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ABSTRACT

The objectives of the project described in this

thesis were to : 1) provide the documentation tha t is

needed for a Naval Postgraduate School student to use

the general purpose finite element computer progran

called SAP IV , and 2) to nake available , and prepare

the users nanual for, a pre—and postprocessor progran

called SUBROUTIN E PSA2. This subroutine , which was

developed at the NA SA Langley Research Center , has

been modified to specifically plot the finite elenent

model gecmetry for SAP IV models and to postprocess

displacement data for those models on the NPS Calcomp

Model 7ô5 Plotter. The input and output for SAP IV and

SUBROUTINE PSAP are discussed in detail. The codes

have been used successfully in AR 1fl02, Flight Vehicle

Structural Analysis II.
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I. I N T R O D U C T I O N

A. STRUCTURAL A~iALYSIS SOFTWARE PACKAGES

r h e  past decade has seen grea t  strides in the field of

co m p u t e r  s o f t w a r e  packages that hav e been developed f cr  use
in s t r u c t u r a l  ana lys i s .  A gr ea t  deal of t ime  and e f f o r t  has
been exp ended in the  d e v e l o p m e n t  and d i s t r ibu t ion  of these
packages . Today there a re  s t r u c t u r a l  ana lys i s  compu te r
programs for almost every conceivable structure an eng ineer

could desire to analyze. The types of analyses performed by

a given package vary widely and may include features for

l inear  or non l inea r  ma te r i a l s, static analysis, d y n a m i c
a n a l y s i s , buck l ing  analys is , and non l inea r  dynamic  ana lys is,
to n a m e  only  S f e d . These p r o g r a m s  can be grouped i n to  two
major categories — special purpose or general  purpose.

In order to expose the students at the Naval

P o s t g ra d u a t e  School to the  use of a general  purpose
s tr u c t u r al  acalys i s progra m , as well as to p rov ide  the
capab i l i t y  of us ing such a program in research work , the
f i n i t e  e lement  s t ruc tu ra l  ana lys i s  p r o g r a m  SAP IV ( R e f e r e n c e
1) was acquired and m a d e  ope ra t i ona l  at the  Naval
Pos tg radua t e  School by Professor  Gilles Cantin of the
Mechanical Engineering Department. SAP IV can pe r fo rm
linear static and dynamic analyses on one— , two— , and
th ree—dim ens iona l s t ruc tu res .

8
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B. P E E — A N D  P OS T? a O CE~ sORs FOR STRUCTURAL ANALYSIS PROGRAMS

A f t e r  the development of a large numbe r of structural

anal ysis  pr og r ams , users b e g a n  to recogn ize  t ha t  a d i spa r i t y
exis ted be tween  e f f i c i e n t  genera l purpose  s t r u c t u r a l
analysis programs and optimum utilization of these p rogr ams .
Many of today ’s software structural analysis packages , such
as SAP IV , require the user to prepare and reduce tremendous

am o u n t s  of data. The need existed for some aids in

processing and reducing these large quantities of data.

Consequentl y, there have been many pre— and postprocessors

developed for a specific use as well as for a general use

basis during the past several years. The value of a given

processing package lies in its ability to aid the use r in

preparing his model geometry, in his da ta checks , and in
p rocessing the output in an easily under s tood  f a s h i o n .  One
of the  most e f f e c t i v e  m e a n s  u t i l i zed  in p r e p a r i n g  or
reducing data is through the use of visual displays , whether
they be designed primarily for graphic presentations , such
as the Strcmberg—Carlson , or for paper plots, such as

Ca.lcomp. This aDility to visually display input an d  output

d a t a  is a hi ghly valuable tool for the structural analyst.

C. THESIS MOTIVATION

The desire to have a pre— and postprocessor that could

be used in con junc t io n with the general purpose structural

analysis program SAP IV prompted the acquisition and

imp l em e nt a t i c n  of a gene~ al use p lo t t i ng  package by this
au tho r .  A f t e r  researching  t he  possible op t ions , an exist ing
program was obta ined f r o m  Ana m et  Laborator ies , San Car los ,

9
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CaU~~ornia. The program ~as originally developed at the

L a n g l e y  ~esearch Center , ~iamp ton , Virginia by Gary L. Giles

for use wi th modern digital computers. The program , details

of which can be found in Reference 2, generates obli~~ue
ortnograph ic p r o j e c t i o n s  of three—dimensional finite element
models and is distinguisaed by its provisions for

genera l i ty,  ease of use, different display op tions , and

computational speed. The computer code was written for use

on CDC 6000 series machines and had to be modified somewhat

for use on the NPS 360/67. The modified version of the

program is now available for use with the NPS Calcomp

Plotter Mcdel 7ó5.

The p r i m a r y  pu rpose  of this thesis is to provide the

necessar y documentation in order tha t students enrolled at

tne Naval Postg raduate School , and specifically in the

courses AE 4101 , 41J2 (Flight Vehicle Structural Analysis I

and II respectively ) , can , with a minimum of difficulty,

effectively utilize SAP IV and its nov—functional pre—and

postprocessor PSA? . The remainder of th is  thesis is broken
dow n i n t o  t w o  m a j o r  subd iv i s ions,

1) 11. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PCSTGRADUA TE SCHOOL

2) III. GUIDE T3 THE USE OF S U B R O U N T I N E  PS~~~~ A

PRE—AN D £OSTPROCESSOR FOR SAP IV

Appendices A and B of this work provide detailed examples

for  the  i n p u t  p r e p a r a t i o n  and o u tp u t  r educ t ion  of dat a us ing
both  SAP IV and SUBROUTINE PSAP.

10

-—--- , 
~— -.-- -- - -~~~~~~~~~~~---~~ - ~~~~~~~~~~~~ -- - -~~~~~~-~~

,-—.



.-.---~ -, —--- ,---~,,, -~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

I I. G U I D E  £0 T H E  U S E  OF SAP :v AT ~PS

A .  D E S C R I P I I ~~ 3~ S A P  l i

SAP IV is a g en e ra l  p u r p o s e  s t r u c t ur a l  a n a l y s i s  digital

c o m p u t e r  p r o g r a m  t h a t  can p r o v i d e  a f i n i t e  e l e m e n t  so lu t ion

ic~ b o t h  the s t a t i c  a n d  d y n a m i c  a n a l y s i s  of l i nea r

s t r u ct u r a l  s y s t em s . A detailed user ’s manual is contained

in R e f e rence  1. T h e  p r o g r am  has  the c a p a c i t y  to a n a l y z e  v e r y

l a r g e  t h r e e— d i m e n s i o n a l  s y s t e m s, as well  as small systems ,

w i t h  no loss in e f f i c ien cy .  S A P  IV , whi ch is coded in
F O R T R A N  IV , is a very flexible program and can be

considered a very efficien t aid to the analyst . The purpose

of this section is to provide the necessary additional

d ocu m en ta tion , above  that  p r o v id e d  in R e f e r e n c e  1 , for  a
student at the Naval Postgraduate School to make use of the

program.

