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FOREWORD

This volume contains the User Documentation for the NASTRAN
3-D Analysis and the companion MESHGEN Data Generator Program.
Each major section contains the da2scriptions of the input data as

well as many examples of using the programs.
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6.0 NASTRAN 3-D HYDROELASTIC ANALYSIS USER MANUAL

6.1 INTRODUCTION

The three-dimensional hydroelasticity capability installed in NASTRAN
allows the solution of problems involving interacting, arbitrarily-shaped
structures and fluids. The pro_ram is intended for the vibration analysis
of fluid-filled tanks in an acceleration field where the fluid motions
interact with the structure displacements. Both free surface sloshing modes
and higher frequency coupled modes may be obtained from the analysis.

The method used to formulate the fluid/structure equations is described
in the updates to the NASTRAN Theoretical Manual., The basis for defining the
fli.id are three-dimensional finite elements connected to fluid grid poiats
defining the Eulerian pressure at a point fixed in space. The use of a

pressure single degree of freedom at each point rather than three displace-

cnr b et o et s e M ]

ments allows a finer mesh of elements with a reasonable matrix order.

In the formulation of the fluid/structure system the interior fluid
degrees of freedom are transformed and removed from the solution matrices.
The eigenvalues of the combination are extracted from small, fully dense,
symmetric mass and stiffness matrices, efficiently processed with the "Givens"
method. The solution matrices are defined only by the free surface displace-
ments and the reduced structure coordinates.

All NASTRAN modeling options are available for the definition of the
structure. All existing options for NASTRAN Executive Control and Case
Control data for normal modes analysis are also available for the hydro-
elastic problems. In addition to the normal NASTRAN data, a hydroelastic

problem requires the addition of a finite element fluid model, the specifica-

A L gt 2w

Ty

tion of its boundaries, and the addition of special control data. The set-up
of the hydroelastic NASTRAN data decks is illustrated in the examples at the

end of this document.

A
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For hydroelastic analysis the fluid is modeled with three-dimensional

finite elements having shapes defined by tetrahedra (FTETRA), wedge (FWEDGE)

and hexagonal (FHEX1l or FHEX2) volumes. The fluid is assumed to be locally

incompressible and non-visious with small motions relative to the overall free

body displacements of the system. The following options are provided for
defining the fluid boundary conditions.
1. The default boundary is a rigid wall.
2. Pure free surfaces are defined with single point constraints.
3. Free surfaces with gravity effects are specified with CFFREE data
cards.
4. Fluid/structure boundaries are defined by CFLSTR data cards.
Several alternate paths are available for the execution of the problem

and formulation of the solution equations. These are:

1. Direct versus Modal Structure Formulation

In the "direct" formulation the solution matrices are defined by the
structure degrees of freedom (after constrained and omitted points are
removed) plus one degree of freedom for each free surface point defined on
CFFREE data. The alternate "modal" formulation calculates the modes of the
empty structure and uses the generalized displacements of these modes with

the free surface degrees of freedom in the solution matrix formulation.

Although the modal formulation requires the additional cost of another eigen-

value extraction process, the combination system matrices will be smaller.

This method is recommended for problems where several different fluid models

are used with the same structure model. The structure modes need only be
calculated once. Different fluid models may be analyzed using the NASTRAN

restart procedure to recover the structure mode data.

6-2

e e T A i SR o NGNS



ot

R I

[ S PE )

.-t

LT K

s wemd @ GENS BEEE ey owme  Seaed Geed Guesd P Aeed e Gaed O aas) GeEd IR N O BER OO

2. Compressibility Optiouns

Two methods are provided for defining the compressible fluid effects.
The overall compressibility of the enclosed volume may be specified as a
parametric number which, in effect, provides a stiffness factor applied to
the total volume change. The alternate method produces zero volume change
by automatically constraining one degree of freedom in the system. The

latter method iu not allowed in the model formulation option.

3. Differential Stiffness Effects (Ullage Pressure)

An option has been provided for including the effects of ullage pressure
on the structure stiffness. These additional stiffness terms are calculated
in a separate structure-only Rigid Format 4 analy is with pressures defined
by static loads. The differential stiffness is transferred to the hydro-
elastic problem with the NASTRAN checkpoint/restart procedure and is con-

trolled by two parameters, DISTIF and DIFSCALE.

