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TRANSIENTS BY SUBSTRUCTURING WITH DMAP

Thomas Ge. Bubler
BUTLSR  ANALYSES

SUMMARY

Avtomabed substructuring ia level 16 of NASTRAN was omployed ac a preface
to the scluticn of o direct trencicnt a2nelyzls. The DMAP ALTER statements writ-
ter to adapt tne zubstructurirg for Lrancicnt purpeses ore explalned. Dato re-
covery wus accompliched with transfer FPuncticns. Prcof of the suceess of the
method is presonbed vith an apprlication to a missle zilruesuve.

THTRODUCTICN

Substructure snalysis capnbility in NASTRAWN has been nutomuted for rigid
formebts 1, 2, and 3 only. Ratler than wait for the vxteuclon of automation to
rigid formet 9, it wos found advantageous lto use z2s much of automated substruce
turing o is now ovallables Consideralble effert wes needad tc couple the sub-
atruchwre datc Lo the transient annlysis and then recover the trancient recpontes
of individaal subslructures.

The two principle features of substructuring that male thiz cffort worth
while were Lhe ebility te condense zwall pieces of the mabtrises at a time znd
the sbility to combine cormponent substru-~tures in differeat ways. The sbruc-
ture under inveestigaticn was liable toc dumage, and Lhe atlizeticr of substruc-
buring was Lis wlility bto substitube d-moged components [or the hapless prodew
cerusorse  Many additional advanboges of substructurlopg besame evidert duvring
the progresc of the snelysis, bub tke most notable was the necessity ol the
cnglyst to organize thoroughly.

The method presented in this paper cculd be churacterized cs a five phased
analyuic oo opposed to the usual three inautomoled gubstructuring. Dove Herting
cf Univors-d Anclytics was extremely helpful in planiing the solubion path and
other cubstruciuring items. Phase one delines the hocic sahslructures without
loads Phaoce two ccmblines components ond reduces thew 2 a Sl peeuwdosntructure
bub applier deformations for a loading. Phase three recovers influence coeffis
eiuv ot notrdces for the responses of individunl compornznt substructures to the
deformations of the pscudostructure, The ezt phuse is the direct transient
anzlysis ol the scalar model of the vreudostruciure, bult is not called phase
four. Physe four recovers ihe response of individuval component substructures
to the transient excitation using modified static rigid Tormat. A post-pro-
cessor vag written to scan the stress data for the times and locations of parts
exceeding a threshold value.
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JOLUTICN STRATEGY

Answers need tn he found ta porme impartant queztlons wihen one proposes to
use substructuring with tronolertr. For ‘nstanco,

Yhat can and what cont't reiomated subntenctring 8a?

Fow im the tronsfer of matrix data from rhane tuwe to 1igid famqed O

~reompliched?

What has L2 be done to geb the trorasont rieid format to recegnize the

mabtrices offored Lo it by anherim~buring?

How in Aarmping inkwadneed?

How 1is transient dntn % he recovered in the component suhatructures?

How ure plots to be ohtained?

Outline of Su'ntion

As with ony investisation, -nrur+g tc questions heget more questions,
The answars will therefore nol be clears~cub until n chain is satisfied.s In
short, automnted ~ubstructurirg ~nn erpanize the characteristics of the pesoudo~
otructure; as it is modeled for transiornts, into its stiffness nd mass matrices,
but will yield neit2r a damying matrix nor Jeading. #t first blush, it seemed
feasihle to represent this pseudonmiructure in se-lar form for ripid format 9.
Knowing the retrined Aagrees of frecdom in the rmeulsstrueture, one then calls
for an ccuivnlent number of sealar points for fransients. Duwring tranaients
the matrices from nhage two substructuring can be introduced by -~ DMAP ALTTR.
A1l motrix generating modules can be ky-passed and all matrix partitioning can
be circumvented becauze nll SPA's, MPC's, ond OMIT's were incorporated during
the formstion of the preudostructure =tiffness matrix. Taking the response
output from the TRD module one ¢an process it by influence coefficient matrices
to recover the comrmonent responsez, This sounds falrly straipght forward, so
one is encouraged to tangle with the detailed problems.

Data Recovery

Tooking first at the data recovery problem using influence coefficent
matrices, it helps to think in t2rms of o supor stiffness matrix., Tn phase
two if a unit displacement were imposed in one degree of frecdom while holding
all others to zero and this is done for eech degree of freedom in the psceudo-
structure, it amounts to an onforced displacement in the form of a unit dliago-
nal matrix. Translating this notion to specifics meens that a unit diagonnl
natrix is needed for substitution c5 the UGV matrix after module SDRL, Now the
SOLVE and RECOVER modules can process the results onte the SOF (Substructure
Oporating File),

Appendix A contains the detnils of how these ideas were imnlemented. The
Operaticns that are important are the DMI innut of the unit diagenal matrix,
the substitution of the unity matrix for UGV with an EBRUTV, the usc of a SOLVE
commnd to name the pseudostructure for which the solution chain is intended,
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and the uoe of » RWDOVIR ~aremond te ~ed Bhe tolution lota oul on to the “0OF 4n
an orderly fashion so that phase three executions ca readlly partitior the dota
from the internal substructuring besk~keeping scheme.