The methods of analysis and the construction of the

program are not included in this section , but can be found

in R e f e r e n c e  1. The p r o g r a m  con ta in s  n ine  f i n i t e  e l e m e n t s  of
the  following types:

(a) three—dimensional truss element ,

(b) three— dimensional bean element ,

(C) plane stress and  p lane  s t ra in  element ,

F (d) two—dimensional solid element ,

(e) three— d i m e n s i o n a l  solid e l emen t ,
( f )  v a r i a b l e — n u m b e r — n o d e s  t h i ck  shell and

th r e e — d i m e n s i o n a l  e lement ,
( g) th in  p la te  or t h in  shel l  e l e m e n t ,

11
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(h )  bo u n d ~~r i  ele m e n t ,
(i) nipe element (tangent and bend)

There are numerous ~ptioas and combinations of static and

d y n a m i c  an a l y s i s  t h a t  a r e  a v a i l ab l e  to t h e  u se r  of the
p r o g r am .  R e f e ren c e  1 p r o v i d e s  spec i f i c  de ta i l s  of the  ~i a n y
avail able user options.

B. COM PUTER CARD DECK PRE PARA ION AT NPS FOP SAP IV

Figure 1 outlines the overall computer card deck

necessary to access and utilize SAP IV as it is currently

operational at NPS. A complete detailed breakdown of the

necessary  IB~ job control cards follows on the next page.

12 j
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1/ ( STANDARD G R E E N  JD3 C~.RD

I / GO EXEC PG~~~SA P,REGION=2 6OK

//STEPLIB CD UNIT=2 32L,VOL=5ER=C~~LO Q2,DISP=5HR ,

II  OSN=F0559.SAPLM

//GO.FTCIFOO1 DO UNIT=SYSD~~,SPACE= (CVL,(6,6)),

/ 1 DCB= (~~ECFM~~VS 3,LRECL=1284,3LKSIZE=2572 )

/IGC.FTO2FOO1 DO UNIT=SYSD4,SP4CE= (CYL, (6,6J),

// CC B= (~~ECFM=V SB,LRECL=~ 284,BLKSIZE=2572)

//G0.FTC3FOO]. DO UNIT=SYSO~~,SPACE= (CYL,(ó,6)),

// CCe= (REC F?b~=VSB ,LRECL=1284,BLKSIZE=2572

//GO .FTC4FOOL DO UNIT=SYSO~~,SPACE= (CYL, (6,6)),

II DCE= (RECFM=VSB ,LRECL=1.284,BLKSIZE=2572 )

/IGO.FTC5FOO1 DO DDNA~1E=SYSIN

//GC.FTC 6FOOI DO SVS-3UT=A ,SPACE= (CYL, (3,1)),

/ /  OC B= (RECF~ =F~~~,LRECL= 1 33 ,BLKS lZE=1 33O)

//Gc~.FTC7FOO1 CD UNIT=SYSD A ,SPACE=(CYL,( 6,6)),

/ 1 cCe= (RECFM=Vs3, LRECL=~ 284,BL KStZE=2572 )

//GC.FTC 8FOOI ~D

// CCE= (PECFM=VSB,LRECL=1.2 .34 ,BLKSIZE=2572 )

//GO.FTC9FOOI DO UN!T=SY~ OA ,SPACE= (CYL, (6,6)) ,

If CCE= (~~E C F ~ =VS 8,LRECL= 12 84,BLKSIlE=2572 )
/IG :.FT1OFOOI OD UNIT=S YSDA ,SP~ CE= (CYL,(6,6)),

II CC~ .= (RECFM=v53,LRECL=t2S4 ,BLKSIZE=2572 )

/fG~J.FTt1FOO 1 DD SYSOUT=B,SPACE= (fl~K, (2O,2fl,

ft  OCE= (RECFM=~ B,L~ ECt.=80,BLKSILE=72OO )

//Ga.SYSIN DO *

SAP IV — — — DATA

/ ( 5TANDARC NP S EUF CA R J

13
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/ lr
/ Y ELE M E ~’JT LOPL >
/ _____________________________

/ fc~NI:~T.7~r:~ L~~~ ’/
/ ( ~~~~~~ ~~~~

/~~~~~~~~~~~~~I4
ELEMENT DATA CP~ D~ -/

~FP I V  ~iA T A

/ 

ND~ AL F~~1NT OA TS

MA~~TE~R (ONT~ EL CF~ D

HEAD I N E  (Rr~D

1/ tJ(L (A~~DE

/1 ~ T R N D R R D  E~ EEN ~J~~3CARD

F i g u r e  1 - SAP IV DECK SET—UP

14
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A f t e r  the  / / GO.SYSIN DD * card , the  deck of SAP IV da ta  that
is prepared according to tae instructions in the appendices

of Reference 1 follows. Following the SAP IV data is the

s tandard  NPS end—of—file card (/*)

C. HELPFUL POINTS ON DAT A DECK PREPARATION

T h e r e  are several  possible areas where  a use r can err in
his  p r e p a r a t i o n  of data  for  SAP I V .  The f o l l o w i n g  i t ems  are

r ep re sen t a t i ve  of a few c o m m o n  so urces of error .
1) Particular attention should be directed toward

using t h e  correct fo rma t s  and correct card co lumns  in key
p u n c h i n g  da ta  on cards. ( i . e . ,  integer  f o r m a t s , r ight
j usti~fied1

2) The program has several internal data generation

features inherent in it. Simply because data were generated

d u r i n g  the  progra m execut ion  does not necessari ly mean  they
were generated correctly. Errors in the user— prepared input

cards used in data generation can cause severe discrepancies

to occur durin g program execution. The generated data

should be carefull y checked for accuracy.

