 
The thickness of input point #1 of 
input sect ion #2. 
X coordinate o f  input point 112 of  input 
section #2.  
Ycoordinate o f i n p u t p o i n t # 2  of  input 
section #2. 
Z coordinate o f  input point #2 
of input sec t ion  #2. 
The thickness o f  input point 112 o f  
input sect ion #2. 

11 - 20 Y -1.0 

0.0 21-30 Z 

31-40 TB 0.1 

1-10 

11-20 

21-30 

31-40 

X 4.0 

Y 1.0 

Z 

TB 

0.0 

0.1 

Chapter 3 March, 1992 
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HPLATE MODEL OPTION 

The HPLATE model option allows modeling of hollow sandwich type structures with 
different shaped top and bottom plates, joined by multiple different sized plate 
type spars. Figure 3 . 7  shows an example of this type of structure. The top and 
bottom plates can have arbitrary shapes in x and y directions. The spars are 
defined iis plates with faces in the x,z plane and thickness in the y-direction, 
joining the top and bottom plates, at user-specified points. Note if the spars 
in the structure are evenly spaced, then the program option card PANEL must also 
be specified. 

HITCAN assumes the nodal input points are on the outer surface of the shell. 
HITCAN automatically corrects the grid point positions by moving them to the mid- 
wall position in a direction normal to the surface. The program option card 
will suppress this mid-wall correction and will retain the grid points on the 
external profile of the shell. 

The finite element mesh is generated in the following steps. 

Step 1: 

Step 2 :  

Step 3 :  

Step 4: 

A right-handed rectilinear coordinate system (x,y,z) is 
defined, placing the center of the coordinate system at a 
convenient point. 

The basic shape of the top and bottom plates is divided into 
cross sections ((y,z) planes), definable with cubic splines. 
The number of cross sections selected along the x-axis depends 
upon the curvature of the structure along the x-axis. The 
curnature along the x-axis can be different for the top and 
bottom plates of the sandwich structure. This must 
be kept in mind when selecting the number of cross sections. 

Each cross section ( (y,z)  plane) consist of inputpoints. The 
number of (y,z) input points needed to define a specific cross 
section are again selected so that the curve between the two 
adjacent points can be modeled using a cubic spline 
interpolator. A different number of (y,z) input points can be 
selected for different cross sections and for the top and 
bottom surfaces. 

The desired nodal point coordinates are automatically 
interpolated, by defining the number of elements desired 
between each output section and the number of elements desired 
along the y-axis. The spars are divided into same number of 
elements along the x-axis as the top and the bottom plates. 
The spars can only consist of one element in the y and z 
directions. 

Figure 3 . 8  illustrates several of the variables used in the HPLATE model option. 
Program Option card: 

D 
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PANEL STRUCTURE 

Z 

X '  

IDEALIZED MODEL OF PANEL STRUCTURE 

E m  3.7: A Panel Structure Modeled Using The HPLATEOption in HITCAN 

Chapter 3 March, 1992 
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INPUT POINTS OF 
CROSS SIXTION I 1  

INPUT POINTS OF 
CROSS SECTlON I 1  
ON THE BOTTOM PIATE 

INPUT POINTS OF 
CROSS SECTION t 2  
ON THE TOP KATE 

INPUT POINTS OF 
CROSS SECTION 12 
ON THE BOlTOM PIATE 

INPUT GEOMETRY OF PANEL STRUCTURE 

X / 
- XcOomINATEOF 

OUTFtJT SECTlON t l  

N X S P C m  NUMBEROFELEWNTS 

BETWW O W  
SECTIONS 

OuTPuf SEcTlON t 2  
Nys#: = NUMBW OF E.EMENTS 

ALONO Y-AXIS 

FINITE ELEMENT MODEL OF PANEL STRUCTURE 

figure 3.8: Variabies Used hThe HPLATEModel Option 

C h a p t e r  3 M a r c h ,  1992 
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Program Option Cards: HPLATE MODEL OPTION 
- PROFILE - PANEL 

- PROFILE 

Card Groups: 2, 9, and 24 

Variable 
Columns Format Name Entry 

1st card in card group 2 

1-4 I4 NSECT Number of output sections. 
5 - 8  I4 NXSPAR Number of output sections containing spars 
9-12 I4 NSPAR Number of spars in an output section. Note 

that each output section must have the same 
number of spars. 

13-16 I4 NYSPC Number of elements desired along they-axis. 
The top and bottom plates will have the same 
number of elements. If PANEL is specified 
the number of elements will be SPC+1. 

1st card in card group 9 

1-80 2014 LSECT(1) Number of input cross sections for the top 
surface. A sufficient number must be used 
so that the surface geometry can be properly 
represented by a cubic spline. 

1-80 2014 LSECT(1) Number of input cross sections. 

1st card of card group 24 

1-80 2014 NSPDES Spar ply designation numbers. 

2nd card of card group 24 

1-4 I4 NXSPC Number of elements in the FE model 

5-10 F6.2 XH X coordinate of an output section 
between output sections 

Chapter 3 
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3rd card in card group 24 B 
1-10 

11-20 
21-30 

31-40 
41-50 

51 - 60 
61-70 

71-80 

F10.4 

F10.4 
F10.4 

F10.4 
F10.4 

F10.4 
F10.4 

F10.4 

Y coordinate of spar as measured from the 
left edge of the structure 
Wall thickness of spar 
Y coordinate of spar as measured from the 
left edge of the structure 
Wall thickness of spar 
Y coordinate of spar as measured from the 
left edge of the structure 
Wall thickness of spar 
Y coordinate of spar as measured from the 
left edge of the structure 
Wall thickness of spar 

Cards 2 and 3 are repeated NSECT+l times 

4th card of card group 24 

1-80 2014 MSECT An array containing the number of input 
points for each input cross section. This 
is for the top surface. 

5th card of card group 24 

1-80 2014 MSECT An array containing the number of input 
points for each input cross section. This 
is for the top surface. 

6th card in card group 24 

1-8 F8.4 X X coordinate of an input point on the top 
surface 

9-16 F8.4 Y Y coordinate of an input point on the top 
surface 

16 - 24 F8.4 Z 2 coordinate of an input point on the top 
surface 

25-32 F8.4 THK Wall thickness of an input point on the top 
surface 

B Chapter 
INPUT2 1 

March, 1992 



HITCAN User's Manual - Version 1.0 
This card is repeated MSECT(1,l) + MSECT(2,1), +...+ MSECT(I,l), 
where I = l,LSECT(l). 

7th 

1-8 F8.4 X X coordinate of an input point on the top 
surf ace 

9-16 F8.4 Y Y coordinate of an input point on the top 
surf ace 

16 - 24 F8.4 Z Z coordinate of an input point on the top 
surface 

25-32 F8.4 THK Wall thickness of an input point on the top 
surface 

card in card group 24 

This card is repeated MSECT(1,2) + MSECT(2,2), +...+ MSECT(I,2), 
where I = l,LSECT(2). 

Chapter 3 1 March, 1992 
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In this example, the input is given for a panel. 
in., 
has 2 spars one on each end. 

The length of the panel is 0.5 
the width is 0.2 in., and the height of the panel is 0.075 in. The panel 

Each spar has a thickness of 0.02 in. 

- Card GrOUD 2 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
2 2 2 7  

- Card GrOUD 2 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
2 2  

- Card GrOUD 2 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 1  
4 .o 

.o .02 .2 .02 

.5 

.o .02 -2 .02 
2 2  
2 2  

.o - :1 .04 .02 

.o .1 .04 .02 

.5 -.1 .04 .02 

.5 .1 .04 .02 

.o - .1 .035 . 01 

.o .1 .035 .01 

.5 - .1 .035 .01 

. 5  -1 .035 . 01 

Columns Field Name Value Descr iD t ion 

1-4 NSECT 1 Number of output sections is 1. 
5-8 NXSPAR 2 Both output sections are to contain spars. 
9-12 NSPAR 2 Number of spars is 2. 
13 - 16 NYSPC 7 Number of elements along the Y-axis 
1-4 LsECT(1) 2 The top surface is described by 2 input 

5-8 LSECT(2) 2 The bottom surface is described by 2 input 

1-4 NSPDES(1) 1 Spar #1 is described by ply designation ill. 

sections. 

sections. 

D Chapter 3 
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Columns 

5-8 
1-4 

5-10 
1-10 
11 - 20 
21-30 
31-40 
1-4 
5-10 
1-10 
11-20 
21-30 
31-40 
1-4 

5-8 

1-4 

5-8 

1-10 

11-20 

21-30 

31-40 

1-10 

11-20 

21-30 

31-40 

1-10 

11-20 

21-30 

31-40 

Chapter 3 

Field Name 

NSPDES (2) 
NXSPC 

SY(2) 
MSECT( 1) 

MSECT( 2) 

MSECT( 1) 

MSECT( 2) 

X 

Y 

z 

THK 

X 

Y 

Z 

THK 

X 

Y 

z 

THK 

Value 

1 
4 

0.0 
0.0 
0.02 
0.2 
0.02 
0 
0.0 
0.0 
0.02 
0.2 
0.02 
2 

2 

2 

2 

0.0 

- -1 
0.04 

0.02 

0.5 

0.1 

0.04 

0.02 

0.5 

-.l 

0.04 

0.02 

DescriD t ion 

Spar #2 is described by ply designation #2. 
Number of elements along the x-axis between 
output sections #1 and #2. 
The x coordinate of the 1st output section. 
Y coordinate of spar #l. 
Wall thickness of spar #l. 
Y coordinate of spar #2. 
Wall thickness of spar 7'12. 

The x coordinate of the 2nd output section. 
Y coordinate of spar ill. 
Wall thickness of spar #l. 
Y coordinate of spar #2. 
Wall thickness of spar 112. 
Two inputs described the 1st input section 
on the top surface. 
Two inputs described the 1st input section 
on the top surface. 
Two inputs described the 1st input section 
on the bottom surface. 
Two inputs described the 1st input section 
on the bottom surface. 
X coordinate of input point #1 at input 
section #1 on the top surface. 
Y coordinate of input point {'l at input 
section #1 on the top surface. 
Z coordinate of input point #1 at input 
section #l on the top surface. 
Wall thickness of input point #1 at input 
section #l on the top surface. 
X coordinate of input point #2 at input 
section #1 on the top surface. 
Y coordinate of input point #2 at input 
section #1 on the top surface. 
Z coordinate of input point #2 at input 
section #1 on the top surface. 
Wall thickness of input point #l at input 
section #2 on the top surface. 
X coordinate of input point #1 at input 
section #2 on the top surface. 
Y coordinate of input point #1 at input 
section #2 on the top surface. 
Z coordinate of input point #1 at input 
section 7'12 on the top surface. 
Wall thickness of input point #1 2t Iqxt 
section {,2 on the top surface. 

March, 1992 
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Columns D 
1-10 

11-20 

21-30 

31-40 

1-10 

11 - 20 
21-30 

31-40 

1-10 

11- 20 

21- 30 

D 31-40 

1- 10 

11-20 

21-30 

31-40 

1-10 

11-20 

21-30 

31-40 
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Field Name Value 

X 

Y 

z 

THK 

X 

Y 

z 

THK 

X 

Y 

z 

THK 

X 

Y 

z 

THK 

X 

Y 

z 

THK 

0.0 

0.1 

0.04 

0.02 

0.0 

- .1 
0.035 

0.02 

0.0 

0.1 

0.035 

0.01 

0.5 

-.l 

0.035 

0.01 

0.5 

0.1 

0.035 

0.01 

Des criD t ion 

X coordinate of input point #2 
at input section #2 on the top 
surface. 
Y coordinate of input point 112 at input 
section #2 on the top surface. 
Z coordinate of input point #2 at input 
section 112 on the top surface. 
Wall thickness of input point #2 at input 
section #2 on the top surface. 
x coordinate of input point #1 at input 
section #1 on the bottom surface. 
Y coordinate of input point #l at input 
section #l on the bottom surface. 
2 coordinate of input point #1 at input 
section #1 on the bottom surface. 
Wall thickness of input point #1 at input 
section #1 on the bottom surface. 
X coordinate of input point #2 at input 
section 111 on the bottom surface. 
Y coordinate of input point #2 at input 
section #1 on the bottom surface. 
Z coordinate of input point #2 at input 
section #l on the bottom surface. 
Wall thickness of input point #1 at input 
section #2 on the bottom surface. 
X coordinate of inpt point fl at input 
section #2 on the bottom surface. 
Y coordinate of input point 111 at input 
section #2 on the bottom surface. 
Z coordinate of input point {I1 at input 
section #2 on the bottom surface. 
Wall thickness of input point #1 at input 
secttion #2 on the bottom surface. 
X coordinate of input point #2 at input 
section #2 on the bottom surface. 
Y coordinate of input point #2 at input 
section #2 on the bottom surface. 
Z coordinate of input point #2 at input 
section #2 on the bottom surface. 
Wall thickness of input point 7'12 at input 
section #2 on the bottom surface. 

D Chapter 
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S3DSOLID MODEL OPTION 

This model option enables the user to create a finite element model of a solid 
structure using 3D solid elements. Figure 3.9 shows an example of the type of 
structure that can be modeled using this model option. The finite element mesh 
is generated in the following steps. 

Step 1: A right-handed rectilinear coordinate system (x,y,z) is 
defined, placing the center of the coordinate system at a 
convenient point on the structure. 

Step 2: The basic shape of the structure is divided into input planes. 
As shown in the Figure 3.10, a quarter of a ring that was 
broken into two input planes. One input plane represents the 
inside surface of the ring, the other the outside surface of 
the ring. The number of input planes used will depend upon the 
curvature of the structure along the z-axis. A sufficient 
number must be provided so that a cubic spline can be used. 

Step 3: Each input plane is separately divided into several sets of 
input points. The number of sets used must be sufficient so 
that the curvature in the input plane can be represented by a 
cubic spline. The number of sets of points for each input plane 
can be different; likewise, the number of points in each set 
can be different. 

Step 4 :  The desired nodal point coordinates are automatically 
interpolated, by defining the number of elements desired 
between each output section, the number of elements along the 
y-axis, and the number of elements along the z-axis. 

Chapter 3 
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RING 

Z 

X 

IDEALIZED MODEL OF RING 

Figure 3.9: A Ring Modeled Using The S3DSOLID Option In HlTCAX 

Chapter 3 March, 1992 
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RING 

INPUT PLANE ON THE INSIDE SURFACE 

INPUT PLANE ON THE OUTSIDE SURFACE 

Figure 3.10: Input Planes For One Quarter Of A Ring 

Chapter 3 March, 1992 
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Program Option card: - S3DSOLID MODEL OPTION 
B 

Card Groups: 4, and 26 

Variable 
Columns Format - Name Entrv 
1st card of card group 4 

1-4 

5 - 8  
9-12 

13-16 

I4 
I4 

I4 

I4 NIPL Number of input planes. A sufficient 
number must be used so that the 
curvature canbe properly represented 
by a cubic spline. 

NOSC Number of output sections. 
N E W  Number of elements along the 

NETT 
y-axis in the finite element model. 
Number of elements along the z-axis in 
the finite element model. 

1st card of card group 26 

1-4 

5-10 

I4 NXSPC Number of elements between output 

F6.2 X X coordinate of an output section. 
sections along the x-axis. 

The above card is repeated NOSC+1 
times. 

2nd card of card group 26 

1-80 2014 LSECT An array containing the number of sets 
of points in an input plane. A 
sufficient number must be used so that 
the curvature lying in the input plane 
can be properly represented. 

3rd card of card group 26 

1-80 2014 MSECT An array containing the number of input 
points for each set of input points. 

Card #3 is repeated NIPL times. 

4th card of card group 26 

1-8 
9-16 
17 - 24 

F8.4 X 
F8.4 Y 
F8.4 Z 

X coordinate of an input point. 
Y coordinate of an input point. 
Z coordinate of an input point. 

This card is repeated as follows. One block of data for each input plane, i. e., 

Chapter 3 
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NIPL blocks of data. 
containing MSECT input points. 
MSECT(1) + MSECT(2) +...+ MSECT(1) times, where I - l,LSECT(2). 

Each block will contain LSECT sets of points, with each set 
Thus for input plane # 2 ,  card #4 is repeated 

Chapter 3 March, 1992 
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EXAMPLE : 

The input for a sector of a ring is shown in this example. 
the ring is 2.875 in. and the outside radius of the ring is 3.475. 

The inside radius of 

- Card GroUD 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

2 3 3 6  

- Card GrOUD 26 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

2 .o  
.6 

2 2  
2 2  
2 2  

.o .o 2.875 

.o .1 2.873 

.6 .o 2.875 

. 6  .1 2.873 

.o .o 3.475 

.o .121 3.473 

. 6  .o 3.475 

.6 .121 3.473 

Columns Field Name Value Des cr iD t ion 

1-4 
5-8 
9-12 
13 - 16 
1-4 

5-10 
1-4 
5-10 
1-4 
5-8 
1-4 

5-8 

NIPL 
NOSC 
N E W  
NETT 
NXSPC 

X 
NXSPC 
X 
LSECT(1) 
LSECT (2) 
MSECT (1) 

MSECT( 2) 

0.0 
0 
0.6 
2 
2 
2 

2 

Number of input planes. 
Number of output sections. 
Number of elements along the Y-axis. 
Number of elements through the thickness. 
Number of elements between output sections 
#l and #2. 
X coordinate of the 1st output section. 

X coordinate of the 2nd output section. 
Number of input sections on input plane #l. 
Number of input sections on input plane #2. 
Number of input points in the 1st set of 
input points of input plane #l. 
Number of input points in the 2nd set of 
input points of input plane fl. 

Chapter 3 B March, 1992 
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Columns 
1-4 

5-8 

1 -8  

9-16  

17 - 24 

1 -8  

9-16 

17-24 

1 - 8  

9-16 

17-24 

1 -8  

9-16 . 

17-24 

1 -8  

9-16 

1 7  - 24 

1 - 8  

9-16 

1 7  - 24 

1-8 

9-16 

1 7  - 24 

Chapter 3 

F i e l d  Name Value 
MSECT(1) 2 

MSECT(2) 2 

X 

Y 

Z 

X 

Y 

Z 

X 

Y 

Z 

X 

Y 

Z 

X 

Y 

Z 

X 

Y 

Z 

X 

Y 

Z 

0.0 

0.0 

2.875 

0.0 

0 .1  

2.873 

0.6 

0.0 

2. a75 

0.6 

0.1 

2. a73 

0.0 

0.0 

3.475 

0.0 

0.121 

3.473 

0.6 

0.0 

3.475 

Des c r  i D  t i on 
Number of input points i n  the 1st s e t  of 
input points of  input plane #2. 
Number of input points i n  the 2nd set of  
input points of input plane #2. 
X coordinate of  point 111 i n  the 1st s e t  of 
input points on plane #l. 
Y coordinate of point #1 i n  the 1st set  of 
input points on plane #l. 
Z coordinate of  point #1 i n  the 1st set  of  
input points on plane ill. 
X coordinate of point #2 i n  the 1st set  o f  
input points on plane #l. 
Y coordinate of  point 112 i n  the 1st set of 
input points on plane #l. 
Z coordinate o f  point 112 i n  the 1st set of 
input points on plane #1. 
X coordinate of  point #1 i n  the 2nd set  of  
input points on plane #l. 
Y coordinate of point #1 i n  the 2nd set  o f  
input points on plane $41. 
2 coordinate of point #l i n  the 2nd set  of 
input points on plane #l. 
X coordinate of point #2 i n  the 2nd set of 

Y coordinate of point #2 i n  the 2nd set  of  
input points on plane #l. 
Z coordinate of point #2 i n  the 2nd s e t  of 
input points on plane #l. 
X coordinate of point #1 i n  the 1st s e t  of 
input points on plane #2. 
Y coordinate of  point 81 i n  the 1st set  of 
input points on plane #2. 
Z coordinate of  point 111 i n  the 1st set of  
input points on plane #2. 
X coordinate of point #2 i n  the 1st set of  
input points on plane #2. 
Y coordinate of  point 7'12 i n  the 1st set  of 
input points on plane #2. 
Z coordinate o f  point #2 i n  the 1st set of  
input points on plane #2. 
X coordinate of point #l i n  the 2nd s e t  of 
input points on plane #2. 
Y coordinate of  point #l i n  the 2nd set of 
input points on plane 772. 
Z coordinate of point #l i n  the 2nd s e t  of 
input points on plane #2. 

input points on plane #l. I 

March, 1992 
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Columns Field Name Value DescriD t ion 
1-8 X 0.6 X coordinate of point #2 in the 2nd set of 

9-16 Y 0.121 Y coordinate of point #2 in the 2nd set of 

17-24 z 3 .473  Z coordinate of point #2 in the 2nd set of 

input points on plane #2. 

input points on plane #2. 

input points on plane #2. 
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READ IN MODEL 

This option allows the user to input a finite element model using eight-node 
solid elements. The user must provide the element connectivities and the nodal 
coordinates. When this option is chosen, the user must also specify the BRICK 
program option card. 

Program option cards : READ IN MODEL and BRICK 

Card groups: 3 and 25 

Variable 
Columns Format - Name Entrv 

1st card in card group #3 

1-4 I4 MAXNP Number of nodes in the finite element model. 
5-8 I4 NETOT Number of elements in the finite element 

model. 

1st card in card group #25 

1-4 I4 IELE 
5-36 814 KEI 

Card #1 is repeated NETOT times. 

2nd card in card group #25 

1-5 I5 NNUM 
6-10 5x 
11-20 F10.4 X 
21-30 F10.4 Y 
31-40 F10.4 Z 

Card #2 is repeated MAXNP times 

Element number. 
Elementconnectivity. See descriptionofthe 
solid element for the correct order of the 
nodes in the element connectivity. 

Node number. 

X coordinate. 
Y coordinate. 
Z coordinate. 

Chapter 3 March, 1992 ( 
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- Card GrOUD 3 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
8 1  

Card GrouE 25 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 1 2 3 4 5 6 7 8  
1 1.0 1.0 0.0 
2 0.0 1.0 0.0 
3 0.0 1.0 1.0 
4 1.0 1.0 1.0 
5 1.0 0.0 0.0 
6 0.0 0.0 0.0 
7 0.0 0.0 1.0 
8 1.0 0.0 1.0 

Columns 
1-4 
5-8 D 1-4 
5-8 
9-12 
13-16 
17-20 
21-24 
25-28 
29-32 
32-36 
1-5 
11-20 
21-30 
31-40 
1-5 
11-20 
21-30 
31-40 
1-5 
11- 20 
21-30 
31-40 
1-5 

Field Name 
MAXNP 
NETOT 
IELE 
KEI (1) 
KEI(1) 
KEI (1) 
KEI(1) 
KEI (1) 
KEI(1) 
KEI (1) 
KEI (1) 
NNUM 
X 
Y 
Z 
NNUM 
X 
Y 
Z 
NNUM 
X 
Y 
Z 
NNUM 

Value 
8 
1 
1 
1 
2 
3 
4 

6 
7 
8 
1 
1.0 
1.0 
0.0 
2 
0.0 
1.0 
0.0 
3 
0.0 
1.0 
1.0 
4 

- 
3 

DescriDtion 
Number of nodes is 8. 
Number of elements is 1. 
Designation number of element 7'11. 
1st node in the element connectivity. 
2nd node in the element connectivity. 
3rd node in the element connectivity. 
4th node in the element connectivity. 
5th node in the element connectivity. 
6th node in the element connectivity. 
7th node in the element connectivity. 
8th node in the element connectivity. 
Node number for node #1. 
X coordinate of node #l. 
Y coordinate of node #l. 
Y coordinate of node 7'11. 
Node number for node 7'12. 
X coordinate of node #2.  
Y coordinate of node #2. 
Y coordinate of node #2. 
Node number for node 7'13. 
X coordinate of node #3. 
Y coordinate of node 7'13. 
Y coordinate of node 7'13. 
Node number for node 7'14. 
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Columns 

11-20 
21-30 
31-40 
1- 5 
11-20 
21-30 
31-40 
1-5 
11-20 
21-30 
31-40 
1-5 
11 - 20 
21-30 
31-40 
1-5 
11-20 
21-30 
31-40 

Chapter 3 
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Field Name Value DescriDtion 

X 
Y 
Z 
NNUM 
X 
Y 
Z 
NNUM 
X 
X 
Z 
“UM 
X 
Y 
Z 
“UM 
X 
Y 
Z 

1.0 
1.0 
1.0 
5 
1.0 
0.0 
0.0 
6 
0.0 
0.0 
0.0 
7 
0.0 
0.0 
1.0 
8 
1.0 
0.0 
1.0 

X coordinate of node #4. 
Y coordinate of node #4. 
Y coordinate of node #4. 
Node number for node #5. 
X coordinate of node 1 5 .  
Y coordinate of node #5. 
Y coordinate of node #5. 
Node number for node # 6 .  
X coordinate of node # 6 .  
Y coordinate of node # 6 .  
Y coordinate of node # 6 .  
Node number for node #7. 
X coordinate of node #7. 
Y coordinate of node #7. 
Y coordinate of node #7.  
Node number for node #8.  
X coordinate of node #8.  
Y coordinate of node #8. 
Y coordinate of node #8.  
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3.2 ELEMENTTYPE 
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There are four types of elements available in HITCAN, a plane stress element, a 
plane strain element, a plate element, and eight-node solid element. These 
elements are activated by program option cards. The table below lists the 
available elements and their corresponding program option cards. 