A rare thing was uncovered that nlmost shattered this plan. A non-open-
endedress, which is quite contrary to the original desipgn philosophy of NASTRAN,
wag encountered, Only 100 subepses were yrovided for in any one execution in
level 16, But this poeudostructure was of order 916, To impose a unit dise
Placemant in each of *he 916 degrrer of freedem one at a bime, meant the assirn-
ment of a static subcase for erch of the 914 enforced defirmotions. Tt was o
rare loolding fase Control packet that was 2s l-rpre ns the Bulk Dats deck. In
dincussing this unbappy event with John MeDonough of Computer Scilences, he maid
that relief of this limitation wns already worked out by sxtending the allowance
to 300 subenses. This was small comfort in viow of the need for % times that
amount of reliof before this job could execute. The ood news was that John
hnd determined,during his investigation prevaratory to insreasing the allowance
to 300, no table restricticn or other kind of overflow condition would be con-
fronted il a further extension were attempteds It took twe tries to dilate
both tre ptandard solution and the automated cubstructuring section to order
1,000, This has nol been generalized yeb, but z scheme is believed tn be under
consideration which will zllow the anclyst %o commummicste his needs bo Lhe
Q3CAR and the FINP by elther a DILG or FASTAAN card entry giving thie size of his
non-standard subcase wrray.

The sueooend step in data recovery is te creale a set of influence coefficient
matrices using automated substructuring phoze ithrce. The dimensicn of the 1,9
term of Ltlhe influence coelficient matrix is

"Displacement in the it Unit displacement in the ji
degree of freedom of per degree of fre:dom of the P/S."
a Basic 5/S

where S/8 means subsiructure and P/S mesns pseudosiructure, Any such mabrix
will designated [INFI].. . s where INFL represents the matrix of terms with di-
mension w/U=l and xot 15 the subsceipt te denote the basic S/5 by rame. This
influence ceoefficient matrix will he used in a post-transient operation to perw
form the mwetvix multiplication

ore] . [oree)] = fcer] e

to obtain timpe varying displacements in a component 8/S, where U(t) is a matrix
of the P/5 response displacement vectors at each of the transient oubput tires,
and u(t) is a matrix of the response displacment vectors of component o/ 00Ky
at corresponding transient output times.

In computing these influence coefficient matrices during phase three, the
number of subcases are required to match the phase two array. This means that
in the particular problem, the phase three runs [or each com-onert substructure
contained 215 cubcaseu, pot 2oalr ehds plun wao nlioost siattered by a bug.

#or econony purposcs the phase three runs were uubnlttcd as restarts of the phase
onc checkpointed runs. DZach ghaese onc sclution wao R. P.o 2, und cach phuse
ithree solution wac R. Fu 1. The phase three rectarte aberted. Only by the
chunciest strokes of good forlune did John McDonough happen to have faintly
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remomhered thuat spomewhere he hoord thit come difficulty with resturis were over-
come by using option ¢ on the 80L card, ie.e. SOL 149. It worked} In eifec”
opbion 9 aveids the consideration of the optimization featwres of Re Fu 1.

This buzg oppeared during restarts involving chunge of rigld formats onlye.

Thiv phase blwee operation ds not out of the voods yet, because o needed
data block from bhe phase one run did nol get checkpoinled. Appendix B gives
tke details of Low to remedy thic defect. dppendix ¥ slso explains how the TNIFL
matrix is equated Lo the UGV matrix and ioc Llken written to disc¢ files for the
finul golution recoverye.

Before taling up Ue protlems with bransients, the Lthird and last step in
data rceovery will be completeds.  Assurdng that the matrix of ps..dostructure
regponse dizplogement veclors, U(), huc bech cuccessfully written bo a digk
Tile, w:d nosumling bhat Lhe INFL mabriccs for the several busic subsiructures
have baen writter to dilsk files, the task of recevering basic subslructure
Lime varying responses in displecements, streoses, and forces is al hand,

These jots will be cuiside the renlm of aubomated substructuring except that
they will be restorted frow phase one checkpointed runs. The first task bo be
performed 1o tc wot vy the casze control such thut the vector of response dis-
placements b eoch outpul time slice shall be cunsidered ws o static solubicn
caces. The labelling of cach subcuwsc with lhe oubtput time proves to be a great
genvenience. Newt, the restart daba hos Lo ke fotched in order te re-ectablisch
tho “nternzl book-kewping scheme so thut the OFP (Outpul File Frocegsor) module
cen functlon in an orderly fashion. GSince lhe product [mwr] [ult) _will pro-
duce a mabrix Lhat can be considered the slatic sclution wafiix [UGV], no matrix
generators or matrix partitioning is needed. The [irsl module needud affecr the
uaideformed Llot roulines is SDRE so the ALTCR packet Lo bring in the patrices
and ae the mebrix rultiply, can stoet just before SDR2. The outpuls from SDR2
ore then delivered o OFP o catlofy the oubtiul requests ip case control. The
slrese table ic oulpul for sec.sming by o posl preocessor. 4 normul terminatlon
burns contruld overs Lo Lhe PLOT rouilue and enitus.  Detelils of how these tuaskos
were ‘rplemented are jivea dn Appondix Ce