3) In order to t e rm i n a t e  a g iven  prob lem a number  of
blank cards are necessary  at the end of t h e  input  data deck.
Specific points of interest pertaining to the problem of

termination can be found in Reference 1 under note (1) on

page 11.1 and in note (1) on the top of page V.2.

SAP IV has  a wide  range  of opt ions  w h e r e  a clever user
can f u l l y  exploi t  the f ul l  capabi l i t ies  of the p r o g r a m .  The
detailed decript ion of these  f e a t u r e s  is f o u n d  in Refe rence
1; howe ver , the f o l l o w i n g  list s u m m a r i z e s  a few of t h e  more
u s e f u l  op t ions  and f e a t u r e s .
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1) Data check only mode of e x e c u t i o n .
2) Nodal point  a n d  e lement  data g e n e r a t i o n

H capabi l i t ies .
3) Five different types of analysis.

a. s ta t ic  a n a l y s i s
b. eigenvalue /vector solution

c. forced dynamic response by mode superposition

d. response spectrum analysis

e. direct step ~ y step i n t eg ra t i on

~4) Au toma t i c  p u n c h e d  compu te r  card o u t p u t  of
d i sp lacement  results.  This  f e a t u r e  was added to t he  p r o g r a m
by this  a u th cr  to make possible g r a p h i c  postprocessing .

The foregoing  discussion is not in tended  to me a
comple t e  diagnos ti c s u m m a r y  of SAP IV , but  rataer  an aid to
the  s t uden t  who desires to get s tar ted us ing  the p r o g r a m  as
it c u r r e n t l y  exists on the  N PS I B M 360/67. The above
discussion, along wita  a copy of Refe rence  1 , should  provide
a jump ing off place for a novice structural analyst. A

comple te  example  of the job control  cards  and i n p u t  data
deck fo r  a sta tic truss ana lys is  can be f o u n d  in A p p e n d i x  A.

D. A L T E R A T I O N  OF SAP IV AT NPS

Because SAP IV is a very f l ex ib l e  p r o g r a m , it is
possible fo r  a use r to make  modif ications to the basic
prog ram.  The compute r  code is complex , bu t  it is not overly
difficult to modif y parts of the program in order to satisfy

a. specific user need. A method that  has proven successful
fo r  this  au thor , in the modi f i ca t ion  of a SAP IV sub rou t ine
to prov ide  punched o u t p u t  of d isplacement  da ta , and to
crea te  a personal vers ion of SAP IV , is out l ined  in this
section.

16
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The f i r st ste p is to d e f i n e  the s u b r o u t i n e  name t h a t  the
user wishes  to  modi fy .  A l i s t ing of the  source pro g ra m is
a v a i l a b l e  th rough  Professor  R .  E. Ball , D e p a r t m e n t  of
A e r o n a u t i c s , or Professor  G. Can t in , D e p a r t m e n t  of
Mechanical  Eng ineer ing .  H a v i n g  de f ined  those por t ions  of the
prcgra m for  which m o d i f i c a t i o n  is desired , the  n e x t  step is
to oota in  a punched  copy of those desired rout ines  by using
the following format.

// (STANDARD NPS J3B CARD)

//SYSPRINT DO SYSO (JT A ,SPA CE=(TRK , (1O ,1))

/ / SY SUT 1 DD DISP SHR ,U N I T = 2 3 2 1 , VOL =S E E = C E L OO 1 ,

1/ D S N = F 0 0 9 9 . S A P S R

• / / SYSUT2 DO SYSOUT = B
//SYSIN DD *

P U N C H  TY ?OR G=P O ,M A X N A M E = 2
M E M B E R  N A M E = ( S U B R O U T I N E  N A M E )

1*
NOTE:  S U B R O U T I N E  N A f E  is t h e  name of the SAP IV s u b r o u t i n e
regui red .

Wi th  t he  desired r o u t i n e  decks now in h a n d , the
necessar y changes can be incorporated  i n t o  the  sub rou t ine
deck and an object deck is then  obtained as follows:

// (STAN DARD NPS JOB CARD)

// E XEC P O R T CD

// F O R T . SY S I N  DO *

(MOD IFI ED F ORTRAN SOURCE DECK)

The next and final step is to take the ob jec t  deck
obtained in the previous step and insert it into the proper

position in the control cards that are illustrated on the

f o l l o w i n g  page.
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There are many options available in the creation of load

module libraries and they are discussed in detail in

Reference 4, sections II. and III. The portion of the

prece ding example control card deck tha t would necessitate

modifica tion is tne / / L IN K . S Y S L M O D  car d , where
F0559.sAPLN (sAP ) should be changed according the following

forna t

General format: Lnxiun . anyname

where L is :

S—studen t data set
F — f a c u l t y  data set

nnn n  is
user numb er  assigned

a n y n a m e  is
any unique name assigned by the user (1—6

charac te rs  in  l eng th  wi th  t i e  f i r s t  c h a r a c t e r  a l p h a b e t i c )  ,
and CELOO2, should reflect an appropriate data cell with

ava i l ab le  space.

The procedure out l ined  above wi l l  c rea te  a modi f ied
version of SAP IV on a chosen data cell available to the

user for a period of 90 days. The program can now be

executed with appropriate modifications to the //STEPLIB

card as discussed previousl y in section II. B. Any questions

concerning the creation of load module libraries or their

execution can be answered by any of the programina

consultants cn the first floor of Ingersoll Hall.
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POSTPROCESSOR FOR SAP IV

A. SUBROUTINE DESCRIPTION

SUBROUTINE PSAP is a modified version of the  obligue
orthographic projection program that is found in Appendix B

of R e f e r e n c e  2. The program , originally developed for use

at the NASA Langley Research Center, Hanipton, Virginia,

required some changes so that it could be used in

conjunction with SAP 1W and the NPS Model 765 Calcomp

Plotter. The original version of the plotting package

allowed for various geometry and displacement data input

options.  However , the subrou t ine , as cu r ren t ly  f i led , is

const ructed  str ict ly fo r  use wi th  the i n p u t  and ou tpu t  of
SAP IV .  Wi th  some s l ight  modifications to the subroutine , it
coul d be adapted to any n u m b e r  of d i f f e r e n t  types  of i npu t
geometry or displacement data decks. A method for

accomplishing this is outlined in section III. C.

