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SUMMARY

This paper deals with the coupling of NASTRAN to another finite element
program which has been developed by the General Motors Research Laboratories
for the static analysis of automotive structures. The two programs were
coupled together to use the substructuring capability of the in-house program
and the normal mode analysis capability of NASTRAN. Modifications had
to be made to the NASTRAN program in order to make the coupling feasible.
This information can be of use to other NASTRAN users since there are many
in-house finite element programs that are specially designed for particular
problems or have capabilities not found in NASTRAN. By coupling the two
programs together, the capabilities of both programs can be utilized.

INTRODUCTION

An interface program was written to allow an in-house finite element
program to be used for the static analysis and the NASTRAN program for the
normal mode analysis of automotive structures. By using the in-house finite
element program, the following benefits were gained: flexibility of substruc-
turing, an extended element library, an easily modified program for particular
problems, and reduced cost of execution. A majority of the geometric data
had already been prepared and checked in a format compatible with the in-
house program, thus, the coupling of the two programs saved redefining and
-debugging the data for the NASTRAN format. Since the in-house finite element
program does not have dynamic capabilities and the NASTRAN dynamic software
is reputed to be one of the best, it becomes a logical choice to couple these
two programs rather than develop a dynamic analysis code or use another
program,

This paper describes how the two programs are coupled together, The

information contained in this paper is based on the use of NASTRAN version
12.1 on an IBM 370/165 computer.
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EXPLANATION OF INTERFACE PROGRAM DEVELOPED

When a substructure is modeled with the in-house code, the grid point
data and the reduced stiffness matrix for the kept grid points are stored
in a partitioned data set. When a normal mode analysis of one of these sub-
structures is desired, this data, along with other user supplied data, is

loaded into NASTRAN for the dynamic portion of the analysis by means of the
interface program.

The input deck to the interface program is the NASTRAN executive control
deck, the case control deck, and the bulk data deck, excluding grid point and
element data. The interface program reads the input deck, converts any
EBCDIC characters to BCD, and stores the card images in an output file
for processing by NASTRAN. When processing the bulk data deck, the stiffness
matrix for the substructure is inserted in its sorted position by placing
the stiffness coefficients on DMIG cards. Likewise, GRID cards are also
inserted in the bulk data deck in their correct sorted position.

An additional program processes the original data used to generate the
substructure to determine the mass at each grid point by means of the lumped
mass method. The mass at each grid point is then partitioned out to the
kept grid points surrounding the grid point. This program then punches C@NM2
cards for the masses at each of the kept grid points. These cards are then
read in as part of the bulk data input to the interface program.

Dummy rod elements are used to define the shape of the structure for
plotting the mode shapes. To avoid changing the stiffness matrix, the rods
are given an elastic modulus value of zero.

Grid point constraints imposed on the structure in the in-house finite
element program are duplicated in the NASTRAN bulk data deck. This avoided
calculating extraneous eigenvalues.

The stiffness values on the DMIG cards are read into the normal mode
analysis format by means of the ALTER program shown below.

ALTER 26,27

MTRXIN, ,MATP@@L,EQEXIN,SIL,/STIF,,/V,N,LUSET/V,N,N¢M1/C,N,0/C,N,0 $
SMA1 CSTM,MPT ,ECPT,GPCT ,DIT/KGGY, ,GPST/V,N,NGGENL /V ,N ,NGK4GG $
ADD KGGY ,STIF/KGGX/C,N, (1.0,0.0)/C,N, (1.0,0.0) $

CHKPNT  KGGX,GPST $

ENDALTER

This is similar to the alter program given in reference 1.
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MODIFICATIONS TO NASTRAN

Using the DMIG bulk data cards for inputting the stiffness matrix into
NASTRAN creates several problems. Even though the stiffness matrix is
symmetric, the entire matrix has to be read in since the direct matrix input
method does not take advantage of symmetry. This requires reading in nearly
twice as many cards as would normally be needed. When reading in large
matrices, such as a 184 by 184, these extra values consume several minutes of
computer time in order to pass through the input file processor.

