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PLACING THREE-DIMENSIONAL ISOPARAMETRIC ELEMENTS INTO NASTRAN
By M. B. Newmdn and A. W. Filstrup

Westinghouse Research and Development Center
SUMMARY

Linear (8 node), paraboiic 20 node), cubic (32 node) and mixed (some
edges linear, some parabolic and some cubic) have been inserted into NASTRAN,
Level 15.1. First the dummy elcmnent feature was used to check out the
stiffness matrix generation routines for the linear element in NASTRAN. Then,
the necessary modules of NASTRAN were modified to include the new family of
elements. The matrix assembly was changed so that the stiffness matrix of
each isoparametric element is only generated once as the time to generate
these higher order elements tends to be much longer than the other elements in
NASTRAN. This paper presents some of the experier zes and difficulties of
inserting a new element or family of elements into NASTRAN.

INTRODUCTION

In solving many structural problems at Westinghouse, it has become

apparent that in order to obtain the accuracy required, three-almensional finite
elements would be required. It also became apparent that three-uimensional
finite elements based on constant strain tetrahedra like the CTETRA, CWEDGE,
CHEXAl and CHEXA2 elements in NASTRAN are too stiff to give accurate results at
a reasonable cost for many problems.

Because of this, a Westinghouse proprietary program, WISEC, was developed
for heat conduction and static linear elastic analysis using three dimensional
isoparametric elements. Because of the large general purpose capability of
ﬁ@STRAN, both for types of problems solved and for types of elements used, it
as decided to place these elements into NASTRAN.

Even though three-dimensional isoparametric elements were then to be and
now have been placed into NASTRAN by Dr. E. I. Field and Mr. S. E. Johnson of

Nniversal Analytics (see Ref. 1), and are to be included in Level 16 NASTRAN

ow scheduled to be released in 1974, it was decided to place three~dimensional
iisoparametric elements into Level 15.1 NASTRAN. First we would have use of this
element in NASTRAN at an earlier date than we would if we waited until Level 16
as released. Second, we would gain experience and familiarity with NASTRAN
hich would enable us to more easily make any future modifications which we

ould desire. A third benefit, which we didn't realize at the time, 1s the
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fact that the family of elements we added can have different number of grid or
nodal points on the various edges as shown in figure 1, As we understand,

Level 16 NASTRAN will have elements which are either linear (2 points on each
edge), parabolic (3 points on each edge) or cubic (4 points on each edge).

Mixed elements, like that shown in figure 1, can be used to reduce the number of
degrees of freedom in portions of the structure not requiring the higher order
elements witbout introducing incompatibilities between adjacent elements. The
order of an element is taken to be that of its highest ordered edge.

As the theory of three~-dimensional isoparametric elements is explained
elsewhere, for instance in Refs. 1 to 4, it will not be repeated here.

At the present time, the stiffness and mass matrices have been successfully
inserted and tested. The differential stiffness matrix is due to be added
shortly.

The work described in this report was performed with Level 15.1 NASTRAN
on an IBM 370-165. It is planned to insert the changes into Level 15.5 NASTRAN
on a CDC 6600.

RECOMMENDATIONS

1. For anyone making changes in NASTRAN, an up-to-date Programmer's Manual
is of great aid. Unfortunately, the latest available Programmer's Manual is
not always for the latest available level of NASTRAN.

2. Many of the tables present in Level 15.1 NASTRAN are too short to
permit elements with as many degrees of freedom as the isoparametric elements.
These tables should be increased in length to permit easier insertion of new
elements.

METHOD AND EXPERIENCES

NASTRAN is an extremely large system comprised of fifteen super links with .
approximately 850 subprograms whose source statements are on over 200,000
card images. NASTRAN is indeed a very large and complex program and, at first 1
glance, a dense forest that seems too difficult to enter. As one starts to ;
review the large NASTRAN Programmer's Manual (approximately 15 centimeters ;
thick) and examine the materials the authors of NASTRAN have distributed, the
forest does not seem as dense. This section of the paper describes our
experiences in adding new elements to the NASTRAN system.

The three-dimensional isoparametric elements added presented many problems
that the usual NASTRAN elements did not encounter. The tables were much
larger, for example. The number of nodes that described our cubic isoparametric
element varies from ten to thirty-two nodes. This number forced us to expand the
Element Connection and Properties Tables and other array sizes that dealt with
nodes. The concept of a variable number of nodes per element was also a departur
from the usual NASTRAN practice of a constant number of nodes per element type. :
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For these higher order elements, the computer time necessary to create the
element matrices was quite large; hence, a procedure to create the element
matrices once and to save them had to be incorporated into the element level

subprograms.