B Chapter 3 

ELEMENT TYPE 

Eight-Node Sdid 

Four-Node Plate 

Plane Stress 

Plane Strain 

PROGRAM OPTION 
CARD 

E K  

PLATE - 

STRAIN - 

STRESS - 

March, 1992 
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- BRICK 

When this option is specified, a 8-node isoparametric 3D solid element will be 
used. This option card is to be used in conjunction with the S3DSOLID and the 
READ IN MODEL option cards. This element has 3 translational degrees of freedom 
identified by +, uy, and u,, as shown in Figure 3.11. 

Flgure 3.11: Eight-Node Solid Element 

Chapter 3 March, 1992 
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- PLATE 
B HITCAN User‘s Manual - Version 1.0 

This option selects the four-node isoparametic plate element both for the solid 
( SPLATE model option ) and the hollow ( HPLATE model option ) structures. This 
element, which was derived from the Reissner-Mindlin theory for plates and 
shells, has 6 degrees-of-freedom at each node. These degrees-of-freedom are 
identified by +, I+, uz, &, I-&, and H,. This element is shown in Figure 3.12. 

U Z  

t 

LATERAL PRESSURE LOAD 

U Z  4 2 

t 
ELEMENT EDGE 
TRACTl 0 N LOADl NG 

X 

4 2 

ELEMENT EDGE 
TRACTl 0 N LOADl NG 

Figure 3.12: Plate Element 
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STRAIN 

This option specifies, that a four-node isoparametic plane strain element will 
be used in the analysis. Each node within this element has 2 degrees-of-freedom, 
identified by u, and %. This element is shown in Figure 3.13. 

Chapter 3 

c 
4 1 

Y 

2 

EDGE TRACTION 
LOADING 

Figure 3.13: Plane Strain Element 
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- STRESS 

HITCAN User's Manual - Version 1.0 

This option specifies, that a four-node isoparametic plane stress element will 
be used in the analysis. Each node within this element has 2 degrees-of-freedom, 
identified by u, and %. This element is shown in Figure 3.14. 

3 

u 

I 
X 

2 

EDGE TRACTION 
LOADING 

Figure 3.14: Plane Stress Element 
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3 3  TYPEOFANALYSIS 

There are four types of analyses available in HITCAN: 

- Incremental static analysis with nonlinear anisotropic mat -rial beh 
- Dynamic analysis using direct time integration 
- Modal analysis (free vibration) 
- Buckling analysis (first critical buckling load). 

vior 

The code will assume an incremental static analysis, unless the program option 
card DYNAMIC is specified. Note that for the static analysis no program option 
card or card groups are required. If a dynamic analysis is chosen by the user, 
four additional sets of data can be entered. They are: 

- Initial accelerations at selected nodes 
- Damping coefficients 
- Initial displacements at selected nodes 
- Initial velocities at selected nodes. 

One of the most features of HITCAN is it's capability to generate a restart file. 
This feature is useful in two ways. 
By using this feature the user can make several small runs instead of one large 
run, thus reducing turn around time. Secondly, if HITCAN fails to converge, a 
restart file is automatically generated. This enables the user to then continue 
the analysis at a smaller loa$ increment. 

The table below lists the analyses and the restart feature 
corresponding program option card and card groups. 

1 
with their 

!Static Dynmnic 

Buckling 

Modal 

Re8tmt 

W E  OF ANALYSIS OPTIONS T 'ROGRAM OPTIONS CARDS 

~ 

:ARD GROUPS 

13 

22 

39 
14 

20 

37 

21 
38 

11 

44 

11 

43 

10 
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DYNAMIC ANALYSIS 

This option activates the direct time integration dynamic analysis. The 
integration scheme used is the Newmark-Beta method. For a description of this 
method, see Reference 7. 

DYNAMIC Program option cards: - 
Card group: 13 

Variable 
Name Entrv Columns Format - 

1st card 

1-4 I4 INCDYN Number of load increments between updating 
of the material properties. 

EXAMPLE : 

Card GrOUD 13 - 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 B 1 

Columns Field Name Value DescriDtion 

1-4 INCDYN 1 Thematerialpropertieswillbeupdatedevery 
load increment. 

D Chapter 3 March, 1992 
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INITIAL ACCELERATION 

This option enables the user to specify initial acceleration, at user-selected 
nodal points, for the direct time integration analysis. If this option is not 
specified, the initial accelerations are set to 0. 

ACCELERATION Program option card: - 
Card groups: 22 and 39 

Variable 
Columns Format Entrv 

1st card of card group 22 

1-4 I4 NACC Number of acceleration data sets. Each data 
set can specify acceleration for all degrees 
offreedomatseveralnodalpointswith equal 
increment in their node numbers. 

1st card of card group 39 

1-4 I4 IBEG 
5-8 I4 IEND 
9-12 I4 INCR 

2nd card of card group 39 

1-10 F10.4 ACELIN( 1) 

11-20 F10.4 ACELIN( 2) 

21-30 F10.4 ACELIN( 3) 

31-40 F10.4 ACELIN (4) 

41-50 F10.4 ACELIN( 5) 

51-60 F10.4 ACELIN(6) 

The first node number in this set of nodes. 
The last node in this set of nodes. 

incremented . 
Increment at which the node numbers are I 

Initial acceleration for the 1st degree-of- 
freedom for this set of nodes. 
Initial acceleration for the 2nd degree-of- 
freedom for this set of nodes. 
Initial acceleration for the 3rd degree-of - 
freedom for this set of nodes. 
Initial acceleration for the 4th degree-of- 
freedom for this set of nodes. 
Initial acceleration for the 5th degree-of- 
freedom for this set of nodes. 
Initial acceleration for the 6th degree-of- 
freedom for this set of nodes. 

These two cards are repeated NACC times. 

Chapter 3 
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Card GrOUD 2 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

1 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

10.0 0.0  0 . 0  0 .0  0 .0  0 .0  
4 7 1  

Columns Field Name Value DeSCriDtiOn 

1-4 

1-4 
5 - 8  
9-12 

D 1-10 

11-20 

21-30 

31-40 

41 - 50 

51-60 

NACC 

IBEG 
IEND 
INCR 

ACELIN ( 1) 

ACELIN ( 2 ) 

ACELIN ( 3 ) 

ACELIN (4) 

ACELIN ( 5 ) 

ACELIN ( 6) 

1 

4 
7 
1 

10.0 

0.0  

0 . 0  

0 . 0  

0.0 

0.0 

Number of initial acceleration data 
sets is 1. 
The 1st node in this series of nodes is 1. 
Last node in this series of nodes is 7. 
Increment at which the node numbers are 
incremented is 1. 
The 1st degree-of-freedom has an initial 
acceleration of 10.0 in./sec.2 
The 2nd degree-of-freedom has an initial 
acceleration of 0 .  O in. /sec .2 
The 3rd degree-of-freedom has an initial 
acceleration of 0 .  O in. /sec . 
The 4th degree-of-freedom has an initial 
acceleration of 0 .  O in. /sec .2  
The 5th degree-of-freedom has an initial 
acceleration of 0 .  O in. /sec . 
The 6th degree-of-freedom has an initial 
acceleration of 0 . 0  in./sec.2 
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DAHPING 

This option defines damping for the direct time integration analysis. 
present time, only Rayleigh damping is available in HITCAN. 
[C] is of the form 

At the 
Thus damping matrix 

I C 1  = a[MI + f i [ K 1 9  

where a is the damping coefficient of the mass matrix [MI and PI is the damping 
coefficient of the stiffness matrix [ K ] .  

Program option card: - DAMP 

Card group: 14 

Columns 

1s t card 

1-8 
9-16 

Variable 
Format - Name Entrv 

F8.4 DAMPMS Damping coefficient for the mass matrix. 
F8.4 DAMPST Damping coefficient for the stiffness matrix. 

I 
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INITIAL DISPLACEMENT 
B 

This option enables the user to specify initial displacement, at user-selected 
nodal points, for the direct time integration analysis. If this option is not 
specified, the initial displacements are set to 0. 

DISPLACEMENT Program option card: - 
Card groups: 20 and 37 

Variable 
Columns Format - Name Entry 

1st card of card group 20 

1-4 I4 NDIS Number of displacement data sets. Each data 
set can specify displacement for all degrees 
offreedomat severalnodal points withequal 
increment in their node numbers. 

1st card of card group 37 

I4 IBEG The first node number in this set of nodes. 
5-8 I4 IEND 
9-12 I4 INCR Increment at which the node numbers are 

The last node in this set of nodes. 

incremented. 

B 1-4 

2nd card of card group 37 

1-10 F10.4 DISPIN(1) Initial displacement for the 1st degree-of- 

11 - 20 F10.4 DISPIN(2) Initial displacement for the 2nd degree-of- 

21-30 F10.4 DISPIN(3) Initial displacement for the 3rd degree-of- 

31-40 F10.4 DISPIN(4) Initial displacement for the 4th degree-of- 

41-50 F10.4 DISPIN(5) Initial displacement for the 5th degree-of- 

51-60 F10.4 DISPIN(6) Initial displacement for the 6th degree-of- 

freedom for this set of nodes. 

freedom for this set of nodes. 

freedom for this set of nodes. 

freedom for this set of nodes. 

freedom for this set of nodes. 

freedom for this set of nodes. 

These two cards are repeated NDIS times. 
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EXAMPLE : 

Card Grow 2 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 

- Card GrOUD 2 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

0.0 0.0 5.0  0.0 0.0 0.0 
12 14 2 

Columns Field Name Value DeSCriDtiOn 

1-4 NACC 1 Number of initial acceleration data sets 
is 1. 
The 1st node in this series of nodes is 1. 
Last node in this series of nodes is 14. 
Increment at which the node numbers are 
incremented is 2. 
The 1st degree-of-freedom has an initial 
displacement of 0.0 in. 
The 2nd degree-of-freedom has an initial 
displacement of 0.0 in. 
The 3rd degree-of-freedom has an initial 
displacement of 5.0 in. 
The 4th degree-of-freedom has an initial 
displacement of 0.0 in. 
The 5th degree-of-freedom has an initial 
displacement of 0.0 in. 
The 6th degree-of-freedom has an initial 
displacement of 0.0 in. 

1 

1-4 
5-8 
9-12 

IBEG 
IEND 
INCR 

12 
14 
2 

1-10 DISPIN( 1) 0.0 

11-20 DISPIN( 2) 0.0 

DISPIN( 3) 5 . 0  21-30 

31-40 DISPIN( 4 )  0.0 

41-50 DISPIN( 5 )  0.0 

51-60 DISPIN(6) 0.0 
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INITIAL VELOCITY 

This option enables the user to specify initial velocities, at user-selected 
nodal points, for the direct time integration analysis. If this option is not 
specified, the initial velocities are set to 0. 

Program option card: -CITIES 
Card groups: 21 and 38 

Variable 
Columns Format - Name Entrv 

1st card of card group 21 

1-4 I4 NVEL Number of velocity data sets. Each data set 
can specify the velocity for all degrees of 
freedom at several nodal points with equal 
increment in their node numbers. 

1st card of card group 38 

1-4 I4 IBEG The first node number in this set of nodes. 
I4 IEND The last node in this set of nodes. 
I4 INCR Increment at which the node numbers are 

incremented. 

B 5-8 
9-12 

2nd card of card group 38 

1-10 F10.4 VELOIN(1) Initial velocity for the 1st degree-of- 

11-20 F10.4 VELOIN(2) Initial velocity for the 2nd degree-of- 

21-30 F10.4 VELOIN(3) Initial velocity for the 3rd degree-of- 

31-40 F10.4 VELOIN(4) Initial velocity for the 4th degree-of- 

41-50 F10.4 VELOIN(5) Initial velocity for the 5th degree-of- 

51-60 F10.4 VELOIN(6) Initial velocity for the 6th degree-of- 

freedom for this set of nodes. 

freedom for this set of nodes. 

freedom for this set of nodes. 

freedom for this set of nodes. 

freedom for this set of nodes. 

freedom for this set of nodes. 

These two cards are repeated NVEL times. 
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EXAMPLE : 

- Card GrOuD 21 
2 3 4 5 6 1 

1........0.........0.........0.........0.........0.........0 
1 

- Card Group 38 
2 3 4 5 6 1 

1........0.........0.........0.........0.........0.........0 
4 7 1  

1.0 0 .0  0.0 0 . 0  

Columns 

1-4 
1-4 
5-8 
9-12 

1-10 

11-20 

21-30 

31-40 

Columns 

41-50 

51-60 

Field Name Value 

NVEL 1 
IBEG 4 
I END 7 
INCR 1 

VELOIN( 1) 10.0 

VELOIN(2) 0 . 0  

VELOIN( 3) 0 . 0  

VELOIN(4) 0 . 0  

Field Name Value 

VELOIN(5) 0.0 

VELOIN(6) 0 . 0  

0 . 0  0 . 0  

DescriDtion 

Number of initial velocity data sets is 1. 
The 1st node in this series of nodes is 1. 
Last node in this series of nodes is 7. 
Increment at which the node numbers are 
incremented is 1. 
The 1st degree-of-freedom has an initial 
velocity of 1.0 in./sec. 
The 2nd degree-of-freedom has an initial 
velocity of 0.0 in./sec. 
The 3rd degree-of-freedom has an initial 
velocity of 0 . 0  in./sec. 
The 4th degree-of-freedom has an initial 
velocity of 0 . 0  in./sec. 

Descr iD t ion 

The 5th degree-of-freedom has an initial 
velocity of 0 . 0  in./sec. 
The 6th degree-of-freedom has an initial 
velocity of 0 . 0  in./sec. 
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This option activates the buckling analysis. To determine the critical buckling 
load, MHOST uses the subspace iteration method. For a description of this method, 
see Reference 7. When this option is used, a buckling analysis is performed at 
the initial load and the times specified in the array TIMEMB. 

Program option card: - BUCKLE 

Card groups: 11 and 44 

Variable 
Columns Format - Name Entry 

1st card of card group 11 

1-4 I4 . NEIGV Number of critical buckling modes to be 
extracted. At the present time this value 
should be set to 1. 

5-8 I4 NSUBD Number of subspace dimensions for the 
eigenvalue extraction. A sufficient 
dimension is reserved as a default. & 9-12 I4 MHITER Maximumnumber of iterations allowedinMHOST 
for the subspace iteration. The default for 
the maximum number of iterations is 5. 

2nd card of card group 11 

1-8 F8.2 RESID TheallowabletoleranceinMHOST. The default 
value is 5.0. 

1st card of card group 43  

1-10 F10.6 TI- Times at which a buckling analysis is 
desired. A maximum of 8 times are allowed. 
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EXAMPLE : 

- Card GrOUD 11 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 0 10 
5.0 

- Card GrOUD 43 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

10.0 

Columns Field Name Value Descr iD t ion 

1-4 NEIGV 1 Must be set to 1. 
5-8 NSUBD 0 The default value is used. 
9-12 MHITER 10 The allowable number of iterations in MHOST 

is set to 10. 
1-8 RESID 5 .O The allowable tolerance in MHOST is set 5.0. 1 
1-10 TIMEME 10.0 A buckling analysis is desired at 10 sec. 

Chapter 3 

INPUT52 

March, 1992 ( 



HITCAN User's Manual - Version 1.0 
MODAL ANALYSIS 

When this option is used HITCAN will perform a free vibration dynamic analysis 
to determine the frequencies and the mode shapes. To determine the frequencies 
and the mode shapes, MHOST uses the subspace iteration method. For a description 
of this method, see Reference 7. 

Program option card: MODAL 

Card groups: 11 and 43 

Variable 
Columns Format Name Entry 

1st card of card group 11 

1-4 I4 NEIGV Number of modes to be extracted. At the 
present time this value should be set to 1. 

5-8 I4 NSUBD Number of subspace dimensions for the 
eigenvalue extraction. A sufficient 
dimension is reserved as a default. 

I4 MHITER Maximumnumber of iterations allowedinMHOST 
for the subspace iteration. The default for 
the maximum number of iterations is 5. 

B '-12 

2nd card of card group 11 

1-8 F8.2 RESID The allowable tolerance in MHOST. The 
default value is 5.0. 

1st card of card group 43 

1-10 F10.6 TIMEMS Times at which a modes are to be extracted. 
A maximum of 8 times are allowed. 

B Chapter 3 
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EXAMPLE : 

- Card GrOUD 11 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 0 10 
5.0 

- Card GrOUD 43 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

5.0 

Columns Field Name Value 

1-4 NEIGV 1 
5-8 NSUBD 0 
9 - 1 2  .WITER 10 

1-8 RESID 5.0 
1-10 TIMEMB 10.0 

DescriDtion 

Must be set to 1. 
The default value is used. 
The allowable number of iterations in MOST 
is set t o  10. 
The allowable tolerance in MHOST is set 5.0.  
A buckling analysis is desired at 5 sec. 

1 
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RESTART 

This feature enables the user to conduct an analysis in several runs, an useful 
option for large problems. When the RESTART option is specified, a restart file 
createdin aprevious run is input. This file contains the necessary information 
to continue the analysis, including, the load step number, increment number, ply 
stresses, microstresses, microstress rates, material failure flags, and nodal 
displacements. For a restart run, the input is the same as before, except that 
RESTART is now specified in the program option cards. 

A restart file is created by specifying the variable MSTART. MSTART is the number 
of increments to be preformed in a particular run. After the analysis has 
progressed through MSTART increments, a restart file is created and the run is 
terminated. Note that a restart file will also be created when the maximum 
number of allowable iterations ( the variable MITER ) in HITCAN is exceeded. 
Note that card group #lo must be entered whether or not the program option card 
RESTART is specified. 

Program option card: - RESTART 

Card group: 10 

Variable 
Columns Format - Name Entry 

1st card in card group 10 

1-4 
5-8 

9-12 

13 - 16 
17-20 

21-24 

Columns 

2nd card 

1-8 

I4 NTISTP Number of load steps. 
I4 NMECH Number of  mechanical cycles used in METCAN 

to account for cyclic damage (used for 
fatigue analysis). 

I4 NTHER Number of thermal cycles used in METCAN to 
account f o r  cyclic damage (used for fatigue 
analysis). 

I4 LINC Numberofloadincrementsbetweenloadsteps, 
see following figure. 

I4 MSTART Write a restart file after this many load 
increments. 

I4 MITER Maximum number of iterations allowed for 
global convergence per load increment. 

Variable 
Format - Name Entry 

F8.4 TOL Allovablc global tolerance on convergence 
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EXAMPLE : 

- Card Group 10 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 1  1 1  2 1 0  
1.0 

Columns 

1 - 4  
5 - 8  
9-12 
1 3  - 1 6  
17 - 20 
21-24  

1-8 

Field Name Value Descr iD t i on 

NTISTP 1 Number of load steps is 1. 
NMECH 1 Number of mechanical cycles is 1. 
NTHER 1 Number of thermal cycles is 1. 
LINC 1 Number of load increments is 1. 
MSTART 2 Write arestart file after 2loadincrements. 
MITER 10 Number of allowable iterations for global 

TOL 1.0 Tolerance on the global convergence is 1.0. 
convergence. 
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In this section, the necessary program option cards and card groups used in 
building the composite model from constituent properties are described. The user 
builds the composite model by defining the plies over the surface of the 
structure and through the thickness. This produces an integrated laminated model 
of the entire structure. 

The user has the flexibility of selecting the number of plies, the ply thickness, 
the fiber volume ratio, the void volume ratio, and the fiber orientation in 
building either a symmetric or an unsymmetric ply layup. When PLYORDER is used 
in conjunction with the program option card, UNSYMMETRICAL, the user can generate 
an unsymmetric ply layup. However, when the HPLATE model option is specified, 
only symmetric ply layups can be used. 

Each ply is referred to by a designation number determined by the order in which 
it is listed in the input. A different ply designation number must be assigned 
if any one or more of the following variables; material properties, ply 
thickness, fiber volume ratio, void volume ratio, and fiber orientation, are 
different. However, a ply used more than once, but with same value to all of 
these variables, can be assigned only one ply designation number. 

For a symmetric ply layup, the ply order is assumed to be from the bottom surface 
of the structure to the mid-thickness line moving in the positive y or z 
directions. This order is then reversed and the ply layup is then continued from 
the mid-thickness line to the opposite surface of the wall. If the ply layup is 
unsymmetric, i. e., the program option card UNSYMMETRICAL is specified, the ply 
layup is input in two parts. The first part is the ply layup from the bottom 
surface of the structure to the mid-thickness line moving in the positive y or 
z directions. The second part is the ply order from the opposite surface to the 
mid-thickness line moving in the negative y or z directions. 

B 

The ply orientation angle, measured in degrees, is defined from the HITCAN global 
x-axis to be positive in the positive x-y quadrant for the SPLATE, HPLATE, 
S3DSOLID, and READ IN MODEL options. For the spars of the HPLATE model option 
the angle is positive in the positive x-z quadrant. Figure 3.15 illustrates the 
composite geometry relative to the HITCAN coordinate system. Note at the present 
time only one ply description is allowed for each spar. A sufficient number of 
these plies will be generated to fill the spar thickness. The orientation of the 
fibers in these plies will be along the x-axis. 

To account for the existence of a discrete interphase between the fiber and the 
matrix, the user is allowed to enter the interphase thickness as a fraction of 
the fiber diameter. This is done by specifying the program option card 
INTERPHASE and entering value of the variable PINTER in card group 23. 
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In creating this section of input, the card groups 1 and 28 must always be 
specified. These two card groups contain the necessary data to describe the 
plys. The program option cards PLYORDER and UNSYMMETRICAL can be used only with 
the model options HPLATE, SPLATE, and S3DSOLID. For the model option READ IN 
MODEL, the user must use card groups 12 and 31. The table below summarizes the 
program option cards and card groups used in this section. 

T 
-~ 

I I 
PROGRAM 

OPTION CARDS 
CARD GROUPS 

PROGRAM 
OPTION CARDS 

CARD GROUPS COMMENTS 

Ply Description 

Data 

COMMENTS 

1 This data is needed 

28 
for all model options. 

I I I 

1 

LavuP 

Specified at 

Each Node 

Use  for the 
12 model option 

READ IN model. 
31 

a 

Symmetrical 

Ply Order 

6 

29 

use for SPLATE, 
HPLATE, & S3DSOLID 

model options. 

I Unsymmetrical 

Ply order I 
7 

30 

Use for SPLATE, 
& S3DSOLID 

model options. 

Interphase 

Data 

23 
Used only if an 

interface between 
the fiber and 

matrix is to be 
modelled. 
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PLY 

F p  3.15: Fiber Composite Geometry Relative Tc HITCPNCoofdinate System 
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PLY DESCRIPTION CARDS 

These cards contain the necessary data to describe each unique ply in the 
structure. These card groups are required for all model options. 