Transicne Joluiion

Froblews for trancient scluticn bemin in phase two of substructurings Due
to a bug in the cormend "REDUCE" e moss mulbrix which is produced iz Jdecignated
oo aguare not symmelric. IF thdo were ollowed to o uncorrected btransient scl-
utions world be ' Llmen more expensive than cipected, bocause the trailers would
telegraph toe the DCOMP and FBS modules thal unsyaretric reutines werld have to
he crlled. A ocheme wic devised, which aflter wmuch strcamlining tuwrns cul to e
disarmingly simple, using MERCE ¢ chanpe this trailer [rom square to symmetric,
Tt was no swall task to discover hew simple it couwld be Lo oulput Lhe poeudo-
structure stiffness and masz malrlcceo. It was a mabtter of discevering that
there was a module within the substructuring lexicen bhat wus avoilable for ad-
dressing explicitly but whilch was wot ladiwlidually, foaiuvred. The nmse of the
module is SEFF, It is dncorxrvornted frequently in the listings of DMAD MLIER
packets for major commands, so by studying “.wce commands listings it finally
reglotered that if "they'" can do it then T can de it. The two complimentary
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modules S@RE and SEFT deserve to be glven individunl 52214 in the documento-
Llome Tdlbing s of their uoe fur the Leuiler chanpo Yo gyrmeiyy and fer tlao
ont ub of atdfMezs nnd mass matrices nre conbalined “n J»iondix D,

Jooa prefnce Lo the dorks velabing to trapcionte) 1L w0ld LUz 0@l ta none-
de» whnt the sime ares tb o the veey Tewsl the cubpub oot Tor the preudo-
stracture ~heald e v mabrix of Adenlocoment revromie o oo ol rCnepnmen of
time sMlecas, Teoardy voloelity ond reeel o 57 0L cut;o~ oy be necded, Plots
of the psoudostrucbwre are certuinly desiveuble. It is mundatory bthat the
trongionts be able to be restorviced al a time cavlier than the latest Lime of
the preceding run. Restarting the problem with an old sel of iritial conditions
on o new configurntion rust include acceleration. The motel ius Lo he sculor
vith matrices to be delivered Cfrom Lhe jhase Lwo pscudostructure. Loods are to
be applied to this scclar model., Dumping needs to be introduced.

Stranpe Lo cay, bthe damping problem will be discussod Mlrst. The reason
for this order i to settle the guection ws to whether all matrix peneration
medules con Ve by-posdeds. If unifern structural damping is an accegtable
reprecsentation of the way the siructurce behaves, ihen the damping matrix can be
generated by o scalar mdtiplication of lhe stiffness matrix, wiich already
oxistese This was decided on. Convequently, @11 melrix generation wodules
could be by-passed und an ALTUR packet could be added wrich would do the mabrdx
multiplicalion und whatever related parameter manipulation that would be nceded.
The Bulk Data of course must contoin o PARAM card for the W3 frequency. Myles
Hurwits of David Tayler NSRDC was of inestimoble value in helping with parameter
manipulations and other system problems.

Mow the operation of vringing in the stiffness and miss matrices firom
phase two is cloply a matte: of using INDUTTL and renamin them with an BCUIV
statement so that tranrients can proceed aleng the normul chain of the rigid
Format. The Bulk Data ol course must contain an SPOINT card rectaaning the
number of poinie equal te the degrees of frecdom in Lhe piseudostructure.

The problem of leud delinition iu mrinly @owaller of booli-leco . hetlor
Gl Ve oguometrdcocr seidary Whe anture ol the lood s such Lkt czeh compo-
nent of load s o separabe amplificsbion time hiclowy o the TABLEDL iaput data
Lo wae mane Lo clbhor sosee  The 20haA cwe? must oufes Lo gedior points, sco il
iy neceousary bo cmoull n tcble to deberming widick cealar po ' nt corvesponds to
a leaded component of a geomelric c'nb. Zortw.abely, the autemated substruc—
burling output items wulicipate bhis need very aleely. Tha nawme ol Lhe Lable
w.iich tnlulales the correspondence between wii ‘rlerncd leagree of frecdom number
and tle physical point component is "SUMMARY CF DSEUDOSTRUCTURE COMEZCTIVITIRG, M
Thic table ic printed in res -onse bo the anclyot's selectlen of subconmand
"OUTTUT Optlon 12" durlng a TCHDBTEY oporation. Of course, in this case the
table tu be wsed ic tha! associated with lhe finel CCMRIMG operation which pro-
duced lhe [iral pscudo-ciructure. IF however, the operalicn which produced the
finnl pocudoctruclbure confipuraticn were a RWDUCE operatiosn, then one needs to
consulkl & podxr of tubles: the ETSS set of tallesond the lozt PSEUDCSTRUCTURE
CONNECTIVILILS tables The BGS3 15 printed in response ko Lhe analyst's selec-
tion of opiion 5 of the subcommund CUTPUT during a REDICE operaticn.



The problem ¢f restarting the transient integration et o tlue earlier then
the lust of the nreceding run ie complex. The reason for imposing this require~
ment is that damoge is expected lc occur to the structure, bub the time of dam-
age won't be known until the rezuliu of a previous run are examined. If a
strecs level is found io be exceeded, the flexibility is provided jo substitute
a replucement substructure ir o duwwmged configuration. The reconfigured struc-
fure wlll Lhen be rectarted av th: inctant ot which the ctress level wac found
to be exceeded, Thiu copabilily ts reztart at an ewrlier tirme meant that a
chenge in the code of the TRD module had to be made. Simalioncously, o provi-
gion 4n ke DMAD listinge had b ke mode Lo allow for the modification of two
buok-lweeping items. The value cf thwe perameier NIOL bad to be szet to tell the
TAE wedule at vhat column in the matrdix of the displacements, velocities, oad
arceluraticis the Jata iz Lo be futched Lo represent the jnitial conditlons ot
the £!me of recoturt., The table T0L (Trancient Cutpul List) has be be enabled
oo that additicns cem Le mude to bhe Luble. The cliigez to the code »nd Lo the
DMAY were 2l pencrcusly provided by I, %, Damddl of Computer Sciences.