The release we used to incorporate the new elements was level 15.1. The
computer used was an IBM 370-165 operating under the ASP system. The
Programmer's Manual we had was for Level 12 which caused some difficulty but
not too much. We will outline the procedure we used in adding the new elements.

First one should review the materials distributed with the Level 15 system.
Figure 2 is a VIOC (Volume Table of Contents) of the distributed system.

Pages 5.3-13 and 5.3-14 of the Programmer's Manual (ref. 5) describes each of the
data sets of the distributed system. The data sets which are most useful to us are

S0Ul, the partitionec data set containing the FORTRAN source programs, SUBSYS,
also a partitioned data set containing the linkage editor control cards for the
fifteen super links of NASTRAN; the partitioned data set OBJ, which contains

all the load modules of each individual subroutine of the systen; the
partitioned data set NSTNLMOD, which contain the fifteen link-edited super links

which constitute the NASTRAN executable set.

The next step of the procedure should be to set up a development disk with
at least two data sets which we named NEWOBJ and NADEV. NEWOBJ corresponds to
OBJ, and NADEV corresponds to NSTNLMOD. It would be advisable to set up a data
set corresponding to SOUl but we elected to keep alli of our new source programs
in card-deck form. The IBM 370 utility program IEHMOVE or IEBCOPY can be used
to move the fifteen link edited links from NSTNLMOD to the development pack.
NADEV's initial allocation should be as large as possible as this data set will
be modified frequently. An alternate approach, which we did not use but one
that could have saved us some grief would be to set up fifteen different data
sets rather than one partitioned data set with fifteen members. Then each time
we needed to link-edit, we would scratch the particular data set and recreate
the new link edited data set (instead of member). This procedure would keep us
from using up all the extents of a partitioned data set and not having to
compress the partitioned set which we had to do approximately every twenty to
twenty-five re-link edits. Figure 3 is the VTOC of our development disk. The
other utility that we made quite frequent use of was IEBPTPCH. With the use of
this utility we can either list or punch a member of SOUl or any of the other
partitioned data sets. The JCL for PUNCHIT is given in Figure 4 and for PRINIT
in Figure 5. With these two decks we can list or punch subroutines from SOQU1.
The punched routine could then be modified for our new element. Another utility
which could have been used for modifying source decks is IEBUPDATE which we did
not use. The next step in the process is to compile -~ither a modified
subprogram of the NASTRAN system cr to compile one of our new subprograms.

The compiled program is placed into our partitioned data set NEWOBJ. The JCL
for this procedure is shown in Figure 6. When all the decks for one of the
links has been compiled, the next step is to link edit this link.

The link editor allows one to specify a group of litraries of programs
via the LKED.XXX DD cards. In our case, we described two libraries, OBJ which
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contained all the criginal unmodified or distributed load modules and NEWOBJ,
the modified and new load modules. Each library is given a DD name, for the
partitioned set QOBJ the name LKED.LIB is used and for NEWOBJ we chose to use
the name LKED.LIP. The overlay control cards can be punched and listed from
the data set SUBSYS for this link. The control card deck is then modified to
reflect the modifications made to the link. See Figure 7 for the JCL aud
modified control deck for the Link Edit step. The SYSLMUD DD card defines the
output load module for the linkage editor and places the load module in the
data set NADEV.

The next step is to run a NASTRAN problem to test the procedure implemented.

Alters can be made to the DMAP program to extract contents of tables or of
generated matrices. In addition, print statements can be made within the
modified programs to print out calculated results: If these print statements
are used, they should be activated by a specific DIAG that is not in use by the
NASTRAN system. See pages 3.3-15 and 3.3-15a of the NASTRAN Programmer's
Manual for DIAGS not in use by the system. Figure 8 gives an example of the
use of alter statements and demonstrates the use of DIAG settirg for controlling
debug printing. In debugging a modified link, a dump is quite helpful on the
occurrence of a system fatal error. The most important part of the dump 1is

the save area trace which lists the routines last used when the error cccurred.
Usually this is sufficient and a full dump is not necessary. NASTRAN has built
into the system a use of the SNAP macro which dumps only the save areas. Use
of D1AG 1 will produce a full dump.

