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NEW ENHANCEMENTS IN APRIL 85 NASTRAN RELEASE

by Gordon C. Chan
Sperry Systems Management Group
Huntsville, Alabama

INTRODUCTION

Several new features have been added to COSMIC NASTRAN, along with
some enhancements to improve or update existing capabilities. Most or
the new features and enhancements were not developed by COSMIC; they
have baen provided by industry users to be incorporated irto NASTRAN
for wider use. The major new features and enhancements are discussed
here.

NEW FEATURES
1. DIAG 48

DIAG 48 has been added to provide a synopsis of the significant
developments in the past NASTRAN releases (April 83, April 84, and
April 85) and to provide an index listirg of all Diagnostic Output
Messages and Operation Requests (DOMOR). The synopsis provides a
timely cosmunication between COSMIC NASTRAN and its users, and keeps
the latter better informed. The synopsis also indicates references
where additional materiesls can be found. The diagnostic index 1listing
gives users complete, accurate, and up-to-dcte information aboutr .-~
Diagnostic Requests currently available. The DOMOR is also listed in
the Users' Manual, but the manual is infrequently updated. Therefore,
if there 138 any discrepancy between the two sources, the listing from
DIAG 48 should be used.

DIAG 48 will be updated in each future NASTRAN release.

2. VOLUME AND SURFACE COMPUTATION OF THE 2-D AND 3-D ELEMENTS

The volumes and the surface areas of the 2-dimensional and 3-
dimensional elements can bte requested for output by the PARAM card, as
follows:

PARAM VOLUME m
PARAM SURFACE n

where m and n are scale factors, greater than zero. The calculations
are actually done in “he Element Matrix Generation (EMG) modu e, with
the results tabulated and printed before the termination of the module.



In the April 85 NASTRAN release, the EMC module has been expanded to
include one more output data block such that the element ID's volumes,
surface areas and associated grid points amd their coordinates can be
saved. This new output data block can be a GINO written file, to be
used internally within the NASTRAN system, or a FORTRAN binary file,
intended for external use. The contents of this output data block, the
choice of GINO or FORTRAN file, and the definitions of the surface
areas are presented in Appendix A, pages 2.4-222 and 2.4.222b.

3. NOLINS INPUT CARD

A rew non-linear load, NOLINS5, has been added to the family of
NOLINi bulkdata cards. The first four (NOLIN1 through NOLINY4) are
applications of the non-linear loads as functions of the displacement,
and they are described in the User's manual. The new NOLINS card
offers non-linear load as a function of both displacement and velocity;
thus allowing wider application of the non-lipbear load including
damping. See Appendix A, pages 2.4~ 205a and 2.4~ 205b, for the
formulation and specification of this new load.

4. NASTRAN PLOTOPT=N (where N=2,3,4 or 5)

The undeformed plot of a NASTRAN model is particulary useful in
pre-analysis structure checting. However, im all previous NASTRAN
releases, such a plot can be obtained only if there is no error in the
input deck. A missing material card, for example, which is practically
not needed in plotting, would terminate a NASTRAN run. A new Plot
Option has been added to the NASTRAN card in the April 85 release. The
new NASTRAN PLOTOPT has a default value of zero (N=0) if there is ao
plot tape assigned in a NASTRAN job, or one (N=1), if a plot tape has
been assigned. The other options (N=z2 through 5) can be used for
various error conditions in the Bulk Data and in plot commands as
indicated ir the Appendix A, page 2.1-5,

5. SHRINK~ELEMENT PLOTS

A new Shrink-Element option has been added to the plotting
capability. The user can specify that all elements in a plot are to
"shrink in place” by a given percentage. This option should be very
useful in pre-analysis structure checking, or in graphic presentation
of the structure model. The following diagrams illustrate the use of
Shrink-Element plotting. The model is a simple panel, supposedly made
np of 15 CQUAD1 elements. The plot on the left side ius a NASTRAN
regular plot. The plot on the right side clearly shows a missing
element. The middle plot can be used in model presentation; it gives a
better definition of the connecting elements. The command for Shrin'-
Element plots is included in Appendix A, pages 4.2-25, 4.2-29 througr
h,2-31.
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NASTRAN Regular Shrink-Element plot Shrink-Element Plot
Plot (SHRINK=.90) {Shrink=.35)

6. OUTPUT SCAN

A new output SCAN feature has been added to NASTRAN. This is a
major contribution to the April 85 release, and can significantly
reduce the amount of ouput that an analyst must review. Usirg this
SCAN feature, the user can indicate only the top "n” (and bottor "n")
values, or values above "x" (or below "y") of stresses and/or forces
which are to be printed. The user can also request SCAN on any element
SET, in any SUBCASE, SUBCOM, or in the master set (i.e. above all
subcases). Both SORT?! and SORT2 types of data blocks can be scanned.
Any number of the SCAN cards can be used in a NASTRAN job, and are
placed in the Case Control section of the Bulk Data. A SCAN request in
the Master Set is common to all Subcases. However, unlike the ELSTRESS
or ELFORCE cards, a SCAN request in a Subcase level will not override a
SCAN request in the Maste- Set. The final results are sortec and
printed in a descending order. The description of the SCAN input card
is presented in Appendix A, pages 2.3-41a through 2.3=-41f.

The Output Scan operation is driven by a new SCAN module which has
the following DMAP specification:

SCAN CASECC,OESi,O0EFi/OESFi/C,N,ELEMENT/C,N,COMPONENT/C,N, TOPN/
c,N,MAX/C,N,MIN/C,N,LCS%/C,N,LCS2/C,N,COMPONENTX $

where:
i = 1 (for SORT1 output data blocks), or 2 (SORT2 data),
ELEMENT is an element BCD name,

COMPONENT is a coded word whose bit(s) is set to correspond to the
field number(s) (1 through 31) of the output page whose
values are to be scanned,

TOPN is the number of "top"™ and "bottom™ values to be printed,

MAX ,MIN define a range of values; values outside this range only
are printed,

LCS1,LCS2 are the beginning and ending element ID's to be scanned
(SORT1); or SUBCASE ID's (SORT2),

COMPONENTX is same as COMPONENT, except for field number(s) 32
through 62.