Another disadvantage of the direct matrix input method is that only
single precision values for the stiffness matrix can be read in. TFor the
IBM 370, single precision is only six significant figures, therefore, round-
off errors may significantly affect the accuracy of the solution. In order
to read in six significant figures in an E field format, the large field
format has to be used. A sorting problem developed when the large field
format was used on the second DMIG type header card. The interface program
outputs the DMIG cards in the correct sorted order such that GJ and CJ were
in an increasing numerical order. However, NASTRAN sorted the deck with
CJ in a decreasing numerical order., When the cards were input with CJ
in a decrasing order, NASTRAN sorted them into the correct order of increasing
CJ number. This problem could not be resolved, so it was reported to the
NASTRAN system office for further study.

The sorting problem does not occur if the small field format is used
for the second type header cards. However, if the small field format is
used, a stiffness value must be placed on this header card, and the small
field width does not allow inputting a stiffness value of six significant
figures in an E field format. To overcome this restriction, a completely
constrained fictitious grid point with a zero stiffness value is placed in
this field.

After the sorting problem was corrected, problems still occurred in
trying to pass a large number of cards (20,000) through the input file
processor. Nine minutes of central processing time failed to pass these
cards through the XS@RT subroutine. The problem was traced to a double
DY LPPP in the XSPRT subroutine in which a check was made for duplicate
continuation cards. It appeared that in this subroutine each continuation
card was compared to every other continuation card, resulting in (N)*(N-1)/2
comparisons. Approximately 19,000 of the 20,000 cards were continuation
cards resulting in approximately 1.8 x 108 comparisons. At about 5 micro-
seconds for each comparison on the IBM 370/165, it would have taken about
900 seconds to complete this cycle. By removing this double D@ L@@P without
any other modifications to the subroutine, the 20,000 cards were processed
by the XS@RT subroutine in 138 seconds.

Since most of the bulk data deck was created by the interface program
which had been thoroughly checked out, and since the data was already sorted,
it was felt that most of the checks performed by the XS$RT subroutine were not
needed. A very brief, modified version of the XSPRT subroutine was created
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especially for use with the interface program (Appendix). This modified
subroutine reads in the data either from direct input, a UMF tape, or a

check point tape, and outputs the data on the NPTP file tape. This subroutine
can only be used for UMF tape or check pointed tape problems that require no
corrections to the bulk data deck. The new subroutine further reduced the
time to process the 20,000 cards from 138 to 79 seconds.

Initially, an attempt was made to read in the entire mass matrix by
means of DMIG cards, using the ALTER program given in reference 1. However,
the mass matrix MGG must be opened before the program reaches the ALTER DMAP
instruction where the mass values, read in by the ALTER program, are added to
MGG. If not, MGG will be an "ill defined matrix," and the addition would
not be possible. The mass matrix must be opened by some means at DMAP
operation 28, where MGG is formed. The easiest method is to put in a small
mass at any grid point. For the problems that were considered only the
diagonal mass terms were needed, and it was found to be easier to read
in the mass matrix by means of the CPNM2 cards. This method avoids the
i1l defined mass matrix problem.

OMITTING ROTATIONAL DEGREES OF FREEDOM

At first, all the degrees of freedom of each grid point were passed to
NASTRAN for the dynamic analysis. The rotational degrees of freedom were
then omitted in NASTRAN, since only the translational degrees of freedom
were needed to adequately define the fundamental modes of the structures.

The substructuring program was changed so that it performs a Guyan reduction
of the stiffness matrix, omitting the rotational degrees of freedom, before
passing the stiffness matrix to the interface program. This change has
several advantages. Most of the structures considered are made up from several
substructures, resulting in stiffness matrices which are densely populated.
The Guyan reduction process, which tends to fill up the stiffness matrix, had
little effect on the fullness of the stiffness matrix passed, but it did
significantly reduce the size of the matrix. The structure which initially
required 20,000 cards to define the stiffness matrix was reduced to 6,000
cards with very little change in the eigenvalues and eigenvectors. Since

the number of cards was greatly reduced, the input file processor time

was reduced from 79 seconds to 27 seconds.