The link edit procedure for NASTRAN links is rather costly on the
IBM 370-165 because of the extremely large number of segments in each of the
links. Hence, whenever possible, we did as much checking of a modified module
with a nonoverlayed FORTRAN run. For example, in checking out the stiffness
matrix routines for tne isoparametric elements we ran a simple model in NASTRAN,
and with the Alter statements we printed the content: ~f the ECPT (Element
Connection and Properties Tables). A main program which simulates SMAl was
written to supply the proper ECPT to the element stiffness matrix rcutines and
the element matrices were generated and printed out. When we were satisfied
that the routines operated properly we modified our link-edit control deck and
1link edited the new element stiffness matrix routines into our data set NADEV.
A run of the same model would then produce the element stiffness matrices,
displacements, and stresses. Figure 7 1s our JCL and control deck for the
insertion of stiffness matrix routines into link 3.

The procedure for the variable number of grid points for mixed elements
(one that is not full) was implemented in the following manner. The connection
cards for the element were left blank at positions where grid points were
missing from the full element. A modification of TAlA and TAlB was made to
enter a zero as the grid point number for the missing grid points. For the
grid points present, the degree of freedom for that grid point (a nonzero value)
was entered as the grid point number. All tables such as ECPT, EST (Element
Sudmary Table) have nonzero values for grid points present in the element and
zeros for missing grid points. The length of the grid point table is fixed for
each element type, for example, twenty for CSOLID2, the quadratic isoparametric.
This table is then used as a guide to all processing of the mixed element. The
modifications to TAlA and TAlB were suppled to us by Carl Hennrich of MacNeal-
Schwendler Company.
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The procedure used fcr saving the element matrices and not recreating

them each time they are needed was as follows: A scratch tape was assigned

to be used in the element matrix subroutine. This tape had to be assigned a
GINO buffer at a level where all buffers are assigned for this module. Also

an array had to be assigned for record keeping of saved elements. Initilization
of counters had to be done at the level wher: the buffer was assigned. At the
element level the routine would first ask if this element had previocusly been
This is done by a search through the table of all elements that

I1f found, the tape record number is extracted from the table
The record

encountered.

have been saved.
and the tape is positioned by GINO commands to the proper record.

is read into core and the sub matrices needed for this call are essembled from
the total element matrix and given to the subroutine which is assembling the
total mass or stiffness matrix. If this element has not been encountered,

the element matrix is calculated, and the tape 1s positioned to the end of

last element written, and the new element matrix is written on the scratch tape.
The element number and record number is entered into the table. This procedure
was suggested in the Programmers Manual, Page 4.87-1, last two sentences of
paragraph 3. GINO proved very useful here in that the records saved were of
variable length because of the three types of elements and because of the use of
mixed elements within a type. The variable iength could be stored in the record
and using GINO's capability of reading and writing segmented or partial records we
could read the number of words for the variable length record. To add scratch
tapes to an existing module the MPL (iodule Property List) had to be modified
by recompiling the block data program XMPLBD, see pages 2.4~21 and 2.4-22 of

the Programmers Manual.

DISCUSSION

The new Prograumer’'s Manual for version 15.1 has an excellent chapter on
adding a structural element. This was an update of a NASA Fourteenth Quarterly
Report for NASTRAN, January 1970. This chapter gives a step-by-step procedure
of all routines and tables that have to be modified to accommodate a new
element. The Fourteenth Quarterly Report aided us greatly in getting through

most of the input problems of NASTRAN.

From this step-by-step procedure, one can see that adding a new element
to NASTRAN is not that difficult because of the excellent documentation and
supplies that have been distributed.
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Figure 1.- Mixed 3-D isoparametric element.
Variable number of grid points.
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“// TTEXEC TPUMITEBPTPTR

7/ T OCEETRECFREFBLRECL=ITBUKSTLES7ZBUYZDSNTSOUL ™™ —

7/PUNCHIT JO3 (RIXXXXXeRORD) ¢ "MINEWMANTY o PEGTIONTIOOKs YIMC2 (039 o JO8 CA?D
/eVOLREG IDZ (NASTRAN1S) DISYRIBUTEC SYSTEM V.15