Program option card: None 

Card group: 1 and 28 

Variable 
Columns Format - Name 

1st card in card group 1 

1-4 I4 NDES 

1st card in card group 28 

1-10 F10.4 PERT (1) 

11-20  F10.4 PERT ( 2 ) 

1-30 F10.4 PERT( 3)  
1-40 FlO .4 PERT (4) 
41-50 F10.4 PERT(5) 
51-60 F10.4 PERT( 6) 

2nd card in card group 28 

1-4 A4 CODES (1) 
5 lx 
6-9 A4 CODES (2)  
10 lx 
11-20 F10.4 CODES ( 3 ) 
21- 30 F10.4 CODES (4) 
31-40 F10.4 CODES (5) 
41-50 F10.4 CODES (6 ) 

These two cards are required for 

Entry 

Number of ply descriptions. 

Initial thickness (percent of thickness at 
each input point). 
Final thickness (percent of thickness at each 
input point). 
Initial x coordinate (percent length). 
Final x coordinate (percent length). 
Initial y coordinate (percent width). 
Initial y coordinate (percent width). 

Type of fiber. 

Type of matrix. 

Ply thickness. 
Void volume ratio. 
Fiber volume ratio. 
Ply orientation angle. 

each ply description, thus these cards are 
repeated NDES times. 
the ply descriptions are listed. 

Ply designation numbers are assigned in the order i n  which 
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EXAMPLE : 

- Card GrOUD 1 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

0.0 100.0 0.0 100. 0.0 100.0 
SICA TI15 0.2 0.0 0.5 45.0 

Columns Field Name Value DeSCriDtiOn 

1-4 
1-10 

NDES 
PERT( 1) 

1 
0.0 

The number of plys to be described is 1. 
The initial thickness is 0.0% of the 
thickness at each input point. 
The final thickness is 100.0% of the 
thickness at each input point. 
The initial x coordinate of the ply is at 
0.0% of the length at each input point. 
The final x coordinate of the ply is at 
100.0% of the length at each input point. 
The initial y coordinate of the ply is at 
0.0% of the width at each input point. 
The final y coordinate of the ply is at 
100.02 of the width a t  each input po in t .  
The fiber material is designated in the 
databank as SICA. 
The matrix material is designated in the 
databank as T115. 
The ply thickness is 0.2 in. 
The void volume ratio is 0.0. 
The fiber volume ratio is 0.5. 
The fiber orientation angle is 45 
degrees. 

11-20 B PERT(2) 100.0 

0.0 21-30 PEXT(3) 

31-40 PERT(4) 100.0 

41-50 PERT(5) 0.0 

PERT(6) 100.0 51-60 

1-4 CODES (1) SICA 

6 - 9  CODES (2) TI15 

11-20 
21-30 
31-40 
41- 50 

CODES (3) 
CODES (4) 
CODES (5) 
CODES (6) 

0.2 
0.0 
0.5 
45.0 
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PLY U Y U P  FOR A SYHMETRICAL PLYORDER 

This program option card allows the user to create a symmetrical ply layup. When 
PLYORDER is used in conjunction with the program option card, UNSYMMETRICAL, the 
user can generate an unsymmetric ply layup. However, when the HPLATE model 
option is specified, only symmetric ply layups can be used. 

Program option card: - PLYORDER 

Card group: 6 and 29 

Variable 
Columns Format Name Entrv 

1st card in card group 6 

1-4 I4 MAXPLY Number of plies specified for the half- 
thickness at the point of maximum wall 
thickness in the structure for the model 
options HPLATE, SPLATE, and S3DSOLID. 

1st card in card group 29 

1-80 2014 MPLY An array containing the ply order, using ply 
designationnumbers, for onehalf ofthewall 
thickness. The order is from the bottom 
surface to the mid-thickness line moving in 
the positive y or z directions. 

EXAMPLE : 

1 
1........0 

2 

2 3 4 
o.........o.........o 

5 6 
....... o.........o 

- Card Grow 29 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

1 1  

Chapter 3 
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DescriDtion Columns Field Name Value 

1-4 MAXPLY 2 There are two plys from the bottom 

1-4 MPLY (1) 1 The 1st ply up from the bottom surface 

5-8 MPLY (2) 1 The 2nd ply up from the bottom surface 

surface to the mid-thickness line. 

has the designation number of 1. 

has the designation number of 1. 
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EXAMPLE : 

Card GrOuD - 
1 

1........0 
2 

PLY L A W P  FOR AN UNSYMMETRICAL PLYORDER 

This option specifies an unsymmetric ply layup. 
conjunction with the PLYORDER program option card. 

This option is to be used in 

Program option card: IJJSJ!MMETRICAL PLYORDER and 
- PLYORDER 

Card group: 7 and 30 

Variable 
Columns Format Entrv 

1st card of card group 7 

1-4 I4 M A X  Number of plies specified for the half- 
thickness at the point of maximum wall 
thickness in the structure for the model 
options SPLATE and S3DSOLID. 

2nd card of card group 30 

1-80 2014 NPLY An array containing the ply order, using ply 
designationnumbers, for onehalf ofthewall 
thickness. The order is from the top surface 
to the mid-thickness line moving in the 
negative y or z directions. 

- 7 

2 
. . . . . . . .  o. . . . .  

- Card GrOUD 30 

1 2 

, . .  
3 4 5 6 

.. o.........o.........o.........o 

3 4 5 6 
1........0.........0.........0.........0.........0.........0 

1 2  
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Columns Field Name Value Des cr iD tion 

1-4 MAXPLY 

1-4 MPLY (1) 

5 - 8  MpLY(2) 

D Chapter 3 

2 There are two plys from the bottom 
surface to the mid-thickness line. 

1 The 1st ply up from the mid-thickness 
line has the designation number of 1. 

2 The 2nd ply up from the mid-thickness 
line has the designation number of 1. 
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PLY LAYUP FOR READ IN MODEL OPTION 

This option enables the user t o  enter a ply layup for  the READ I N  MODEL option. 

Program option card: None 

Card group: 8 ,  1 2 ,  and 31 

Variable 
Columns Format - Name 

1st card of card group 8 

1-4 I4 MAXPLY 

1st card i n  card group 1 2  

1-4 I4 NPLSET 

1st card i n  card group 31 

1-4 I4 IBEG 
5-8 I4 I E N D  
9-12  I4 INCR 

13 - 1 6  I4 NOP 

2nd card of card group 31 

1-80 2014 MPLY 

Entry 

Maximum number o f  p l i e s  a t  any one node. 

Number of data s e t s  describing the ply layup 
at each node. 

The f i r s t  node number in  t h i s  s e t  of nodes. 
The l a s t  node number i n  t h i s  s e t  of nodes. 
Increment a t  which the node numbers a re  
incremented. 
Number o f  p l i e s  a t  these nodes. 

i 

These 2 cards a re  repeated NPLSET times. 

An array containing the ply order, using ply 
designationnumbers, fo r  one half  o f t h e w a l l  
thickness. The order is  from the bottom 
surface t o  the mid- thickness l i ne  moving i n  
the posit ive y or z direct ions.  
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EXAMPLE : 

- Card GrOUD 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

3 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

1 

- Card GrOUD 31 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

1 1 6  1 3  
1 2 1  

B Columns Value Field Name DescriDtion 

The maximum number of plies is 3. 
One data set is used to describe the 
ply layup or each node in the model. 
The 1st node in this series of nodes 
is 1. 
The last node in this series of nodes 
is 16. 
The increment between node numbers 
is 1. 
The number of plies to be read in 
is 3 .  
The 1st ply up from the bottom surface 
line has the designation number of 1. 
The 2nd ply up from the bottom surface 
has the designation number of 2. 
The 3rd ply up from the bottom surface 
has the designation number of 1. 

1-4 
1-4 

MAXPLY 
NPLS ET 

2 
1 

1-4 IBEG 1 

5-8 IEND 16 

9-12 INCR 1 

13 - 16 NOP 3 

1-4 MPLY (1) 1 

5-8 MPLY (2) 2 

9-12  MPLY ( 3 )  1 
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INTERPHASE DATA 

This option enables the user to specify the existence of a discrete interphase 
between the fiber and the matrix. The thickness of the interphase is specified 
as a fraction of the fiber diameter, i.e., Pinter = (Do - D)/Do, where Do 
represents the initial fiber diameter and D the fiber diameter after degradation. 

Program option card: - INTERPHASE 

Card group: 23 

Variable 
Columns Format - Name Entrv 

1st card of card group 23 

1-8 F8.4 PINTER Thickness of the interphase as a fraction of 
fiber diameter. 

EXAMPLE : 

Group 23 - Card 

1.. . 
1 2 3 4 5 6 

.... o . . .  . . ... o.........o.........o.........o.........o 
0.1 

Columns Field Name Value Des cr iD t ion 

1-8 PINTER .1 The thickness of the interphase is .1 
x fiber diameter. 
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3.5 TYPES OF LOADING 
D 

There are four types of loading available in HITCAN. They are: 

Centrifugal, 
Nodal Forces, 
Pressure, 
Temperature. 

Each loading type has its own program option card and card groups. Along with 
the program option cards and card groups associatedwith the different loadings, 
additional card groups are needed for program control. The following table 
summarizes the different loadings and their program option cards and card 
groups. 

LOADING TYPE 

Centrifugal 

Nodal Forces 

Pressure 

Temperature 

Program 

Contrd 

D Chapter 3 

PROGRAM OPTION 
CARD 

~ 

ANGULAR 

FORCE 

PRESSURE 

TEMPERATURE 

CARD GROUP 

35 

15 
36 
16 
33 
34 

17 
33 

34 

10 
32 
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CENTRIFUGAL LOADING 

This option defines a centrifugal distributed loading. 

Program option card: - ANGULAR 

Card group: 35 

Variable 
Name Entry Columns Format - 

1st card 

1-30 3F10.4 GRIDPl The first of two points required to define 
the axis of rotation. See Figure 3.16, for 
the direction of this axis. GRIDPl is an 
array of three real numbers. The first real 
number is the x coordinate, the second is the 
y coordinate, and the third real number is 
the z coordinate. 

31-60 3F10.4 GRIDP2 The second of two points required to define 
the axis of rotation. GRIDP2 is an array of 
three real numbers. The first real number 
is the x coordinate, the second is the y 
coordinate, and the third real number is the 
z coordinate. 

2nd card 

1-80 8F10.4 ANGVEL Rotational speed in revolutions per second 
at each time step. 

Chapter 3 

INPUT70 

March, 1992 ( 



HITCAN User’s Manual - Version 1.0 

Z 
POINT 

Y 

i l  

Figure 3.16: Direction Of Axis For Centrifugal Loading 
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EXAMPLE : 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

0.0 0.0 0.0 1.0 0.0 0.0 
100.0 

Columns 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
1-10 

Chapter 3 

Field Name 

GRIDPl(1) 
GRIDPl(2) 
GRIDPl(3) 
GRIDP2 (1) 
GRIDP2 (2) 
GRIDP2 (3) 
ANGVEL( 1) 

0.0 X-coordinate 
0.0 Y-coordinate 
0.0 Z-coordinate 
1.0 X-coordinate 
0.0 Y-coordinate 
0.0 Z-coordinate 
100.0 The rotational velocity in rad/sec. 
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NODAL FORCE LOADING 

This option a l l o w s  the user t o  input s ta t ic  concentrated nodal'loads. 

Program option card: - FORCE 

Card groups: 15 and 36 

Variable 
Columns Format - N a m e  Entrv 

1st card i n  card group 15 

1-4 I4  NCFOR Number o f  nodal loads 

1st card i n  card group 36 

1-4  I4  NCFNOD Node number 
5-8 I4  NCFDIR Degree-of -freedom 

2nd card i n  card group 36 

1-80 8F10.4 CFVAL Value of the load a t  each load s tep  

Card group 36 is  repeated NCFOR times. B 
EXAMPLE : 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

1 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

1 1  
10. 

Columns Field N a m e  Value DescriDtion 

1-4 NCFOR 1 Number o f  nodal forces is 1. 
1-4 NCFNOD 1 The force acts a t  node ill. 
5-8 NCFDIR 1 The force acts along the X-axis. 
1-10 CFVAL 10.0 The in tens i ty  o f  the load. 
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PRESSURE LOADING 

This card set  allows the user t o  input the pressure loading. For e i t h e r  s o l i d  o r  
hollow structures  using the p l a t e  element, the user can specify both a lateral  
pressure and an uniform edge pressure. For the plane stress, plane s t ra in ,  and 
3D so l id  elements only an uniform edge pressure can be specif ied.  Note t h a t  i f  
PL and PU are used t o  input the pressure loading the var iables  TL and TU must 
a l so  be specified. I f  temperature effects are not desired,  then TL and TU must 
be set  t o  0.0 

The pressure is entered using one of the following three options: 

A. When the SPLATE model option is  specified.  

B. When the HPLATE model option is  specified.  

C .  When the S3DSOLID model o r  the READ I N  MODEL options are 
specified.  

PRESSURE Program option card: - 
Card groups: 1 6 ,  33, and 34 

Variable 
Columns Format - Name Entry 

1st card i n  card group 16  

1-4 I4  NPRES Number of pressure input da ta  sets. These 
da ta  s e t s  specify those elements which have 
a normal surface pressure (posi t ive in to  
the  element). 

ODtion A 

card la  i n  card group 33 

1- 10 F10.4 TL Temperature on the lower surface.  
11-20 F10.4 Tu Temperature on the upper surface. 
21-30 F10.4 PL Pressure on the lower surface. 
31-40 F10.4 PU Pressure on the upper surface.  

This card is  repeated (MSECT(1) + MSECT(2) +...+ MSECT(I))*NTISTP times, where 
I-1,NSECT. 
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Columns Format - Name Entry 
B 

ODtion B 
card lb i n  card group 33 

1-10 F10.4 TL Temperature on the lower surface. 
11-20 F10.4 Tu Temperature on the upper surface. 
21-30 F10.4 PU Pressure on the lower surface. 
31-40 F10.4 PL Pressure on the upper surface. 

Note tha t  each card corresponds t o  an input point, thus, t h i s  card is repeated 
(MSECT(1,l)  + MSECT(2,l)  +...+ MSECT(I,l))*NTISTP times, where I = l , L S E C T ( l ) .  

card 2b i n  card group 33 

1-10 F10.4 TL Temperature on the lower surface. 
11-20 F10.4 Tu Temperature on the upper surface. 
21-30 F10.4 PU Pressure on the lower surface. 
31-40 F10.4 PL Pressure on the upper surface. 

Note tha t  each card corresponds t o  an input point, thus, t h i s  card is repeated 
(MSECT(1,2) + MSECT(2,2) +...+ MSECT(I,2))*NTISTP times, where I=l,LSECT(2). 

card 3 i n  card group 33 

1-4 I4  IBEG The first node number i n  th i s  s e t  of nodes. 
D 

5-8 I4  IEND The last  node i n  th i s  s e t  of nodes. 
9-12  I4  INCR Increment between node numbers. 

card 4 i n  card group 33 

1-80 F10.4 PREVAL Anarraycontainingthe i n t e n s i t y o f t h e  edge 
pressure a t  each load step.  

Cards 3 and 4 a re  repeated NPRES t i m e s .  

Option C 
card 3 i n  card group 34 

1-4 I4 IBEG Beginning element number. 
5-8  I4  IEND Ending element number. 
9-12 I4  INCR Increment between element numbers. 

card 4 i n  card group 34 

1-80 F10.4 PREVAL Anarraycontainingthe i n t e n s i t y o f t h e  edge 
pressure a t  each ?aad step.  

Cards 3 and 4 a re  repeated NPRES times. B 
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Cards 3 and 4 are repeated NPRES times. 

EXAMPLE : 

- Card GrOUD 16 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 

- Card GrOUD 33 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
70.0 70.0 0.0 10.0 
70.0 70.0 0.0 10.0 
70.0 70.0 0.0 20.0 
70.0 70.0 0.0 20.0 

- Card 0 34 
1 2 3 4 5 6 

1 . . . . . . . .  .................................................. 0 
1 4 1  

10.0 

Columns Field Name Value Descr iD t ion 

1-4 

1-10 

11-20 

21-30 

31-40 

1-10 

11 - 20 

21 - 30 
31-40 

1-10 

11-20 

21-30 

Chapter 3 

NPRES 

TL 

Tu 

PL 

PU 

TL 

Tu 

PL 

PU 

TL 

Tu 

PL 

1 

70.0 

70.0 

0.0 

10.0 

70.0 

70.0 

0.0 

10.0 

70.0 

70.0 

0.0 

There is 1 set of data to describe the 
edge loads. 
Temperature on the lower surface at 
input point #I of input section #I. 
Temperature on the lower surface at 
input point #l of input section #l. 
Pressure on the lower surface at input 
point #1 of input section #1. 
Pressure on the upper surface at input 
point #1 of input section #l. 
Temperature on the lower surface at 
input point #2 of input section #l. 
Temperature on the lower surface at 
input point #2 of input section #l. 
Pressure on the lower surface at input 
point 112 of input section #l. 
Pressure on the upper surface at input 
point {I2 of input section #l. 
Temperature on the lower surface at 
input point {I1 of input section #2. 
Temperature on the lower surface at 
input point fl of input section #2. 
Pressure on the lower surface at input 
point {I1 of input section #2. 
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Columns 

31-40 

1-10 

11- 20 

21-30 

31-40 

1-4 
1 
5 - 8  
9-12 
1-10 

Chapter 3 

HITCAN User's Manual - Version 1.0 
Field Name Value DescriDtion 

PU 

TL 

Tu 

PL 

PU 

IBEG 

IEND 
INCR 
PREVAL 

20.0 

70.0 

70.0 

0.0 

20.0 

1 

4 
1 
10.0 

Pressure on the upper surface at input 
point #l of input section on #2. 
Temperature on the lower surface at 
input point #2 of section #2. 
Temperature on the lower surface at 
input point #2 of input section #2. 
Pressure on the lower surface at input 
point #2 of input section #2. 
Pressure on the upper surface at input 
point 82 of input section #2. 
The edge load is applied to elements 
through 4. 

The intensity of the edge load. 
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TEMPERATURE LOADING 

This card set allows the user to input a distributed temperature loading. Note 
that if TL and TU are used to input the temperature loading the variables PL and 
PU must also be specified. If there is no lateral pressure loading, then PL and 
PU should be set 0 . 0 .  The ply temperatures generated by TL and TU will be 
overridden by the ply temperatures contained in the variable TEPLY. The 
temperature is entered using one of the following three options: 

A .  When the SPLATE model option is specified. 

B. When the HPLATE model option is specified. 

C. When the S3DSOLID model or the READ IN MODEL options are 
specified. 

Program option card: - TEMPERATURE 

Card groups: 17, 33, and 34 

Variable 
Columns Format Name Entry 

1st card in card group 17 I 

1-4 I4 NTEMP Number of temperature input data sets. These 
data sets be can used either to specify the 
temperature at the nodes (READ IN MODEL or 
S3DSOLID model options) or at the plies at 
each node (HPLATE or SPLATE model options). 

5-8 I4 NUMPLY The maximum number of plies in a data set. 
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Variable 

Entrv 

B 
Columns Format - Name 

Option A 

card la in card group 33 

1-10 F10.4 TL Temperature on the lower surface. 
11-20 F10.4 Tu Temperature on the upper surface. 
21-30 F10.4 PL Pressure on the lower surface. 
31-40 F10.4 PU Pressure on the upper surface. 

Note that each card corresponds to an input point, thus, this card is repeated 
(MSECT(1) + MSECT(2) +...+ MSECT(I))*NTISTP times, where I-1,NSECT. 

ODtion B 

card lb in card group 33 

1-10 F10.4 TL Temperature on the lower surface. 
11-20 F10.4 Tu Temperature on the upper surface. 
21-30 F10.4 PU Pressure on the lower surface. 
31-40 F10.4 PL Pressure on the upper surface. 

This card is repeated (MSECT(1,l) + MSECT(2,l) +. . .+ MSECT(I,l))* NTISTP times, 
where I-l,LSECT(l). 

B 
card 2b in card group 33 

1-10 F10.4 TL Temperature on the lower surface. 
11-20 F10.4 Tu Temperature on the upper surface. 
21-30 F10.4 PU Pressure on the lower surface. 
31-40 F10.4 PL Pressure on the upper surface. 

This card is repeated (MSECT(1,2) +MSECT(2,2) + ... +MSECT(I,2))*NTISTP times, 
where I=l,LSECT(2). 

card 3 in card group 33 

1-4 I4 IBEG The first node number in this set of nodes. 
5 - 8  I4 IEND The last node in this set of nodes. 
9-12 I4 INCR Increment between node numbers. 

card 4 in card group 33 

1-80 F10.4 TEPLY Array of ply temperatures at each ply for 
each time step. 

Cards 3 and 4 are repeated NTEMP times. B 
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card 3 in card group 34 

1-4 I4 IBEG Beginning node number. 
5-8 I4 IEND Ending node number. 
9-12 I4 INCR Increment between node numbers. 

card 4 in card group 34 

1-80 F10.4 TEJSTOD Array of nodal temperatures at each 
node in the data set for each load 
step. 

Cards 3 and 4 are repeated NTEMP times. 

EXAMPLE : 

- Card Group 33 

1 

70.0 
70.0 
100.0 
100.0 

1........0. 

Columns 

1-10 

11-20 

21- 30 

31-40 

1-10 

11-20 

21-30 

31-40 

2 
. . . . . . .  o . . . . . .  

70 .0  
70.0 
100.0 
100.0 

Field Name 

TL 

Tu 

PL 

PU 

TL 

Tu 

PL 

PU 

3 4 
. . .  o.........o. 
0.0 0 . 0  
0 . 0  0 .0  
0 . 0  0 . 0  
0 . 0  0 .0  

Value 

70.0 

70.0 

0 .0  

0.0 

70.0 

70.0 

0 .0  

0 . 0  

5 6 
........ o.........o 

DescriDtion 

Temperature on the lower surface at 
input point #l of input point section 
f l  * 
Temperature on the lower surface at 
input point #l of input section #1. 
Pressure on the lower surface at input 
point 111 of input section fl. 
Pressure on the upper surface at input 
point #1 of input section #l. 
Temperature on the lower surface at 
input point #2 of input section #l. 
Temperature on the lower surface at 
input point #2 of input section #l. 
Pressure on the lower surface at input 
point #2 of input section #l. 
Pressure on the upper surface at input 
point #2 of input section #l. 
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Columns 

1-10 

11-20 

21-30 

31-40 

1-10 

11 - 20 

21-30 

31-40 

D Chapter 3 
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Field Name Value Des cr iD t ion 

TL 

Tu 

PL 

PU 

TL 

Tu 

PL 

PU 

100.0 

100.0 

0.0 

0.0 

100.0 

100.0 

0.0 

0.0 

Temperature on the lower surface at 
input point #1 of input section #2. 
Temperature on the lower surface at 
input point #1 of input section #2. 
Pressure on the lower surface at intq 
point #1 of input section #2.  
Pressure on the upper surface at input 
point #1 of input section {I2 . 
Temperature on the lower surface at 
input point #2 of input section #2.  
Temperature on the lower surface at 
input point #2 of input section #2. 
Pressure on the lower surface at input 
point #2 of input section f2  . 
Pressure on the upper surface at input 
point #2 of input section #2. 
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PROGRAM CONTROL CARDS 

These cards are required to increment the loading. 

Program option card: None 

Card group: 10 and 32 

Variable 
Columns Format - Name 

1st card in card group 10 

1-4 I4 NTISTP 
5 - 8  I4 NMECH 

9-12 I4 NTHER 

13-16 I4 LINC 

17 - 20 I4 MSTART 

21-24 I4 MITER 

2nd card 

1-8 Fa .4 TOL 

1st card in card group 32 

1-80 8FlO. 4 TISTPS 

Entry 

Number of load steps. 
Number of mechanical cycles used in METCAN 
to account for cyclic damage (used for 
fatigue analysis). 
Number of thermal cycles used in METCAN to 
account for cyclic damage (used for fatigue 
analysis). 
Numberofloadincrementsbetweenloadsteps, 
see Figure 3.17. 
Write a restart file after this many load 
increments. 
Maximum number of iterations allowed for 
global convergence per load increment. 