The SCAY module has been incorporated im all NASTRAN rigid
formats. Since the SCAN input card in the Case Control section has
bpeen decoded by the Input File processor (IFP), and all useful
information stored in the CASFCC data block, the DMAP for SCAN in the
rigid formet takes on a simpler form, with most of the parameters not
needed:

SCAN CASECC,OESi,OEFi/0ESFi/C,N,*RF* §

On the other hand, if the SCAN module is called by the user via
DMAP-alter, and no SCAN input card is used in the Bulk Data (therefore
no SCAN data saved in CASECC), the following form should be used for a
"stress-Scan":

SCAN, ,O0ESi,/0ESX/C,N,ELEMENT/C,N,COMPONENT/C,N,TOPN/
c,N,MAX/C,N,MIN/C,N,LSC1/C,N,LSC2/C,N,COMPONENTX $

and for a "force-SCAN":

SCAN, » yOEF1/0EFX/C,N,ELEMENT/C,N,COMPONENT/C,N, TOPN/
Cc,N,MAX/C,N,MIN/C,N,LSC1/C,N,LSC2/C,N,COMPORENTX $§

Normally, the Output File Processor (OFP} shculd be called immediately
to print the scanned data in OESX, or OEFX.

The SCAN module actuaily re-processes the data blocks originally
generated for the OFP - e.g. the stress data block OESi, and force
data bloek OEFi. It is obvious then that SCAN cannot operate on data
which has not been generated. For example, if the stresses for
elements 1 through 100 were requested to be output from an ELSTRESS
card, a SCAN request for elements 107 through 200 would produce zero
values (not a fatal error condition). It is also obvious that there
is a need for a KOPRINT option ir the STRESS and FORCE request cards to
eliminate massive output printing and make SCAN much more useful. See
the NOPRINT option described below for more details.

In a speciel case where the user requests SCAN on the element
stresses, and there is no ELSTRESS (or STRESS) card in the Case Control
deck, the IFP module would automatically generate internally a STRESS
input card with the following arguments:

ELSTRESS (SORT1,NOPRINT,REAL) = ALL
Similary, an ELFORCE card would be generated.

Currently SCAN handles only the stress and force output data
blocks. It is possible in the near future that other output data
blocks, such as displacement, velocity, PSD, etc., might be included in
the Scan Operation.



IMPROVEMEATS

1. NOPRINT OPTION ON STRESS AND FORCE OUTPUT REQUEST CARDS

A new NOPRINT option has been added to the output request PRINT or
PUNCH of tke STRESS (or ELSTRESS) and FORCE {or ELFORCE) cards. This
rew option allows NASTRAN to compute, save data in the output data
block, and not to print (by OFP). This is not the same option as NONE,
which instructs NASTRAN to skip over stress or force computation and
not to write an output data block. The new NOPRINT option is
particularly useful in the SCAN and PLOT operations, where the user can
compute without massive printout all of the elament stresses c¢r forces
and have the results scanned, and/or plotted. See the update pages in
Appendix A, pages 2.3-17 and 2.3-18.

2. AUTOMATED FIND AND NOFIND OPTIONS ON THE PLOT CARD

The April 85 NASTRAN release will provide an automatic FIND for
plot SCALE, ORIGIN, and VANTAGE POINT. Thus, for each PLOT SET n
command, the scale will be determined such that the elements in SET n
will fill the image area of a plot. This automatic option can be
disenabled by the NOFIND keyword on the PLOT commznd. The PLOT NOFIND
will produce an image using the immediately preceding SCALE, ORIGIN,
and VANTAGE POINT. See the update pages in Appendix A, pages 4,2-25,
§.,2~-29 through 4.2-31.

3. IMPROVED FULLY-STRESSED DESIGN

TRIM6, QDMEM1, QDMEM2, and IS2D8 have been added to the element
list that can be included in the fully-stressed design computation and
iteration process.

Praviously, the fully stressed design process altered the element
properties by use of a linear ratio of calculated stress to the
allowable stress. That is, in the case of a BAR or ROD elemcnt, the
cross sectional area was changed to force the applied stress to equal
the allowable stress. This process could yield non-convergent resultis
for a case of pure bending of the QUAD2 element, where the altered
property is the thickness. In tne April 8% release, the program has
been changed to provide more rapid convergence that includes the
situation of equal stresses of opposite sign, on upper and lower
extreme fibers of the plate elements. This improved process is orly
active if the user does not specify a value for the iteration factor
gama on the POPT card.

4, HIGH-LEVEL PLATE ELEMENTS

The thickness calculations of the triangle for the high-level



elements (TRIM6, TRPLT1, and TRSHL) are presented in the Theoretical
Manual, page 5.8-45, equations 16 and 17 and in the Progranmer's
Manual, page 8.24-6, equations 35 and 37. These simple equations were
evaluated incorrectly in the manuals, and the results were repeatedly
used in these high-level element formulations. Equation 28 of the
Theoretical Manual, page 8.24-8 is 21s0 incorrect, where (-b) should be
(b). This may partially explain why these elemeiats never produced good
answers in the past. In addition, the Grid Point Weight-and-Balance
tables verified the fact that the consistent mass matrices of these
high-level elements gave extiremely bad results. These errors have been
corrected in the April 85 release for the calculations in stiffness
matrices, thermal loads, and stress recoveries, and the consistent mass
matrices have been replaced by the lumped ma3s formulation; these high-
level plate elements begin to yield reasonable results., It is hoped
that the consistent mass matrices will be corrected in the near future.

5. EIGENVALUE MESSAGES

The real eigenvalue extraction procedures have been enhanced by
including an automatic matrix topology analysis, and by the addition of
user information messages. During the matirx decompositiZon of the
dynamic matrix, the leading principal minors in the Sturm's sequence
are counted each time the sign changes. This, in turn, indicates the
numbe> of rcots below the cigenvalue shift-point, a property of the
Sturm's sequence. The importance of this information is then translated
into useful messages and provides for a morc complete evaluation of the
eigenvalue results. The messages (#3207, #3308, and #3309) indicate
whether or not the lowest eigenvalue has been found, or if there is a
missing mode in the frequency range the user specified. However,
occationally no conclusive message can De issued due to lack of basie
information during the decomposition process.