//SYSPRINT C0 SYSQUT=A
/7/75YSyTy DO ODSHAME=SQULIUNIT=SYSDA(DYIC =0LDsVOL=SERZVOLNUM
77/ DCEC(RECFMZFLJLFICL-6CALKSIZE=T230)
//8YSUT2 0D SYSoUT-3 ’
7/5YSIN 0D =
T PUNCHTYYPCREZPOWMAXNAME=BO MEXFLDS=60  ~ "~
MEMBER NAME=DS1
RECORD FTIELD=(8D)
MEMBER NAME=ZDS1A
RECORD FIELD=(3Q)
MEMBER NAME=DS1ABD
" RECORD PIELDZ(80) ~

NQTE SOU1 IS DATA SET NAME. VOLNUM IS DISK VOLUME SERYAL NUMBER

Figure 4.- Punch source from SOU1.

© 7/PRINTY JU8 TROXXXXX+RORDY ¢ YHENEWNAN "y REGTONTIOCKs TINES (W IIT — " ~7~7° —J03 TARD

/7°VOLREQ IDZ(INASTRANLS) DISYRIBUTED SYSTEM V.15
/oFORMAT PReDONAME=SYSUTZ» TRAINZHN

7/ EXEC PGM-IEBPTPCH

//SYSRRINT DD SYSQUT=A

//5YSUT1 DD UNTT=SYSDAIVOLUMEZSER=VOLNUMDISP=OLD,

//75YSUT2 DD SYSQUT=a
//SYSIN DD o T ’
PRINT  TYPCRGZPO+MAXFLDSZ8CINAXNAMEZBOWMAXLINEZRS
MEMBER NAME=READ1
RECORD FTELD=(30)
MEMBER NAMEZREAD2 "7 T T T e e e
RECCRD FIELD=(8T)

Figure 5.- Prints source from SOU1. — -
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/7/COMPILE JOB (RDXXAXK,RORO), "MUNEWMAN® ,REGION®2Q0K 4TIMEE(,439) J0B8 CARV
_/SVOLREW 1D (NASTRANDEV) DEVELUPMENT DISK
77 EXEC FORTGCsPARMFORTE*NUDECK?®
_//FORTLSYSLEIN 0D UNITm2314,D1SPaSHR,YOLSSLRaVULVEY, .
/’/ DSNSNEWOBJ(IFALIBD)
//FORTLSYSIN 0OD o e . _— e
BLOCK DATaA
CiFX180 L .
COMMON /IFPX1/7 Nol1C1UO) 3204000130100} .141100)4i501UU)+16(1201},
° 17(6%) . B o
DATA N/JIOZ/
UATA T1/4HGRID4H s HHGROS JHHET _ +4HADUM 4K YHSLUG 4HP e R
5 PHHCOKD JHHIR  JHHCORD4HIC  +4HCORD 1 4MIS 2+ 4HCUKU J4H2R
9 sHHCORD 4 YH2C _ +4HCORD W 4H2S  o4HPLOT4HEL  +4MSPCio4H L
3 ¢ UMSPCALYHUD s 4HSUPQH4HRT  o4HOM]IT 4 4H PHHSPC S 4H
? s NHMPC 4H s U4HFORC o 4MHE PHHMUME y4HNT L, 4rFURC  4MEL
1 CUHMOME 4HNT L (HHFORC I H4HE2 1 4HMUME J4HNT2 24nPLUA MY
5 24HSLOA L 4HD SYHQRAV q4H 2 4NnTEMP 4K pUMGENE L
9 TUHPROD ( 4H P HHPTUY , YME CUHPY ISy 4NC P HHALUM,4N2
. DATA IS/Y4HTEMP 4HPL  UHTEMP 4 4HP2 JHHTEMP J4HPI  4HTeMP ,4HRSB
5 ¢c4HGLRID,4HB SUHFSLT J4HST  J4HRINGYHFL 4 4NPREDS 44HPY
) y JVYHCFLU,4HID2 VHHCFLUJ4HTIDI +4HCFLUGHHIOY J4HAKLF 4k
4 3 VHHBDYL o 4HIST 2 HHFREE +UHPT  JHHSELE o4MCT o 4nSclb +9RCT]
3 CUHBOYL J4HIST JY4HFREE 4HPT L 4HASET 4H  ,4nAse T 4nl SO
7 CUMCTET c4YHRA  JHHCWED JHHGE  JHHCHER ZYHAL  +4HCHEA J4HA2
_ ] oﬂ_ﬂqﬂleof'"l .:"!FVLS"."HH ¢sHHAXSL J4HOT e MHCARL JYNF2 o
L] sHHCAK] s 4HFI  JYHCAX] J4HFY  JHHCSLOWHHMTI  J4MCOLU4NTH
- AN PHHGRID GYHF  J4HGRIU + 4HS P HHSLBL I YHY sHHCHBU JHNY
3 SHHUHBD J 4HY SHHMATH (4K s HHMATS (4K CUNSAME (4 H
[ ADD _CSOLJO),CS0LID2,CS0L103 NAMES TO DIRECTONY OF CUNNECTIUN CARD_NAMES MAN
? CHHSANE s 411 CHHINPU 4T sHHOUTP ,4HUT 4 4HLSOL4HIDI
1 sYNCSOL W MHIDZ J4HCSOLW4HIDI  s4H0ee e [ HHosee  4HOM s ;Yoo
1Y sHHO RO YNGR J4HE 00 4HOB OO ,4HOVPS e ,4HOOOS ;4 HOOOS 4 Hoooe
v piHeees 4Hevee YHeo oo ,4He000 / -