The problem of initial condillisnps on & choavyed couflipuration zeuld now be
handled wo w rostart ot o bime specilied Yy Lhe NCOCOL and a revised TATEE cowd
withcut having to go inte an exterral definditior using un IC card. Such @ re-
siart also provides for Initial accelezrations to be imposed ayv well as initiad
velocities and displuczments. OJuch gymestics are possible under two condillonts
First, the changed configuration must heve mulrices of the same size . (order ¥),
and In tuw same sequence wo bhe wipginal model. Decordly, the anplyst hus to
ke conbent with cthe approvimuie values of the inilial econditiors en the changed
conlipuraticn being the same 2s the lerminal values oif Lty predecessore. Under
certain ecendilions this reconfiguring with substructuring allows on analyst Lo
pet valuakle irfermalicn avout o porlinear preblem using linzur cnalyoiss

The Tinel trensient task arises becwuse of the porticular neciure of the
UDVT matriz. The CTP wrranges a toiplel of vwwleer for every time. Conseguenbly,
UDVT consistes of U, U, & ff at ¢, Followed by U, ¥, % ¥ at t,, wd so forih:
througl fime tN' Only the medeiv of <ine varying displuceme¥ts i needed for
he A by ocecovery rhasc hevefore the Jicplacemeris will hewve to be stripped
Trom UNVT by use of the DH'WP utnliby TARTN. OF course, » purtiticming vector
#4111 have to be defined hy DMT iw the Rull Dasa to whiech PARTN can »cfer.

Having the matrdx of displngerenits only, it Just remnins to uze OUTPUTL to road
them omtn an extomal dick file.

Unferiunately, plots of the rreoudestructure cannot be obtained becauce it
vas 2efinad in Re T. 9 hy scalars which hove no geametric propertics. Hewever,
Lol of each individual hasiec substructure can Mo obtained in the data recovery
phane. A Listing rlorg with explanationg of the ALTER packet for R.e Te © to
implement thece tasks arc siven in Appendix 1,

APPLICATION

The technigue of combining automated subs*ructuring with direct transients
vt apnlicd to the anziysis of & ocwrrent miscle, Tigure 1 shows a piciure of
the hardware, Tigures 2 through 7 depict Llhe undeformed plots of the substruc-
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tures, TFigure 8 shown 4 chart siving the evolution of the enclyrin from *he
dofinition of indiviianl rubntructures, the cambiring ivte nseudentructures,
througk trangicat analysis and finnlly dotn recovonye Thin ghart v weunly
callod n substruetnre anmalyzdis tyree onr simply ~ tree, In this ence, VFowever,
there are five phases dnctead af three. Figure 9 Adirploys the verintiens in
the Lreo wundor differant comfizurntlons with o minimad ~F annototiom,

™e tochnique proved te he gquite succea™? dn et the mnlyticed resulis
comparend onite favorably with twe full scale tests.

[IINDTIONT

Natu~ally, vwhen wne nchieves o ee-tuin measur: »f sucecers with n task,
the thinking procens does not end abraptly. Tt has ceoured it~ me that some
things could hrve been done differontly, One s in the rrea of dynumic londs,
Mlow me to retrogrecs fTor a moment, During the an<lysic ~veat core wos taken
to erntrel the hand and the Aensity of the X matrix. Barding was jorformed
om cnch substracture. Condensatisns weve rorvfrrmed on medricos whorever roo-
~ible when they were of mmall order; c.ge OMIT's were inlroduced in phase 1 rg
deenly an rosoible vithout interforin: vith oomnactions or leoads; reducing wrs
used in rhase two nt connection interfacro without ‘nterfering writh Iondsg,
Crndenrntions, ~ft-r 1nads vere defined in L“nnnionts,wore canziderad ik nhan-
doned, brerure the veoy-off =wons trodacoffe vng ot inmediatelry evidents, DPnre
allel condennations would hrve %2 he porfrrmed n jhose Gyo ot e RN, O
beornes wetbrices wonld have to be Aelivered to R. F. 9@ irn uncondens~d form,
then o phrse two condensation would have to follow the malrix transrer to match
the condensation that would take nlace in transients, because data recovery of
necessity is based upont the matrices in "SDISPLACEMENT' forwm from transients.
This penalty of double condensation plus the incrcascd dengity may outwedgh
the cdvantage of order reduction in traasient DCOMP and TBS. A way of omitting
the doublec condensmabion penalty has surfaced nfter the annlysis. The DAREA
lording could have been represented as Munity static loading in phases one
and two with condensations including some of the loaded points. The Pstatice
Llogd matrix' could be examined alter vhase two and hefore transients to arrive
at the weipghting functions different than 1 for the DARY/. cardm. Time ampli-
fications would have to be adjusted accordingly.