The printout of these messages can be suppressed by the use of
DIAG 43.

6. ANSI 77 rORTRAN CODE

All FORTRAN source code of COSMIC NASTRAN has been upgraded to the
ANSI 77 standard. This began with t“-e UNIVAC ASCII version of NASTRAN
in the April 84 release. (The UNIVAC FORTRAN V version is no lonsger
supported.) In this new April 85 releas2, the CDC version of NASTRAN
is upgradesd from FORTRAN 4 to the FORTRAN 5, a subset of ANSI 77
FORTRAN. Previously, the VAX version required many custom changes;
especially in the source code that handles character-word (byte)
manipulation. A set of character-word functions is standardized in the
ANSI 77 source code, such that all four mackines (CDC, IBM, UNIVAC, and
VAX) wiil operate identically. In addition, the labeled commons that
carry the open=-core working space in all ANSI 77 FORT2?AN source code
have been standardized, so that the NASTRAN 15 link.s are similary



structured in all four machines. At present, only a very few routines
remain machine-dependent.

CORCLUSION

The input card descriptices f«~ the new features SCAN, NOLINS,
Shrink-Element Plot, FIND, ind NOFIND, VOLUME, SURFACE are presented in
Appendix A. The pages in this appendix are written in KASTRAK Users’
Marual format, so that they ~an be copied and moved directly into the
users' own manual for future reference. The page numbers at the
bottoms of these pages indicate where they should be inserted in the
NASTRAN Users' Manual as published in September 1983.



APPENDIX A

A Collection of RASTRMY User's
Manual Update Pages



THE NASTRAN CARD

2 (dofeuit) Priat two

coples of the full t'tie page.

Print a one~line commont (which can be mod’fod

by the user by wpdsting subrowtine TTLPGE)
foilowed by the short title items on the seme page.

Read angther cord immsdiately foliguing the NASTRAN

ca‘d. priat Its cortrents an one Iine wmd foliow It
by the short tifle ltems on the sane page.

>4 Do mot pci

at any title page (same as T:TLESPT = 0).

(UNIVAC only) Print & short titie page snd suppress

the alteranete logfile assigament which Is not allioved In

reci-tine

oavironment,

As can be soon, iwhen TITLEIPT = 4 Is specified on the RASTRAM card, the user must swpply

mmather cerd lsmadiately folloning the NASTRAR card to be

read by the program. The user can

thergfire wtilize Mis foature 10 print one-iine Indivicve: comsents (along with the short titie)

for tncividesr! rees.

2.
and error(s) exists 'a Bulhdata. The defomit Is

PLETEPT - defines the action TC be token by NMASTRAW In the case where p'ottings are requested

zero (PLOTOPT = 0) only If there s no plot

tope assigned .n 8 NASTRAN job, or one (PLETEPT = 1) If plot tape has been assigred.

The plot cption (0 throwgh 5} are (isted below:

ASTEPT QEKDATA PALOT QRIS
M=) nC error RO ervor
R, error error

arror err or no err
N=; "o error ro error
no error arne

error err or no err
N=2 err or mo err RO error
orr or no orr error

N=3 orr or RO err err or no err
N=4 no error no error
no error error
arror RO error
er-or error

2.1-5 (4/30/85)

9

NASIRAM ACTION

executes al! links, no plots
stops after |ink! data check
stops sfter (Ink! data check
axecutes all ilnks, and plots
stcps after 1ink! date check
stops after lirk! dats check
stops after wndef. plots In |ink2
stops after linkl date check
attempts to plot; stops In link2
eecutes all links, and plots
attempts to plot; stops in I1nk2
stops after undef. plots In 1ink2
stops after |inx1 data check



NASTRAN DATA DECK

N=S 8O error no error exocutes all |inks, and plots
RO ervor error @wncutes all links, but no plots
error RO error stops ofter wndef. plots In |1nk2

error error stops after |inkl deta check

Exomples
Foliowing are some exmmples of the use of the NASTRAN cord.
Example 1

MASTRAN BUFFSIZE = 900, SYSTEM(2) = 3, OINFIG = 3

mwoncu'dchmmlﬂ.znmdzﬂmmdsoflm. SYSTEN(2) = 3 changes the
system output onlt fram 6 (defsult) to 3.

Exmple 2

MASTRAN SYSTEN(4) = 4, MLINES = &0

th h
The sbove card changes the £ o8rd and 9 words of /SYSTEM/. SYSTEW(4) = 4 chenges the
system Inpat unit fr-+ 5 (defoult) 10 4. This meons that all subsequent laput dats sust be preseant
on vnit 4.

Exeapla 3
NASTRAN TITLEEFT = -1, FILES = (UNF,NPTP)

The sbove cerd requests a short titie page and estabilshes the UNF and NPTP flies
as executive flles.

Exsmpie &
NASTRAN SYSTEM(14) = 30000, SYSTEM(79) = 16384

The sbove card changes the 147 &nd 79™ words In /SYSTEN/. SYSTEM(14) = 30000
changes the maximum mmber of output |ines from 20000 (default) to 30000. (See the
description of the NAXLINES cord In Section 2.3) SYTEM(79) = 16384 turns on DIAG 15 thereby
requesting the tracing of GING PPEN/CLOSE operations. (See the description of the DIAG card
in Section 2.2.)

2.1-6 (4/30/85)

10



THE NASTRAN CARD

NAS RAN BAMDTPCH = 1, BANDTRUN = 1

The above card requests the punchir® of the new SEQGP cards wnconditionally
generated by th. BANDIT procedure and the subsequent fermination of the NASTRAN Job.

Exmmple 6

NASTRAN BANDIT = -1

The sbove card requests the unconcltional skipping of the BANDIT operations.