The curren t capability for generating oblique

orthographic projections of SAP IV finite element models is

limited to the following types of elements:

1) Type 1 , Three—Dim ensional Truss Elements

2) Type 2, Three—Dimensional Beam Elements

3) Type 3, Plane Stress Membrane Elements

4) Type 4, Two—Dimensional Finite Elements

5) Type 6, Plate and Shell Elements (Quadrilateral)

T he un de fo rme d topology of the f in ite elemen t model , usefu l
in checking inpu t data , as well as the displaced topology

20
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p r o j e c t i o n  of tue same model , ca n be obtained from PSAP. The

subroutine contains many different options and permutations

of those options, some of which are listed below.
1) plots of models annotated with grid point numbers

of element numbers

2) plots of portions of models

3) exploded plots of model sections (i.e. , lin e

elements coinciden t with the edges of triangular or

quadrilateral elements may be difficult to single

out; program provides a capability to separate

elements so that their absence or presence is easily

detectable)

4) d i sp lacements  super imposed  on grid point

coordinates of the undeforined structure

5) displace ments represented as vectors extending the

undisplaced grid points.

Tnere are many more combinations of options that are

available and will be more specifically outlined in the

remainder of t~ir section. Appendix B details a complete

input—output example of a pin—jointed truss.

B. SUBROUTINE PSAP USE

1. GeneEal Set-~~ of Inpj~~ p~ç_-~

In genera l, the correct sequence of c o m p u t e r  cards
required to ut i l ize  S U B R O U T I N E  P SAP is shown schemat ica l ly
in Figure 2 and Consists of eight separate m ajor  groups  as
fcl lows:

1) a group of JCL cards and main program to allocate

stora ge
2) a single card containing title information

3) Namelist OPTION containing values to determine if

21
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proper  s torage a l locat ion  is a v a i l a b l e  and  s p e c i f y i n g
various progra m options

4) a geomet ry  deck (SAP IV data deck) containing grid

points  and c o n n e c t i v i t y  of the  model
5) an optional sing le title card used to identify the

deck of displacemen t data to be plotted

6) a single card containing the value of the total

number of SAP IV load cases and an optional scale

factor

7) tne dec k of displacement data to be plotted

(output of the execution of SAP IV—static analysis)

8) Namelist PICT containing values to specify the

type of plot desired and what information is to be

included on the plots.

By repeating parts of t he  basic i n p u t  da ta  to the  progra m ,
different plots of the same data can be generated.

2. Job Con t ro l  Cards

The sequence of cards on the  fo l lowing  page depicts
the necessary JCL to execute SUBROUTINE PSAP.

22
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1/ L S T~~I ~D GP E E N  JJ B C~~~D)

/1 ~xEC FORTCLGP,~~EGION.GO=1 8Qs.

//FCt~T.SYSIN CD

M AIN PROC -RA4 I

/ ( ST~~ 1CA R C NPS ~ JF C~~~D

I/LI NK. tj5~~Q CC ~NIT=2321 ,V3L zSE~~=C~ LOO2,DIS P=S~~P ,

II CSN=FO559.PS~~PLLi

//LINK..~’VSIN CD

P’~CLUtJ E USJtJ( PSAP)

E~~T R ’ ,’ MA IN

/ ( ST~ NC AR C :JPS EJF CA RD

//GC.FTIOF QQ1 DO U T=SYSC .~,

/ /  S P A C E = ( C Y L  ,(3,1 ) ) ,

I I  C .~= ( R E C F M = 1 S , 3 L K S i Z E = 3 5 2 O )

/ / G . S Y S I N  DC ~

C A T~ ——— STARTING ~ ITH T~~ T I T L E  ~~~~ ——— SE~ P I U ~ E 21

/ ( S T A N C A R C  NPS EC F CARD
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3. M a i n  Pr~ q r a n

The main p r o g r a m  consists of th ree  cards . It
allocates  t h e  p r o p er  s t o r age  and calls SUBROUTINE PSA2 . An

ex a m p l e  of a main  p r o g r a m  f o r  a f i n i t e  e l e m e n t  mode l  tn a t

co n t a i n s  400 nodes is :
D I M E N S I O N  ZZZ (2800)  , DI SPD (5 , 3 , 1400 )
CALL PS AP ( Z Z Z , 2800,DISPD,1400)
E N D

The d e f i n i t i o n  of the  ar g u ~~ea ts  used in ca l l ing  S U B R O U T I N E

PSAP ( Z Z Z , N Z , D I S P D , N O N )  a re

ZZZ—blankcommo n array used to store nodal coordinates

and d i s p l a c e m e n t s
NZ—length of array ZZZ ( N Z  is d e t e rm i n e d  by mu l t i p l y i n g

the number of nodes in the model by seven , i.e., NZ=no . of

nodes * 7)

D I S P D— a  three d i m e n s i o n a l  w o r k i n g  a r r a y  used in

su b r o u t i n e  DAT A9
NON—number of nodes in the model

It is crucial to dimension ZZZ ( 7 *N O N )  and  DI SPO (5 , 3 , N QN)
correctly in the main program . Imp r o p e r  dimensioning of

these  a r r a y s  can cause o u t p u t  e r ro r s  t h a t  are  n o c  readil y
traceable.

U. Title Card

This card contains any desired alphanumeric

information in col umns 1 to 80. The title will appear at the

beginning of the plots.
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5. Namelist OPTION

Namelists are a convenient means of inputing the

names of several parameters along with their corresponding

values. ~‘or the NPS IBM 360/67, the format for using

namelists is as f ollo ws:

1) card 1—&name—beginning in card column 2 wher e name

is the name of the subject natuelist

2) succeeding cards— beginning in card column 2, the

names of the variables and their values separated by

commas

3) final card —&END—startiag in card column 2.

An example  of a namelist  format is shown below:

col

&OPTIO N

NNDEST = 400,NtJDISP =1 ,

PSIZE = 8 .0
& END

Any or all parts  of a defined naAneli.st may be included , and

each p a r a m e t e r  may be specif ied in  any  order b e t w e e n  the
&na tue  card and the  & EN D card.