This method has the advantage that the reduction process is performed
with the original sixteen significant figures for each stiffness coefficient,
instead ef the rounded off six significant figures passed to NASTRAN when
the rotational degrees of freedom are left in. Because these rotational
degrees of freedom are omitted before being passed to NASTRAN, these degrees
of freedom have to be constrained in the bulk data deck of the NASTRAN run.
Back substitution to obtain deflections for the rotational degrees of freedom
is not possible with this method.
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SPACE FRAME VERIFICATION PROBLEM

Figure 1 shows a diagram of the structure used to verify the interface
program, The space frame structure shown consists of 22 grid points
connected together by 32 rod elements. The space frame was modeled entirely
in NASTRAN, and the resulting eigenvalues and eigenvectors were compared to
those obtained by modeling the space frame in the substructuring program and
passing the stiffness matrix over to NASTRAN by means of the interface pro-
gram. A NASTRAN- generated mass matrix was used for both rums, being read in
as CPNM2 data in the interface case. The values for the 66 eigenvalues and
eigenvectors agreed to four significant figures. This example problem pro-
vided an assessment of the loss in accuracy due to the restriction of passing
only six significant figures for the stiffness values. A comparison of the
static analysis results between the two finite element programs produced
exact agreement for the displacements.

The eigenvalues and eigenvectors for the analysis in which the ro-
tational degrees of freedom were omitted before the data was passed to
NASTRAN were closer to the values obtained by using NASTRAN directly than those
values in which the stiffness values for the rotational degrees of freedom
were passed to NASTRAN for omitting.

Omitting the rotational degrees of freedom with the substructuring program
for the space frame increased the number of card images passed from 1,473
to 3,674. The reason for the increase was that the stiffness matrix for the
space frame was very sparsely populated. The Guyan reduction process,
although it reduced the size of the matrix, produced an almost fully populated
matrix.

CONCLUDING REMARKS

The interface program has been used on considerably more complicated
structures than the space frame shown. The largest structure analyzed was
a car body composed of 15 substructures which together contained over 3,000
degrees of freedom. The substructuring program was used to reduce the struc~
ture to 186 translational degrees of freedom for passage to NASTRAN for the
normal mode analysis. The dynamic analysis of the structure was successfully
completed in 425 seconds with the input file processor requiring 137 seconds.
The modifications made to the XS@RT subroutine, and the use of the substructure
program made this analysis technically feasible and computationally economical.
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APPENDIX

SUBRCUTINF XSORT
C%SORT READS BULK [CATA CARDS FR
PERFORNS AN
C* INSFRTS CCNTTINUATICN CARNS 1
C* PLACES THE RESULTING SARTED
INTEGER RIMSK1,BIMSK2,31IM
IMTECFR RKNSK] ,RKMSKZ, SHIFTS
INTEGER STAR,DLLSqDOLLAR.STARL,SLASH,SFTN,BLANK
INTEGER
1 CUTTﬁP,PTST¢95HIFT,SFTA,STARSH.ORF,ANDF.
2 TRTAL ,TST,,UVE,PIN
EXTEPNAL  LSHIFT,RSHIFT

oo
L,

DIMENS TON HEAnux32<,FEADS%32<.HEA0Nz32<'IBLKUA22<,CDCNT23<”“”‘

DIMEASICN RK%4<,MK%4<'IBUFI%ZO(,IBUFZ%ZO(,
CYMENS IGN IBUFIA%Z(;!BUFZA%Z(;NSORT%?(
CGMMﬂN/SYSTEM/THUFSZ,SUTTAP.NﬂGD,INTAPEyDl%l#(v
1 . DUM1 4 TUEDIT /
CCNM(M/GHTPUT/DUM?%G&(vHEADl%BZ(vHEADZ
COMMAON 2 XMDMSK /DUMARSL, TCPFLG
CAMMCN/FSCRT /BRUFZIL

BK9BUF,CCNT,CQRSZyECHDS.ECHDU'FCNT,OPTP,

IBUF3Z2<,KPARNTZ2C

%32<,HEAD3%32<

gM THF INPUT TAPE , ADJUSTS THE FIELDS,
ALPHA=-NUMER IC SORT ON THE CARD IMAGES FROM LEFT TO RIGHT,
N THEIR PROPER POSITION, o
[MAGFS ON THE NEW PROBLEM TAPE.
SK3,BIMSK4, BIMSKS,BIMSKE