2.1-7 (04/30/85)

11



NASTRAN DATA DECK

REFERENCE

1. Everstine, G.C., SANDIT liser's Guica, OOSMIC Program No. DOD-GO033, May 1978,

2.1-8 (04/30/85)

12



CASE CONTROL DECK

Case Contro! Data Card ELFPRCE - Element Force Output Request
Description: Requests form and type of element force output.
Format and Example(s):

SBRTI  PRINT  REAL ALL
ELFBRCE (M.M,M)=’n
NPPRINT ~ PHASE NENE

ELFERCE = ALL

ELFPRCE(REAL, PUNCH, PRINT) = 17
ELFBRCE = 25

ELFBRCE(SPRT2, NPPRINT) = ALL

Option Meaning
SPRT1 Outnut will be presented as a tabular listing of elements for each 1oad,

frequency, eigenvalue, or time, depending on the rigid format. SPRT1 is not
available in Transient problems (where the default is SPRT2).

SPRT2 Outpyt will be presented as a tabular listing of load, frequency, or time for
each element type. SPRT2 is available only in Static Analysis, Transient and
Frequency Response problems.

PRINT The printer will be the output media.

PUNCH The card punch wiil be the output media.

NPPRINT FORCE output will not be printed nor punched.

REAL or Requests real and imaginary output on Complex Eigenvalue or Frequency Response

IMAS problems.

PHASE Requests magnitude and phase (0.0° s phase < 360.0°) on Complex Eigenvalue or
Frequency Response problems.

ALL Forces for all elements will be output.

NENE Forces for no elements will be output.

n Set identa1fication of a previously appearing SET card. Only forces of elements

g&)lose identifi:ation numbers appear on this SET card «ill be output {Integer >

Remarks: 1. Both PRINT and PUNCH may be requested.
2. An output request for ALL in Transient and Frequency response problems generally
produces large amounts of printout. An alternative to this would be to define a SET
of interest,

3. In Static Analysis or Frequency Response problems, any request for SPRT2 output
causes a1l output to be SPRT2.

4. FPRCE s an alternate form and is entirely equivalent to ELFPRCE.
5. ELFPRCE = NPNE allows overriding an overall request.
6. In heat transfer analysis, ELFPRCE output consists of heat flow through and out of

the elements.

2.3-17 (04/30/85)

13



NASTRAN DATA DECK

Case Control Data Card ELSTRESS - Element Stress Output Request

Description: Requests form and type of element stress output.

format and Example(s):

ELSTRESS

ELSTRESS =
ELSTRESS =

SPRT1 PRINT REAL AL
A RN

) m n
NOPRINT PHASE NPN

ELSTRESS(SRTI, PRINT, PUNCH, PHASE) = 15
ELSTRESS(SBRT2, NPPRINT, REAL) = ALL

Option Meaning

SPBRT1 Output will be presented as a tabular listing of elements for each load,
frequency, eigenvalue, or time, depending on the rigid format. SPRT1 is not
available in Transient problems (where the default is SPRT2).

SPRT2 Qutput will be presented as a tabular listing of load, frequency, or time for
each element type. SPRTZ is available oniy in Static Aralysis, Transient and
Frejuency Response problems.

PRINT The printer will be the output media.

PUNCH The card punch will be the output media.

NOPRINT STRESS cutput will not be printed nor punched.

REAL or Requests real and imaginary output on Complex £igenvalue or Frequency Response

IMAG problems.

OHASE Requests magnitude and phase (0.0° s phase < 360.0°) en Complex Eigenvalue or
Frequency Response problems.

ALL Stresses for all elements will be output.

n Set identification of a previously appearing SET card (Integer > 0). Only
stresses for elements whose identification numbers appear on this SET card will
be output.

NENE Stresses for no elements will be output.

Remarks: 1. Both PRINT and PUNCH may be reguested.

2. An output request for ALL in Transient and Frequency response problems generally
produces large amounts of printout. An alternative to this would be to define a 3ET

of interest.

3. In Static Analysis or Frequency Responsz problems, any request for SPRTZ output

causes all output to be SPRTZ,

4., STRESS is an alternate form and is entircely equivalent to ELSTRESS.

5. ELSTRESS = N@ME allows overridirg an overall reguest.

(Ccntinned)

2.3-18 (04/30/85)

14



6.

CASE CONTROL DECK

ELSTRESS (Cont.)

If element stresses in materia® coordinate system are desired (only for TRIAL,
TRIA2, QUAD] and QUADZ elements and cnly in Rigid Format 1), the parameter STRESS
(see the description of the PARAM bulk data card in Section 2.4.2) should be set %o
be a positive integer. If, in addition to element stresses in material coordinate
system, stresses at the connected grid points are also desired, tie parameter STRESS
should be set to 0.

2.3-18a {04/30/85)

15



NASTRAN DATA DECK

Case Control Deta Card SCAN - Output Scan Request.

Dascription: Scer output data and eliminate vaiues that do not meet the specification set by this

SCAN cerd.
format acd Exmuplels):
STRESS
topn
SCAN ( FORCE » element, conponenf) = [, SET I]
HELP max,min
PN-L INE
SCAN (STRESS, CBAR, AXIAL) = 10
SCAN (STRESS, BAR, AXIAL, SA-MAX; = 15, SET 102
SCAN (FRCE, RED, 2, 3) =317
SCAN (FSRCE, 3, CRED, 2) = +2000., -1500., SET 102
SCAN (RD, SHEAR, FBRCE, TURQUE) = 5000., 400.
SCAN (HELP)
Qption Maaning
STRESS Request scan on Stress file, of SPRT1 or SERT2 format. (BCD).
FORCE Request scan on Force flle, of SBRT1 or SPRT2 format. (BCD).
element Any NASTRAN element nams, with or without the leading letter "C™,
cuaponent One or more components speclifled by keywords, or by numeric codes. The numeric codes
are the fleld numbers on the heading of the output page, whose values are to be
scanned. (Each element has itc own page heading.) See Remark 11 for the keywords and
thelr corresponding fleld numbers. (BCD(s) or Integer(s) > 0).
topn The hignest n values, and the [owest n vajues, found by SCAN In the fleld(s) specifled
by component are printed out; e.g., top n tension and top n compression stresses.
(Integer > 0).
max,min Values exceeding max, and below min, In the fleld(s) speclfied by component are
printed out. (Real).
SET 1 Element set iden’ification of a previously sppearing SET card. Only forces or

stresses of elements whose Identific=+!on numbers sppear on thls SET card wili be
scanned for output (integer > 0).