The description of t h e  var iable names in N amelis t
OPTION and their default values are contained in Reference

2. They a re  g iven  here to assist the user in data

prepa ra t i on .
-

N N D E S T  — 1 The n u m b e r  of n o d e s ( N O N )  a~ defined in the

program
NUDIS? — 1 0 x — d i r e c t i on  d i sp l acemen t s  not to be input

1 x—di rec t ion  d isp lacements  to be input

26 
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NVDISP — 1 0 y— d i r e c t i o n  d i sp lacements  not to be i n p u t
1 y—djrection displacements to be input

N~ DISP 
— 1 0 z—direction displacements not to be input

1 z—direction displacements to be input

NOTE: when SA P IV displacement data is to

be used , N U D I S P = N V D I S P = N W D I S P = 1 ;  fo r no
displacem ent data NUDISP=NVDISP=N~iDISP=0)

KGEOM — 9 Specifies the subroutine and c o r r e s p o n d i n g
method of input for model geometry

1~ 
1 su b r o u t i n e  GEO M 1 , a u se r—supp l i ed

I subroutine

2 subroutine GEO~2, a user—supp lied

subroutine

~i
. 9 subroutine GEOM9 , reads in grid points and

element data specifically from a SAP IV data

deck

KàTA — 9 Specifies the suDroutine and corresponding

method of input for displacement data

1 subroutine DATA 1 , a user—supplied

subroutine

I subroutine DATA2 , a user—supplied

sub rou t i ne
9 subroutine DATA 9 , reads a punched output

displacement deck from execution of SAP IV

N V A L U S  — 0 NOT I N C O R P O R A T E D — A L L O W  D E F A U L T
IRESEQ — 1 Grid point numbers are stored in the program

f r o m  1 to th e  total num ber  of gr id  points

o no i n t e rna l  res equencing  of grid points
necessary; they are already in ascending

order starting with 1

1 resegu ence grid poin ts  f r o m  lowest grid
point  n u m b e r  to hi ghest grid point number

KP LOT — 1 Specif ies  the t y p e  of output device to be
used ( ALLOW D E F A U L T

X S P AC E  — 5.0 Space between plots  in the y—direction ,in

in ch es (  see F i g u r e  3 f o r  an e x p l a n a t i o n  of

27
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axis  orientation
PSIZE — 10.0 Paper size in x—di rec t i on , in in ches (  used in

scaling of plots to insure this dimension is

not exceeded)
IDC A SE — 0 0 no i den t i f i c a t i on  card  preceeds t h e  deck

of d i sp lacement  va lues
1 identification card preceeds the deck

of d i sp lacement  values

6. Ge om e t r y ~ LR2~~ ~~~~

This por t ion  of the  inpu t  deck conta ins  the  grid
point  locat ions  a n d  the element connectivity. The deck has

one of the following f o r m s , d e p e n d i n g  on the  v a l u e  of KGEO M

in the Namelist OPTION.

KGEOM = 9

Calls s u b r o u t i n e  GEO~19 , which  is constructed to read
SAP IV ge cm et ry  da ta .

(a) When KGEOM is specified as 9, the complete input

deck of SAP IV data , prepared  according to Append ices  I
through IV of Reference 1 , is placed a f t e r  the & E N D  card of
Namelist CPTION. The portions of SAP IV data deck that

inv olve load , mass , or d y n a m i c  ana lys is  da ta  are n o t  part  of
the input geometry data to S U B R O U T I N E  PSAP . Onl y t h e  grid
point locations and the element connectivity data are used

to generate the o r thog raph ic  pro jec t ion  of the  mode l .
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(b) It is possible to i n p u t  only  a po r t ion  of the
finite element model for a data check. To do so, it is

necessary tc modify SAP IV element control cards (described

in detail in Reference 1 , Appendix IV) f o r  t h e  desired
element types to reflect the portion of the element

connectivity cards that will ~e input. For example , if only

connectivity for element numbers 15 through 50 of element

type 1 (truss elements) of a SAP IV data deck are available

for input , it is necessary to alter the element control card

for the truss elements. The field on the SAP IV control card

that defines tae total number of truss elements (card

co lumns  6—10) would reflect the upper bound , in this

ca se— 50 , and ca rd  c o iu m n s  65—70 would  reflect the lower

bound , in this case—iS . All nodal coordinates for the

entire mcdel may be input , or only those that specifically

d€fine the portion of the finite element model to be

plotted . In either case, the nodal coordinates that relate

to element numbers 15—50 must be specified. Unknown results

will occur when trying to plot an element whose node points

are not specified. The above feature is valuable in a case

where several different people are p r e p a r i n g  d i f f e r e n t  par ts

of a large data base for a SAP IV problem and desire to

individuall y check their inputs graphically for accuracy.

KGEOM = 1

Calls subroutine GEOM1 , which is prepared by the user

to read geometry data from a program other than SAP IV.

KGEOM 2

Calls subroutine GE OM 2 , which is prepared by the user

to read geometry data from a program other than SAP IV .

Use of KGEON 1 or 2 requires modification of

SUBROUTINE PSAP to fit the specific format of the user’s

input geometry data. A method for doing this will be

discussed in paragarph C. of this section.
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7. Case I n d en t i f ic a t i o n  Card

If ICCASE =0 is specified in Namelist OPTION , this

card  is omi t ted .  The card , i~ present , con ta ins  a n y  desired
alphanumeric information in card columns 1—80 which will

identify all displacements for a given case. For IDCASE 1

and SAP IV puncaed displacement data , a case identification

card must appear before each Namelist PICT for every

different load case that is plotted in addition t load case

one. This is illustrated in Figure 14 .  A m a x i m u m  number of

five different load cases can be obtained from SAP IV . The

case ID card information , if present, will appear before

each load case’s DISPLACEMENT DATA TO BE PLOTTED section in

the printed computer output from SUBROUTINE PSAP . This

information does not appear on any Calcomp plots .
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8. Q&~~ ~~

This dec k contains the displacement values of tne

nodal points. The deck has one of t h e  f o l l o w i n g  f o rm s ,
depending on the value of ~JATA specified in Namelist

OPTION.

K C A T A  = 9

Calls s u b r o u t i n e  D A T A 9 , w h i c h  reads S A P  IV d i s p l a c e m e n t

data.

(a) A single card , format (15 ,F10.O) , containing

the number of total load cases (NTLC) that are in the SAP IV

output displacement data deck, and a scale factor (SCALEF)

that is used in scaling the displacement data , must be input

before the displacement deck. This card controls the input

of SAP IV displacement data tnroug~ subroutine DATA9. For

example , a displacement deck from an execution of SAP IV

that contains the maximum of five load cases would have NTLC

= 5. Th~ scale facto: could be any value desired by the

user, with default equa l to 1. The  D A T A 9  con trol card for

tee above case would be a 5 ~n card column five and the

desired scale factor (SCALE?) in car d columns 6—15.