In the following sections the actual NASTRAN input is described. The
section on the Executive Control deck describes the overall system control
and the available parametric data. The section on Case Control describes
the control of optional input cases and output requests. The Bulk Data
section describes the detailed formats for each new bulk data card. The
final section illustrates through several examples the actual contents of

the NASTRAN decks for the many optional paths through the program.
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6.2 HYDROELASTIC EXECUTIVE CONTROL DECK

The hydroelastic Executive Control deck is simililar to that for the
existing normal modes analysis, Rigid Format 3. When running the hydro-
elastic analyses, the user must insert one of the special DMAP ALTER packages
into his Executive Control deck. These alter cards are delivered with the
modified NASTRAN system.

Two special DIAG's have been added for the hydroelastic analysis.

DIAG 23 - Prints a list of degrees of freedom including fluid point
definitions. For each point, an indication is made
identifying the sets to which it belongs.

DIAG 24 - Prints the contents of selected displacement sets. For
each set, a list of all degrees of freedom belonging tc the
set is given.

These two DIAG's produce similar output to DIAG's 21 and 22 except the

following hydroelastic sets are included or modified:

Ux = Structure point
Uy = Fluid point
i

Ug, = Free surface point '
Uz = Ux + Ufr ‘
Uab = a bits (structure only)
U, = Interior fluid points

= 1
Ua Usp + Vg !

Hydroelastic DMAP Alters

Two sets of DMAP alters to kigid Format 3, Figure 1 and 2, are provided
to perform the three-dimensional hydroelastic analysis. These alters will

obtain the hydroelastic solution with either direct or modal formulation,

6-4



. | ALTER 1,1
' XDMAP COsERR=2 $
BEGIN, _ HYDROELASTIC ANALYSIS - DIRECT FORMULATION t

i l ALTER 2T T
P COMPOFF NEWMsNEWMODE s

: e ALIER. ____62 R — i e e —
; ' FLBMEG GEGM2sECTsBGPOT»sSILIMPT sGEOM3»CSTMIUSETSEQEXIN/USETF » '
L USETSsAF,OKGG/SsMNsNOGRAV/SsNSNOFREE/SHNSTILT §

o ___CHKPNT_ _USETFsUSETS,AF,DKGE S
VEC USETF/PY1/xGx/xXn/uYx $
CHKPNT PVl s .
PARTN _KGGsPVIs/KXX9 s 3sKYY §
PARTH MGG sPV1Ia/MXXsss 3
PARTHM RGsPV1s/PRsess/1 S
EQulyv RXsRG $
CHAPMT RG €

hlld‘ oy by Sy

PARTN AFsPV1s/325AXYAYY 8
COND LBL69SNOERAV §
PARTM DKGGsPV1s/DKXXsss DKYY S
COND LBL6OsMNOFREE $
VEC USETF/PV2/%Yx/xFRx/2COMP2 3
CHKP MT PVv2 s
- PARTHM AYYssPV2/AFRY>559/0 S
PARTN OKYYsPV2s/DKFRFRsss $
. LABES LBL69

: CHKPNY AFRY»AXYsKYYsDKXXsDKFRFR
! SWITCH USETsUSETSS/ $

i CHKPNT USET,USETS ¢
COMPOFF MNOSTRUCSCLDSTR
1 COMPON 2sDIFSTIFE 3

J PARAMR — //xCOMPLEX%//V,Ys DIFSCALE=1.0/0.0/DIFSCAL7/7/ s
ADD KXX%sKOGE/KEG/ /DIF SCAL §
COMPIFF 1,DIFSTIF §
EOUTIV KXXsK6G 5 )

) EQUIV MXXsME6 &
CHKPNY K66 sMGE &

ALTER 85
LABEL NOSTRUC =
PURGF DKAA/NOGRAY S

1 COND LBL735MNDERAV S
) EQUIV DKXXsDXNM/MPCF1 S
CHKPNT DKNN 3
COND LBL7T5 3 CFZs
MCEZ USETIGHsDKXXs 93 /DKNNs»s S

CHKPNT DKNM 3

e e emvimm e e s ¢ S

LABEL T LBL7T 3

EQUIV ~ DKNNsDKFF/SINGLE S
CHKP¥MT DKFF s o ) ‘* T -
COND LBL725SINGLE S

I SCE1 USETsDKENsss/DKFF 3999 3
CHKPNT DKFF s
LABEL LeL72 s

K EQUlY DKFFsDKAAZOMIT S

|_~~~ _ COND  lBLYZOMITS o
SMP2 USET»GO>DKFF/DKAA S oo T e T
LABEL LBL73 8

l ___ CHKPMT  DKAA S o e

FIGURE 1. DIRECT FORMULATION DMAP ALTERS
' - . - - - - - - - 6_5 A - —— s e - ¢ — e .
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AXY sAFRYsKYYsDKAASDKFRF RoKAASMAA sGNsGOSUSETSUSETF 20/ KHAT S