O,4M00OP 4 HOP O ,4HOSOS 40000 4} oo e

WHHeeRO  HHOGEP JHHOOSE 40O 4 HOR OO

O 4HEEe8 ,4HOO POy HHEB ORI 4 OO S ;Yoo O

®i4Ne000 , 4He00 0 YOO  HHOO RO JHHIG R ,4HO OO (YHeR oo

®4Hevs e 4He So4iHee0n Yoo LI L LI AN Y Y ¥

O 4HO 000, 4HO0RE ,4HOGOE 4 OO 4HOOGRO Y HOOE® ;4 oo 00 e

O UNHOOOO NHEOIE HHOOGNO JH{HOOOO YHOGIO P00 40O OO B .
24He000,4110000,4H0000,4HI000,4HO0O0 4HECOS HHOGOO 40000
VHHO 00O HHOOOO 4 HOCOS ,HHPOPO U HOCOB L HHOMOO 4HOGOS YO0 0O
P4 000  HH2000 NGO (4K OO HHDLCO Y HHMUPT s 4NCPBA JHHNR
+4HCPRO, YHD PUHCPTULHHBE s 4NCPUUIYHADL +4HCPUU,4HAD2
PMHCPTR MHIAL JHHCPTROYHIA2 JHHCPUO o 4HMPLT +HHCP TR 4HPLY
s tHCPTR YHBSC s 4HCOUP JHHMASS s 4HGRUP 4 HYHMNT  +HHWTIMA,4HSS
s YMIRES 4N 2UMLFRE s 4NQ CHHHF RE ¢ #MG _ o 4MLMOU J4HES | S
NG L] dHHWY L 4N sHHRY J4H s4HMULA L 4NCC /

DATA J7/74HMPCS, 4H sUNSPCE YN +4HLUADWYHS 2 4nMeTH,4H0DS
SYHOEFO YHRMS HHTEMP HHLDS 4HTENP,4HNTS J41]1CS J4H [}
YHAQUT ,4HS SMHLOOP ¢ 4MS  +4MLUOP,,4HIS  o4HDLOA 408 o
NHFREQ, 1S 'ANTFS 4H sUHPLOT y4MS sUNTOTE J4HFS

7 SHPOUT,YHS L MHTEMP SHMAS 9HDSCU4HS . _2YMKZPPL4HS _ , _

YHMZPP 4N 2 HHB2PP  4NS P HHCMET s 4HMUDS s YHSUAM 4HPS

SHPLCO, 448 SUMNLFOQ s YHRCES s 4HKYOU, 4HTS  ,4MDELL,YNTES 4,

NHRAND ¢ YHOMS s 4HAXYO +4HUTS s4HNULU4YHOUPS o4Ho 000 4N ooee/
END —— - . . .