Another post hee idea occurred in the area of plotting. After the tran-
sient analysis of the scalar model was complete, another grid point model could
be assembled with a grid point for every scolar noint wherein the other 5 de-
grees of freedom would be constrained. An ALTIR packet Lo admit the static
and deformed PLOT modules and substitute the scalar UDVT for the "SDISPLACE-
MENT" input to the VDR module would allow the plob:s to be oblained for the
poeudostructure transient responce at a small cost.
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CONCLUDING REMARKS

A technique for combining automolted substructure analysis with transient
analysis has been devised ond successfully applied. The lechnigue can be sum-
marized in the form of a recipe to ussict an arelyst, who mey want to try this
technique, as to whot factors have te be token into account,.

e
?-

* 55

*

Recipe

Tun 3/S through @2. Combine & reduce ic produce ihe transient P/S
models

Run ¢2 SOLVE & RICOVER operabions with SLTER packet to read [T

matrix into UGV Jats block and supply subcases for each of the N
degrecs of Ireedom.

Run @2 tc change MMTX from sq. %o sym. using MORGE* packet. Read
KM & RIPY onlo external dick file using S@FY command and CUTPUTL
packet,

Set up transients as a secalar problem. Read KMIY & MMEX in from ex-
ternal file. Surply loading duba te scelar deprees of freedon.

Apply ALTCOR packet Lo jump around meirisx generators, to bulld damping
matrix, to set transient paraneters, to parbtition displacements from
UDVT, and to provide flor restart @ earlier time than last.**

Run @3 as B¢L 1,9* with ALTER packet to correct SDR1* and output INFL.
Run @4 os SPL 1,9* with ALIER packet to jump around matrix generators,
to multiply for basic $/S transient displacement response, and outpub
strecs lable.

N is limited to 300 in standord leve. 17,

These steps will not be uccess-ry in an operabing version with these
bugs corrected.

Level 17 hau this fezlure lucorgorated in the code.
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APPENDIX A

DMAP ALTER TO R.F,I. FOR
UNITARY MATRIX LOADING WITH S/S SOLVE

'This appendix supplements the description of SUBSTRUCTURE
Phase 1I Solution Strategy. The Phase II1 DMAP ALTER statements
are given first, followed by explanations according to statement
number.
ALTER 100
JUMP TGB §$
ALTER '126

1

2

3

4. LABEL TGB $
5. EQUIV PARTUGV, UGV/ALWAYS §

6. INDALTER

Statement Explanations:

1. Since these ALTER statements are used in canjunction
with 8/8 commanﬁs SOLVE and RECOVER, this ALTER must not inter—
fere with the automated ALTER's associated with these commands,
i.e. these must be avoided 2, 4 to 5, 2 to 22, 29 to 30, 41, 58
to 61, 73 to 78, and 134 to 164. The ordinary preparation of
matrices such as constraints and omits will in general be needed.
The operations to be eschewed as unnecessary and costly are de-
compositions, load assembly, FBS (Forward Backward Substitution),
and JDRL (Stress Data Recovery). Begin the ALTER at statement

100 in R.F.1 because constraints and omits have tazen completed

by this point, and it precedes the decompositicr.
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2,3,4, Start the avoidance of unwanted operations with
a JUMP command to a label located after the recovery of UGV in
module SDRL.

5. The name o the unitary matrix input via DMI cards
is PARTUGV. Since it is de.ired to have NASTRAN recognize this
unitarv matrix as the displacement solution, it must be labeled
UGV for succeeding modules to so recognize it. There PARTUGV is
equivalent to UGV. The parameter ALWAYS was used to make this
EQULV '"'take' because it was established earlier in the automatic

ALTER's with a value of negative one.
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APPENDIX B

DMAP ALTER FOR CORRECTING SDR1 AND OUTPUTTING INFLUENCE

COEFFICIENT MATRIX

This appendix supplements the description of SUBSTRUCTURE Phase IXI Solution

Strategy.

The Phase III DMAP ALTER statements are given first, followed by

explanations according to statement number.

9.

10.

i1,

12.

ALTER 126, 126

COND NoUoOv, OMIT $

FBS L0o, ,P0/UODK/C,N,1/C,N,1/C,N,1/C,N,1 &

CHKPNT UODK $

ﬁQUIv UQDK, UOOV/ALWAYS §

CHKPNT Uoov $

LABEL NOUOOV $

SDR1 UsET, PG, ULV, UOOV, YS, GO, GM, PS, KFS,
Kss,/uGv, PGG, QG/V,N,NSKIP/C,N, STATICS $

OUTPUT 1y 554s//C,N,~1/C,N,3 $

QUTPUT 1 U&V,,,,//C,N/0/C,N,3 §

EXIT $

ENDALTER

Statement Explanations:

1.

This is a restart of a SUBSTRUCTURE Phase 1 checkpoint.

A required

input data block U0OOV for module SDR1 did not get checkpointed in the

Phase I run because SSG3 was automatically ALTERed out, so therefore is not

available for restart and its absence would cause an abort because ULQV is

not allowed to be absent as an input data block if an OMIT occurred.