(Contlnued)

2.3-41a (04/30/85)
16



HELP

2.

3.

5.

6.

7.

9.

CASE CONTROL DECK

SCAN (Cont.)
A table of the component keywords and their corresponding fleld numbers will be
printed imrsdlately before the Bulk Dats echo, and job contirues.

Request SCAN operation to be run on-line under resi-time enviromment.

Multiple SCAMN cards can be requested In a NASTRAN run. They do not override one
anotter.

A SCIN card specifies only one element type; an element type can have mcre than one
SCAN card.

More than one component fleld can be requested In a SCAN card. However, these flelds
wil| be scanned together as a group.

SCAN sorts and prints the scanned values In descending order. All fleids of the same
output line are printed.

If the component keyword Is misspelied, a |Ist of the valld names and thelr
corresponding flelds will be printed autamatically. Job will be fiagged for fatal
error termination,

Some component keywords Imply multi-field scan; e.g., "AXIALY may Imply axlal forces
for grid points 1, 2, 3, etc.

Component numeric code specifies field numbers 1 through 62 only.

Normal ly SCAN wil! scan only data aiready generated for the Output Flle Processor
(OFP). That Is, SCAN cannot scan data that have not been created. However, if no
ELSTRESS (or STRESS) card is speclfled before a stress SCAN card, a STRESS card Is
generated Internally In the following form:

STRESS (SPRT1, NGPRINT, REAL) = ALL
Forces are handled similarly.

The Lebe!l 1ine (after TITLE and SUBTITLE) is |imited to 36 characters. The rest of
the llne Is replaced by SCAN header.

When the @N-LINE option Is requested, all other Input parameters are not needed on the
SCAN card. These parameters will be prompted on the CRT screen by the computer system
when the SCAN module Is executed.

(Continued)
2.3-41b (04/30/85)
17



NASTRAN DATA DECK
SCAN {Cont.)

11, The component keywords for stress and force, and their corresponding output tleld
numbers, are |lsted below:

FORCE/STRESS  KEYWORD COMPONENT (OUTPUT ¢IELD NO.)

ROD, TUBE, CONROD
STRESS AXIAL

STRESS TORS IORAL 4
STRESS MARG IN 3, 5
FORCE AXIAL

FORCE TORQUE 3

SHEAR, TWIST

STRESS MAX-SHR 2
STRESS MARG IN 4
STRESS AVG 3
STRESS MAX 2
FORCE FORCE~1 2
FORCE FORCE-2 3
FORCE MOMENT-1 2
FORCE MOMENT-2 3

TRIAT, TRIA2, QUAD1, QUADZ, TRBSC, TRPLT, QOPLT

STRESS NORM=-X 3, "
STRESS NORM-Y 4, 12
STRESS SHEAR-XY 5, 13
STRESS MAJOR 7, 15
STRESS MINOR 8, 16
STRESS MAX~SHR 9, 17
FORCE MOMENT-X 2
FORCE MOMENT-Y 3
FORCE SHEAR-X 5
FORCE SHEAR-Y 6

TRMEM, QDMEM, QDMEM1, QDMEM2
STRESS NORM=X
STRESS NORM-Y
STRESS SHEAR=-XY
STRESS MAJOR
STRESS MINOR
STRESS MAX-SHR

M ~N O E NN

(Contlinued)
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CASE CONTROL DECK

SCAN (Cort.)

EORCE/STRESS  KEYNORD COMPONENT {(QUTPUT FIELD NO.)
ELAS1, ELASZ, ELAS3, 152D8
STRESS  OCT-SHR 2
FORCE CIRCUM 2
FORCE FORCE~1 4 9
FORCE FORCE~2 3, 6
FORCE FORCE-3 5, 8
FORCE FORCE-4 2, 1
BAR, ELBOW
STRESS  SA-MAX 7, 8
STRESS  SB-MAX 14, 15
STRESS  MARGIN 9, 16
STRESS  AXIAL 6
FORCE AXIAL 8
FORCE TORQUE 9
FORCE SHEAR 5, 6
FORCE MOMENT-A 2,
FORCE MOMENT-B 4,
CONEAX
STRESS  NORM-U 4, 22
STRESS  NORM-V 5, 23
STRESS  SHEAR-UV 6, 24
STRESS  MAJOR 8, 26
STRESS  MINOR 9, 27
STRESS  MAX-SHR 10, 28
FORCE MOMENT=U 3
FORCE MOMENT-V 4
FORCE SHEAR=XY 6
FORCE SHEAR-YZ 7
TRIARG
STRESS  RADIAL 2
STRESS  CIRCUM 3
STRESS  AXIAL 4
STRESS  SHEAR 5
FORCE RADIAL 2, 5 8
FORCE CIRCUM 3, 6, 9
FORCE AXIAL 4, 7,10

(Continued)
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NASTRAN DATA DECK

AN (Cont.)

FORCE/STRESS  KEYNORD COMPONENT (OUTPUT FIELD NO,)

TRAPRG
STRESS  RADIAL 2, 6, 10, 14 ... 22
STRESS  CIRCUM 3, 7, 13,15 ...23
STRESS  AXIAL 4, 8,12, 16 ... 24
STRESS  SHEAR 5, 9,13, i7 ... 25
STRESS  SHR-FORC 6, 10, 14, 18 ... 26
FORCE RADIAL 2, 5, 8, "
FORCE CIRCUM 3, 6, 9,12
FORCE AXIAL 4, 7,10, 13

TORDRG
STRESS  MEM-T 2, 1,12
STRESS  MEM-C 3, 8, 13
STRESS  FLEX-T 4, 9, 14
STRESS  FLEX-C 5, 1¢, 15
STRESS  SHR~FORC 6, 11, 16
FORCE RADIAL 2, 8
FORCF CIRCUM 3, s
FORCE AXIAL 4, 10
FORCE MOMENT 5, 11
FORCE CURY 7, 13

[HEX1, IHEX2
STRESS  NORM-X 3, 22, 41, €0 ... ETC,
STRESS  SHEAR-XY 4, 23, 42, 61 ... ETC,
STRESS  PRINC-1 5, 24, 43, 62 ... ETC.
STRESS  MEAN 9, 28, 47, 66 ... ETC.
STRESS  NORM-Y 11, 30, 49 68 ... ETC.
STRESS  SHEAR-YZ 12, 31, 50, 69 ... ETC.
STR.SS  PRINC-2 13, 31, 49, 67 ... ETC.
STRESS  NORM-Z 17, 36, 55, 74 ... €TC.
STRESS  SHEAR-2X 18, 37, 56, 75 ... ETC.
STRESS  ESTRESS 19, 38, 57, 76 ... ETC.