1 

Allowable global tolerance on convergence, 

Time at load steps. 
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0 

0 
a 
2 

LOAD STEP t 5  
LOAD STEP t4 

LOAD !STEP 13 

I 

I 

I 

I 
I 

I 

I 
I 

I I 
I I 

I 
I 

I 
1 i 

TIME STEP I 1  TIME STEP 12 TIME STEP 13 TIME STEP 14 

TIME 

Figure 3.17: Definition Of The Load Increment 
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EXAMPLE : 

- Card Grouu 10 

1 2 3 4 5 6 
1........o.........o........o..o.........o.........o.........o 

1 1  1 1  2 1 0  
1.0 

- Card Grouu 32 

1 2 3 4 5 6 
1........0.........0.........0.........0.........0.........0 

0.0 

Columns Field Name 

1-4 NTISTP 
5-8 NMECH 

9-12 NTHER 
13-16 LINC 
17 - 20 MSTART 

21-24 MITER 

1-8 TOL 

1-10 TISTPS (1) 

Chapter 3 

Value 

1 
1 

1 
1 
2 

10 

1.0 

0.0 

Descriution 

Number of load steps is 1. 
Number of mechanical cycles 
is 1 
Number of thermal cycles is 1. 
Number of load increments is 1. 
Write a restart file after 2 load 
increments. 
Number of allowable iterations for 
global convergence. 
Tolerance on the global convergence is 
1.0. 
Time at load step #1 is 0.0. 

( 
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3.6 BOUNDARY CONDITIONS 

In this section, the necessary program option cards and card groups used to 
describe the boundary conditions are given. To enter the boundary conditions, 
card groups 19 and 41 are used. If the skewed boundary conditions are required 
in the analysis, coordinate transformations are available. This option requires 
the program option card TRANSFORMATION and the card groups 18 and 40. 
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BOUNDARY CONDITIONS 

These cards are required to enter the boundary conditions. 

Program option card: None 

Card group: 19 and 41 

Variable 
Columns Format - Name Entry 

1st card in card group 19 

1-4 I4 NBC Number of boundary condition data sets. 

1st card in card group 41 

1-4 I4 IBEG 
5-8 I4 IEND 
9-12 I4 IXCR 

13 - 16 I4 IDOF 

This card is repeated NBC times. 

Beginning node number. 
Ending node number. 
Increment at which the nodes in this series 
are incremented. 
Degree-of-freedom which is fixed. 

EXAMPLE : 

- Card GrouD 19 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 

- Card GrOUD 41 
1 2 3 4 5 6 

1........0.........0.........0.........0.........0.........0 
1 1 0  1 3  

Columns Field Name Value DeSCriDtiOn 

1-4 NBC 

1-4 IBEG 

5-8 IEND 

1 One data set is chosen to describe the 
boundary conditions. 

1 The 1st node in this series of nodes 
is 1. 

10 The last node in this series of nodes 
is 10. 
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Columns Field Name Value Des cr iD t ion 

9-12 

13-16 

Chapter 3 

INCR 

IDOF 

1 

3 

The increment between node numbers 
is 1. 
The 3rd degree-of-freedom is fixed. 
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COORDINATE TRANSFORMATION 

Allows the user to specify a coordinate transformation of the global coordinate 
system into a local coordinate system at specified nodes. If more than one 
rotation is applied at a node, HITCAN executes all the entered rotations 
successively. This feature can be used to obtain transformations around an 
arbitrary axis. Each subsequent rotation acts upon the last previous coordinate 
system defined at the node. Note that this option follows the right hand 
coordinate system. 

Program option card: - TRANS FORMATION 

Card group: 18 and 40 

Variable 
Columns Format - Name 

1st card in card group 18 

1-4 I4 NTR 

1st card in card group 40 

1-4 I4 IBEG 
5-8 I4 IEND 
9-12 I4 INCR 

13 - 16 I4 IDIR 

2nd card in card group 40 

1-10 F10.4 TRANG 

Entry 

Number of coordinate transformation data 
sets. 

First node in this set of nodes. 
Last node in this set of nodes. 
Increment atwhichnodes in this set of nodes 
are to be incremented. 
Global axis about which the coordinates are 
rotated. 

Angle over which the coordinate system is 
rotated. 

The cards in card group 40 are repeated NTR times. 
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OUTPUT CONTROL 

Program option card: None 

Card group: 42 

Variable 
Columns Format - Name Entry 

1st card in card group 42 

1-4 I4 NPRT(1,l) Initial node for nodal displacements, 
velocities, and accelerations of set 1. 

5-8 I4 NPRT(2,l) Final node for nodal displacements, 
velocities, and accelerations of set 1. 

9-12 I4 NPRT(1,2) Initial node for nodal displacements, 
velocities, and accelerations of set 2. 

13 - 16 I4 NPRT(2,2) Final node for nodal displacements, 
reactions, velocities, and accelerations 
of set 2 .  

Etc. Etc. in I4 format. 

2nd card in card group 42 

1-4 I4 NPRTS(1,l) Initial node for ply stress output of 
set 1. 

5 - 8  I4 NPRTS(2,l) Final node for ply stress output of set 1. 
9-12 I4 NPRTS(1,2) Initial node for ply stress output of set 2. 
13-16 I4 NPRTS(2,2) Final node for ply stress output of set 2. 
Etc. Etc. in I4 format. 

3rd card in card group 42 

1-4 I4 NPRTP(1,l) Initial node for constituent properties 

5-8 I4 NPRTP(2,l) Final node for constituent properties 

9-12 14 NPRTP(1,2) Initial node for constituent properties 

13 - 16 I4 NPRTP(2,2) Final node for constituent properties 

Etc. Etc. in I4 format. 

and stresses of set 1. 

and stresses of set 1. 

and stresses of set 2. 

and stresses of set 2. 
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Columns Field Name Value Des cr iD t ion 

1-4 NPRTP(1,l) 41 

5-8 NPRTP(2,l) 41 

1-4 NPPLY(1,l) 1 

5-8 NPPLY(2,l) 4 

1-10 TIMEPN 10 

Chapter 3 

First node in the 1st series of nodal 
constituentproperties andstresses is 
41. 
Last node in the 1st series of nodal 
constituentproperties andstresses is 
41. 
First ply in the 1st series of ply 
constituent properties and stresses 
is 1. 
Last ply in the 1st series of ply 
constituent properties and stresses 
is 4. 

0 A PATRAN results file is desired at 
10.0 sec. 
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3.8 PROGRAM OlTION CARDS B 
There are 29 program option cards. The option cards either control the flow 
through the program or activate various card groups. These cards are listed and 
summarized below in alphabetical order. 

ACCELERATION 

- ANGULAR 

BRICK 

- BUCKLE 

DAMP 

- D I S PLACEMENT 

DyNAMIC 

ECHO 

- ENDOPTI ON 

FE MODEL ONLY 

FORCE 

m T E  

- INTERPHASE 

MODAL 

PLATE 

- PLYORDER 

PRES SURE 

- PROFILE 

READ IN MODEL 

RESTART - 
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- S 3 D S OLI D 

- TITLE 

TRANSFORMATION 

UNSYMMETRICAL PLYORDER 

- VELOCITY 

The HPLATE, SSDSOLID, and the SPIATE option cards determine the type of finite 
element model to be generated by HITCAN. The READ IN MODEL option enables the 
user to input into HITCAN a finite element model consisting of eight node solid 
elements. One of these four cards must be included in the "Program Option Cards" 
block of the input deck. 

The ENDOPTION card is 
Cards". Note that only 
option cards above, are 
option card follows. 

required to designate the end of the "Program Option 
the first four characters, underlined in the list of the 
required to be input. A brief description of each program 

- ACCELERATION 

This option enables the user to specify initial acceleration, at user-selected 
nodal points, for the direct time integration analysis. If this option is not 
specified, the initial accelerations are set to 0 .  

This option defines a centrifugal distributed loading. 
for this option can be found in card group number 35. 

The variables required 

- BRICK 

When this option is specified, a 8-node isoparametric 3D solid element will be 
used. This option card is to be used in conjunction with the S3DSOLID and the 
READ IN MODEL option cards. This element has 3 translational degrees of freedom 
identified by +, %, and %, as shown in Figure 3.11. 
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4th card in card group 42 
D 

1-4 I4 NPPLYl, 1) Initialply for constituent properties 

5-8 I4 NPPLY(2,l) Final ply for constituent properties 

9-12 I4 NPPLY(1,2) Initialply for constituentproperties 

13-16 I4 NPPLY(2,2) Final ply for constituent properties 

Etc. Etc. in I4 format. 

and stresses of set 1. 

and stresses of set 1. 

and stresses of set 2. 

and stresses of set 2. 

5th card in card group 42 

1-10 F10.6 TIMEPN( 1) 1st time at which a patran results 

11-20 F10.6 TIMEPN ( 2 ) 2nd time at which a patran results 

Etc. Etc. in F10.6 format. 

file is written. 

file is written. 

EXAMPLE : 

Card Group 42 
1 2 3 4 5 6 D 1........0.........0.........0.........0.........0.........0 

1 81 
1 9 73 81 
41 41 
1 4  

10.0 

Columns Field Name Value DescriDtion 

1-4 NPRT(1,l) 1 First node in the 1st series of nodal 

5-8 NPRT(2,l) 81 Last node in the 1st series of nodal 

1-4 NPRTS(1,l) 1 First node in the 1st series of nodal 

5-8 NPRTS(2,l) 9 Last node in the 1st series of nodal 

9-12 NPRTS(1,2) 73 First node in the 2nd series of nodal 

13-16 NPRTS(2,2) 81 Last node in the 2nd series of nodal 

displacements is 1. 

displacements is 81. 

ply stress is 1. 

ply stress is 9. 

ply stress is 73. 

ply stress is 81. 
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- BUCKLE 

This option activates the buckling analysis. To determine the critical buckling 
load, MHOST uses the subspace iteration method. For a description of this method, 
see Reference 7. When this option is used, a buckling analysis is performed at 
the initial load and the times specified in the array TIMEMB. 

This option defines damping for the direct time integration analysis. 
present time, only Rayleigh damping is available in HITCAN. 
[C] is of the form 

At the 
Thus damping matrix 

where a is the damping coefficient of the mass matrix [ M I  and B is the damping 
coefficient of the stiffness matrix [K]. 

- DISPLACEMENT 

This option enables the user to specify initial displacements, at user-selected 
nodal points, for the direct time integration analysis. If this option is not 
specified, the initial displacements are set to 0. 

This option activates the direct time integration dynamic analysis. The 
integration scheme used is the Newmark-Beta method. For a description of this 
method, see Reference 7. 

- ECHO 

This option activates the print out of a reflection of the input data, prior to 
interpretation by HITCAN. No other cards are required to be input in conjunction 
with this option. 

- ENDOPT I ON 

This option represents the end of the "Program Option Cards" block. It must be 
the last card in this block. No other cards are required to be input in 
conjunction with this option. 

- FE M O D E L  ONLY 

This option enables the user to generate a finite element mesh of the structure 
without conducting any analysis. The mesh is output in a PATRAN neutral file 
format. No other cards are required to be input in conjunction with this option. 
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- FORCE 

This option allows the user to input static concentrated nodal loads. 

- HPLATE 

This option activates the modeling of a hollow structure using the plate element. 
This option can only be used with the plate element, thus the program option card 
PLATE must also be specified. 

m R P H A S  E 

This option enables the user to specify the existence of a discrete interphase 
between the fiber and the matrix. The thickness of the interphase is specified 
as a fraction of the fiber diameter. 

MODAL 

When this option is used HITCAN will perform a free vibration dynamic analysis 
to determine the frequencies and the mode shapes. To determine the frequencies 
and the mode shapes, MHOST uses the subspace iteration method. For a description 
of this method, see Reference 7. 

If this option is specified along with the HPLATE program option card a finite 
element model of a hollow panel can be generated. With this option the vertical 
members of the panel are evenly spaced. Note that the spars represent the sides 
of the panel. A typical panel is illustrated in Figure 3 . 7 .  No other cards are 
required to be input in conjunction with this option. 

- PLATE 

This option selects the four-node isoparametic plate element both for the solid 
(SPLATE model option) and the hollow (HPLATE model option) structures. This 
element, which was derived from the Reissner-Mindlin theory for plates and 
shells, has 6 degrees-of-freedom at each node. These degrees-of-freedom are 
identified by %, 9, u,, h, Hy, and H,. This element is shown in Figure 3.12. 

- PLY ORD ER 

This option allows the user to build a composite model by defined plies over the 
surface of the structure and through the thickness producing an integrated 
laminated model of the entire structure. The user has the flexibility of 
selecting the number of plies, the ply thickness, the fiber volume ratio, the 
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void volume ratio, and the fiber orientation in building either a symmetric or 
an unsymmetric ply layup. When PLYORDER is used in conjunction with the program 
option card, UNSYMMETRICAL, the user can generate an unsymmetric ply layup. 
However, when the HPLATE model option is specified, only symmetric ply layups can 
be used. 

- PRES SURE 

This option allows the user to input the pressure loading. For either solid or 
hollow structures using the plate element, the user can specify both a lateral 
pressure and an uniform edge pressure. For the plane stress, plane strain, and 
3D solid elements only an uniform edge pressure can be specified. Note that if 
PL and PU are used to input the pressure loading the variables TL and TU must 
also be specified. If temperature effects are not desired, then TL and TU must 
be set to the reference temperature. 

- PROFILE 

Without the presence of this card the nodal input points are assumed to be on the 
outer surface of the shell. HITCAN will then correct the grid point positions 
by moving them to the mid-wall poistion in a direction normal to the surface. 

This option will suppress this mid-wall correction and will retain the grid 
points on the external profile of the shell. This option can be used only with 
the HPLATE model option. 

D 
- READ IN MODEL 

This option allows the user to input a finite element model using eight-node 
solid elements. The user must provide the element connectivities and the nodal 
coordinates. When this option is chosen, the user must also specify the BRICK 
program option card. 

- RESTART 

This option enables the user to conduct an analysis in several runs, an useful 
option for large problems. When the RESTART option is specified, a restart file 
created in a previous run is input. This file contains the necessary information 
to continue the analysis, including, the load step number, increment number, ply 
stresses, microstresses, microstress rates, material failure flags, and nodal 
displacements. For a restart run, the input is the same as before, except that 
RESTART is now specified in the program option cards. 

A restart file is created by specifying the variable MSTART. MSTART is the number 
of increments to be preformed in a particular run. After the analysis has 
progressed through MSTART increments, a restart file is created and the run is 
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terminated. Note that a restart file will also be created when the maximum 
number of allowable iterations ( the variable MITER ) in HITCAN is exceeded. 

- S3DSOLID 

This option activates the modeling of a solid structure using the 3D solid 
element. 

- SPLATE 

This option activates the modeling of a solid structure using the plate, plane 
stress, or plane strain elements. 

- STRAIN 

This option specifies, that a four-node isoparametic plane strain element will 
be used in the analysis. Each node within this element has 2 degrees-of-freedom, 
identified by u, and 5. This element is shown in Figure 3.12. 

- STRESS 

This option specifies, that a four-node isoparametic plane stress element will 
be used in the analysis. Each node within this element has 2 degrees-of-freedom, 
identified by u, and 3. 

- TEMPERATURE 

This element is shown in Figure 3.13. 

This option allows the user to input a distributed temperature loading. Note 
that if TL and TU are used to input the temperature loading the variables PL and 
PU must also be specified. If there is no lateral pressure loading, then PL and 
PU should be set 0. The ply temperatures generated by TL and TU will be 
overridden by the ply temperatures contained in the variable TEPLY. 

- TITLE- 

A maximum of 5 title lines are allowed. 
74 characters following the equal sign. 

Each title line may have a maximum of 

- TRANS FORMATI ON 

This option allows the user to specify a coordinate transformation of the global 
coordinate system into a local coordinate system at specified nodes. If more 
than one rotation is applied at a node, HITCAN executes all the entered rotations 
successively. This feature can be used to obtain transformations around an 
arbitrary axis. Each subsequent rotation acts upon the last previous coordinate 
system defined at the node. Note that this option follows the right hand 
coordinate system. 
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UNSYMMETRICAL PLYORDER 

D 
This option specifies an unsymmetric ply layup. 
conjunction with the PLYORDER program option card. 

This option is to be used in 

- VELOCITY 

This option enables the user to specify initial velocities, at user-selected 
nodal points, for the direct time integration analysis. If this option is not 
specified, the initial velocities are set to 0. 
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3.9 DATABANK 

As discussed previously, a HITCAN input file contains all of the necessary input 
to execute HITCAN, except for the thermal-mechanical properties of the composite 
material. These properties reside in a file labeled "Data Bank". The user may 
chose any other name for this file. The data bank file supplied with the code 
contains the properties for several aerospace composite materials. This file can 
be modified by the user for other mafierials using the input described below. 

The organization of the data bank is shown in Figure 3.19. As can be seen in the 
figure, the first section of the data bank contains the fiber constituent 
properties, the second section contains the matrix constituent properties, and 
the third section contains the interphase properties. The data bank file 
separates the input for the different constituent materials (fiber, matrix, 
interphase) by a material identifier code as the first line of input for that 
material. This identifier is followed by the properties data, at the end of 
which, starts a new material identifier code. The material identifier codes for 
the fiber and the matrix consists of 4 unique characters. The interphase code 
consists of 9 characters. The first 4 of the 9 characters, are the code for the 
fiber t y p e  used in the interphase. The fiber type is then followed by a slash. 
The last 4 characters of the interphase code are the code for the matrix type 
used in the interphase. Note that the interphase code must be a combination of 
the same fiber and matrix codes that are used. 

The format of variables used in the data bank is shown on the following pages. { 
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FIBER PROPERTIES 

Var iab le 
Columns Format - Name Entrv 

1st card 

1-2 I2 NFPlP Number of fiber data sets. 

Cards 2 to 13 are repeated NFTYP times. 

2nd card 

1-4 

3rd card 

1-6 
7-6 

4th card 

1-5 
6-10 
11-15 
16 - 20 
5th card 

1-10 
11-20 
21-30 

31-40 
41- 50 
51-60 
61-70 
71-80 

6th card 

1-10 
11-20 
21-30 
31-40 

41-50 

A4 DUN1 Name of fiber. 

I6 
F10.3 

IS 
IS 
I5 
15 

F10.3 
F10.3 
F10.3 

F10.3 
F10.3 
F10.3 
F10.3 
F10.3 

F10.3 
F10.3 
F10.3 
F10.3 

F10.3 

NDUNl 
DUN2 Fiber diameter in inches. 

Number of fibers per bundle. 

NUMFPO Number of fiber properties. 
NUMFSO Number of fiber microstresses. 
NUMFQO Number of fiber microstress rates. 
NUMFT Number fiber exponents. 

TEMPF 
TEMPMF 
DOTHF 

RHOF 
EFll 
EF2 2 
GF12 
GF2 3 

Reference temperature in OF. 
Melting temperature in OF. 
Limit-state value of stress rate in 
lb/in2 sec. 
Fiber density in lb/in3. 
Modulus longitudinal in lb/in2. 
Modulus transverse in lb/in2. 
Shear modulus in lb/in2. 
Shear modulus in lb/in2. 

NUF12 Poisson's ratio. 
NUF23 Poisson's ratio. 
CPF Heat capacity in Btu/lb°F. 
KFll Thermal conductivity longitudinal in 

KF22 Thermal concluctivity transverse in 
Btu/hr-ft20F/in. 

Btu/hr- ftZ0F/in. 
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Variable 
- Name 
AFll 

Entry 
Thermal expansion coefficient longitudinal 
in in/in/OF. 
Thermal expansion coefficient transverse 
in in/in/OF. 
Longitudinal strength - tension in lb/in2. 

Columns 
51-60 

Format 
F10.3 

F10.3 

F10.3 

AF22 61-70 

71-80 SFllt 

7th card 

F10.3 SFllc Longitudinal strength - compression in 
lb/in2. 
Transverse strength - tension in lb/in2. 
Transverse strength - compression in 
lb/in2. 
Shear strength in lb/in . 
Shear strength in lb/in2. 

1-10 

11-20 
21-30 

F10.3 
F10.3 

SF22t 
SF22c 

31-40 
41-50 

F10.3 
F10.3 

SF12s 
SF23s 

8th card 

F10.3 
F10.3 
F10.3 
F10.3 
F10.3 

RF11 
RF22 
RF12 
RF2 3 
RF13 

Reference longitudinal stress in lb/in2. 
Reference transverse stress in lb/in2. 
Reference shear stress in lb/in2. 
Reference shear stress in lb/in2. 
Reference shear stress in lb/in2. 

1-10 
11-20 
21-30 
31-40 B 41-50 

9th card 

1-10 F10.3 

F10.3 

F10.3 

F10.3 

QFll 

QF22 

QF12 

QF2 3 

Reference longitudinal stress rate in 
lb/in2sec. 
Reference transverse stress rate in 
lb/in2sec. 
Reference shear stress rate in 
lb/in2sec. 
Reference shear stress rate in 
lb/in2sec. 

11-20 

21-30 

31-40 

41-50 F10.3 QF13 Reference shear stress rate in 
lb/in2sec. 

10th card 

1-10 
11-20 
21-30 
31-40 
41-50 

F10.3 
F10.3 
F10.3 
F10.3 
F10.3 

FTVCI (1) 
FTVCI (2) 
FTVCI (3) 
FTVCI (4) 
FTVCI(5) 

Modulus - exponent on stress rate. 
Modulus - exponent on stress. 
Modulus - exponent on temperature. 
Strength - exponent on stress rate. 
Strength - exponent on stress. 
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Variable 

Columns Format Name Entrv 

51-60 F10.3 FTVCI(6) Strength - exponent on temperature. 
61-70 F10.3 FTVCI(7) Poisson's ratio - exponent on stress rate. 
71-80 F10.3 FTVCI(8) Poisson's ratio - exponent on stress. 
11th card 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 

12th card 

F10.3 
F10.3 
F10.3 
F10.3 
F10.3 
F10.3 
F10.3 
F10.3 

1-10 F10.3 

11-20 F10.3 

21-30 F10.3 
31-40 F10.3 
Etc. 

13th card 

1-10 F10.3 
11-20 F10.3 
Etc. 

FTVCI(9) Poisson's ratio - exponent on temperature. 
FTVCI(10) Not used. 
FTVCI(11) Not used. 
FTVCI(12) Not used. 
FTVCI(l3) 
FTVCI(14) Heat conductivity - exponent on stress. 
FTVCI(15) 
FTVCI(16) 

Heat conductivity - exponent on stress rate. 
Heat conductivity - exponent on temperature. 
Thermal expansion coefficient - exponent on 
stress rate. 

FTVCI (17) 

FTVCI (18) 

FTVCI(19) Not used. 
FTVCI(20) Not used. 

Thermal expansion coefficient - exponent on 
stress. 
Thermal expansion coefficient - exponent on 
temperature. 

Etc. in F10.3 format 

FTVCI(25) Not used. 
FTVCI(26) Not used. 

Etc. in F10.3 format 
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EXAMPLE: Silicon Carbide on Aluminum 
B 

- Card GrOUD 19 
1 2 3 4 5 6 7 

1........0.........0.........0.........0.........0.........0.....~...0......... 
1 

SICA 
1 .0056 

2 1  5 5 30 
70. 4870. 1000000. .ll 62000000. 62000000. 23800000. 23800000. 
0.3 .3  .29 .75 .75 .0000018 .0000018 500000. 
650000. 500000. 650000. 300000. 300000. 
.o .o .o .o .o 
.o .o  -0 .o .o 
.25 .25 .25 .o .o .25 .25 .25 
.25 -25 .25 .25 .25 
.25 .25 

Value 
1 
SICA 

Field Name 
NFTYP 
DUN1 

DescriD t ion 
1 f iber  data s e t .  
The f ibermater ia l  identificationcode 
is SICA. 
Number of f i be r s  per bundle is 1. 
The f iber  diameter is .0056 inches. 
There are  21 f i b e r  properties. 
The number of reference f ibe r  
microstresses is 5. 
The number of reference f ibe r  
microstress rates is 5. 
The number of exponents is 30. 
The reference temperature is  70 O F .  