T ey
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Since the SDR1 module in R.F., 1 is statement number 126, the
patch for remedying this defect must be inserted either ahead
of or in place of 126, 1In this case it is inserted in place of
126, because constraint forces QR were not checkpointed in the
Phase I rwn either, necessitating the removal of QR as an input
data block to SDRL,

2 thru 7, These six statements are intended to provide
for both the presence and absence of a Phase I OMIT. If there
were a Phase T OMIT, the parameﬁer named OMIT would be given a
positive value when output from GP4 and the COND conditional
jump to label NOUOOV would not take; thus causing the operation
sequence to pass to statement 3, FBS. If there were no Phase I
OMIT, the parameter mnamed OMIT would have retained its nega-
tive one default value, and the COND conditional jump to label
NOUQOOV would "take'" and the TBS module would be bv-passed,

The reason that it is desired to cause this conditional
Jump is that UCOV would have existed alleit as a purged data
block, and would satisfy the input reguirements of SDRI, The
EQUIV of data block UODK to UOOV uses parameter ALWAYS because
ALWAYS was defined to be negative one by automated substruc-
turing. Data blocks UODK and UOOV are checkpointed before and
after the EQUIV because the -DMAP compiler is very particular
about tidiness in specifying the precedents and antescadents in
EQUIV.

3. Data block PO is required to be supplied &y the
analyst as DML input. It is of order "A" rows and "{" columns
and is null, This will create a null UOQV. The ﬁéason that UOOV
AGE:
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should be null is that no load has been put on any omitted peints,

8. The call statement for SDR1 must be written without an
input data block appearing after KSS, It is not necessary to
remove output data block QG even though QR is absent, because
SDRL ill generate QG as purged in the absence of QR,

Output data block UGV will now be the basic substructure
influence coefficient matrix.

9,10. These modules will output the influence coefficients
to a NASTRAN file INP3. If the JCL is written to make a disk
file of INP3 it should be named INFLxxx for ready identifica-
tion,

11, An exit is talken after outputting the INFLxxx data
because no more processing is needed.

Statements 4, 5, 6 could have been omitted and UODK could
have bean used in place of UOOV av an input data bleck to SDR 1,
becuuse USET would have sensed that UOOV was purged during execu-
tion of DMAP #71 of R,I’, 1 in the event of no OMIT, and would

have relieved SDRL from requiring UOOV as input to SDRL,
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APPENDIX C

DMAP ALTER TO R,F,1 TFOR PCST-~TRANSIENT DATA RECOVERY

This appendix supplements the description of STATIC DATA

RECOVERY PHASE TV,

first, followed by explanations according to statement number.

1.

11.
12.
13.
14,
15.
16.
17.

ALTER
INPUTT1
INPUTTL
INPUTT1
INPUTTL
MPYAD

PARAM
EQUIV
CHKPNT
SDR2

SAVE

orp

SAVE
oUTPUTZ,
QUTPUTZ
OUTPUTZ,
ENDALTER

The Phase IV DMAP ALTER statements are given

39, 155

/., /C,N,-1/C,N,3 §
/INFLx*xx%,,,,/C,N,0,/C,N,3 §
/vy, /G N, -1/C,N,4 $
/FLIT#U,,,,/C,N,0/C,N,4 $

INFLxxx, FLIT#U,/TRANxxx/C,N,)/C,N,1/

C,N,0/C,N,L $
//C,N,MPY/V,N,ALWAYS/C,N,-1/C,N,L $
TRANxxx, UGV/ALWAYS $

UGY $§

CASECC, CSTM, MPT, DIT, EQEXIN, SIL,
GPTY, EDT, BGPDT,,,UGV, EST,,/,,OUGVL
OES1l, OEFl, PUGVL/C,N,STATICS/
V,N,NOSORT2=-1 §

NOSORTZ2 $

OUGVL,,,OEFl, OESL, //V,N, CARDNO §
CARDNO $

ves,//C,N,-1/C,N,11 §
OES1,,,,//C,N,0/C,N,11 &
vhss//CN,-9/C,N, 11 8
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1. The operations that are needed in this step are
fetching of restart data, forming of basic time varying dis-
placement matrix, exercising of SDR2 and OFP, plotting of
deforme. responses, and outputting of stress data to the
post-processor. Call statements for SDR2Z and GFP in stan-
dar! form process more than is needed here, hence their input
and output data blocks are destined to be rewritten conse-
quently everything from before matrix generators to just before
structure plots can be by-passed. Hence, the ALTER controcl
causes a jump from statement 39 to statement 155,

2,3,4, and 5. Influence coefficient matrix [[NFLxxx is
read in from disc file via INP3. Transienl response FLIT#U
is read in from disc file via INP4.

6. The matrix multiply operation [INFLxxx] x [FLIT#U]
= [TRANxxx] gives the Basic Substructure time varying
response TRANxxx, )

7,8, and 9, A control parameter ALWAYS is assigned the
value -1 to make the succeeding EQUIV operation “take' so that
the Basic Substructure time varying response TRAN¥xxX is
equivalenced to the static solution matrix UGV. Then UGV is
checkpointed.

10 and 11. Basic Substructure time varying displace-
ments, element forces and element stresses arz recovered
according to the specifications stated in Case CTontrol. The
output parameter NOSORT2 is saved.

12 and 13. The displacements, forces, and strasses from

SIR2 are formatted for printing. The output parameter CAUDNO
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is saved,

14, 15 and 16. The table of stresses OES1 are output
to a FORTRAN file and stored on a disc with dataset name
STRSxxx. This is now in a form that the post processor

scan program can access it,

PAGK 15 -
, IGTNAL v,
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APPENDIX D

MMTX TRAILER CHANGE AND MATRIX
TRANSFER FROM SOF TO EXTERNAL

This appendix supplements the description of TRANSIENT SOL-
UTION STRATEGY. The DMAP listing is given first, followed by an
image of the partitioning vector, then the explanations according
to statement number.