(b) The deck of displacement data obtained from SAP

IV follows the DATA 9 control card. Since the maximum

number of load cases that are punched out by SAP IV is five ,

the maximum NTLC is five and the actuai number must be

spec i f ied .  Note tha t  if NUDISP , NVDISP, and NWDISP are all

specified as zeroes through default or in Naneli.~t OPTION ,

the displacemen t data deck and the DATA 9 control card are

not required. This feature enables preprocessing only of a

given finite element model by PSAP .
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(C) The parameter DMAG S in Nam el i s t  P ICT also
pro vides f o r  m a g n i f i c a t i o n  of d i s p l a c em e n t s .  (See section
111.3.9)

K D A T A  1
Calls  s ub r o u t i n e  D A T A 1 , w h i c h  is p r e p a r e d  by  t he  user

to read  d i s p l a c e m e n t  d a ta  f r om  a p r o g r a m  other t h a n  SAP IV
to be p l o t t e d .
K D A T A = 5

Cal ls  s u b r o u t i n e  D A T A  5 , w h i c h  is p rep a r e d  by the user
to read d i s p l a c e m e n t  da ta  f r o m  a program other than SAP IV

to be plotted.

Use of KDATA =1 or 5 r e-~ui res  th a t  S U B R O U T I N E  ?SA P
be modified to fit the format that the user ’s input

displacement data s p e c i f i c a l l y  reguires. A method . for

accomplishing this change will be discussed in p a r a p g r a p h  C..
of this section.

9. Namelist PICT

‘he forma t for Namelist PICT is the sane as that

required for Namelist OPTION . It reguires a single card ,

&PICT , fc l lowed  by the specified parameter cards and the

&END cards , all cards beginning in card column 2. This

namel i s t  conta ins  the va lues  needed to spec i fy  t h e  t y p e  of
plot that is desired and what information is to be included

on tne plots. A detailed summary of Nainelist PICT is

contained in Reference 2 and is given here for user

convenience.

!QLT~ A~ ~~~~ 
- 

~& L ~1~ ~~~~~~ 
-

KMCRZ — 1 I n t e g e r  d e s i g n a t i n g  t h e  h o r i z o n t a l  axes  of
the viewing plane where 1=X 0 , 2=Y 0, and 3= -:~ .

(see Figure 5.)
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KVERT — 2 Integer designating tue vertical axes of

the viewing plane where 1 X 0~ 2 Y ~ ,and 3 Z 0
(see Figure 5.)

PHI — 0.) Angular rotation of model about its X—axis in

degrees (must be performed third , see Fig ure
5.)

THETA — 0.0 Ang ular rotation of model about its Y—axis in

degrees (must be performed second, see Figure

5.)
PSI — 0.0 Angular rotation of model about its Z— a x i s  in

degrees (must be performed first, see Figure

5.)

N E W F R  — 1 1 Frame change before plotting

(a frame change resets the Y—origin past

prev ious  ?lot by XSP A C E given in Nam el i s t
OPTION au d resets the X—origin at 0.0)
0 no f r a m e  change be fore  p lo t t ing

ISCALE — 1 1 a u t o m a t i c  scaling of plot and computation
of proper o r i g in  location
2 user—speci f ied  or ig in  and scaling

PLOTSZ — 10.0 ~‘taximum dimension desired on completed plot,

in inches (used for scaling if ISCALE=1)

XORGN — 0.0 X—location of plot origin

( used if I SCALE = 2 )
Y O R G N  — 0.0 7—location of plot orig in

(used if ISCALE=2)

PSCALE — 1.0 model size reduction factor

(i.e., PSCALE is equal to actual model size

divided by desired plot size, used

if ISCALE 2)

NOTAT — 0 0 no numbering on plots

1 numbering of grid points

2 num ber in g of elemen ts
XLHT — 0.15 Height of integers specified by NOTAT , in

inches (must be � 0.07)

KDISP — 0 0 plot of undeformed structure
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1 p lot of deformed structure

2 exploded plot

3 d isp lacements  r e p r e s e n t e d  by vectors
ID~ AG — 2 1 direct m a g n i f i c a t i o n  of displacement data

b y DM AGS

2 scaling of displacement data to a

m a x i m u m  va lue  0 f D M A G S
— 1.0 M a g n i f i c a t i o n  of d i sp l acemen t s

(if KDIS P= 1 or 3)

Reduction factor of elements

(if KDIS P=2)

KSYMXI — 0 1 symmetry about X—1 plane

KSYMXZ — 0 1 symmetry about X—Z plane

KSYMYZ — 0 1 symmetry about 7—Z plane

Symmetries are performed consecutivel y (i.e., a plate

quadrant with KSY~ XZ and KSYtIY Z equal to one would yield a

ccmplete plate

XXMAX ,XXMIN — 1.03+20 Locate cutting planes parallel to

principal planes

YY~ AX, YYMIN — 1.03—20 (X—Y , X—Z , Y—Z) to limit plot

ZZ~ AX , ZZ.MIN

N DMAX — 9999999 Maximu m grid point identification

n u m b e r  to be included in the plot
NDIIN — 0 Minimum grid point identification

number to be included in the plot

NE LMAX  — 9999999 Maximum element identification

n u m b e r  to be included in the plot
N E L M I N  — 0 Minimum element identif ication

number to be included in the plot

KODE — 0 Specifies control option after a

plot is complete

0 last plot, exit from program

1 read another N am elist PI CT
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2 read a new set of d i sp lacement
dat a (see N O T E  1 below)
3 read a comple te  new set of i npu t

da ta  s t a r t i n g  with a title card.
(NOTE 1: For ~AP IV disp lacement data , KODE=2 signifies

that the next load case displacements will be assigned to

tee model nodal points.)

The previous sections describe a complete basic set

of input data , if KODE =3 in Namelist PICT. For KOJ E =1 , 2,

or 3, additional sections of tue deck must be repeated. The

deck must end with a Namelist PICT having a value of KODE =

O in it. An example input data deck and output plots for

the simple truss problem of Appendi x A is found in Appendix

3.

C. METBOD FOE ALTERING SUBROUTINE PSAP

In the event a user has geometry and displacement data

decks from a program other than SAP IV , it is possible to

plot those decks with PSAP. The subroutine will handle

rod—like elements, triangular elements, or qua d rilateral

elements when they are input in acceptable format. By

studying subroutines GEOM9 and DATA9 , and SUBROUTIN E PSAP

(Appendix D), the necessary sequence of input can be

de te rmined .  PSAP is present ly  constructed so t h a t  a user
may supply  his own rout ines through the use of subroutines

GEOM1 or GEOM2 for geometry data and DATA1 or DATA 5 for

displacement data. In order to add a subroutine to PSAP , it
nee d onl y be placed after the main calling program in the

sequence of control cards as discussed in paragraph 11.3.2.