DATA |¢/nuooozzﬂnoooo.ino
A LIEX XL LIX IR LEX
sdHe0ee 4Heove  4He

- ———

N[l QW o= (NGO PN N G

B o= |

/e

Figure 6.- Compiles and puts object intc de* elopment data set NEWOBJ.
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//UNKEDT 40
/eVOLKREW 1D
/OVOLREW 10
// EXEC FO
//UKED.SYSL
17
//LKEDSYSL
/7 sp
//LKEDLLIP
//LKEDWLIB

B (ROXKAXXX RORD) s *MUNEWMAN? JREGION=275K,TIMERL JUB CARY
s(NASTRANIS) = = ) DISIKIBUTED SYSTEM Veld
=(NASTRANDEV) DEVELUPHENT DISK
RTHL PARMLKEDSYMAP ,L1IST OVLY ,0C LET SIZER(262K472K)
IB UD DISPaSHNR,DSNsSYS] ERRPK

DD DISPESHR,DSNSSYS|.FORTLIG

MOD DD UN{TaSYSDA,DISPSSHRVOL=SER=VOLDEV OSNENAUEVZ,

ACER(CYL o (68,845))

DD UNITsSYSOA.UISPsSHR ,VOLSSERSVOLUEV ,05N=NENODBY
DD UNITSsSYSOADISPSSHR,VOL=SERSVULAUM,OSNes0BY

//LKEDSYSIN DO o

INCLUDE LIPILIEN,KISOPK) uu
CHANGE EXITIPXIT36) ubUULULU
INCLUDE LIBI(PEALT) L . uluuOu20
INCLUDE LIBIPXITIG) LOUOOUIv
INCLUDE L16BLLINKNSUI, XSEMI). uuuboUV4L
INCLUDE LIBICORSZ) UGJuyausuy
INCLUDE LIBUISEMDBD RETURNXEQT ¢MAPFNS,TMTOGO 4CONMSG) Yuuuauey
INCLUOE LIB(MESAGE ¢SSWTCH,GOPENJFREADSCLSTABIUPNCORFNAME) LwOOLUUTY
INCLUDE LIB(PRELOCWRTIRLY . . LTI
OVERLAY A . UoYuouey
. INCLUDE  LIB(PAGE) o UuoLoIoY
OVERLAY A} yuuoagliu
INCLUDE LIZ(MSGWRT.USRMSG) == uLUuD L 2u
OVENLAY Al uuguu il v
_INCLUDE L IB(BTISTRP) e e e = . CLI DR Y
CHANGE NTRAN(PEXRIT) sLINK(PEXLIT) u0000isSu
INCLUDE LIB(ENDSYS) LWUOUOleu
OVERLAY ENUSSS wuuuol 7u
INSERT ENOSSS o uoool8u
OVERLAY Al Juuonioy
INCLUDE LIBUQPARAMY LT P
OVERLAY Al yUQuo21iv
INCLUDE LIB(RSAVE) UWuLooZ2u
OVERLAY al T ' wLoung3u
INCLUDE LIB(XCEI) o GUOU0Z4u
OVERLAY Al ULOUOZSu
. _INCLUDE LIBLRCHK) e UUUODZeu
OVERLAY Al UUQ0Z7y
INCLUDE LIB{GNFIST yRPDABD ASFA.XSOSGNIACLEAN (XPUNP RUPH) UUUUBLEY
INCLUDE L1B(XPULCK»XPURGE) YugoUZ9u
INSERT XSFAYL uuluosUL
OVERLAY ESFA uugo03 1Y
INSERY ESFA,05CENT e e vuuug3lau
OVERLAY Al UugoQIdu
INCLUDE LIB{TABPT,TABPRT ,MATOUN MATPRN) uu00034y
OVERLAY TABPRA VouoDsS5Y
INSERT TABPRA u000L3suU
OVERLAY Al T o T T LLER N
INCLUDE LIBAPRTPRN) o 0ULUO3eu
OVERLAY A uUoLUsU
INCLUDE LIPtGPTABD} 0U00040u
INCLUDE LI8(DELSET) O T LTY
INCLUDE LIB(HMAT ,81SRCH) VuouUOYIL
INCLUDL LIB(GMMATO+PRETROGINVERD sGMMATS PREMNAT) vuoU0% 2y
INCLUDE LIBISAXB,DAXE,5AD0T8,0AV0TE) wOUD0Y3u
INSERT GPTAY VUUUOY 4L
INSERT WMYOQY . uLLDOY S
INSERT WMATOU VUOUUYaY
INSERT  MATIN WATOUT wougoY I
Figure 7.- Link edit and puts execution module into NADEV development set.