1.  BEGIN § |

2.  SOFI /X1,mM1,,,/C,N,+1/C,N,MFLT/C,N,KMTX/C N ,MMTX §

3.  MERGE M1,,,,BLNKVEC,/SQRSYM/C,N,2/C,N,1/C,N,6 § |

4.  PARAM //C,N,ADD/V,N,TRALR/C,N,0/C,N,-1 §

5.  EQUIV SQRSYM,M2/TRALR §

6.  SOFUT //C,N,+1/C,N,MFLT/C,N,EDIT/C,N,2/V ,N,ZXX/V N, ZXX/
C,N,DUMPARAM/V,N,ZXX/V,N, ZXX/V N, ZXX/V, N ZXX/
V,N,ZXX §

7. Sprp - ,M2,,,,//C,N,+1/C,N,MFLT/C,N,MMTX §

8.  SOFUT //C,N,+1/C,N,TOC/C,N,SOFP/C,N,0/V,N,ZXX/V N, ZXX/
C,N,DUMPARAM/V N, ZXX/V N, 2XX/V,N, ZXX/V N, ZXX/
V,N,ZXX §

9. OUTPUT1, :s,s//C,Ns'l/C;N,O $
10. OUTPUTL  X1,M2,,,//C,N,0/C,N,0 §
11. END $

DMI BLNKVEC O 2 1 1 916 1 +PART
DMI BLNKVEC 1 1

2. The utility SOFI brings information form the SOF into the
current execution. The name of the P/S is MFLT and the two data
blocks belonging to MFLT, KMTX and MMTX are being requested and
being given temporary temporary data set names K1 and Ml respec-
tively.
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3. A merge operation of the mass matrix Ml with a null matrix is
performed by using a 916th order null partitioning vector. The
partitioning vector is <asy to specify as shown on the example DMI
card, Ablank entry is given feor the first row of the first col-
umn and implied blanks for all others. The output matrix is named
SQRSYM. The 32d parameter states that the trailer of the cutput
matrix is to be symmetric.

4,5. A parameter is defined for use in the EQUIV statement so

that the output mass matrix can conform to the substructuring for-
mnat for naming.

6,7,8. SOFUT is used to purge the old MFLT square mass matrix Ml
from the SOF. SOF0O is used to output the summetric mass matrix

M2 from the current execution to the SOF record of P/S MFLT,.

SOFUT is used to get a listing of the SOF table of contents to
verify that the mass matrix was read onto the SOF,

9,10. The utility OUTPUT1 reads K1 § M2 onto the NASTRAN file
INPT.
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APPENDIX E

PMATP MODIFICATIONS TO DIRECT TRANSIENTS

This appendix supplements the description of DIRECT

T ANALYSIS Solution Strategy. The Rigid Format 9 DMAP

ALTER statements are given first, followed by explanations

according to statement number.

328

1.
2 r

9.
10.

11.

12,
13,
14,
15,
16.
17.
18.
19.
20.

ALTER
FILE

ALTER
ALTER
PARAM
ALTER
COND
ALTER 67
INPUTTL
INPUTT1
EQUIV
.ALTER
PURGE
ALTER
JUMP
ALTER
PURGE
ADD
CHKPNT
ALTER

2,2
KGGX = TAPE/KGG = TAPE/UDVT = APPEND/
TOL=APPEND §
30,30
33,33
//C,N,ADD/V N /NOBGG=-1/C,N-1/C,N,0 §
34
LBL1, NOSIMP §

/vy, /C,-1/C N, 0 &
/KL1,ML,,,/C,N,0/C,H,0 §
K1, KGG/NOBGG/M1, MGG/NOBGG $
102

MAA/MOKGEX $

110

LBL5 §

113

K4AA/NOKGGX §
KAA,/K4AA/&,N,(0.03, 0.0}
K4AA 5

139



21'

22.

23.

24.

25,

26.

27,

28,

29,

30,

31.

32.

33.

34.

35.

PARAM
ALTER
EQUIV
EQUIV
ALTER

PARTN

QUTPUTL
OUTPUT1

SDR2

SDR3
CHKPNT
OrP
SAVE

EXIT

ENDALTER

//C,N,ADD/V,N,NOSIMP/C,N,1/C,N,0 $

163,163

PPT, PDT/NOSET $

PDT, PD/PFDEPDO $

167

uDvr, USTRIP,/,,FLITOU,/C,N,7/C,N,1/C,N,2/C,N,2/
C,N,2/C,N,2 §

y99://CN,=1/C,N,4 §

FLITOU,,,,//C,N,0/C,N,4 §

CASEXX, CSTM, MPT, DIT, EQDYN, SILD,,, BGDT, TOL,,,
£sT,, PPT/OPP1,,,, C,N,TRANRESP $
OPP1,,,,,/0PP2,,,,, $

oPP2 §

OPP2,,,,,//V,N, CARDNO #

CARDNO §

$

Statement Explanations:

1,2.