(Continued)
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CASE CONTROL DECK

SCAN (Cont.)
FORCE/STRESS KEYWORD COMPONENT (OUTPUT FIELD MO.)
THEX3
STRESS NORM-X 3, 23, 43, 63 ... 683
STRESS SHEAR=-XY 4, 24, 44, 64 ... 64
STRESS PRINC-1 5, 25, 45, 65 ... 645
STRESS MEAN 9, 29, 49, €9 ... 649
STRESS NORM-Y 12, 32, 52, 712 ... 652
STRESS SHEAR-YZ 13, 33, 53, 73 ... 653
STRESS PRINC-2 14, 34, 54, 74 ... 654
STRESS NORM~Z 1€, 38, 58, 78 ... 658
¢ ESS SHEAR-ZX 19, 39, 59, 79 ... 659
STRESS ESTRESS 20, 40, 60, 80 ... 660
TRIAAX, TRAPAX
STRESS RADIAL 3, 11, 19
STRESS AXIAL 4, 12, 20
STRESS CIRCUM 5, 13, 21
STRESS MEN-C 6, 14, 22
STRESS FLEX-T 7, 5, 23
STRESS FLEX-C 8, 16, 24
FORCE RIDIAL 3, 7, 11
FORCE CIRCUM 4, 2,12
FORCE AXIAL 5, 9,13

Use output fisid numbers(s) to specify componeit{s) for eiements or keywords not
Iisted above. See sections 2.3.51 and 2.3.52 of the NASTRAN Procrammer’s Manual
for additlonal element stress and force component definltions,
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NASTRAN DATA DECK
Inpu. Data Card NPLINS - Nonlinear Transient Response Dynamic Load

Description: Defines nonlinear transient forcing functions of the form.
Pi(t) = STy | &t &), ifass
Pi(t) S Tx;(x)) | xj(t)’ x;(t), ifCz10

Format and Example:

1 2 3 4 5 6 7 8 9 10

pouivs | sio 6l c s 5 c T

pouvs | a1 3 4 2.1 2 1 6

Field Contents

SID Nonlinear load set identification n:mber (Integer > 0)

6l Grid or scalar or extra point identification number at which ncnlinear load is
to be appiied (Integer > 0)

Ct Component nuber if GI is a grid point (0 < Integer 5 6); blank or zero if 6l
is a scalar or extra pcint

) Scale factor (Real)

GJ 6rid or scalar or extra point identification number (Integer > 0)

CJ Component number f GJ is a grid point (0 < Integer s 6; Y1 s Integer s 16);

blank or zero or 10 if G! is a scaiar or extra point (See Remark 4 below)
T Identification number of a TABLEDi card (Integer > 0}

Remarks: 1. Nonlinear loads must be selected in the Case Control Deck (NGNLINEAR=SID) to be used
by NASTRAN.

o
.

Noniinear loads may not be referenced on a DLPAD card.

3. A1l coordinates referenced on NPLINS cards must be members of the solution set.
This means the Yo set for mcdal formulation and the Ug = Y < Uy set for

direct formuylation.

4. The permissible values for the component number CJ are giver in the following table:

. CJ Grid point Scalar or extra point

X, O X

J J

Displacement (xj) 1 s Integer 5 6 0 or blank

Velocity (ij) 11 s Integer s 16 10
(Continued)
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BULK DATA DECK
NLINS (Cont.)
Note that velocity components are represented by integers ten greater than the
corresponding dicplacement components.
Velocity (ij) is determined from the relation
R 5 e B
i ¢ .
J' At
where At is the time incresment and x5t and x jut-19re the displacements at
time t and at the previous time step respectively,
Since the forcing functions Pi(t) is a product of TABLEDi, disglacement, velocity

and tne scale factor S, any zero value of these quantities will make Pi(t) equal

to zerv. (his condition may occur when initial displacement or velecity are zeros,

and no other Toad applied tc the structure
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SULK DATA DECK

PA- M (Comt.)

an. SIRESS - optiomal in static amalysls (rigld format 1). This permmeter conirols

the trasstormation of element stresses 10 the meteria! coordingiv system {(only
for TRIA1, TRIA2, QUAD! end QUADZ elements). If It s a positive Integer, the
stresses for thess elements are fransformed to the msterial coordinste system.
1t It Is zero, stresses at the commacted grid poln*s sre also computed In addi-
tion to the element stresses in the seteris! coordingte system. A negetive inte~
ger valws results In no framstormation of the stresses. The defauit vaiuve is -1.

SIRAIM - optiomal °n static smalysis (riglid format 1). Tnis perameter controls
the fraasformstion of element stralns/curvatures to the saterial! ooordinate
system (only for TRIAI, TRIAZ, QUAD! and QUADZ elements). If It Is a positive
Integer, the stralns/curvatures for these clwments sre fransformed to the material
coordinate system. If It Is 2or0, stralns/cervatures at the connected grid points
are also compuied In addition 10 the element stralns/curvatures In the materisl!
wordinate system. A negative Integer value resuits ir no transformation of the
stralas/curvatures. The defauit value Is -1.

MINPIS - optional In static analysls (rigid format 1), A positiva integer value
of this parameter specifles the number >f closest [ndependent polnts to be used
!a the !nierpolation for computing stresses or strains/curvetures at grid polats
{only for TRIA1, TRIA2, QUAD1 and QUADZ elements). A negative Integer vaiue or
0 specifles that all Indepundent polnts are 1o be used In the Interpolation. The
doiauit value Is O.