The melting temperature is 4870 O F .  

The l imi t - s t a t e  value of stress ra te  
is. 1000000. lb/in2sec. 
Fiber density is  .11 lb/in3. 
The longitudinal modulus is 62000000 
lb/in2. 
The transverse modulus is 62000000 
lb/  in2. 
The shear modulus is 23800000 
lb/in2. 
The shear modulus is 23800000 
lb/in2. 
Poisson's r a t i o  is  .3. 
Poisson's r a t i o  is  -3.  
Heat capacity is .29 Btu/lb°F. 

Columns 
1 - 2  
1-4 

1 
.0056 
21 
5 

1-6 NDUNl 
DUN2 
NUMFPO 
NUMFSO 

7-16 D 1-5  - 
6-10 

11-15 5 

16-20 
1-10 
11 - 20 
21-30 

NUMFT 
TEMPF 
TEMPMF 
DOTHF 

30 
70 
4870 
10 0 0 0 0 0 

31-40 
41-50 

RHOF 
EFll 

.ll 
62000000 

51-60 EF22 62000000 

61-70 GF12 23800000 

71-80 GF23 23800000 

1-10 
11-20 
21-30 

NUF12 
NUF2 3 
CPF 

.3 

.3 

.29 
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Columns 
31-40 

41-50 

51-60 

61-70 

71-80 

1-10 

11 - 20 
21-30 

31 -40 
41-50 
1-10 

11-20 

21 - 30 
31-40 
41-50 
1-10 

11-20 

21-30 

31-40 

41-50 

1-10 

11-20 
21-30 

31-40 

41 - 50 
51-60 

61-70 

Chapter 

Field Name 
KF11 

KF2 2 

AFll 

AF2 2 

SFllt 

SFllc 

SF22t 

SF22c 

SF12s 
SF23s 
RF11 

RF2 2 

RF12 
RF2 3 
RF13 
QFll 

QF22 

QF12 

QF23 

QF13 

FTVCI (1) 

FTVCI (2) 
FTVCI ( 3 )  

FTVCI (4) 

FTVCI (5) 
FTVCI(6) 

FTVCI(7) 

3 

HITCAN User's Manual - Version 1.0 

Value 
.75 

.75 

.0000018 

.0000018 

500000 

650000 

500000 

650000 

300000 
300000 
.o  

.o  

.o  

.o 

.o  

.o 

.o  

.o  

.o  

.o 

.25 

.25 

.25 

.o  

.o  

.25 

.25 

4 
Des cr iDt ion 
Thermal conductivity longitudinal is 
.75 Btu/hr-ftZ0F/in. 
Thermalconductivitytransverse is .75 
Btu/hr - f tZ0F/in. 
Thermal expansion coefficient 
longitudinal is .0000018 in/in/OF. 
Thermal expansion coefficient 
transverse is.0000018 in/in/OF. 
Longitudinal strength - tension is 
500000 lb/in2. 
Longitudinalstrength - compressionis 
650000 lb/in2. 
Transverse strength - tension is 
500000 lb/inz. 
Transverse strength - compression is 
650000 lb/in2. 
Shear strength is 300000 lb/in . 
Shear strength is 300000 lb/inz. 
Reference longitudinal stress is .O 
lb/in2. 
Reference transverse stress is .O 
lb/inz. 
Reference shear stress is .O lb/inz. 
Reference shear stress is .O lb/in2. 
Reference shear stress is .O lb/inz. 
Reference longitudinal stress rate 
is .O lb/in2sec. 
Reference transverse stress rate is 
.O lb/inzsec. 
Reference shear stress rate is .O 
lb/in2sec. 
Reference shear stress rate is .O 
lb/inzsec. 
Reference shear stress rate is .O 
lb/in2sec. 
Modulus - exponent on stress rate is 
.25. 
Modulus - exponent on stress is .25. 
Modulus - exponent on temperature is 
.25. 
Strength - exponent on stress rate 
is .O. 
Strength - exponent on stress is .O. 
Strength - exponent on temperature is 
.25. 
Poisson's ratio - exponent on stress 
rate is .25. 

I 
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.25 Poisson's ratio - exponent on stress 

is .25. 
Poisson's ratio - exponent on 
temperature is .25. 

71-80 FTVCI(8) 

1-10 FTVCI (9) .25 

11-20 
21- 30 
31-40 
41-50 

FTVCI (10) 
FTVCI (11) 
FTVCI (12) 
FTVCI (13) 

Blank 
Blank 
Blank 
.25 Heat conductivity - exponent onstress 

rate is .25. 
Heat conductivity - exponent onstress 
is .25. 
Heat conductivity - exponent onstress 
temperature is .25. 
Thermal expansion coefficient - 
exponent on stress rate is -25. 
Thermal expansion coefficient - 
exponent on stress is . 25 .  
Thermal expansion coefficient - 
exponent on temperature is .25.  

FTVCI (14) .25 51-60 

61-70 FTVCI (15) .25 

.25 71-80 FTVCI(16) 

1-10 FTVCI (17) .25 

11 - 20 FTVCI (18) .25 

FTVCI (19) 
FTVCI (20) 
FTVCI(21) 
FTVCI (22) 
FTVCI (23) 
FTVCI (24) 
FTVCI (25) 
FTVCI (26) 
FTVCI (27) 
FTVCI (28) 
FTVCI (29) 
FTVCI (30) 

Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 

21-30 
31-40 
41-50 
51-60 
61-70 

1-10 
D 71-80 

11-20 
21-30 
31-40 
41-50 
51-60 
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MATRIX PROPERTIES 

Columns Format NJgg Entry 
Is t card 

1-2 I2 NMTYP Number of matrix data sets. 

Cards 2 to 14 are repeated NMTYE' times. 

Variable 

2nd card 

A4 DUN1 Name of matrix material. 1-4 

3rd card 

1-5 
6-10 
11-15 
16-20 

I5 NUMMPO Number of matrix properties. 
I5 NUMMSO Number of matrix microstresses. 
I5 m Q 0  Number of matrix microstress rates. 
I5 "T Number of matrix exponents. 

4th card 

TEMPM 
TEMPMM 
DOTHM 

, Reference temperature in OF. 
Melting temperature in OF. 
Limit-state value of stress rate in 
lb/in2sec. 
Matrix density in lb/in3. 
Modulus longitudinal in lb/in2. 
Modulus transverse in lb/in2. 
Shear modulus in lb/in2. 
Shear modulus in lb/in2. 

1-10 
11-20 
21- 30 

F10.3 
F10.3 
F10.3 

31-40 
41-50 
51-60 
61-70 
71-80 

FlO .3 
F10.3 
F10.3 
F10.3 
F10.3 

RHOM 
EM11 
EM22 
GM12 
GM23 

5th card 

NuM12 
NUM23 
CPM 
KMll 

Poisson's ratio. 
Poisson's ratio. 
Heat capacity in Btu/lb°F. 
Thermal conductivity longitudinal in 
Btu/hr-ft2'F/in. 
Thermal conductivity transverse in 
Btu/hr - f t2'F/ in. 
Thermal expansion coefficient 
longitudinal in in/in/OF. 
Thermal expansion coefficient transverse 
in in/in/OF. 
Longitudinal strength - tension in 
lb/in2. 

1-10 
11-20 
21-30 
31-40 

F10.3 
F10.3 
F10.3 
F10.3 

KM22 41 - 50 F10.3 

F10.3 51-60 - 
61-70 F10.3 AH22 

SMllt 71-80 F10.3 
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Columns 
6th card 

1-10 

11-20 
11-30 

31-40 
41-50 

7th card 

1-10 
11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

8th card 

1-10 

11 - 20 
21-30 

31-40 

41-50 

9th card 

1-10 

Format 

F10.3 

F10.3 
F10.3 

F10.3 
F10.3 

F10.3 
F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

HITCAN User's Manual - 
Variable 
- Name 

SMllc 

SM22t 
SM22c 

SM12s 
SM2 3 s 

RMll 
RM22a 

RM22b 

RM22c 

RM12a 

RM12b 

RM12c 

RM23a 

RM2 3b 

RM23c 

RM13a 

RM13b 

RM13c 

QMll 

Entw 

Longitud 
lb/in2. 

Version 1.0 

nal strength - compression .n 

Transverse strength - tension in lb/in2. 
Transverse strength - compression in 
lb/in2. 
Shear strength in lb/in . 
Shear strength in lb/in2. 

Reference longitudinal stress in lb/in2. 
Reference transverse stress - region a 
in lb/in2. 
Reference transverse stress - region b 
lb/in2. 
Reference transverse stress - region c 
in lb/in2. 
Reference shear stress - region a in 
lb/in2. 
Reference shear stress - region b in 
lb/in2. 
Reference shear stress - region c in 
lb/in2. 
Reference shear stress - region a in 
lb/in2. 

Reference shear stress - region b in 
lb/in2. 
Reference shear stress - region c in 
lb/in2. 
Reference shear stress - region a in 
lb/in2. 
Reference shear stress - region b in 
lb/in2. 
Reference shear stress - region c in 
lb/in2. 

Reference longitudinal stress rate 
lb/in2sec. 
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Columns 

11-20 

2 1  - 30 

31-40 

41-50 

51-60 

61-70 

71-80 

10th card 

1-10 

11 - 20 

21-30 

1-40 

41 - 50 

11th card 

1-10 
11-20 
21-30 
31 -40 
41-50 
51-60 
61-70 
71-80 

12th card 

1-10 
11-20 
21-30 
31-40 
41 - 50 

Format 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

FLO .3 

F10.3 

F10.3 
F10.3 
FlO .3 
F10.3 
F10.3 
F10.3 
F10.3 
F10.3 

F10.3 
F10.3 
F10.3 
F10.3 
F10,3 

Variable 
- Name 

QM22a 

QM22b 

QH22c 

QMl2a 

QM12b 

QM12c 

QM23a 

QM23b 

QH23c 

QH13a 

QH13b 

QM13 c 

MTVCI (1) 
MTVCI (2) 
MTVCI (3) 
MTVCI (4) 
MTVCI(5)  
MTVCI(6)  
MTVCI (7)  
MTVCI (8) 

Entrv 

Reference transverse s t r e s s  r a t e  - 
region a i n  lb/in2sec. 
Reference transverse stress rate - 
region b i n  lb/in2sec. 
Reference transverse s t r e s s  rate - 
region c i n  lb/in2sec. 
Reference shear s t r e s s  r a t e  - region a 
i n  lb/in2sec. 
Reference shear s t r e s s  r a t e  - region b 
i n  lb/in2sec. 

i n  lb/in2sec. 
Reference shear s t r e s s  r a t e  - region a 
i n  lb/in2sec. 

Reference shear s t r e s s  r a t e  - region c 

Reference shear stress rate - region b 
i n  lb/in2sec. 
Reference shear s t r e s s  rate - region c 
i n  lb/in2sec. 
Reference shear s t r e s s  r a t e  - region a 
i n  lb/in2sec. 
Reference shear stress r a t e  - region b 
i n  lb/in2sec. 
Reference shear s t r e s s  r a t e  - region c 
i n  lb/in2sec. 

Modulus - exponent on s t r e s s  r a t e .  
Modulus - exponent on s t r e s s .  
Modulus - exponent on temperature. 
Strength - exponent on s t r e s s  r a t e .  
Strength - exponent on stress. 
Strength - exponent on temperature. 
Poisson's r a t io  - exponent on s t r e s s  ra te .  
Poisson's r a t io  - exponent on s t r e s s .  

MTVCI(9) Poisson's r a t io  - exponent on temperature. 
MTVCI(10) Not used. 
M T V C I ( 1 1 )  Not used. 
MTVCI(12)  Not used. 
MT.JCI(13) Heat conductivity - exponent on s t r e s s  ra te .  
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Variable 

Columns Format - Name Entrv 

51-60 F10.3 .WCI(14) Heat conductivity - exponent on stress. 
61-70 F10.3  ,5ITvCI(15) Heat conductivity - exponent on temperature. 
71- 80 F10.3  MTvCI(16) Thermal expansion coefficient - exponent on 

stress rate. 

13th card 

1-10 F10.3  MTVCI ( 1 7 )  Thermal expansion coefficient - exponent on 
stress. 

11-20 F10.3  MTVCI(18) Thermal expansion coefficient - exponent on 
temperature. 

21- 30 F10.3  MTVCI(19) Not used. 
31-40 F10.3  HTVCI(20) Not used. 
Etc. Etc. in F10.3  format 

14th card 

1-10 F10.3  ,WCI(25) Not used. 
11-20 F10.3  MTVCI(26) Not used. 
Etc. Etc. in F10.3 format 

EXAMPLE: Titanium Aluminum 

1 2 3 4 5 6 7 
1........0.........0.........0.........0.........0.........0.........0......... 
1 

TI15 
21 13 13  

70. 1800 .  
.32 . 3 2  
130000. 130000. 
.o .o 
.o .o 
.o .o 
.o .o 
.25 .25 
.25 
.25 .25 

30 
1000000. 
.12 
130000. 
-0 
.o 
.o 
.o 
.25 

.172 

. 3 9  
91000. 
.o 
.o 
.o 
.o 
.o 

12300000. 12300000. 4659091. 4659091. 
. 3 9  .0000045 .0000045 130000. 
91000.  
.o .o .o .o 
.o 
.o .o .o .o 
.o 
.o .25 .25 .25 
.25 .25 .25 .25 
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Columns 
1-2 
1-4 

1-5 
6-10 

11 - 15 
16-20 
1-10 
11 - 20 
21-30 

31-40 
41 - 50 
51-60 

61-70 
71-80 
1-10 
11-20 
21-30 
31-40 

41-50 

51-60 

61 - 70 
71-80 

1-10 

11-20 

21-30 

31-40 
41-50 
1-10 

11-20 

2i-30 

Chapter 3 

Field Name 
NMTYP 
DUN1 

NUMMPO 
NUMMSO 

NUMMT 
TEMPM 
TEMPMM 
DOTHM 

RHOM 
EM11 

EM22 

GM12 
GM2 3 
NuM12 
NUM2 3 
CPM 
KMll 

KM22 

AM11 

AM22 

SMllt 

SMllc 

SM22t 

SM22c 

SM12s 
SM23s 
RMll 

RM22a 

RM2 2b 

Value 
1 
TI15 

21 
5 

5 

30 
70 
1800 
1000000 

.172 
12300000 

12300000 

45659091 
4659091 
.32 
.32 
.29 
.75 

.75 

.0000045 

.0000045 

130000 

130000 

130000 

130000 

91000 
91000 
.o 

.o 

.o 

DescriDtion 
1 matrix data set. 
The matrix material identification code is 
TI15. 
There are 21 matrix properties. 
The number of reference matrixmicrostresses 
is 5. 
The number of reference matrix microstress 
rates is 5 .  
The number of exponents is 30. 
The reference temperature is 70 OF. 
The melting temperature is 1800 OF. 
The limit-state value of stress rate 
is 1000000. lb/in2sec. 
Matrix density is .172 lb/in3. 
The longitudinal modulus is 12300000 
lb/in2. 
The transverse modulus is 12300000 
lb/in2. 
The shear modulus is 4659091 lb/in2. 
The shear modulus is 4659091 lb/in2. 
Poisson's ratio is .32. 
Poisson's ratio is .32. 
Heat capacity is .12 Btu/lb°F. 
Thermal conductivity longitudinal is 
.39 Btu/hr-ft2'F/in. 
Thermal conductivity transverse is .39 
Btu/hr- ft20F/in. 
Thermal expansion coefficient 
longitudinal is .0000045 in/in/OF. 
Thermal expansion coefficient 
transverse is.0000045 in/in/OF. 
Longitudinal strength - tension is 
130000 lb/in2. 
Longitudinal strength - compression 
is 130000 lb/in2. 
Transverse strength - tension is 
130000 lb/in2. 
Transverse strength - compression is 
130000 lb/in2. 
Shear strength is 91000 lb/in . 
Shear strength is 91000 lb/in2. 
Reference longitudinal stress is .O 
lb/in2. 
Reference transverse stress - region 
a is .O lb/in2. 
Reference transverse stress - region 
b is .O lb/in2. 
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Columns 
31-40 

41-50 

51-60 

61-70 

71-80 

1-10 

11-20 

21-30 

31-40 

41-50 

1-10 

11-20 

B 21-30 

31-40 

1-50 

51-60 

61-70 

71- 80 

1- 10 

11-20 

21-30 

31-40 

41-50 

1-10 

Field Name Value DescriDtion 
RM22c .o Reference transverse s t r e s s  - region 

c is .O lb/in2. 
RM12a 

RM12b 

RM12c 

RM23a 

RM23b 

RM23c 

RM13a 

RM13b 

RM13c 

Q M l l  

QM22a 

QM2 2b 

QM22c 

QM12a 

QM12b 

QM12c 

QM23a 

QM23b 

QM23c 

QM13a 

QM13b 

QM13c 

MTVCI (1) 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.25 

Reference shear s t r e s s  - region a is  
.O lb/in2. 
Reference shear stress - region b is 
.O lb/in2. 
Reference shear s t r e s s  - region c is 
.O lb/in2. 
Reference shear s t r e s s  - region a is 
.O lb/in2. 
Reference shear s t r e s s  - region b is  
.O lb/in2. 
Reference shear s t r e s s  - region c is 
.O lb/in2. 
Reference shear s t r e s s  - region a i s  
.O lb/in2. 
Reference shear s t r e s s  - region b is  
.O lb/in2. 
Reference shear s t r e s s  - region c is 
.O lb/in2. 
Reference longitudinal s t r e s s  r a t e  
is .O lb/in2sec. 
Reference transverse s t r e s s  r a t e  - 
region a is  .O lb/in2sec. 
Reference transverse s t r e s s  r a t e  - 
region b is  . O  lb/in2sec. 
Reference transverse s t r e s s  r a t e  - 
region c is .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
a is .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
b is .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
c is .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
a is  .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
b is  .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
c is  .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
a is .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
b is .O lb/in2sec. 
Reference shear s t r e s s  r a t e  - region 
c is .O lb/in2sec. 
Modulus - exponent on s t r e s s  r a t e  is  
.25.  
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Columns 

11 - 20 
21-30 

31-40 

41-50 
51-60 

61-70 

71-80 

1-10 

11-20 
21-30 
31-40 
41 - 50 

51-60 

61-70 

71-80 

1-10 

11-20 

21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
1-10 
11-20 
21-30 
31-40 
41-50 
51-60 

Field Name 

MTVCI (2) 
MTVCI (3) 

MTVCI (4) 

MTVCI (5) 
MTVCI (6) 

MTVCI ( 7 ) 

MTVCI (8) 

MTVCI (9) 

MTVCI (lo) 
MTVCI (11) 
MTVCI (12) 
MTVCI (13) 

MTVCI (14) 

MTVCI (15) 

MTVCI (16) 

MTVCI (17) 

MTVCI (18) 

MTVCI (19) 
MTVCI (20) 
MTVCI (21) 
MTVCI (22) 
MTVCI (23) 
MTVCI (24) 
MTVCI (25) 
MTVCI (26) 
MTVCI (27) 
MTVCI (28) 
MTVCI ( 2 9 )  
MTVCI (30) 

Value 

.25 

.25 

.o 

.o 

.25 

.25 

-25 

.25 

Blank 
Blank 
Blank 
-25 

.25 

.25  

.25 

.25 

.25 

Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 

Modulus - exponent on stress is .25. 
Modulus - exponent on temperature is 
. 2 5 .  
Strength - exponent on stress rate 
is .O. 
Strength - exponent on stress is .O. 
Strength - exponent on temperature is 
.25. 
Poisson's ratio - exponent on stress 
rate is .25. 
Poisson's ratio - exponent on stress 

is .25. 
Poisson's ratio - exponent on 
temperature is .25. 

Heat conductivity - exponent on stress 
rate is -25. 
Heat conductivity - exponent on stress 
is .25. 
Heat conductivity - exponent on 
temperature is .25. 
Thermal expansion coefficient - 
exponent on stress rate is -25. 
Thermal expansion coefficient - 
exponent on stress is .25. 
Thermal expansion coefficient - 
exponent on temperature is .25. 
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INTERPHASE PROPERTIES 

Columns Format - Name Entrv 
Is t card 

Variable 

B 

1-2 I2 NDTYP Number of interphase data sets. 

Cards 2 to 15 are repeated NDTYP times. 

2nd card 

1-4 A4 DUN1 Name of fiber. 
5 1x 
6-9 A4 DUN2 Name of matrix. 

3rd card 

1-5 I5 
6-10 I5 
11-15 I5 
16 - 20 I5 

4th card 

B 1-10 F10.3 
11-20 F10.3 
21-30 F10.3 

31-40 F10.3 
41-50 F10.3 
51-60 F10.3 
61-70 F10.3 
71-80 F10.3 

5th card 

1-10 F10.3 
11-20 F10.3 
21-30 F10.3 
31-40 F10.3 

41-50 F10.3 

51-60 F10.3 

61-70 F10.3 

NUMDPO Number of interphase properties. 
NUMDSO Number of interphase microstresses. 
NUMDQO 
NUMDT Number of interphase exponents. 

Number of interphase microstress rates. 

TEMF'D Reference temperature in OF. 
TEMF'MD Melting temperature in OF. 
DOTHD Limit-state value of stress rate in 

MOD Interphase density in lb/in3. 
ED11 Modulus longitudinal in lb/in2. 
ED22 Modulus transverse in lb/in2. 
GD12 Shear modulus in lb/in2. 
GD23 Shear modulus in lb/in2. 

lb/in2sec. 

NuD12 Poisson's ratio. 
"D23 Poisson's ratio. 
CPD Heat capacity in Btu/lb°F. 
KDll Thermal conductivity longitudinal in 

KD22 Thermal conductivity transverse in 

AD11 Thermal expansion coefficient 

AD22 Thermal expansion coefficient transverse 

Btu/hr- ftZ0F/in. 

Btu/hr - f tZ0F/in. 

longitudinal in in/in/OF. 

Chapter 3 P March, 1992 

INPUT117 



Columns 

71-80 

6th card 

1-10 

11-20 
21-30 

31-40 
41-50 

7th card 

1-10 
11- 20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

8th card 

1-10 

9th card 

1-10 

11-20 

21-30 

31-40 

Chapter 3 

Format 

F10.3 

F10.3 

F10.3 
F10.3 

F10.3 
F10.3 

F10.3 
F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

F10.3 

HITCAN User's 

Variable 
- Name 

SDllt 

SDllc 

SD22t 
SD22c 

SD12s 
SD23s 

RDll 
RD22b 

RD22c 

RD12b 

RD12c 

RD23b 

RD23c 

RD13b 

RD13c 

QDll 

QD22b 

QD2 2 c 

QD12b 

Manual - Version 1.0 

Entry 
in in/in/OF. 
Longitudinal strength - tension in 
lb/in2. 

Longitudinal strength - compression in 
lb/ in2. 
Transverse strength - tension in lb/in2. 
Transverse strength - compression in 
lb/in2. 
Shear strength in lb/in . 
Shear strength in lb/in2. 

Reference longitudinal stress in lb/in2. 
Reference transverse stress - region b 
lb/in2. 
Reference transverse stress - region c 
in lb/in2. 
Reference shear stress - region b in 
lb/in2. 
Reference shear stress - region c in 
lb/in2. 
Reference shear stress - region b in 
lb/in2. 
Reference shear stress - region c in 
lb/in2. 
Reference shear stress - region b in 
lb/in2. 

Reference shear stress - region c in 
lb/in2. 