L51

PP S
A



]
: ; FIGURE 7 CONTINUED
! UVERLAY SMAL uuluUU4 U
) § INCLUDE LIP(SMALBDY _ UAUOU49Y
) ¥ INSERT  SMALCLSMALIO,SMAIBK SMAIET ,SMAIDP uuuuoSou
¥ INSERT SMALIHT UuuonsStu
; CHANGE KBEAM(PEXIT) VuuOS2u
; INCLUDE LIP(SMALA) 530
_ 5 INSERT SMA1SC.APLE
’ ; INCLUDE LIBISMALIB,DETCK) 540
; % INCLUDE LIP(SMAL) 541
% CHANGE KBEAM(PEXIT) I Y-
, £ INCLUDE LIB(PLAL) UUUUOseu
S OVERLAY SMAEL S VLULOL 7y
| INCLUDE LIB(KROD KBARKTUBE KPANEL +KELAS) vLUUOS8BY
- ‘ INCLUDE LIB(KTRMEM KQDMEM KTIRBSCsKTRPLT yKQUPLT JKTRIQU +HHBDY sHRING) uuud0L9wu
; OVERLAY SMAEL uL0U060uY
i INCLUDE LIB(KCONE KCONEX) uLougetu
1 OVERLAY SMAEL uuo0oe2u
t 3 INCLUDE LIBIKTRIRGoKTRAPRGOK] 4OKINT ,DKK OKM4DKUDKEF ¢0K8%,0K100) yuuuOe 3L
N 4 INCLUDE LIB(DKZ11,0K219.0KJABKFAC) uuuuOs4U
: UVERLAY SMAEL e gouagesu
: INCLUDE LIB(KTOKDRSOMATRX 4ROMBOK +DY4K sD5K oD6K ) ubuuoeeu
‘ OVERLAY SMAEL o uuC006 7y
E INCLUDE LIBUKFLUDZsKFLUD3 JKFLUOY+KSLUTIRTETKAJKSOLIDsAPLIST) uuguosay
, OVERLAY SMAEL uuvugesu
INCLUDE LIB(KDUMI KDUMZ4KOUM3 ,KDUMY KDUMS KDUM6E sKOUM7 +KDUMB 4KDUM ) 70u
_OVERLAY SMAEL 701
INSERT K}SOPR 702
IMSERT DTOT FORMTD s INVIXI L UTPTN MATERL «MBC LA MMAT MULTPNMAYZ yNSELEC 703
INSERT PARTL PARKYZ,S5ETCON 704
INSERT SMAIPOLELOATANMAT FRONT3 PAKTIL 705
OVERLAY SMal wluuo71v
CHANGE MBEAM(PEXITY _ _  _ ___ .. . vuooo’au
INCLUDE LIP(S5MAZA) 730
INCLUDE LIB(SMA2B) ) 740
INCLUDE LIP(SMA2BD,SMAZ) 741
INSERT SMA2SC MAPLE 742
INSERT  SMA2CL .SMA210+SMA2BK «SMA2ET ¢SMA2DP uu0V075u
UVERLAY SMAEL2 VLOUO/76u
INCLUDE LIB(MROD MBAR,NTUBE +MASSD BV ISC MCONMX JMCONE ) Vo777V
INCLUDE LIBIMSOLIDIMFLUD2 MFLUD3 JMFLUDY JMFKEE +MSLOT) VUOU078u
INCLUDE LIB(MASST@Q) vouuo79u
INCLUDE LIBIMCBAR MCROUDMTRBSC . MQOPLT 4MTRPLT MTRIWD) VUOUOBOU
OVERLAY SMAEL2 vlULLOB 1Y
INCLUDE LIB(MTRIRGsMTRAPR,OMI ,UMINT ;DMK OMM, “J UMEF 4UMBY ,UM100) uu0gos 2u
INCLUDE LIB(MFAC.OMJUABJOM219,0M211 ,MTORDR) VUUULB AU
UVERLAY SMAELZ ulUuOBYL
INCLUDE LIB(MDUMT ;HDUM2 ;MOUMI MODUMY 4 MOUMD sMDUME s MOUM7 MDUMB s MDUMY ) uuooLsEsSY
OVERLAY SMAEL2 1Y)
INCLUDE LIPIMISOPRVMLIENT 652
INSERT SMA2PD,ELDAT2,NMAT2,FRONT2,PARTIZ 893
UVERLAY OEND(REGION) wUUUOBey
INSERT SMALX o ] . wuoUDe7y
INSERT SMAZX vldulseu
OVERLAY EJDUMZ vuUuuoB YUY
INCLUDE LIB(EJOUM2) uuUUUOYOu
INSERT EJOUM2 YUULUY U
ENTRY LINKNSUY VUOUUY U
NAME LINKNSO3(RY) VUY0IT IV
/70
Figure 7.- Concluded.
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//ALTER JUB (RUXAXXX,RURD) ,"MBNEWMAN® REGIONSIUDK ,TIHES(,5Y)
7/OVOLMES IUs(NASTRANDEV)