The TOL (TRANSIENT OUTPUT LIST) must be enabled to that it can be

appended for any continuation of integration. Initially, when there is no

restart, the TOL need not be appended, kut for all subsequent restarts it

needs to be appended, so it is enabled here to be ready for all runs. Instead

of inserting a separate APPEND statement, it becomes more concise to add the

APPEND to the existing FILE statement. Consequently, the existing file state-~

ment was removed and put back with the added APPEND statement.
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4.5 Subsequently it is desired to Incorporate a structural
damping matrix and no other kind of dambing, but to equip the
code via a DMAP ALTER and not through a matrix generator mwodule.
Ordinarily the EMG module would sense the absence of viscous
damping and automatically set the parameter NOBGG to negative
one so that the viscous damping matrix, BGG, would not be
generated., But in this solution path EMG will be bypassed by the
conditional jump of statement 7 (because stiffness and mass
matrices are input via statements 9, 10, 11). Something must be
done aboult parameter NOBGG so the O0SCAR can do a proper job in
providing sterage space for input data blocks, NOBGG must be
preset to ~1, so the parameter entry C,N,1L must be changed to
C,N,~1. The original PARAM statement must be replaced by this
rovised statement therefore the ALTER 33,33 was used.

3 thru 7. All matrix data is being read in from disc and
no matrix generator will be called upon. The compiler recognizes
this and sets NOSIMP to -1 during execution of TAL, This is all
very well but if the sequence of operations were left uﬁchanged
NOSIMP would cause the conditional jump of statement 30 to engage
statement #62 next and would completely bypass the PARAM state-
ment #33 in spite of all the modifications discussed above.
Consequently, the conditional jump based on NOSIMP was taken out
¢ ¢+ sition 30 with the ALTER 30,30, and restored ziter the PARAM
executes in position 33 and needs to have a wvalue of +1 later on.

8 thru 11. Stiffness and mass matrices frow Fnase IT need
to be introduced into the DMAP stream after the matriy operators

and before the matrix partitioners implying after stezcement #6.5,

330



SMA3, and before statement #75, GSPS. Here, ALTER 67 brings it
in just before GP4.

The matrices on file FLILKM from Phase II can be internally
subscripted to any variety of numbers from K1, Ml to K9, M9 and
higher depending on the execution order of commands in Phase IT.
In anticipation of this, statements 10 and 11 use subscript
one followed by equivalences to KGG and MGG which will always
"take" because pavameter NOBGG was preset to -1, If K & M are
written out with other than subscript one, the acting wvalues
should be written into statements 10 and 11,

12 and 13. If there were OMIT's the SFA (Segment File
Allocator) could not provide for MAA, because it was purged
back in statement #28. This purge at #28 took place in this
instance, because NOSIMP is negative as explained above. In
order to equip SFA to provide for SMP2, MAA has to be unpurged
Lefore statement #103 when SMP2 goes into operation; therefore
the unpurge is introduced at #102 with the control parameter
NOKGGX which was set equal to 4+l at statement #31.

14 and 15. It is the intention to provide for the damping
matrix K4AA by a DMAP ALTER subsequently, besides which K4FTF
does not exist to act as an input data block for SMP2Z; thereflore
SMP2 and CHKPNT are jumped around.

16, 17, 18 and 19. MNow the damping will be ganzrzted.

The output data block name will be K4AA, But =nis <7z3 purged
along with MAA a2t statement #28 so it also has z: =& unpurged;
again the choice of control parameter is NOKGGX  Iracially
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uniform structural damping is proportional to stiffness so a simple
scalar multiply will sexrve. The ADD statement performs

aA + B = c¢. If B=0, then C=aA. The coefficient o on A is a
complex number, demanding that the real and imaginary parts be
suvpplied. In this instance, the real part is 0.03 and tha
imaginary part is 0.0.

20 and 21. KDEK2 is a parameter which indicates to module
GKAD whether or not matrices KAA and MAA are present according
to its value of +1 or -1. Its value is computed in statement
#1140 by a logilcal AND operation on the values of NEGENL ard
NOSIMP from their most recent update according to the VPS table,
Unless something is changed at this point NOGENL and NOSIMP
are both = ~1 so their AND result =-1and KEDKZ will be negative,
This negative value would indicate that KAA and MAA do not exist,
but they do exist, because matrices were read in without benefit
of gencral elements or from element matrix generators. A non-
negative value reflects the condition of these matrices. By
changing NOSIMP to -+1, the computed value of KDEK2? is -+1, satis-
fying the non-negative requirement.

23 and 24. BEQUIV statement #163 has a bug in it. To
correct this bug, the two EQUIV statements are written in place
of the defective statement,

26, 27, and 28, These statements provide for stripping
velocity and acceleration vectors from the UDVT matriz. The
partitioning vector USTRIP is supplied by the analyst via DMI

card data. The dis7 acement vectors in UDVT occur in columns

1, 4,7, ....., the last output displacement. The 1a5t output
- th
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displacemont: is calculated Lo be:

160 the number of inteprationy x3 / the number of vec-
Lime steps selected on tors per time step 3 vectors
the T STEP card uyu,u +3{ fox the \
-~ : - zeroeth
8 (the output: interval ) time step /
sclected on the T STEP card

ez lﬁgﬁﬁ +3 = 63. This value Is put in field 8 of the DMI

card indicating that the DML vector for controlling the colunns
partitioning will have 63 rows. The matrix of disrlacement
veclors will be named TLIT #U, where # indicates che restart
nunber starting with the zeroeth,

29 thwru 35, The call to SBR2 allowr the modules to respond
to the Case Control Card OLOAD. Modules are Limited to the input
and output data bl ks necessary to process only the loads.

ixit. after QFp because no plots are vequested.
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