AND

IEQﬂD{d}iKﬁ?ﬁfTﬁKfﬁ

CCMMCN//ICCMCN .
CCMMON/xSPren/al~5K126<,BIM5K225<,81M5K324<.BIMSK424<;51M5k522<, )
1 BIMSK6E s BKMSK1Z8<y BKMSK2 JSHTFTS®AL,
2 !CCNl.ICCN?,STAQ,pLus,DCLLAP.STARL.SLASH,SFTM.MASK.BLANK;QEK,{g_
CCMMON /STAPID/ KRAPZ12<L,KUMF T
ECUTVALENCE ZBKZ1<,BKMSK1%5<<y EMKE1<,BIMSK2224<,y e
1 gMKB  SRIMSK5Z1<<,ZINF  ,BIMSK2%1<<y R
2 FSETA ,SHIFTSZ2<<,ZMKD B IMSK2%2<<, -
3 FMKE  yRIMSK5%2<<y ZMKC , BIMSK4Z1ILL
NATA HEACU/1C*4H J4H 1 Ny4H P Us4H T ,4H B Uy4H U Ky4H Dy
1 LU A Te4H A o4H D E.4H C Ky4H  Eg4H C Ho4H O ,9%4H 7
CATA HEACS/11%4H 4H S Ny4H R T,4H E D,yaH TUBg4H ULg4AH K0
1 40 D A 4H T Ag4H  Ea4H C He4H O J10%6H  /
CATA FEACN/ 3%4H s 4H v 4H s 4H b4H o  g4H 1 s4Hee 9
1 46 7 y4Hee 44H 3 g6Hes o4H & gAHeo g4H 5 1 4Hee oo
2 GF &  s4Hee 94H T y4Hes s4H 8 14Heo 14H 9 94Hee v
3 410 y4He y S%4H / o
DATA CDCNT/4HCART 44HCOUN,4HT / NSORT/4HXSOR$4HT _ / L
DATA ECHOU,ECHOS/2%0/ -
c DATA RK/4HOOO ,4H00  ,4HO  ,4H / ) '
o DATA %MK%1<.1#1,4</0777777007777.0777760667777,911@900007777'00/
C DATA NKA,uxa,INF,SFTAluoooooo777177,037777771177119713777777717,6/
c DATR uxc10007777777777/,MKD/0777777007777/,MKg1q377777oq7777/
CATA TENC1, 1END2/4HENDD, 4HATA 7+ 1END/O/,1SEQ/O/,1CCBRK/O/
c NDATA STAR,PLUS,DOLLAR,STARL/#HOOO*,#HGOOO,éHgOﬁpt&B*OOOI
CATA 1ELKDA/AHBULK,4HDATA/.NQTSDR/0/,0PTP/4HG¢TP},NPTP/4HNPTP/
CATA ITAPFl,ITApez,!TAPEB,17APE4,I?APE§73§1,302539}L304,305/
CATA KIN/ZO/ UMF/4HUMF / -

r INITIALIZE XSORT
C#ﬂ##ﬂﬂﬂ##ﬂ##ﬂﬁﬂ###ﬁ#ﬂ#####ﬂ#ﬂ

BEAARE AR REERA R R AR SRR AA AR ARRA AR

IPESTR # —~T1APPRC
IFZKUMFLLE 0L GC TC 90
KTA#1

CALL CPENZ$50,UMF,BUFZ1<
EIND PARTICULAR BULK DATA F

2 2<

o ILE ON UMF .AS REQUESTED
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10
20