The essential features for the input of the geometry data

are the nodal points, with their X,1,Z coordinates , and the

connect itity sequence for the finite element model. The

38 
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necessa ry  pa r t  of d i s p l a c e m e n t  data input is the node point
number , di tki t he  U ,V ,W disp lacements. Adding a user—prepared

suoroutine throug h GEO~ 1 or 2 and  DATA 1 or 5 should prove to

be a r e l a t i v e l y  s t r a i g n t -f o r w a r d  t ask  for  t h e  user who
desires to do so. The listing of G E O M 9 in Append ix  D can be
used as a guide .

D. SIGNIFICANT ASPECTS OF SUBROUTI :~E psAp

1. ~~~~~~~ ~~~~~

Often the absence or presence of elements in a

finite element modal cannot be determined from a

conventional obli ue orthographic projection. For example , a

line element that is coincident ~ith an edge of a triangular

or quadrila tera l element could not be detected. Tc show

clea r ly  each element , PSAP conta’ns an algorithm for

generating exploded oblique orthographic projections. This

can be a valuable tool in checking the toplogy of an

a n a l y t i c a l  model . ( i . e . ,  KD ISP = 2)

2. Portions of Models

The ability to isolate a portion of a model for detailed

exa~niaation is a very useful an d des ira ble asset of a
preprocesscr. SUBROUTINE PSAP has the capability of

specifying cutting planes (i.e.,XX~IN ,J(X~tAX ,YYMIN ,YYM~ X ,

etc.) or maximum and ninumum element numbers (i.e., NELNI N ,

NELMAX) . Examples of this are shown in  A p p e n d i x  D .

1
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3. Snecification of View

The spe c i f i c a t i o n  of v i e w  of a model  is d o n e  t h r o u g h
the use of the parameters KV ER T ,KPO~ Z, PSI, TH TA , and PHI

t h a t  are f o u n d  in Nam el i s t  PlO T (Section II .B.9) The

spec i f i c  de ta i l s  of how this is accomplished can be found in

Reference 2. There are a great number of possible

combinations of the above parameters , and Appen dix C

illustrates variois combinations that were used on a section

of a finite element wing model. The Calcomp plots , along

with the paramete :s as specified , are found in each fi ure.

-
~~
. Possible Sources of Errors

(a) The most probable source of error could be

incorrect data deck preparation or deck sequencing. It is

import ant to use Figure 2 as a guid e while preparing the

input for PSAP.

(6) Other errors may occur if the arrays ZZZ and

DISPD are not dimensioned correctly as discussed in

paragraph 111.3.3. During the execution of the program

several manipulations are performed with the two arrays , and

it is possible for address es of tae data to be lost within

t h e  IB M 360/67. The 360 Sys tem e r ro r  messages  may  not
directly indicate that the dimensions of the arrays have

been exceeded.

(c) A most important point to remember in generating

a seque nce of plots is that once a paramet er has been

assigned a value in a namelist , it retains that value until

it is reassigned. For example , if PLOTSZ is assigned a value

of 8.0 for the first in a series of plots and  it is not

£40
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r ede f ined  in  any subsequent  Namel i s t s  PICT , t he  value of
PLOTSZ will retain the value (8.0), as originally specified.

(d) It is possible to make any number of errors,
áowever , and all of them cannot be anticipated. The error

messages from the IBM 360/67 System will, in most cases, be
straight—forward and facilitate easy trouble—shooting.

£41
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IV. CONCLUSIONS AND RECOMMENDATIONS

General purpose finite element structural analysis

progra m s  like SAP IV are significant analytical tools that

can be used most e f f ec t ive ly  when  coupled wi th  a f l ex ib le
pre— and postprocessor. The a v a i l a b i l i t y  of a p o w er f u l
structural analysis tool with partial pre— and

postprocessing capability has now been proviied for Naval

Postgraduate School Students. However , at present this

capability is limited to pre— and postprocessin; the data of

only five of the SAP IV elements. It does not appear

feasible , at this time , to add any more capabil fty as far as

the number of SAP IV elements goes. Boweve :, other

additional improvements to postprocessing at NPS should be

made. For exa mple , Appendix C of Reference 2 lists a

program developed to produce contour  plots of stress data
from finite element models . The program , in all promability,

could be adapted to SAP IV and the NPS IBM 360/67. This

represents a possible avenue to further the present

structural analysis capability for NPS students. SAP IV

itself can be expanded. There is a great deal of work being

done in the area of composite materials, and SAP IV

possesses only very limited orthotropic material capability.

However , there are subroutines within SAP IV that could be

modified to reflect more current method s in h and l ing
ccwposite materials.

In conclusion , the f i n ite elemen t me thod in str u c tural
engineering is the most powerful analysis tool available

today and needs to be exploited by NPS students in both

classroom and research work. Programs like SAP 11 are

available at many Navy laboratories , developmen t centers,

£4 2
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and aerospace c omp a n i e s  t h r o u g h o u t  the  c o u n t r y .  T h e  c u r r e n t

trends in structural analysis are toward computer—aided

t echnigues , and exposure  to a genera l purpose p a c k ag e  fo r
students enrolled in AE £4101 and AE £4102 is a significant

asset .
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A P P E N D I X  ~

EXAMPLE PROBLEI USING SAP IV

The schematic given below illustrates the example

problem for whic h the data  on the f o l l o w i n g  page  were

p r e p a r e d .

A
1 K I P

~ I N - J O I N T E D

T R U S S  
_ _ _ _ _ _

K ( P

/ 1 , 1 / i / I

- 
1 100 inches

E = 10.1E+06 psi

ALPHA 12. 6E—06 psi

A = 0.5 sg.in.

A = 1.0
A = 0.75 sq .in.