YULINE ~ optional In all rigid tormats. The volume computations for the 2-D and 3-D
elements are activated by this parameter when they are genersted in ENG. The results
are suitipiied by the real value of this parameter. if the 7th output date block of
the ENG module were specified (via DMAP-alter), the element [D's, voliumes, serface
sreas (see (8q) below), SIL, and grid polnt coordinates would be saved In the data
block, a GINO written file. If the 7th output dats binck were ons of the INP|
(121,2,3,...,9,T) files, the some element dutu would be saved, In a FORTRAN binsry
written flie. The fo!lowing table summarizes the data being saved.

BECORD  MORDS — CQONTENTS

0 1,2 Header record, begins with GINO BCD name
3-34 Title, BCD
35-66 Sub-titie, BCD
67-98 Labe!, BCD
99-101 Date, BCD

{Continued)
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aq.

NASTRAN DATA DECX

EARAM (Cont.)

1 1,2
2
3
4
5
44N
44N+
4+042,3 .4
2
LAST

Eremont name of the first e!ement, BCO

Element D, Integer

Yolume (multipiled by scale tactor r!, or zero, reat
(M0, of surfaces)®?!U0 + (No. of grid points), (7teger f
Surface area of firs* surface real

Surface area of N-th surfacs, real

SIL of the first grid point, Integer

x,Y,2 coordinates of the first grid polint, real

Repeat last 4 sords for othee grid points

A record sialiar to record 1 ‘or the second element.

Last record for the last element.

The traller of the output data block has the foliowing Informstion:
Mor3d 1 = LAST (No. of records written, header excluded).
Words 2 thmu § contaln no usefu] information.

SRFAE - optional in all rigld formats, The computations of the externai surface
aress for the 2-D anc 3-D elements are activated by this parameter when they are
gencrated in EMG. The resuits sre multiplled by the real value of this parameter.
See (ap) for the cese where the surface areas sre to be saved In an cupst file.
The surface areas of the 3-0 elements are (¢sfinad below:

SURFACE AREA NO. CORNER GRID POINTS USED

Brick (8 or more grid points):

D W o W N -

1,8,C,D H 6
1,8,F,E E
8,C,6,F

C,D,H,6

D,1,E,H 1 8
&,F,6,H

s

A Y

Wedge (6 grid polints):

W e W N -

1,8,C

1,8,E,D )} %
B,C,F,E .
c,1,0,F 1 4 3
0,E,F

(Continued)
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BULK DATA DECK

PARAM (Cont.)

Tetrahedron (4 grid points):

a W N -

2,4-222b {04/30/85)
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STRUCTURE PLOTTING

Structure Plot Data Card PLAT - Plot Generation

Description: Specifies ali plot parameters so as to cause plots to be generated for the selected
plotter.

Format:
STATIC
MBOAL
PLOT CMPOAL
FREQUENCY
TRANSIENT

DEFORMAT IGN ranGe 1, 72)] [( Prase Las o
VELSCITY [cmoun] [n, i2 THRU i3, etc.] ravGt a1, a2l [ o
KCCELERATION TIME 1, t2

[MAXINUM DEFBRMATION d],

[SET j1]{PRIGIN k1] 3 ANTISYMMETRY

SHAPE

VECTRR v
SHArC, VECTIR v
PUTL INE

HIDDEN

SHRINK s

GRID PPINTS
SYMMETRY PEN ELEMENTS
v [doexsitr(] P [SY!BILS w[, n]] LABEL Jep
|EPID

’ [NDFIND] .

{SET j2J[BRIGIN k2] .... etc.

Option
1. STATIC

MJOAL
CMPDAL
FREQUENCY
TRANSIENT

2. DEFPRMATION
VELBCITY

ACCELERATI@N

W

CONTRUR

Meaning

Plot static deformations in Rigid Formats 1, 2, 4, 5, 6 and 14; Heat Rigid
Formats 1 and 3; Aero Rigid Format 11.

Plot mc:e shapes in Rigid Formats 3, 5, 13 and 15.
Piot mode shapes in Aero Rigid Format 10.

l.

Plot frequency deformations - . Rigid Formats 8 and 11 and Aeroc Rigid Format 11.

Plot transient deformations in Rigid Formats 9 and 12, Heat Rigid Format 9;
Aero Rigid Format 11,

Nonzero integers{i) foilowing refer to subcases that are to be plotted.
Default is all subcases. See SHAPE ana VECTOR for use of "C" cosmand,

Nonzero integers{i) following refer to subcases that are to be plotted.
Default is all subcases.

Nonzero integers(i) following refer to subcases that are to be plotted.
Default is all subcases.

Refers to stress or displacement contour lines and values. If deformed plots
are requested, then the contours will be drawn on the deformed shape. If an
underlay is requested (via "0 in the subcase string), the contours will be
drawn on the undeformed shape.

(Continuved)
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16. PUTLINE

17. HIDDEN

18, SHRINK s

19. NSFIND

Remarks : 1.

Examples:

STRUCTURE PLOTTING

PLAT (Cont.)
RXY or RXZ or RYZ - requesting vector sum of iwo components
R - requesting total vector deformation

N - used with any of the above ccmbinatians to request no
underlay shape be drawn.

A1l plots requesting the VCCTPR option shall have an underlay generated of the
undeformed shape using the same sets, PEN 1 or DENSITY 1, and symbol 2 (if
SBMS is specified). If SHAPE and VECTAR are specified, the underlay will
¢~ -nd on whether "0" is used with DEFRRHATI@N. It will be the deformed shape
whe: not uced and will be both deformed and undeformed shapes when it is used.
The part of the vactor at the grid point will be the tail when the underlay is
undeformed and the head wnen it is deformed. If the "K" parameter is used with
VECTPR, no shape will be drawn but other options such as SYMBALS will still be
valid.

Connecting lines between grid points that 1ie on the boundary of the structural
model will be plotted. The outline will reflect the deformed shape unless "0
is included in the subcase string. The PUTLINE option will be ignored if the
CONTRUR option is not also requested.