Reference longitudinal stress rate 
lb/in2sec. 
Reference transverse stress rate - 
region b in lb/in2sec. 
Reference transverse stress rate - 
region c in lb/in2sec. 
Reference shear stress rate - region b 
in lb/in2sec. 

March, 1992 ( 
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Columns Format 
41-50 F10.3 

51-60 F10.3 

61-70 F10.3 

71-80 F10.3 

10th card 

1-10 

11th card 

F10.3 

1-10 F10.3 
11-20 F10.3 
21-30 F10.3 
31-40 F10.3 
41-50 F10.3 
51-60 F10.3 
61-70 F10.3 

71-80 F10.3 

12th card 

1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 

13th card 

1-10 

11-20 

21-30 
31-40 
Etc. 

F10.3 
F10.3 
F10.3 
F10.3 
F10.3 
F10.3 
F10.3 
F10.3 

F10.3 

F10.3 

F10.3 
F10.3 

Variable 
Name Entrv 
QDl2c Reference shear s t r e s s  r a t e  - region c 

QD23b Reference shear s t r e s s  r a t e  - region b 

QD23c Reference shear stress r a t e  - region c 

QM13b Reference shear s t r e s s  r a t e  - region b 

- 
i n  lb/in2sec. 

i n  lb/in2sec. 

i n  lb/in2sec. 

i n  lb/in2sec. 

QD13c Reference shear s t r e s s  r a t e  - region c 
i n  lb/in2sec. 

DTVCI (1) 
DTVCI (2 )  
DTVCI (3) 
DTVCI (4) 
DTVCI ( 5 )  
DTVCI ( 6 )  
DTVCI ( 7 )  

DTVCI (8) 

DTVCI (9) 
DTVCI (10) 
DTVCI (11) 
DTVCI (12)  
DTVCI (13) 
DTVCI (14) 
DTVCI (15) 
DTVCI (16) 

Modulus - exponent on s t r e s s  rate. 
Modulus - exponent on s t r e s s .  
Modulus - exponent on temperature. 
Strength - exponent on s t r e s s  r a t e .  
Strength - exponent on s t r e s s .  
Strength - exponent on temperature. 
Poisson's r a t io  - exponent on s t r e s s  
ra te .  
Poisson's r a t io  - exponent on s t r e s s .  

Poisson's r a t i o  - exponent on temperature. 
Not used. 
Not used. 
Not used. 
Heat conductivity - exponent on s t r e s s  ra te .  
Heat conductivity - exponent on s t ress .  
Heat conductivity - exponent on temperature. 
Thermal expansion coef f ic ien t  - exponent on 
s t r e s s  ra te .  

DTVCI (17)  

DTVCI(18) 

D T V C I ( 1 9 )  Not used. 
DTVCI(20) Not used. 

Thermal expansion coef f ic ien t  - exponent on 
s t ress .  
Thermal expansion coef f ic ien t  - exponent on 
temperature. 

Etc. i n  F10.3 format 
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Variable 

Columns Format Entrv 
14th card 

1-10 F10.3 DTVCI(25) Not used. 
11-20 F10.3 DTVCI(26) Not used. 
Etc. Etc. in F10.3 format 

15th card 

1-10 F10.3 TREF Reference temperature in OF. 

EXAMPLE: SICA/TI15 Interphase 
1 2 3 4 5 6 7 

1........0.........0.........0.........0.........0.........0.........0......... 
1 
SICA/TI15 

70. 3335. 1000000. .141 
.31 .31 -205 .57 
390000. 315000. 390000. 195500. 
.o .o .o .o 
.o 
.o .o .o .o 
.o 
.5 .5 -5 .o  
.5 
.5 .5 
70. 

21 9 9 30 

Columns Field Name 
1-2 NDTYP 

Value 
1 

1-4 D U N 1  SICA 

6-9 DUN2 TI15 

1-5 NUMDPO 21 
6-10 NUMDSO 5 

11-15 NUMDQO 5 

16-20 NUMDT 30 
1-10 TEMPD 70 
11-20 TEMPMD 3335 
21-30 DOTHD 1000000 

37150000. 37150000.14229546. 14229546. 
.57 .0000032 .0000032 315000. 

195500. 
.o .o .o .o 

.o .o .o .o 

.o .5 .5 .5 

.5 .5 .5 .5 

Des cr iu t ion 
1 interphase data set. 
The fibermaterial identificationcode 
is SICA. 
The matrixmaterial identification code 
is TI15. 
There are 21 interphase properties. 
The number of reference interphase 
microstresses is 5. 
The number of reference interphase 
microstress rates is 5. 
The number of exponents is 30. 
The reference temperature is 70 OF. 
The melting temperature is 3335 OF. 
The limit-state value of stress rate 
is 1000000. lb/in2sec. 
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Columns 
31-40 
41-50 

51 - 60 

61-70 
71-80 
1-10 
11-20 
21-30 
31-40 

41-50 

51-60 

61-70 

71-80 

1-10 

11-20 

21 - 30 
31-40 
41-50 
1-10 

11-20 

21- 30 

31-40 

41-50 

51-60 

61-70 

71-80 

1-10 

1-10 

Field Name 
M O D  
ED11 

ED22 

GD12 
GD23 
m 1 2  
NUD23 
CPD 
la11 

KD22 

AD11 

AD22 

SDllt 

SDllc 

SD22t 

SD22c 

SD12s 
SD23s 
RDll 

RD22b 

RD22c 

RD12b 

RD12c 

RD23b 

RD23c 

RD13b 

RD13c 

QDll 

Value 
.141 
37150000 

37150000 

14229546 
14229546 
.31 
.31 
.205 
.57 

.57 

.0000032 

.0000032 

315000 

390000 

315000 

390000 

195500 
195500 
.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

Descr iD t ion 
Interphase density is .172 lb/in3. 
The longitudinal modulus is 37150000 
lb/in2. 
The transverse modulus is 37150000 
lb/in2. 
The shear modulus is 14229546 lb/in2. 
The shear modulus is 14229546 lb/in2. 
Poisson's ratio is .31. 
Poisson's ratio is .31. 
Heat capacity is .205 Btu/lb°F. 
Thermal conductivity longitudinal is 
.57 Btu/hr-ft20F/in. 
Thermalconductivitytransverseis .57 
Btu/hr - f t2'F/in. 
Thermal expansion coefficient 
longitudinal is .0000032 in/in/OF. 
Thermal expansion coefficient 
transverse is. 0000032 in/in/OF. 
Longitudinal strength - tension is 
315000 lb/in2. 
Longitudinal strength - compression 
is 390000 lb/in2. 
Transverse strength - tension is 
315000 lb/in2. 
Transverse strength - compression is 
390000 lb/in2. 
Shear strength is 195500 lb/in . 
Shear strength is 195500 lb/in2. 
Reference longitudinal stress is .O 
lb/in2. 
Reference transverse stress - region 
b is .O lb/in2. 
Reference transverse stress - region 
c is . O  lb/in2. 
Reference shear stress - region b is 
.O lb/in2. 
Reference shear stress - region c is 
.O lb/in2. 
Reference shear stress - region b is 
.O lb/in2. 
Reference shear stress - region c is 
.O lb/in2. 
Reference shear stress - region b is 
.O lb/in2. 
Reference shear stress - region c is 
.O lb/in2. 
Reference longitudinal stress rate 
is .O lb/in2sec. 
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Columns 
11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71 - 80 

1-10 

1-10 

11-20 
21- 30 

31-40 

41-50 
51-60 

61-70 

71-80 

1-10 

11-20 
21-30 
31-40 
41 - 50 

51-60 

61-70 

71-80 

1- 10 

11-20 

21-30 

Field Name 
QD22b 

QD22c 

QD12b 

QD12c 

QD23b 

QD23c 

QD13b 

QD13c 

DTVCI (1) 

DTVCI (2) 
DTVCI (3) 

DTVCI (4) 

DTVCI(5) 
DTVCI (6) 

DTVCI (7) 

DTVCI (8) 

DTVCI (9) 

DTVCI (10) 
DTVCI (11) 
DTVCI (12) 
DTVCI (13) 

DTVCI (14) 

DTVCI(15) 

DTVCI (16) 

DTVCI (17) 

DTVCI (18) 

DTVCI (19) 

Value 
.o 

.o 

.o 

.o 

.o 

.o 

.o 

.o  

.5 

.5 

.5 

.o 

.o 

.5 

.5 

.5 

.5 

Blank 
Blank 
Blank 
.5 

.5 

.5 

.5 

.5 

.5 

Blank 

DescriDtion 
Reference transverse stress rate - 
region b is .O lb/in2sec. 
Reference transverse stress rate - 
region c is .O lb/in2sec. 
Reference shear stress rate - region 
b is .O lb/in2sec. 
Reference shear stress rate - region 
c is .O lb/in2sec. 
Reference shear stress rate - region 
b is .O lb/in2sec. 
Reference shear stress rate - region 
c is .O lb/in2sec. 
Reference shear stress rate - region 
b is .O lb/in2sec. 
Reference shear stress rate - region 
c is .O lb/in2sec. 
Modulus - exponent on stress rate is 
.5. 
Modulus - exponent on stress is .5. 
Modulus - exponent on temperature is 
.5. 
Strength - exponent on stress rate 
is .O. 
Strength - exponent on stress is .O. 
Strength - exponent on tempeature is 
.5. 
Poisson's ratio - exponent on stress 
rate is .5. 
Poisson's ratio - exponent on stress 
rate is .5. 
Poisson's ratio - exponent on 
temperature is .5. 

( 

Heat conductivity - exponent onstress 
rate is .5. 
Heat conductivity - exponent onstress 
is .5. 
Heat conductivity - exponent on 
temperature is .5. 
Thermal expansion coefficient - 
exponent on stress rate is .5. 
Thermal expansion coefficient - 
exponent on stress is .5. 
Thermal expansion coefficient - 
exponent on temperature is .5. 
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Columns 
31-40 
41-50 
51-60 
61-70 
71-80 
1-10 
11-20 
21-30 
31-40 
41-50 
51-60 
1-10 

B Chapter 3 

Field Name 
DTVCI (20) 
DTVCI (21) 
DTVCI (22) 
DTVCI (23) 
DTVCI (24) 
DTVCI (25) 
DTVCI (26) 
DTVCI (27) 
DTVCI (28) 
DTVCI (29) 
DTVCI (30) 
TREF 

HITCAN User's Manual - Version 1.0 
Value 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
Blank 
70. 

Des cr iD t ion 

Reference temperature is 70 OF. 
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CHAPTER 4 

EXECUTION PROCEDURE ON TEE LeRC CRAY X-MP AND Y-MP 

HITCAN is presently being executed in the batch mode on the CRAY X-MP and the 
CRAY Y-MP here at the NASA LeRC. Figure 4.1 shows both the input and output 
files for HITCAN. The primary input file is inDut.data. The file data.bank 
contains the data bank. restart.in is the restart file. This file is only read 
in if the program option card RESTART is specified. The file restart.out is the 
restart file that is created by HITCAN. This file is generated by HITCAN when 
there is a lack of global convergence or when the variable MSTART is used. 
pat.neut is a PATRAN neutral file. This file contains the necessary data to view 
the finite element model using PATRAN. The file pat.disD contains the nodal 
displacements. This file can be used for post-processing on PATRAN. 

To compile and load HITCAN on the CRAY X-MP, the following nqs script can be 
used: 

{, USER-userid PW-userpwd 
/,, QSUB-r jobid 
# QSUB-1T cputime 
# QSUB -lM memorv 
# QSUB-eo 
set -x 
cft -d p /aerospace2/userid/hitcan.f 
segldr - 0  /aerospace2/userid/hitcan hitcan.0 
exit 

The variable userid is the user's id on the CRAY X-MP. The variable userpwd is 
the user's password. mutime is the 
cpu time limit and memory 
is the maximum memory size allowed. hitcan.f is the compiler 
input file containing the Fortran source code to be compiled. 
hitcan.0 is the object file created by the compiler and hitcan is the executable 
file. Note that the all of the files are assumed to reside in the user's home 
directory. 

jobid is the name of the j o b  on the X-MP. 

To execute HITCAN on the X-MP, the following script can be used: 

# USER-userid PW-userDwd 
# QSUB-r j obid 
# QSUB-1T mutime 
# QSUB -lM memorv 
# QSUB-eo 
set -x 
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cp /aerospace2/userid/restart.in fort.68 
cp /aerospace2/userid/data.bank fort.70 
/aerospace2/userid/hitcan < /aerospace/userid/inDut.data 

cp fort.18 /aerospace2/userid/,pat.neut 
cp fort.68 /aerospace2/userid/restart.out 
cp fort.76 /aerospace2/userid/pat.dis~ 
exit 

To compile and load HITCAN on the CRAY Y-MP, the script below can be used: 

{I USER=userid PW-userDwd 
{I QSUB-r i obid 
{, QSUB-1T cputime 
# QSUB -lM memorv 
{I QSUB-eo 
set -x 
cft -d p /wrk/userid/hitcan.f 
segldr - 0  /wrk/userid/hitcan /wrk/userid/hitcan.o 
exit 

Here userid is the user's id on the Y-MP and userpwd is the user's password on 
the Y-MP. Note all of the files are assumed to reside in the user's workspace 
on the Y-MP. To execute HITCAN on the Y-MP, the following script can be used: 

{, USER-userid PW-userpwd 
# QSUB-r i obid 
# QSUB-1T cDutime 
# QSUB -lM memory 
# QSUB-eo 
set -x 
cd $W 
mkdir tmp $$ 

cp /wrk/userid/restart.in fort.68 
cp /wrk/userid/data.bank fort.70 
/wrk/userid/hitcan < /wrk/userid/inDut.data 
cp fort.18 /wrk/userid/pat.neut 
cp fort.68 /wrk/userid/restart.out 
cp fort. 76 /wrk/userid/pat. disD 
cd /wrk/userid 
nn -fr tmp$$ 
exit 

D 

cd tmp$$ 

Here all of the underlined variables are the same as before. 
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OUTPUTDESCRIPTION 

The following is a description of the HITCAN output. 

1. Echo print of the input dataset to HITCAN prior to interpretation by 
HITCAN. This is triggered by specifying the program option card 
ECHO. 

2. HITCAN logo and version number. 

3 .  A list of the program option cards specified. 

4 .  A summary of the model and load data input. 

5 .  Number of words required to perform the analysis. If there are more 
words required for memory, a message is printed specifying the 
number of additional words needed. 

6 .  Description of the finite element model created, including the ply 
layup for each node. Also, the corresponding temperature and 
pressure at each node are listed, if program option cards TEMPERATURE 
or PRESSURE are specified. 

7.  The record of execution beginning at the first load step is given for 
each load increment. By setting the variable arrays NPRT, NPRTS, 
NPRTP, and NPPLY the user can specify the output for each increment. 
NPRT(1,I) is the initial node of set I at which displacement output 
is desired, NPRT(2,I) is the final node. NPRTS is an array 
containing the nodes selected for output of the ply stresses. As in 
NPRT, NPRTS(1,I) is the initial node and NPRTS(2,l) is the final 
node. By specifying NPRTP the user can select sets of nodes at which 
ply properties will be output. NPPLY contains the plies selected for 
output. NPPLY(1,J) is the initial ply and NPPLY(2,J) is the final 
ply. For NPRT, NPRTS, NPRTP, and NPPLY a maximum of 10 sets in each 
is allowed. These variables are specified in card group 4 2 .  

8 .  If a modal analysis is performed, the following information is given: 

a) 
b) 

The eigenvalue number and value. 
The corresponding frequency in both radians per time and cycles 
Der time. 

c) The corresponding eigenvector, normalized so that the Lnorm is 
1.0. 

d) The generalized mass associate with the normalization of the 
eigenvector. 
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9. If a buckling analysis is performed, the following information is 

given: 

a) 
b) 

The eigenvalue number and value. 
The corresponding eigenvector, normalized so that the Lnorm is 
1.0. 
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EXAMPIXPROBLEM #l 
Example #1 demonstrates the thermal analysis of a composite shell structure using 
the HITCAN code. A curved shell (40 degree segment) has a radius of 120 in., a 
width of 120 in., and a thickness of 0.8 in. Both straight edges are clamped and 
both curved edges are free. Initially the shell is subjected to a temperature 
gradient of 20 deg. F. After 10 sec. ,  an external pressure load of 0.1 psi is 
applied to the top surface. The shell is made of Sic/Ti-15-3-3-3 composite 
material (Silicon Carbide fiber, Titanium matrix with 15% Vanadium, 3% Aluminum, 
3% Chromium, and 3% Tin, and interphase with average properties of the fiber and 
the matrix). The composite laminate consists of 4 plies (0/0/90/90) of equal 
thickness with 0.5 fiber volume ratio. The ply layup is such that the 0 degree 
plies are at the top and the 90 degree plies are on the bottom. The geometry, 
boundary conditions, loading, and ply layup are shown in Figure 6.1. The finite 
element model is shown in Figure 6.2. A portion of the output is shown after the 
input deck. 
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z 

40 deg. / 
BOlTOM TEMP. = 70 F 

GEOMETRY, BOUNDARY CONDITIONS, AND LOADING 
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f 
PLY LAYUP IN Z-DIRECTION 

- 

Figure 6.1: Example Problem Number 1 
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Z 

NODE NUMBERS 

ELEMENT NUMBERS 

Fiure 6.2: Finite Element Mesh For Example Number 1 
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INPUT DECK DESCRIPTION 

PROGRAM OPTION CARDS 

The program option cards chosen are: 

TITLE 
SPLATE 
PLATE 
PLYORDER 
UNSYMMETRICAL 
PRESSURE 
TEMPERATURE 
END0 PTI ON 

CARD GROUP 1 

The number of material systems (plies) to be described in Card Group 28 of this 
input deck is 2. One material system is required for the ply with a fiber 
orientation angle of O o ,  another material system is required for the ply with a 
fiber orientation angle of 90°. 

I 
CARD GROUP 5 

Two cross-sections will be used to define the shell, this is indicated by NSECT 
= 2. Since, the model is described by the input X, Y, Z, and TB, IGRD is set to 
4 .  Nine nodes are 
needed along the y-axis, so JU is equal to 9. The finite element model is to 
begin at x-0.0 in. and end at x-120.0 in. These values are the variables XBEG 
and XEND. 

The number of nodes along the x-axis is 9, so IU is set to 9. 

CARD GROUP 6 

The number of plies for one-half of the wall thickness (MAXPLY) is set to 2. 
This means that the number of plies for the bottom half of the shell will be 2. 

CARD GROUP 7 

Since the program option card UNSYMMETRICAL was specified, the number of plies 
for the top half of the shell is required. Because the ply layup is to consist 
of 4 plies, and because MAXPLY is equal to 2, the variable LMAX is set to 2. 
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CARD GROUP 10 

In the this card group the number of load steps (NTISTP) is set to 2. Since the 
degradation of material properties due to cumulative mechanical/thermal load 
cycles is not to be included in this analysis, the number of mechanical cycles 
(NMECHC) is set to 1, and the number of thermal cycles (NTHERC) is also set to 
1. The number of load increments (LINC) between load steps is 2. Since a 
restart file is not desired, the variable MSTART is set to 20. The variable 
MITER, the maximum number of iterations allowed for global convergence, is set 
to 10. The tolerance on global convergence (TOL) is set to 1.0. 

CARD GROUP 16 

The number of pressure data sets (NPRES) is 0, since there are no edge loads in 
this analysis. 

CARD GROUP 17 

The number of temperature data sets (NTEMP) is 0, since the temperature is input 
at the input points. 

CARD GROUP 19 

The number of boundary condition data sets (NBC) is 11. 

CARD GROUP 27 

The array MSECT is set equal to (5, 5), thus each 
cross-section will be defined by 5 points. The next card is the number of 
elements between cross-section (NXSPC), in this example it is 8. Input for the 
two cross-sections is provided in cross-section mid-plane and thickness form 
(specified by IGRD = 4 ) .  The next 5 records are the points of the first cross- 
section. The seventh record is the number of elements between the next 2 cross- 
sections. Since there is only 1 cross-section left the variable (NXSPC) is set 
to 0. The final 5 records in this card group represent the geometry of the 
second cross-section. 
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CARL) GROUP 28 

The number of different material systems is 2. Each material system is 
represented by two records, thus four lines are required. The first record 
defines the location of the ply on the model by percent of thickness, length, and 
width. The first two values on this record refer to the initial and final 
percent thickness of the thickest grid point of the model. The next four values 
are the initial and final percent width and initial and final percent length. 
Since both plies are to be used over the entire shell, this record has the values 
0.0, 100.0, 0.0, 100.0, 0.0, and100.0. The second record specifies fiber type, 
matrix type, ply thickness, void volume ratio, fiber volume ratio, and 
orientation angle in degrees relative to the structuralx-axis. Here both plies 
are identical, except for the fiber orientation angle. The fibers of the bottom 
plies are along the x-axis, while the top plies are transverse to the x-axis. 

CARL) GROUP 29 

The ply stack-up order for the bottom half of the shell is designated by 2 plies 
starting at the bottom surface. MPLY is equal 
to ( 2 ,  2), where these values are the material system identification numbers. 

This layup is in the array MPLY. 

CARL) GROUP 30  

The ply stack-up order for the top half of the shell is designated by 2 plies 
starting at the top surface. NPLY is equal to 
(1, l), where these values are the material system identification numbers. 

This layup is in the array NPLY. 

CARD GROUP 32 

The time at each load step is given in this card group. 

CARD GROUP 33 

Since the program option cards PRESSURE and TEMPERATURE were used, this group 
must be given. In this card group the temperature and pressure are given using 
the variables TL, TU, PL, and PU. Each line consist of the variables TL, TU, PL, 
and PU. The number of lines in this card group is (no. of load steps) x (number 
of input sections) x (number of points per input section); i. e., 2 x 2 x 5 = 20. 

CARD GROUP 41 

This CARD GROUP contains the boundary condition data. Each record consist of the 
beginning node number, the ending node number, the node numbering increment, and 
the degree-of-freedom which is constrained. 
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This card group controls the output. The nodal displacements are desired at 
nodes 5 through 32, 37 through 45, and 50 through 77. The ply stresses are 
desired at node 41. A l s o ,  a P A T "  results file containing nodal displacements 
is desired at the end of the analysis. 
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INPUT DECK FOR PROBLEM #l 

Note that the Card Group Nos. are not part of the input f i l e .  

- - - - - - - - - - - - - - - - - -  BLOCK #I. PROGRAM OPTION CARDS - - - - - - - - - - - - - - - - - - -  
TITLE-CYLINDRICAL SHELL WITH PRESSURE AND TEMPERATURE LOADING 
SPLATE MODEL OPTION 
PLATE 
PLYORDER 
UNSYMMETRICAL 
PRESSURE 
TEMPERATURE 
ENDOPTION - - - - - - - - - - - - - - - - - - -  BLOCK #2 CARD GROUPS . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CARD 
GROUP 
NO. 

1 2 3 4 5 6 7 
1........0.........0.........0.........0.........0.........0.........0. 

1- 
5- 
5- 
5- 
6 -  

10 - 
10- 
16 - 

I 17 - 
19 - 
27- 
27 - 
27 - 
27- 
27 - 
27 - 
27 - 
27 - 
27 - 

I 27 - 
27 - 
27 - 
27 - 
28- 

I 7- 

2 
2 
4 9 9  

2 
2 
2 1 1  2 2 0 1 0  

0 
0 
10 
5 5  
4 

.o 120. 

1. 

0. -41.68 236.4 
0. -20.92 239.1 
0. 0. 240. 
0. 20.92 239.1 
0. 41.68 236.4 

0 
120. -41.68 236.4 
120. -20.92 239.1 
120. 0. 240. 
120. 20.92 239.1 

.o 100. 
120. 41.68 236.4 

2a- SICA ~ 1 1 5  .2 
28 - .o 100. 
2a-  SICA TIU .2 

~ Chapter 6 

.8 

.8 

.8 

.8 

.8 

.8 

. a  

. a  

.8 

.8 
.o 100. 
.o .5 
.o 100. 
. o  .5 

EXAMP8 

.o 100. 
0. 
.o 100. 