30
35

50
55

60
€5

30

CALL READZE30, $60,UMF,PIN,1,41,1FLGKL

[F%KUMF-P'C( AN,8N,20

CALL SKPFILZUMF,1KL

GC T 10

WRITEZCUTTAP 35K KIUMF

FORMATZE2HO®%%YSER FATAL MESSAGE 201 ,REQUESTED RULK DATA DECK I8,

1 24H NOT ON USER MASTER FILEKL

NOGD#-1

CALL CLOSEZUNMF,1KL

RETURA

WRITFZOUTTAP ,,55<

FORMATRIHO,23X,28H 202,UMF COULD NOT BE QOPENEDL
GC YO 1800

WRITFEZCUTTAP ;65<

FORMATEZ1H0,23X423H 203, TLLEGAL EDOR ON UMFL

GC TC 1800

CALL CLCSE%UNF,2<

CHUBRAHUREBHAHUHAHERGHH AU A HE YRR U SR RGBS HE R U Y YL G U S AR R BRI HHHR A

c

90

100
110

CALL INITCC
IFZTECHDLLTL0< GC TO 110
IFZIFCHOLEQa 1< ECHNUA 1
TFZTECHOLFRL2< ECHNSH 1
TFEIECHDGNF,3< 63 T 100
ECHQU# 1

ECHOS# ]

IFZICPFLG.NE SO ECHOSH
CONTINLE

START WCRKING SCRT EUFFER BELOW GINC I/0Q BUFFERS

1820

190

560

1400

1410

1420

1240

114 5% TBUFSZS 1

TBUFRGH 116 42

TBUFLG# CNRSZEBUF%1 L, ICOMONC - 21
IFETBUFLG-IBUFBGLLT,210< CALL MESAGE%-8,0,NSORTL
[TAPE# TTAPE]

JTAPE# T1TAPE2

CALL OPEN Z$17S50,NPTP,BUFZ4*IBUFSZE81<,3K

CALL WRITE ZNPYP,IRLKDA,2,1<

IF ZIRESTRL5TA0 oNRs KINeGTWA0< GO TO 1400

READ ZINTAPFE,190< IBUF]

CALL XFADJ1 #IBUF1%1<,LSHIFT,0K

IF ZIBUF1%21<4FQe IENDL oJANDo IRUF1%2<.EQ. IENN2<C G TN 560
FORMAT %20A4<

CALL WRITE ZNPTP,IBUF1,20,1<

GG TO 190

CALL FGF ZAPTPKL

CALL CLOSE 7ZNPTP,1<

RETURN

IF ZKINLGT,,0< GO TO 1430

CALL DPEN %8174C,0PTP,BUFZ1<,0<

CALL READ %%$1730,%1710,0PTP,IRUF3,2.14IFLCL

IF ZIBUF3%1<eF0,IBLKCAZ1<  ANDSIBUF3E2{EQL IBLKNAZ2KL GO TO 1420
CALL SKPFIL Z0PTP,E1<

GC TC 1410 .
CALL READ %%1240,%1710,0PTP,IBRUF1+420,1,IFLGK
CALL WRITE ZNPTP,IBUF1,20,1<

GO TD 1420

CALL CLOSE Z0OPTP,1<

GOl 7O 560
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1430

1250

1710
1711

1730
1731

1740
1741

1750
1751

1800
1801

CALL OPEN 2$50,UMF,

BUFE1<,2<

CALL PEADZ$1250,$1710,UMF,IBUF1,20,1,IFLG<
CALL WRITE ZNPTP,IBUF1,20,1<

GO TO 1430

CALL CLOSE ZUMF,1<
GO TO 560
WRITEZOUTTAP,1711<
FORMATZ1HC 423X 427H
GO TO 1800
WRITEZOLTTAP,1731<
FORMATZ1HO, 23Xy 24H
GG TC 1800
WRITFZOUTTAP,1741<
FORMATZ 1HO, 23X, 26H
GC TO 1800
WRITEZQUTTAP,1751<
FORMATZ1HO, 23X 429H
GC TC 1800

211, ILLEGAL EOR ON SCRATCHK

213, TLLEGAL ECF ON 0PTPKL

214,0PTP COULD NOT BE OPENEDKC

215, NPTP COULD NOT BE OPENEDL

WRITEZOUTTAP,1801< PLUS
FORMATZAL,, 23H*%¥%SYSTEM FATAL MESSAGES
CALL MESAGEZ~-37,0,NSORTL

NCGD # -1
RETURN
END
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Figure 1. Space frame verification problem.