Provides a hidden image piot of the elements in the plot set. The HIDDEN
option will be ignored if the CONTBUR option is also requested. The LABEL
option should not be used with the HIDDENK option.

The real value (s) is the factor used to shrink or reduce elements within
connecting grid points. The value s is limited to 0.1 to 1.0 with a default
value of 0.75,

Disenables the automatic FIND for this plot. That is, the SET defined for the
present plot will be drawn using the SCALE, VANTAGE PRINT and SRIGIN from the
previous PL@T cosmand.

The plot card is required to generate plots. Each logical card will cause one
picture to be generated for each subcase, mode or time step requested, using the
current parameter values.

If only the word PLPT appears on the card, a picture of the undefcrmed structure
will be prepared using the first defined set and the first defined origin.

If no FIND card is given after the previous PL@T card, the specified set on the PLPT
card is used to perform an Automatic Find operation.

Following are some examples illustrating the use of the 2L@T card:

1. PLOT

Undeformed SHAPE using first defined SET, first defined @RIGIN and PEN 1 (or DENSITY
1).

2. PLPT SET 3 PRIGIN 4 PEN 2 SHAPE SYMBPLS 3 LABEL

Undeformed SHAPE using SET 3, @RIGIN 4, PEN 2 (or DENSITY 2) with each grid point of
the set having & + placed at its location, and its identification number printed
adjacent to it.

(Continued)
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PLOTTING

PLET (Cont.)
PLOT MPCAL DEFPRMATION 5 SHAPE

Modal deformations as defined in subcase 5 using first defined SET, first defined
PRIGIN, and PEN 1 {or DENSITY 1). Subcases must have previously been defined in the
Case Control Deck viz the use of MBDES cards, otherwise all modes will be in an
assumed subcase 1.

PLST STATIC DEF@RMATI@N O, 3 THRU 5, 8 PEN 4, SHAPE

Static deformations as defined in subcases 3, 4, 5 and 8, deformed SHAPE; drawn with
PEN 4, using first defined SET and PRIGIN, underlayed with undeformed SHAPE drawn
with PEN 1. This command will cause four plots to be generated.

PLAT STATIC DEFPRMATIEN O THRU S,

SET 2 PRIGIN 3 PEN 3 SHAPE,

SET 2 RIGIN 4 PEN 4 VECTBRS XYZ SYMBALS 6,
SET 35 SHAPE

Deformations as defined in subcases 1, 2, 3, 4 and 5, undeformed underlay with PEN
1, consisting of SET 2 at PRIGIN 3, SET 2 at @RIGIN 4 (with an * placed at each grid
point location), and SET 35 at PRIGIN 4. Deflected data as follows: SHAPE using
SET 2 at PRIGIN 3 (PEN 3) and SET 35 at PRIGIN 4 (PEN 4); 3 VECTERS (X, Y and Z)
drawn at each grid point of SET 2 at PRIGIN 4 (PEN 4) (less any excluded grid
points), with O placed at the end cf each vector.

PLBT STATIC DEFPRMATI@NS O, 3, 4,

SET 1 PRIGIN 2 DENSITY 3 SHAPE,

SET 1 SYMMETRY Z SHAPE,

SET 2 PRIGIN 3 SHAPE,

SET 2 SYMMETRY Z SHAPE
Static deformations as defined in subcases 3 and 4, both halves of a problem solved
by symmetry using the X-Y principal plane as the plane of symmetry. SET 1 at PRIGIN
2 and SET 2 a* PRIGIN 3, with the deformed shape plotted using DENSITY 3 ard the
undeformed structure plotted using DENSITY 1. The deformations of the "opposite®

half will be plotted to correspond to symmetric loading., This command will cause
two plots to be generated.

PLAT TRANSIENT DEFPRMATIPN 1, TIME 0.1, 0.2, MAXIMUM DEFPRMATIPN 2.0, SET 1, PRIGIN 1, PEN 2,
SYMBALS 2, VECTAR R
Transient deformations as defined in subcase 1 for time = 0.1 to time = 0.2, using
SET 1 at PRIGIN 1. The undeformed shape using PEN or DENSITY 1 with an * at each
grid point location will be drawn as an underlay for the resultant deformation

vectors using PEN or DENSITY 2 with an * typed at the end of each vector d-awn. In
addition, a plotted value of dmax/Z.O (where dmax is the value specified on the

MAXIMUM DEFPRMATI@N card) will be used for the single maximum deformation occurring
on any of the dlots produced. All other deformations on all other plots will be
scaled relative to this single maximum deformation. This command will cause a plot
to be generated for each outnut time step which 1ies between 0.1 and 0.2.

(Continued)

4.2-30 (04/30/85)

29



9.

10.

11.

STRUCTURE PLOTTING

PLAT (Cont.)
PLAT CMEDAL DEFPRMATION PHASE LAG 90., SET 1 VECTER R
The imaginary part of the complex mode shape will be plotted for SET 1.
PLPT CPNTHUR 2
PLOT CPNTBUR 2 PUTLINE
CANTPUR MINPRIN
PLAT STATIC DEFRMATI@N CONTBUR 1 PUTLINE

The first PLAT card will cause Major Principal Stress contours to be plotted on the
undeformed shape of the complete model and the second PLPT card will cause the
outline of the model to be plotted due to the defaults associated with the CONTBUR
card. Contour stress plots of the Minor Principal Stress will be plotted on the
outline of the deformed shape by the third PLAT card.

FuPT SET 10 SHRINK .85

The urdeformed shape of the elements defined by SET 10 will be drawn, with elewent
sizes reduced to 85 percent of the scaled size. Grid locations will be
attomatically scaled to fill the image area.

SET 10 = &L

SET 20 = 1C0 THRU 200
FIND SCALE ORIGIN 1 SET 10
PLOT SET 10

PLAT SET 20 N@FIND

PLET SET 20

There will be 3 frames of the undeformed structure plotted. The first will display
the entire structure, scaled to fill the image area. The second frame will display

elements 100 thru 200, using the scale for the previous plot. The third frame will
display elements 100 thru 200, scaled to fill the image area.
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