90. 
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CARD 
GROUP 
NO. 

1 2 3 
l........O.........O.........O...... 

29- 
30- 
32 - 
33- 
33- 
33 - 
33- 
33- 
33- 
33 - 
33- 
33- 
33- 
33 - 
33- 
33- 
33 - 
33 - 
93 - 

D 33- 

33 - 
33 - 
33 - 
41 - 
41- 
41 - 
41 - 
41 - 
41  - 
41 - 
41  - 
41 - 
41 - 
42 - 
42 - 
42 - 
42 - 
42 - 

2 2  
1 1  

0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  
7 0 .  

9 81 9 
9 81 9 
9 81 9 
9 81 9 
9 81 9 
1 73 9 
1 73 9 
1 73 9 
1 73  9 
1 73 9 
5 32 37 

41 41  

10. 

D Chapter 6 

10. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 
90. 0. 

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 

45 50 77 

- V e r s i o n  1.0 

4 5 
o.........o...... 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
-1 
.1 

6 7 
.. o.........o. 
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H I T C A N  I U T P U T  S U R ~ A R Y  

CYLmRIUL S X E U  WITH P R E S S X E  Irw) TEHERATURE LQADIXC 

I N I n I L  LOAD 

PLY STRESSES [in DSZ. Yrrtrl IN THE WTPRIAL CMRDINATE S Y S m  FOR NOOE 

PLY SO. SI=-11 SfCL-22 STtl-33 
A 0.000~+00 
2 -O.l56E*O+ -O.U6€+04 0.800€+00 - 0.000E+OO - J .tOSE+O3 -O.lSlE+O* . 3.191€40* - e . i w ~ + e *  O.OOOE+OO 

-0.144€+0* - 0.264€+0* 

Y 

( h . 1  

-O.;LUE-I 0 

0 tf0E-02 
0.u-02 
0.178E-02 
-0.n-25 

0 .lOSE-24 
-~.MG-OJ 

-0.tttT-QZ 
-0.lTbE-02 
-0.268€-10 
0.196L-02 
0 .tttT-oz 
O . l 4 4 4 % - O 3  

-0.lOsE-24 
0.lffE-24 
0 . t W - O l  

-O.17ZE-O2 
-0.l84E-62 

-0 .t**-l0 
0 .u4€-02 
0 . l n E - O t  

-0.26tE43 
-3.llIE-24 
0.lllE-24 
0 .St6E-O3 
-0.m-02 

2 
(in.) 

0.7Uf-01 
0.66lE-01 
0 .+*lt-*l' 
0.1ytB-e1 
0 .ZSYE-26 
0 .la-= 
0.2ffE-31 
0.6OaE-01 
0.9046-61 

0 .lOlE*Ol 
0.90w-ei 
0. bO6E.L-61 

@.=YE-31 

0 .lM-Zs 
O.la3E-zs 
O . l ) * f + l  
0 .U9E-*1 
0 .lOOE+O. 
O . U S E + W  
O.lOOE+.O 
0 AZ9E-Vl 
0.194E31 
0. USE-2S 
0 .ldOE-tS 
0.193E-ll 
0.620E-*l 

SICL-12 
9 . U 3 E - O Q  
0. 678E-65 

- 9. =E-06 
3 . )%E-05 

=A-X 

t m - J  

0. f29E-I1 -. . l W E - O P  
-0 . t fQE-02 

-0.ZTbE-02 
-0.5199-26 
1.79OE-26 
0 .389E-02 
a .SSZE-~Z 
3.199E-32 
3.55%-11 

-0.199E-02 

- 4. S2E-02 

- 9.389E-02 
-~.790L-26 
0 ~83E-26 
0 .S79E-O2 
0 .+5zE-4l2 
0.279t-V2 
0 .J?OE-11 

- * .t3tE-O2 - .Q52E-Q2 
-@.379E-02 
-3.6630-26 
1 .fO9€-2b 
0.341E-02 

9 .  --e2 

41 

EXAMP10 
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31 
32 
37 
3 8  
39 

40  

41 
42 
43 
44 
45 
50 
5 1  
52 
Sf 
54 

55 
56 
57 
Sa 
59 
60 

61 
62 

63 

6* 
65 

6 6  

a7 
od 

09 

7 0  

i f  
it 
i 3  
74 

75 
76 
77 

-0.29ZE-02 
- 0 . Z b 5 E 4 2  
-0 . e8E-33 
o.--12 
-0.lSCE-11 
-0.16SE-11 

0 .UOE-14 
0.16LIE-11 
0 .lSbE-11 

- 0 . U 9 E - 1 2  
0 .428E-33 
o .=-e2 
O.ZQZ€-Of 
0 .rrsE-o~ 
0.977E-83 
J J05E-E 
3 .--E 
o .zou-ez 
0 .3uzE-O2 
O.SDW-02 
0 .SnE-oz 
0 .ron-02 
0 .s62E-Ot 
O*206€-@2 
O . ~ i L S  

o.sw-L= 
O.3QZE-52 
a .)*(IE-Ot 
3 .81lE-C2 
0.8b7E-52 
0 .8llE-92 
O.wA€-OZ 

0 .SQZE-Ot 
0.362E-25 
0.587E-25 
0 .LCilE-Ot 
0 .961E-Bt 
O . l U E - @ l  
0 .lfaE-+l 
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J.lOIE-2* 
- *. lWE-OJ 
- 3 .  =E-02 
-3.3968-02 
; . ZUE-10 

2.196E-02 
3 .--Of 
: .144€-03 

- 9.103E-24 
3.zzzE-fs 
-9.178E-02 
- 3. SUE-0 2 

3 . t U E - I O  
-v.zzac-et 

14.911 SEC. 
2.t1.o SEC. 

3?.U9 SEE. 

0 0tOZE-27 
-0.28SE-93 

0 AlIE-OS 
O.lO7E-82 
0.127E-32 

0.107E-Ot 
0 .*18E-O3 

0 .ZDZL-t? 
- o . ~ E - ~ J  

0.65XE-27 
0 . l a - 0 2  
0 -164E-02 
0 2 2 7 E - 9 2  
0 .uzE-02 
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PLY YO. sXGL-11 S Z - 2 2  S I U - 3 3  
I - 0.144WW -0.ZL50.4 O.OQ.E+OO 

- O . U 6 E + O 6  -o.K7E+o1 0 .ooo~+oe 
5 0 .ldSE+OJ - 8 .  -+e6 0 .OOoE+eO 

G 0 . 1 Y 7 E w +  - e.lC9EW4 O.O..t+O. 

. c 

H I T C A M  3 U T P U T  S U N N A R Y  

m R I C A L  SHELL WITn PIE- AM EWERINRE LOIPSNC 

NODE no. X Y z 
( In. 1 (in.) (lab) 

- 0 . a - 1 0  0. --e1 
0 .rZDE-02 0.bSIE-01 
0 . S l x E - O t  0 .--el 
0.178E-02 0 .lQ*-el 

- 0 . m - Z S  0 . m - 2 6  
0 .lOY-29 0.167E-25 

- 3.:CY-03 3 .a6E-01 
-0 .t2'E-02 3.  bO7E-@l 
-8.lYSE-02 3.902E-01 

-0.267E-10 0 . l E l E + . .  
EXAMP12 

3.742E-11 
-v  .1*7E-02 
- v . m - 0 2  

- v .298E-02 
- V .S19E-26 
1.78tE-26 
a.sa9~-02 
J . S l E - O Z  
a . i 98~-02  
a .SUE-U 
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1s 
16 
17 
18 
19 
20 

21 
22 
ZS 

24 

2s 
26 
27 
28 
29 
so 
31 
32 
37 
38 
39 
40 

41 
42 
43 
44 

45 
50 

5 1  
S t  

53 
54 

55 
56 
57 
58 
59 

D Chapter 6 

-e .rrrT-ot 
-0 .  w - 0 2  
-e.342€-02 

- e  . J u f - Z s  
-e.tflf-ZS 
-0.2069-02 
-0.ldtL-ez 
-e.SO9E-e2 
-e .LflE-O2 
-e. f O l f  ' U t  

-e.3aZE-02 - 0 .  tub€-02 
-9.zzsE-ZS 
- 9 .lOSE-ZS 
-0.978E-03 

-3.18SE-02 
-9.24tE-02 
- 9.2659-02 
-b.a8€-3f 

a .=E- l t  

-6.KbE-11 
-e.165€-13 

0.309E-14 

O.lbL€-11 
0.Kbh-11 

-0 . U L E - l Z  
1 .@=E-33 

0.tbSE-02 
0 .ZQZE-Ot 

a.1asE-02 
a .978E-03 

3 .lOfE-ZS 

a . f f f E - Z  
a .2069-02 
0 . m - a t  

0.109E-e2 
0 .ssxE-ot 

0 .lYs€-e2 
0 .=E-02 
0 JQ3E-03 

-0 . lOY-2*  
0 .ll7E-t* 
o .Z~ZE-OJ 

-0.1700-02 

-0.la3E-02 
- O . t Q * - l O  

0 .l8slE-02 
0.17OE-02 - 0.262f-03 

-0.117E-24 
O.ll7E-ZQ 
0 .--03 
-0.LStf-02 
-0.179E-62 

-8.13iE-10 
0 . llfE-2* 
0 . M - e J  

- 0 . U E - 0 2  
-0.179E-02 

0 .tf3f-lQ 
0.179t-et 

0. U E - 0 2  

-0.lf7E-ZQ 
0.136€-10 

0.179E-02 

O.KZE-02 
-0.SZZ-03 

-0.lliE-24 
O.llZ-2G 
0.26tE-03 

-0.170IE-e2 
-0.llSE-02 

0 .tQ*-10 

- e . ~ ~ - e 3  

0.90tL-41 

0.68ZE-41 

0 .ZlsE-Ol 
0 .lb?E-Zf 
O*l8S€-LS 
0 .l%Ml 
0 A27E-41 
0 .108E+W 

O . l ~ + O .  

O*lOOE+O. 

O.l%€-*l 

0 . U S E - Z S  
0.l8OE-2S 
O.l9sE-+l 

o . a x - e i  

o . ~ 1 9 ~ - e 1  

O.lOSE+O. 
O . l l Y f + O .  

0 . 1 n - 2 s  
0.18aE-e1 
0 .bZ4E-ll 
O.lOSE+O. 

0.120€+@0 
8.10SE+OO 
0 .b26€-*1 
0.188E-Il 
0 .l82E-t5 
0 .ll9E+OO 
3 .lOSE+OO 
a . u E - e i  
3.19SE-01 
3.180E-ZS 

J . IUSE-LS 
9.1"1 
I.--41 
0 .lOOE+OO 

a .a+.. 

-0 .tOaE-ez 
-1) .fSTE-OZ 
-0.389E-eZ 
-0.789E-26 

0 .+.P-2b 
0 .S78€-02 
0 .*s=-e2 
0 .ZnE-e t  
0 .S76€-11 
-0.279~-02 
-0.452E-02 
-0.S78E-bZ 
-0 .*.pot6 
O.SO1E-26 
0 .S4SE-et 
0.463E-02 
0 .sosE-o2 
0.m-11 
0 .Sb7€-26 
O.SQ6E-02 
0. 46ui-02 

0 .szsE-Ot 
O.lZXE-l4 
-0.szsE-02 
-0 .4ilE-92 
4 .36CE-Of  
-0.347E-26 

-0 .S7E-l1 
-0 .IOSE-OZ 
-e .463E-02 
-e .t45€-02 

-0.307E-26 
0 A82E-26 
0 .s7aE-92. 
0.45P42 
0 .=-e2 
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io 
0 1  

02 

03 
04 

05 
i c  
07 
oa 
69 

70 
71 
72 
73 
-, ,.* 

-S 
76 

77 

0.509E42 
3.u-52 

3 .tzfE-zf 
0 sw-zf 
0 .WtE-92 

a . Z O ~ E - + Z  

0.)4.L42 

0 .a=-92 
0 . 8 U E 4 2  
0.8lI.E-92 
0 . M 4 2  

0.342E-$2 
a ~ 6 s - s  
a .s90~-?5 

3.667E-92 
1.961E-32 
3 .U4E-+ 1 

3.lZOE-t.1 

0 .=-e2 
3 . i m - e t  

- 9.262E-Bf 
- 9 .  U7E-24 
0 .lOSE-24 

- e . ~ s ~ - e f  
- 0. tfOE-Bt 
-0.195E-et 

0.267E-10 
O.19fE-42 
0 . t f O E - d t  
J.143E-OJ 

- 6 JOSE-24 
a.usE-zs 

-o. i ta~-ot  
-3.3llE-02 
-~.~ZOE-OZ 
3 . t U f - L O  

o .ioa~+eo 
0 . U E - O l  
0 .lH€-41 
0 .UsE-25 
0.167G25 
0 .ZuE-41 
0.6IZE-41 
0.9@2E-e1 
0 .lOlE+.O 
0 *9m-e1 
0 .UZE-@l 

0. 167E-2S 
0 .tSIE-tb 
0 .1G9€-41 

0 .MhE-Ol 
0 .U-.l 
0 . m - 0 1  

o .--e1 
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LQID IHommn M U  2 

TmE sm 2 

Crttf HumER 1 
RnE 10.0000888 

MOUE HO. 

5 
6 

7 

8 
9 

10 
11 
12 
15 
14 

15 
16 

!I 
i d  
19 
to 
21 
tt 
ZS 
24 
2s 
26 

27 
za 
29 
30 
31 
32 
37 
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be 
6 i  

62 
63 
66 
65 
e4 
6 1  

ob 

0 0  

7 2  -- 
-.. I . .  

7 3  
7 4  

7 f  
76 
77 
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I EXAMPLE PROBLEM #2 

Example #2 demonstrates the basic characteristics of a dataset required to run 
the S3DSOLID model option in the HITCAN code. This second example is of a thick 
ring subjected to centrifugal loading at an angular velocity of 20,000 rpm. The 
ring has an inside radius of 2.875 in. and an outside radius of 3.475 in. The 
ring is made of Sic/Ti-15-3-3-3 composite material (Silicon Carbide fiber, 
Titanium matrix with 15% Vanadium, 3% Aluminum, 3% Chromium, and 3% Tin, and 
interphase with average properties of the fiber and the matrix). The composite 
laminate consists of 7 plies each with a fiber volume ratio of 0.5. All of the 
fibers have an orientation angle of 90 deg. w.r.t. the x-axis. Since this is an 
axisymmetric problem, only a small sector (3 degrees) of the ring was modeled. 
The geometry and the boundary conditions are shown in Figure 6.3. The finite 
element model is shown in Figures 6 . 4  and 6.5. A portion of the output is shown 
after the input deck. 

,. Chapter 6 March, 1992 

EXAMP17 



HITCAN User's Manual - Version 1.0 

MODELED PORTION 
OF RING 

INSIDE RADIUS = 2.875 in. 
OUTSIDE RADIUS = 3.475 in. 
THICKNESS = 0.6 in. 

GEOMETRY 

Z 

BOUNDARY CONDITIONS 

Figure 6.3: Example Problem Number 2 
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F+ 6.4: Element Numbers For Example Number 2 
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F w  6.5: Node Numbers For Example Number 2 
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INPUT DECK DESCRIPTION 

PROGRAM OPTION CARDS 

The program option cards chosen are: 

TITLE 
SSDSOLID 
BRICK 
PLYORDER 
UNSYMMETRICAL 
TRANSFORMATION 
AN- 
ENDOPTION 

CARD GROUP 1 

The number of material systems to be described in Card Group 28 of this input 
deck is 2. The two material systems are identical, except for the ply 
thicknesses. The first material system has a ply thickness of 0.05 in., the 
second has a ply thickness of 0.1 in. 

CARD GROUP 4 

Two input planes will be used to define the ring, this is indicated by NIPL - 2 .  
The number of output sections (NOSC) was chosen-to be 3 .  
along the y-axis is 3, so NEW is set to 3 .  
thickness, so NETT is equal to 6 .  

The number of elements 
S i x  elements are needed through the 

CARD GROUP 6 

The number of plies for one-half of the wall thickness (MAXPLY) is set to 4. 
This means that the number of p l i e s  for the bottom half of the ring will be 4. 

CARD GROUP 7 

Since the program option card UNSYMMETRICAL was specified, the number of plies 
for the top half of the ring needs to be given. Because the ply layup is to 
consist of 7 plies the variable LMAX is set to 3. 

CARD GROUP 10 

In the this card group the number of load steps (NTISTP) is set to 1, the number 
of mechanical cycles (NMECHC) is set to 1, and the number of thermal cycles 
(NTHERC) is also set to 1. The number of load increments (LING) is 1. Since a 
restart file is not desired, the variable MSTART is set to 2!2, ;;le variable 
MITER, the maximum number of iterations allowed for global convergence, is set 
to 10. The tolerance on global convergence (TOL) is set to 1.0. 

EXAMP21 
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CARD GROUP 18 

The number of transformation data sets (NTR) is 1. 
needed to apply skewed boundary conditions on the right edge of the sector. 

Coordinate transformation is 

CARD GROUP 19 

The number of boundary condition data sets (NBC) is 11. 

CARD GROUP 26 

In this card group, the first card contains the number of elements between output 
sections and the x-coordinate of the output sections are specified. Between 
output sections 1 and 2, 2 elements are desired. Between sections 2 and 3 ,  4 
elements are needed. Finally, between sections 3 and 4, 2 elements are needed. 
The array NXSPC will be equal to (2,  4 ,  2). The x-coordinate of each output 
section is in the array X. 
(.O, .1, . 5 ,  . 6 ) .  The next card is the array LSECT. This variable contains the 
number of sets of input points for each input plane. For the ring, 2 sets of 
input points f o r  each input plane was chosen. Thus LSECT is equal to (2, 2). 
The next two cards are the array MSECT. This array contains the number of input 
points in each set of input points. The first line is for the bottom input 
plane. The second line is 
for the top input plane. For this input plane, each set of input points will 
again have 4 input points. The last card contains the coordinates of an input 
point. The first 4 lines is for the first set of input points of the bottom 
input plane. Each line contains the coordinates of 1 input point. The next 4 
lines are the coordinates of the input points of the second set of input points. 
The next 8 records are the input points of the top input plane. 

This array has the values 

Here each set of input points will contain 4 points. 

CARD GROUP 28 

The number of different material systems is 2. Each material system is 
represented by two records, thus four lines are required. The first record 
defines the location of the ply on the model by percent of thickness, length, and 
width. The first two values on this record refer to the initial and final 
percent thickness of the thickest grid point of the model. The next four values 
are the initial and final percent width and initial and final percent length. 
Since both plies are to be used over the entire shell, this record has the values 
0.0, 100.0, 0.0, 100.0, 0.0, andlOO.O. The second record specifies fiber type, 
matrix tpe, ply thickness, void volume ratio, fiber volume ratio, and 
orientation angle in degrees relative to the structuralx-axis. Here both plies 
are identical, except for the ply thickness. The top and bottom plies are 0.05 
in. thick, while all the other plies are 0.1 in. thick. 

Chapter 6 
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CARD GROUP 29 

The ply stack-up order for the bottom half of the ring is designated by 4 plies 
starting at the bottom surface. MPLY is equal This layup is in the array MPLY. 
to (1, 2, 2, 2). 

CARD GROUP 30 

The ply stack-up order for the top half of the ring is designated by 3 plies 
starting at the top surface. NPLY is equal to 
(2, 2, 1). 

This layup is in the array NPLY. 

CARD GROUP 32 

The time at each load step is given in this card group. 

CARD GROUP 39 

This card group contains the information required for centrifugal loading. The 
first line defines the axis about which the structure is rotating. The second 
line contains the rotational velocity at each load step in revolutions per sec. 

CARD GROUP 40 

Since the TRANSFORMATION program option card was used, this group must be given. 
This card group provides for local coordinate transformation at various nodes. 
The first line consists of the variables IBEG, IEND, INCR, and IAXIS. Here IBEG 
is set to 4, IEND is set to 252, INCR is set to 4 ,  and IAXIS (the axis about 
which the coordinates are to be transformed) is set to 1. IAXIS corresponds to 
the x-axis. 

B 

The second line has the angle of rotation, which is 87.0 degrees. 

CARD GROUP 41 

This CARD GROUP contains the boundary condition data. Each record consist of the 
beginning node number, the ending node number, the node numbering increment, and 
the degree-of-freedomwhich is constrained. Note that for those nodes, whichhad 
their coordinate systems transformed, the degree-of-freedoms which are 
constrained will be in the transformed coordinate system. 

CARD GROUP 42 

This card group controls the output. Here the nodal displacements are desired at 
nodes 1 through 252. The ply stresses are desired at nodes 17, 89, 125, and 161. 
The constituent material properties and the constituent stresses of ply number 
1 are needed at nodes 53 and 197. 
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INPUT DECK FOR PROBLEM #2 

Note that the Card Group Nos. are not part of the input file 

- - - - - - - - - - - - - - - - - - -  BLOCK #I PROGRAM OPTION CARDS - - - - - - - - - - - - - - - - - -  
TITLE-THICK RING SUBJECTED TO A CENTRIFUGAL LOADING 
S3DSOLID MODEL OPTION 
BRICK 
PLYORDER 
UNSYMMETRICAL 
TRANS FORMATION 
ANGULAR 
ENDOPTION 

1 2 3 4 5 6 7 
1........0.........0.........0.........0.........0.........0.........0. 

1- 
4- 
6 -  
7- 
10 - 
10 - 
18 - 
19 - 
26 - 
26 - 
26 - 
26 - 
26- 
26 - 
26 - 
26 - 
26 - 
26 - 
26 - 
26 - 
26 - 
26 - 
26 - 

2 
2 3 3 6  
4 
3 
1 1  1 1 2 0 1 0  

1. 
1 
11 
2 
4 
2 

2 
4 
4 

.o 

.1 

.5 

.6 
2 
4 
4 

.o 

.o 

.o 

.o 

.6 

.6 

.6 

.6 

.o 
.05 
.1 

.151 
.o 
.05 
.1 

.151 

2.875 
2.875 
2.873 
2.871 
2.875 
2.875 
2.873 
2.871 
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GROUP 
NO. 

1 2 3 4 5 6 7 
1........0.........0.........0.........0.........0.........0..........0. 

26- .o 
26- .o 
26 - -0 
26 - .o 
26 - .6 
26 - .6 
26 - .6 
26 - .6 
28 - .o 
28- SICA TI15 
28 - .o 
28- SICA TI15 
29- 
30 - 
32 - 
39- 
39 - 
40 - 
41 - 
41 - 
41 - 
41 - 
41 - 
41 - 
41 - 
41 - 
41- 
41 - 
41 - 
42 - 
42 - 
42 - 
42 - 
42 - 

D 40- 

1 2 2  
2 2 1  

.o 
-0 

333.3 
4 252 4 

87. 
17 233 36 
1 217 36 
5 221 36 
9 225 36 

13 229 36 
17 233 36 
21 237 36 
25 241 36 
29 245 36 
33 249 36 
4 252 4 
1 252 
17 17 89 

.o 
.061 
.121 
.182 

.o 
.061 
-121 
.182 
100. 
.05 

100. 
.1 

2 

3.475 
3.475 
3.473 
3.47 
3.475 
3.475 
3.473 
3.47 

.o 100. .o 100. 

. o  .35 90. 

.o 100. .o 100. 

.o .35 90. 