/eFORMAT PR,UONAME®FTO4FUD] ,TRAINSHN

/0FORMAT PR,DDNAMESFTUGFOUI s TRAINSHN

/eFORMAT PR,UONAMESSNAPSHUT s TRAINSHN

JUd CARU
CLVELUPHENT Dlsa

7/52 EXEC FS58THG
//PROGANAME DD USNAME®SSYSI.LINKLIBIVIOCPRT) ,VOLUME tFeSTSLIBI, A
Y _ DISPeOLD

/7/6040'D2 DD UNIT®SYSDA,OISPROLD,VOLUMES (PRIVATE RETAIN,SENS({VULDEV))
//G6OSYSIN DD o

VOLOEV

[ XN

Y EXEC NSTHaN

//NASTHANGCSTEPL]S 0D UNIT®23)14,VOL=SERSVOLDLV ,U]SPaSHK USARNADEY2
//NASTRANCSNAPSHOT DD UNITS(CTC,0EFER) UCBaBLKS|2EnbB2

//SYSIN DU o o L
NASTRAN BUFFSIZE®IB00+SYSTEM(31)84U96,SYSTEM(P)8IS,CONFiGsID

v
APP

SOL. L@ . . ___

TIME
DIAG
DIAG
D1AG

MANY (NEWNMAN_
VISP

H

[ .
2 84013414
19.,21,22

viaG 25
ALTER 21
TABPT GPTT 440y //9
ALTER 26 L
TABPTYT GPCTaeve /7 S
TABPT ECP"“”I[&FQ!A;_’/.!_
TABP T EVEARINIGEUMZ .4y /7 8
ALTER )1 -
MATPRN UG 'vPGGsRGy /7 &
ENDALTER
CEND
OLOADMALL
SPCal
SPCFmALL
STRESSWALL
ELFORCESALL
DISPeALL
L0ADN 00 I
TITLEMTEST OF dOUY FORCE === | CSOLID2 ELEMENT
ECHONROTH
BLGIN BULK
GROUSET . P L1 1
GRIO le L2 0.

eR10 mjl [ 1Y 0.

GR1D “le  1a T Qe
6R10

—=le_ ____=le de
130

1o ®)le de
SA1ID R Y Je

ABNDEbLUS

Figure 8.- VTOC example and use of ALTER for table and matrix printouts.
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Figure 8.- Concluded.
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13

L]
' TY")

GHID 7 LX) le
enlD 8 2 K ) “le
LI ] be [ 1%
eR1L (YY) ' 1 . bev
eRID [N} e}.0 0.0
(L334 14__ Ue0 =140
GR1D 13 1.0 *1.0
(1L 81"] 14 1.0 1.0
eR10 (R =10 1.0
L] I “le0 *}e0
(131 17 1.0 0.0
RID 1] .00 | YY)
(LAY’ 19 =}el 0.0
L] 2u Ue0 =10
C50L L2 1 10
[1}] ) .2 3 4
et2 9 ] 1 12
et3y 17 (X ] 'y .20 _
SHC (RN} S ] = 9E=0S
SPC [N S I S0 29t =0%
1144 111 S 3 «3E-05
SPC i | B ¥ 4 e +¥E-0Y
SPC 111 ) 3 «JL=0S
SPC A1 ? 1 29E-05_ 1}
SPC 1 7 2 s 9E=0%
SPC [ RN 1_ .3 «JVE=0S
SPc IR} 1Y ] 3 ¢ 1SE=US
114 4 [RR N 19 s +9E=0%
SPC R R 19 2 Ol
_Src 11l 19 3 2 19E=05_  _
1144 (RN} 20 1} 0.l
SPC 1 a0 2 «9E~0%
SPC it H{} J o 15€=06
NAT W, 11 1' L S Y I
GHAY 190 28 =}e0
ENDOATS .
/0

00+.0

9EeUS
+ =05
=eVE=05
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eldt=US
Ueu
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