4 14

- -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . - -— _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -~~ 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

— 0 0
•00

0 0 0 0 0
z m 00

cn
-4

II

•

c L,, 0000 ~• 0 0 S 0 0 0
0 -J ~~~~O0
U- 0

—4
In
In
-4

F — II
—

0 0 LC~ 1, LC~U) • 0 ~ • • •r—
II .~~~~~~~ J ,C c~4 .O r’J ~~ -~~~4-OC’J O C’4 ’O~~J~~ oo ;~~

-
~ 0—4 S

~~. 
.q~.. .. ~

.— .. ~-.. .‘— ._j .- -.- —r— .r— ~—c~j o-:o
4 — “4—C ’J 0 0  0C i~ d .U — u  ~ .i — i i  — u  —~i’-~~~—..J W JW _ J I U_ J UJ -~~ ~J’ UI~~iLU _J U-—C’-J
II >~~~~>~~~~~~~ J>. N.4 ~~~~-

~~ ‘~~~~~~~~~~~~-IL)~-’~~ II
)~~~J~J ~~~~~~~~~~~ 000 000

~~~~~~~~~~~~~~~~~~~~~~~~~ ‘....J ~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~ t~ Ui ~~~~~~~~~~~~~~~~~

~~ ‘j ~~~~~~~ _)~~ ’Jc ~ ‘I) —
I, ‘C —< —~~ —<C — — -

~~ —< —~~ ..< .IU~~ <C
II 3~~~~~~~~~~~~~~~~ —tL~ ..J ~~~~~~~~~~~~~~ 000

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ • • ~0V~ C’I ‘~‘4 ~~N ‘~<‘J ’— L) (-J “N -c~j  ~~~~~~~~ .. C 000C.O ” t~.4<—~4.-~~-C .-4v)C ~~~~~~~~~~~~~~~~~~~~~~~ —
C~~c’J..JCII C II C I I C II )- — C I I C I C I I C 1I ..~~~ —

<C ii C&)~ J’/) _JV) _J ”) _J V)~~ V ) J~J)_jV) _j~~ -~ ~~0 i-.4~~ -O -C ’O 0
L Z>) L) > L i > L~ >LJP I~~ I >.L)>L)>L) >.L)IL..J Q~ (\J(.J C’J — ~~C - 4 J ) L W i ) t J 1 t j~tjJ j- . ‘1 IIJ V) UJI/) W V)I I I l -

~~L) Z <C
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — moo

C~~r~J~— -H— —~:-- _ -_ J <C0 -- - ._J ..i i— -.~ Dcr — 000
~~ .icfl~~ —. - ..— —Z~~~ — i -~ —— *-. .4J) .J 0.-4.-I ...4 .—4 000 U...~~~ Z~~Z~~zn z n~0> ~~~~~~~~~~~~ — a
Z — ii C U) C ‘1,0 ~~‘) C ~~) CU) (fl C U) C 4/) C U) V)’M ~~ n. a • o • ‘ii,
~~~ .i— > > > > — > > > > U.. ~~ 0

C iC Ii C Ii CC —C li C H C  U C I I  C i t  <C 0 c/)
ZC~~~ C~~~~C Z ~~~~~~~~~~~~ZC t C Z C t*  —40m000 ~~-~~--f 0 0.

II C U.. U.. U.. U.. > U- U.. U.. U.. U_ ~•j S S S — z
Z ..4 U L~~~4L~C 000Cf
~~C0W0~ J0W0W0C~~ 0W0tu0w0W0 UC 000 ————  ——— ~~~

~~~~~~~~~~~~ 0’ I O~~~0 0c~0~ I ~~00CCOC
‘~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ii -r ii~ c~oc r— it ~~~i~~’ 1 0 1 — 4 ,1 

~-‘ ~~~~~~~~~~~~~~ 4~~~4LJ

000 4
~~U) LU S 0 5 0 S I I 0 0 0 5 0(.~~ ‘.? ~~i (‘1 ‘1 $ .4. 4(\J  , ~~ Z — C~~j (~~ sI~ ~~ . .~~ ~~~ ‘/)

— ~~‘— cD C ~) 0 00 rj C r’ L~ 0 -
~~ ~~~ ~~~

J ~ i~~~ ~0 ~i 1.0 0 10 .0 .0 .j ...j..j
1)

~~~~~
_%~~ _ ,— .-- -,‘

..- 
-.-
.
-.--.-. •‘% _•~ ——-— -—

.4
—

~ 

-- “~~ - - -~~ ~~~~~~~~~ -~~—-~~~~ 
—

~~~~~
- - - - -  -~~~~

-,.
~~~~
—- -.-~~~

. 
~~
---

~~~~~—



- - —- -,-- -.~~~-----~~-~~~~~~~~ --— 
.—~~~~~ .- ~~~~~~~~~~~~~~~~~

- 
~
-- -- .--..-. ~~~~~. .---~ ~~~~~~~~~~~~~~~~~~~~~

APPENDIX B

EXA M PLE P R OBLE M USIN G SU B R O U T I N E P SAP

The p i n— j o i n t e d  t russ  p rob lem in A p p e n d i x  A is also used

as an example in illustrating SUBROUTINE PSAP use. The

en t i re  c o m p u t e r  card deck ised to gene rat e  Figures  ó , 7 , and

8 is listed on the following two pages of this a p p e n d i x .

The p r in t ed  c o mp u t e r  o u t p u t  f o r  th is  p rob lem is s h o w n  in

Figure  9. N o t e  that  th e  d i sp lacement s  of node r~uui b er  14 have

been magnified by 1000.
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A PPENDIX C

SA M P L E  SU B R OU T I N E  P SA P G~ I P U T S FOR ~ F I N I T E  E L E M E N T  ~i O D E L  OF

A WING

The figures contained in this appendix are of a finite

element wing nodel developed in Fligh t Vehicle Structural

Analysis II (AE 4102 , Q TR . I V , 1976) . The original wing was
designed in AE 4274 , which is the latter half of the

subsonic structural design sequence in the Department of

Aer onaut.~cs. The finite element model of the wing was

developed in AE 14102 as a class project. (The structural

analysis and design sequences in the the Department of

.~eronautics are constructed so that they interelate the two

different areas.) Each student was assigned responsibility

for a portion of the wing and the student whose design was

use d was the analysis leader.

F igu re  10 shows the  axis  o:i~ n t a t io n u sed in  t h e

or i g i n a l  d e f i n i t io n of the  w in ;  as desi gned  in AE 4 2 7 4 .
Figure 11 and 12 show the entire model with over four

hundred membrane elements and with different views of the

model specified . In Figures 13 and 14 a single portion of

the wing is shown with different rotation angles. The

significant Namelist PICT values used to orient the model

are inc luded in the f i g u r e s .
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