-0 .o .6 .o .o 

1 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 

89 125 125 161 161 
53 53 197 197 

-0 
1 1  
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PLY STRESSES [in psr. w a t t )  IN THE ?UTERIAL SYSTEIl FOR NODE 17 

PLY no. sm-11 SZA-22 SZEL-33 Sttf-12 szu-2s 
L 0 .laQE+Os b.lSIE+Of 0 .OOOE+OO -0.92UE-VI -O.QIOE+OO 

SLY STRESSES (in os%. unrtrl IN THE HAUIERUL C G m I I U f E  S Y S T "  FOR NOBE 89 

PLY NO. S I U - 1 1  S I R - 2 2  sxa-33 sm-iz 5151-23 
1 0 . l f O E + O S  O.SfOE+OO O.OOOE+OO 0 . U O E + O O  -0.9QSE+aO 

PLY STRESSES [ in  vsr .  unatrl IN THE HAlERIAL CMRDIXAIE S Y S E R  FOR NOOE l2S 

PLY NO. S I U - 1 1  S I R - 2 2  sm-33 Sftf-if S I U - 2 3  
1 0 . l t O E + O S  0 .%OE-Vl 0.000E+OO O.SaOE-@l -0.1955+00 

- 
0 .m 

S= 
0 .ttn 

?LY STRESSES (in 051.  units) I N  THE EATERIAL CSamINAfE S Y M  FOR NOOE 161 

PLY !do. SI=-11  SXEL-22 SIU-33 SI=- 12 SI=-23 S X a -  
7.160E+05 -'J . a a ~ + o i  0.000E+00 0 .JbOE+OO 3.126E+Ol 0 .tuE 
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B Chapter 6 

0-S AFTER THE L O U  AT S m  NOES 

Nom No. 

1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 
12 
13 
19 
1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2s 
2) 
27 
28 
29 
30 

Y 
tiJ8.J 

0 .ZzaE-za 
0 .SSE-Q* 
0 . M - 0 3  

0.657E-ZI 
0 .SSE-Q*  

0 , W - O l  
0,ltbE-03 
O.Uf&-28 

0 .ssE-o* 
0 . W - 0 3  

0 .17bE-Q3 
0.9lSE-28 
0 .s8sE-o* 
O.ll8E-Of 
0.17bE-03 
0.914E-26 

0 rl7bE-03 

o .--e* 
0 .--Of 

0.17bE-03 
0 .9WE-26 
0 .S1H-o* 
0 . w - 0 3  

0 -17bE-03 
0 AUE-28 
0.M-w 
O , l U E - @ 3  
o ,itbt-es 
0 ..*%€-28 
0.S85tE-W 

z 
t i n . )  

0 A37E-02 
0 .u7E-o2 
0 .ULE-oz 
0 . U b E E - V t  
0.u7E-02 

0.537E-02 
0 .ubE-o2 
0.537E-02 
O.U7E-d2 
0 .tffE-ez 
0 .UbE-O2 
0.517E-02 
0.337E-02 

0.517E-02 

O.SS6E-02 
0.337E-02 

0 .uIE-o2 
0 .u7E-02 
0 .UbE-02 
0 . m - 0 2  

0 .s7E-e2 
0 .ssbE-02 
0 . m - e 2  

0 . m - 0 2  
0 .ubE-o2 
0 .tffE-d2 
0 .sz7E-v2 

o .ssx-et 

o .sstr-ez 

-0 .u7E-e2 
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33 
I2 
3 3  
34 

3s 
36 
3 1  

31 
39 
40 
41 
42 
43 

44 
45 
46 

47 
4 8  

09  

50 
51  

S t  
53 
54 
55 
56 
57 
58 
59 

a d  

a i  

02 
03 
J* 

65 

64 
07 
ba 
69 

70 

;I 

72 
7s 
74 

7 f  

-0 . S M - W  
-0.S7OE-04 
- 0 . w - 4 4  
- 0 .  ME-04  
- 0 . M - 0 4  
- 0.  WE-04 
0 . w E - w  
0.6UIE-04 
0 h M - 0 4  
0 . M - W  
0 .fSOE-04 
0 .s5tr-04 
0 .SSOE-44 
0 .SSZE-04 
0.9*~€-04 
3 .w2E-04 
0.w.L-14 

0 .WZE-O4 
0 .228E-04  

0.2aE-04 
0 , P U E - O *  

0 .--a4 
-0.196E-31 

0 .&&E107 

-0 . ll9E-06 
0.806E-07 

-0 . Z z E - 0 4  

- 0 2L9E-04 
-3.tf=E-'J* 

-8.ZL?E-04 
-3.44K-04 
-0.439E-04 
-0.643E-04 
-0.639E-04 
-0.553E-04 
-0 .549E-*4 
-e  .SSIE-O* 

-e.bLy-a4 

-e . iw-e*  
- e s ~ ~ - 4 4  

-~SSOE-44 

-*.659€-4* 

0 .)*.E-** 

0.638E-04 
0 .&lE-04 

0 .XX8E-03 
0.176E-03 
0 . m - 2 6  
0 . W - 4 4  

0 .uaE-03 
0.17CE-43 
0 .W8€-28 
O . ~ - ~  
O.ll7E-03 
0.17SE-03 
0 eagSE-28 
0 . n - 8 *  
0 . l lX -03  

0.173E-03 

0 .lSiE-27 
O.S8SE-# 
0 . U X - 0 3  

0 .17s -03  
0 -179E-27 
0.583E-04 
0.llYE-03 

0- 1 7 s - 0 3  
0.179E-27 
o . w 4 4  

0. I n E - 0 3  
0.17SE-03 
0.179E-27 
O.S83€-0* 
0.1lX-03 
0 .17SE-O3 
0.134P-27 
0 .S83E-O4 
0.217E-03 

0 .17SE-03 
0.89CP-28 

0 .S62E-04 
0.U7E-93 
0.17%-03 
0 . M - 2 8  
0 .sazE-e4 
0 .lX6E-03 
0 -17SE-8 3 
0 -43lE-28 
0.58JE-04 
0 .117E-03 

O.337E-02 
0 .Ub€-*2 
0.337E-v2 
0 337E-02 
0.33bE-+2 
0.33bE-92 
0 -5UElV2 
0 .sssE-02 
0 0334E-02 
0.139E-Vf  

0.33SE-02 
0 f34E-0 2 
0.334E-02 

0.33SE-02 
0 .U4E-82 
0 .UGE-92 
0 .33SE-O2 
O.335E-02 
0.335E-82 

0 . 3 3 s ~ - e 2  

0 .--e2 

0.s34E-02 
0 A3SE-02 
0 . w - 0 2  
0.f35E-02 
0 .U4E- 0 2 
O.3SSE-02 
0 .WE-O2 
U.3SSE-02 
0 . U I E - O t  
0 A3SE-02 
0 . u f f - a 2  
0.334E-02 

0 .UQE-OZ 
O.UfE-02 
0.ftfE-02 
0.S34E-02 
0.534942 
O.33sE-02 
0.s3sE-02 
0 .U4E-02 
O.UQE-02 
O.fffE-02 
o.--02 

0 .tftE-02 
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76 
77 
78 
79 
60 

81 
82 
83 
89 

85 
86 
87 
88 
89 
90 

91 

92 
93 
9* 

95 
96 
97 
98 

99 

100 
101 
102 
1 o s  
1 0 9  
1 OS 
106 
107 
108 
109 
110 
1 l l  
Ilz 
1lS 
119 
llf 

a.uaE-04 
a .=E+ 
0.532E-04 
3 S34E-04 

0 A27E-04 
0 AYE-04 
0.627E-04 
0 . @ a - 0 4  

a .SSZE-OQ 

0 aa4E-04 
0.--04 
0 . m E - O 4  
0.m-09 
0.tlfE-31 

-0.7SZE-0 7 
a. ~ ~ - 0 7  

-0.126E-06 
-0.tfll-04 
-0 .ZlQE-O4 
-0.ZIZE-04 
-0 .zKE-O4 
-..*YE-04 
-0A28E-04 
-0.btfE-04 
-V.428E-O+ - 0 .53IE-04 
-..559€-04 
-0 .UIE-04 
- e . s m - 0 4  
-9. W E - 0 4  
-*.&C1E-O4 

-0. mE-04 

-0 .  LQLE-04 
0.  U E - 0 4  
0 .  bllE-04 
O.616E-04 
0.619E-04 
0.51%-04 
0 . m - 0 4  
0 .SUE-04 

EXAMP29 

0.17GE-43 
0.863E-26 
o.--H 
0 .ll7E-e3 
0.174€-*3 
0 .UYE-27 
0.smE-H 
0 .lnE-e3 
O.l74€-~3 
0.17SE-27 
0.S8M-H 
O.Ll7E-03 
0.174E-0 3 
0 .lIJE-27 
0 .--e4 
0 .ll7E-03 
O.l74E-@3 
0.17Jf-27 
0 S84E-04 
O.ll7E-03 
0 . i 7 w - e ~  
0 .If9E-Z? 
0 .s83€-04 

OAl7E-03 
0.174E-03 
0 . n - 2 8  
0 .s83€-04 
O.ll7E-03 
0 .17QE-OJ 
0 .*JlE-ZI 
0 .JalE-o* 
O.lZ7E-83 
0.174E-VJ 
0 A16E-28 
0.S82E-fn 
0.USE-83 
Ool7JE-Of 
0.U3lE-28 
0 .s2E-04 

o.u6E-t3 

0 .UtL-02 
0.333E-t2 
0 .sssE-02 
0 .U t f -v2  
0 . u t r - 0 2  
0 . f l S E - O t  
O.sssE-.Z 
0 . a - 0 2  
0.n-02 
0 .3ssE-02 
0.333E-az 
0.sssE-02 
0.a-02 
0 . m - 0 2  
0.m-02 
0 .u1E-02 
o.sSa+02 
0 .sssE-OZ 
0 .s33E-O2 
0.U5E-Ot 
O;s3zE-O2 
0 . m - 0 2  
0.UIE-02 
0 . u t r - 0 2  

O*s32E-02 
0 . m - 0 2  
o . u a - 0 2  
0.s3zE-02 
O.UtE-02 
0.3SsE-OZ 
0 .--02 

0 .ffff-o2 

0 .Utf-O2 
0 . ~ - 0 2  
0 330E-02 
0.330E-02 
0.531f-02 
O.33lE-Ot 
0 33OE-02 

o.--et 
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0.536%-e* 
0 .QlOE-94 

0 .QltE-o* 
0 .Q lOE-H 
0.612E-w 
0 .2OSE-W 
0.206%-H 
0.204E-94 

0.207E-W 
-0 .309E-31 

0.  M E 4 7  

O.lX8E-06 
-0.207E-B* 
-0 . t O Q E - 4 4  

-e.=~-e6 

- e . z o m e *  
-O.ZOQE-B* 

-0 .Q13E-04 
-0 .409€-04 

-O.QlIE-O+ 
-0.QlOE-44 
-0.516%-06 
-0 .SXtE-M 
-0.516%-04 
-e.5lsE-o4 
-*.61lE-O* 
-0 .615E-04  
-0 .619E-VI  
-0 .616E-04  
3 .594ee4  

o .594~-e4 
J .592€-04 

0 . 5 9 l E - 4 4  
0 .Q95E-04 
0 .+93E-04 
0 .Q95E-04 
r.m-* 
0 .396E-e* 
0.399F-e4 

0.396E-e* 
0 . 3 9 M - H  

0 . 1 9 1 E - H  
0 .197E-M 
o . i 9 9 ~ - e 4  
0.196€-8* 

0,173E-03 
0. -027 
0 . m - 8 *  

0 .ll6%-Of 

0.166E-27 
0 .s83E-e4 
0 .Ll6%-03 

o .173t-e3 

o . i m - e s  

0 . k - e *  
o ,ULE-QI 

0,166E-27 

0.173E-03 
0 .166€-27 
J .JbJE-04 

0.U6E-03 
0.173E-03 
0 .lZ!jE-27 
0.5(UE-0* 

O.U6E-03 
0 .lZSE-O3 
0.8SIE-28 
0 .--os 
O.ll6E-03 
0.17SE- 03 
0 .Q16E-28 
O.SU2E-04 
O . l l 5 E -  03 
0.173E- 03 

3 .QQOE-28 
9.570E-04 
1 . U Q E - 0 3  
O.tftE-03 
0.799~-28 
0.570E-04 
O.llQE-03 

17tE-03 
0.lZOE-27 
0.57OE-04 

O.l?Zf-03 
0 . u @ E - 2 7  
0 .S70E-04 
0 . U Q E - O 3  
9 .17tE-Of 

o . u Q E - ~ ~  

0 .UOE-W 
0.33ZE-02 
0.33XE-et 

0 .UOE-O2 
0.3SzE-02 
O . ~ - O P  

0 .tfOE-W 
0.131E-02 

O.33lE-02 
O.tf8E-02 
0 . a - 0 2  

0 .uTE-02 
0.332E-02 
0 .UOE-02  
0 . m - 0 2  
0.3SzE-02 
0 . l n E - O Z  
O.3SOE-02 
O.UfE-02 
0 .=E-02 

o .--et 

o .--e2 

o . a - e t  

O.UOE-02 
0 .UOE-02 
0 .UfE-02 
0 .UXE-Vt 
0 .UOE-02 
0.330E-02 
0.329E-02 
0 .=--e2 
9 .WIE-oz 
0 . s zaE-02  
0.329E-02 
0 .UIE-OZ 

0 . W E - O 2  
0.329E-02 
0 .32M-O2 
0.U9E-02 
0 .saE-oz 

0 .U9E-02 
0.329E-02 
0 . n - 0 2  

O . U ~ E - ~ Z  

0.329~42 
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161 
162 
163 
164 
> 65 
164 
167 
168 
169 
170 
1Tt 
172 
173 
I74 
17s 
L f b  
:n 
178 
179 

I80 
18l 
182 
Las 

18S 
184 
I87 
i88 
:a9 
LOO 
1 01 
LO2 
: 95 

199 
19s 
196 
197 
198 
199 
ZOO 
t o 1  
to2 
20s 
to*  
20s 

im 

0 . a 0 3 1  - 0.7%-07 
0 .10=-06 
-0.m-06 
-0.197E-04 
-0.lY9E-w 
-0.194€-~ 
-0.lY9E-H 
-0.SW-w 
-0.sm-w 
-0 .S~C-O+ 
-0.SY7E-w 
-e .*9LE-H 
- 0 . 4 ~ - e 4  

-0.692E-e4 
-0.694€44 
- e . m ~ - e *  
- 0.595€44 
-0.59lE-04 

Version 1.0 

0;SZBE-Ot 
O.tt7E-02 
o.rrttE-02 
D.St7E-02 
O.StbE-02 
o.tt7E-02 
0.SmE-02 

o.tt7E-ot 
0.326E-02 
0 . U I E - 0 2  
0.327E-02 

0.327E-02 
0 .UbE-02 
e . ~ E - O t  
0 . m - 0 2  
O.327E-02 
O . ~ € - O Z  
e.--e2 
0 . m - 0 2  
0.UIE-02 
0.S2bE-ez 
0 .saE-O2 
0 .tZIE-02 
#.--Of 

0 .UbE-02 
0 .UIE-O2 
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-Q.37aE-t4 
-0.38lE-94 

- b . t A E - # 4  

-6.47LE-e4 

-0 . * a - 0 4  

-0.676E-04 

-0.*r;LE-04 

-Q . S 7 X - O 1  
- 0 .SHE- 04 
-0.S7lE-04 

-0 Aus-m- 
o.s*-w 
O.%s€-B* 
0.566€-04 

0 - 5 4 s - 0 4  

0.4mE-OQ 

3 .*%Go4 
3.4%€-04 

0 .am-04 

3 .--04 

O 0 J U f - 0 4  

0 . u s E - 0 4  

0 . w - 0 4  
0 . n - 0 4  

0 . U - 0 4  

0 .l83E-o* 
0 A80E-04  

0.1bXE-31 
-Q .6449E-07 

1.U-06 
- 3.174E-06 
- -3 . l lE-O4  
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EXAMPLE PROBLEM #3 

Example #3 demonstrates the basic characteristics of a dataset required to run 
the HPLATE model option in the HITCAN code. This example is of a modal analysis 
of a hollow built-up structure. The structure has 0.5 in. length, 0.2 in. width 
, 0.075 in. total thickness, 0.02 in. thickness at the top plate, 0.01 in. 
thickness of the bottom plate, and 3 spars in the x-z plane equally spaced in the 
y-direction with 0.02 in. thickness. The structure is made of Sic/Ti-15-3-3-3 
composite material (Silicon Carbide fiber, Titanium matrix with 15% Vanadium, 3% 
Aluminum, 3% Chromium, and 3% Tin, and interphase with average properties of the 
fiber and the matrix). The composite laminate consists of 4 plies (90/0/0/90) 
of equal thickness for the top plate, 2 plies (90/90) of equal thickness for the 
bottom plate, and 4 plies (O/O/O/O) of equal thickness for the spars. Each ply 
has a fiber volume ratio of 0.5. See Figure 6.6 for a complete description of 
the geometry, boundary conditions, and the loading. Figure 6.7 illustrates the 
ply layup. The finite element model is shown in Figures 6.8 and 6.9.  A portion 
of the output is shown after a discussion of the input deck. 
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INPUT DECK DESCRIPTION 

PROGRAM OPTION CARDS 

The program option cards chosen are: 

TITLE 
HPLATE 
PANEL 
PLATE 
PROFILE 
PLYORDER 
MODAL 
FORCE 
ENDOPTION 

CARD GROUP 1 

The number of material systems to be described in Card Group 28 of this input 
deck is 2. One material system is required for the ply with a fiber orientation 
angle of O o ,  another material system is required f o r  the ply with a fiber 
orientation angle of 90°. 

CARD GROUP 2 1 
The number of output sections (NOSC) was chosen to be 2 .  Both of the output 
sections are to have spars, so the variable NXSPAR is set to 2. The number of 
spars was chosen to be 3 .  Since NYSPC is equal to 7, the number of elements along 
the 
y-axis will be 8. 

CARD GROUP 6 

The number of plies for one-half of the wall thickness (MAXPLY) is set to 2. 
This means that the maximum number of plies available to fill the wall thickness 
is 4. 

CARD GROUP 9 

The first value on this line is the number of input cross sections on the top 
surface. The second value is the number of input cross sections on the bottom 
surface. Thus, the array LSECT has the values ( 3 ,  3 ) .  
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I CARD GROUP 10 

In the this card group the number of load steps (NTISTP) is set to 1, the number 
of mechanical cycles (NMECHC) is set to 1, and the number of thermal cycles 
(NTHERC) is also set to 1. The number of load increments (LINC) between load 
steps is 1. Since a restart file is not desired, the variable MSTART is set to 
20. The variable MITER, the maximum number of iterations allowed for global 
convergence, is set to 10. The tolerance on global convergence (TOL) is set to 
1.0. 

CARD GROUP 11 

Since a modal analysis is desired this card group must be used. 
1. INCREG is set to 0 card and MHITER is set to 20. 

NEIGV is set to 

CARD GROUP 19 

The number of boundary condition data sets (NBC) is 5. 

CARD GROUP 24 

In this card group the number of elements between output sections, the x- 
coordinate of the output sections, and the spar descriptions are given. The 
first line in this card group contains the ply designation numbers for the spars. 
This is the array NSPDES. Here this array has the values (1, 1, 1). The next 
line has the number of elements between output sections 1 and 2 and the x- 
coordinate of output section 1. Note 
that since the program option card PANEL was specified, the location of the spars 
is not needed. HITCAN will automatically place the spars at each end of the 
panel. In this example each spar has a wall thickness of 0.02 in. The array 
NXSPC will be equal to (2, 2). The x-coordinate of each output section is in the 
array X. This array has the values (.O, .25, . S ) .  The next card is the number 
of points for each input cross section on the top surface. Each input cross 
section will have 3 input points. The next card contains this same information, 
but for the bottom of the panel. Here again 3 input points will be used for each 
input cross section. The next card contains the coordinates of an input point. 
The first 9 lines is for the input points of the top of the panel. The first 3 
lines are for the first cross section. The next 3 lines are for the second cross 
section, etc. Each line contains the coordinates and wall thickness of 1 input 
point. The next 9 lines are the coordinates of the input points of the bottom 
of the panel. 

The following line describes the 3 spars. 
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CARD GROUP 28 

The number of different material systems is 2 .  Each material system is 
represented by two records, thus four lines are required. The first record 
defines the location of the ply on the model by percent of thickness, length, and 
width. The first two values on this record refer to the initial and final 
percent thickness of the thickest grid point of the model. The next four values 
are the initial and final percent width and initial and final percent length. 
Since both plies are to be used over the entire shell, this record has the values 
0.0, 100.0, 0.0, 100.0, 0.0, andlOO.O. The second record specifies fiber type, 
matrix type, ply  thickness, void volume ratio, fiber volume ratio, and 
orientation angle in degrees relative to the structural x-axis. Both plies are 
identical, except for the ply orientation. 

CARD GROUP 29 

The ply stack-up order for one-half of the wall thickness is designated by 2 
plies starting at the bottom of the top surface. This layup is in the array 
MPLY. MPLY is equal to 
( 2 ,  1). 

CARD GROUP 32 

The time at each load step is given in this card group. 

CARD GROUP 36 

This card group contains the information required for concentrated force loading. 
The first line contains the node number and the direction of the applied force. 
The second line contains the value of the force at each load step. 

CARD GROUP 41 

This CARD GROUP contains the boundary conditions. Each record consists of the 
beginning node number, the ending node number, the node numbering increment, and 
the degree-of-freedom which is constrained. 

CARD GROUP 42 

This card group controls the output. 
is not desired, the cards in this group are blank. 

Since the output controlled by this card 

CARD GROUP 44 

Since a buckling analysis is desired the last card must contain the time at which 
the analysis is to be done. 
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INPUT DECK FOR PROBLEM #3 

Note that the Card Group Nos. are not part of the Input File. 

- - - - - - - - - - - - - - - - - - -  BLOCK #I PROGRAM OPTION CARDS - - - - - - - - - - - - - - - - - -  
TITLE-BUCKLING ANALYSIS OF A PANEL SUBJECTED TO A NODAL FORCES 
HPLATE MODEL OPTION 
PANEL 
PLATE 
PROFILE 
PLYORDER 
MODAL 
FORCE 
ENDOPTION 

1 2 3 4 5 6 7 
1........0.........0.........0.........0.........0.........0.........0. 

1- 2 
2 -  2 2 3  B 6 -  2 
9 -  3 

10 - 1 
10 - 
11 - 1 
15- 10 
19 - 5 
24 - 1 
24 - 2 
24 - 
24 - 2 
24 - 
24 - 
24 - 
24 - 3 
24 - 3 
24 - 
24- 
24 - 
24 - 
24 - 

3 
1 1  
1. 
0 20 

1 1  
.o 
.o 

.25 
.o 
.5 
.o 

3 3  
3 3  

.o 

.o 

.o 
.25 
.25 

7 

1 20 10 

.02 .o 

.02 -0 

.02 .o 

- .1 .04 
.o .04 
.1 .04 

- .1 -04  
.o .04 

.02 .o 

.02 .o 

.02 .o 

.02 

.02 

.02 

.02 

.02 

.02 

.02 

.02 
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CARD 
GROUP 
NO. 

1 2 3 4 5 6 7 
1........0.........0.........0.........0.........0.........0.........0. 

24 - .25 
24 - .5 
24 - .5 
24- .5 
24 - .o 
24 - .o 
24 - .o 
24- .25 
24 - .25 
24- .25 
24 - .5 
24 - .5 
24 - .5 
28 - .o  
28- SICA TI15 
28- .o 
28- SICA TI15 
41- 37 54 1 
41 - 9 81 18 
41- 10 82 18 
41 - 9 81 18 
41- 10 82 18 
42 - 
42 - 
42 - 
42 - 
44 - .o 
44 - .o 

.1 
-.l 

.o 

.1 
- .1 

.o 

.1 
- .1 

.o 

.1 
-.l 

.o 

.1 
100. 
.005 
100. 
.005 

1 
2 
2 
3 
3 

.04 

.04 

.04 

.04 
.035 
.035 
.035 
.035 
.035 
.035 
.035 
.035 
.035 

.o 

.o 

.o 

.o 

.02 

.02 

.02 

.02 

. 01 

. 01 

.01 

. 01 

.Ol 

.01 

.01 

.01 
-01 

100. 
.4 

100. 
.4 

.o 100. 

.o 

.o 100. 
90. 
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