GFSMP
“MAT»GIA »sHC/NOGRAV/NOF REE/VsYsKCOMP/VsYsCO*FTYP,FORH=-1 $
o CHKPNT  KHATHMMATLGIASHC 8 _
1 EQUIV KMATsKAAZ/MMATIMAA T T otTmr o T s e e
[ 8 SWITCH USETLUSETF// 3
e __CHKPMT  USETsUSETFsKAAsMAAS =~~~
i ALTEF 95 T T TT s T T T
LABEL NEWM s
ALTER 108,709
COND NOCOMPCOMPTYP S T -
{ MPYAD HCsPHIAS/PHIAC/0/%/0 $
. EQUIV PHIAC,PRIA $
A LABEL NOCOMP s T "
s é MPYAD GIAsFHIAS/PHILI/0/1/0G $
»  Eouly PHITsPHYY/NOFREE s
CHKPNT  PHIY s -
{ COND LBL75sNCFREE s
& VEC USET/PY3/#A%/ xCOMPx/%FR» $
PARTN PHIAs PVZ/PHIABsPHIFRs,/0 S
EOUlLY PHIABSPPIA S
! MERGE PHIFRsPH1I,55sPV2/PHIY/0 $
LABEL LBL7S s
F e " SWITCH USETLUSETF// S
i CHKPMT  USETsUSFTF s N
v SDR1 USET»sFHIA» 955 6G0sGMssKFS ss/PHIX550X71/%RETG*
) CHKPNT  PHIX,0X 5
i ALTER 119,119 L !
o- MERGF PHIXsPHLEYs33sPVIi/PRIG/O % i
MERGE 0X»33235P¥1/06/0 S .
r CHKPNY  QGsPHIG 3 L ,
! SpR2 CASECC T STMsMPTsDITsEOEXINSSiLsssBGPDP,LAMASDG,PRIGSESTS7 5 1.
00G1s0PHIG,OESTSs0EF1sPPHIG/ ®REIG*//TILT ¢ ‘
. ENDALTER
k]
™~ »
- CF SiNatL PAGE :
i OF Foo: Is
. FOOR QuaLITy
]

el pm e demed Aeeed

FIGURE 1. DIRECT FORMULATION DMAP ALTERS (Cont'd)
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ALTEP 121
XDMAP GOsERR=? §
) BEGIN HYDROELASTIC ANALYSIS - MODAL FORMULATION
ALTER 2 T T
COMPGFF MNEW1sNEWMODE s
__ _ALTER___ 62 o
FLBMG  GEOM2sECTsBGPDTsSILsMPT»6EON3,CSTMsUSETSFOEXIN/USETF,
USETSsAF»DKG6/SsNINOGRAV/SsNsNOFREE/SsNSTILT s
& __ _CHKPNT __ USETFsUSFTS»AFsDKG6 &
VEC USETF/PVI/ %GR /%Xn/uY® 3 -7 T e
CHKPNT  PV1 S
PARTM  KGGsPV1s/KXXsssKYY §
PARTN MGG<PV1s/MXX2ss S T oo ) T
PARTN™ RGCsPV1s/PX355/71 8
EQU IV RXsRE &
T T CHKPMT  FG T T T T mr n T T T
PARTN AFsPV1s/9sAXY2AYY 3
L COND LEL69NOSRAV S
PARTN  [LKGCGsPV1s/DKXXsssDKYY § T T T e
COND LBLA6SSNOFREE s
VEC USETF/PV2/xY®/XFRa/#COMPx 3
T CHKPNT PV2 § T T
PARTH AYY s»PV2/AFRY 355/0 S
__PARTM  DKYYsPVZs/DKFRFRsss S
LABEL  LBL&O § T T T T T e
CHAPET  KYYsDKXXsDKFRFRsAXYSAFRY $
LABEL NEWT S
“oPD DINAMICSsGPLISILSUSET/GPLD»STLDsUSEYD 5555 9EEDSEQDYN/ —— 777
LUSET/LUSETD/NOTFL/NODL T/NOGPSOL/NOFRL /NONLFT/NOTRL/SsNsNOEED/
/NOUE s
COND T"ERKORZMDEED § T T T T T e e
CHKPNT EED s
COMPOFF NEW2,NEWMODE s
_" SUITCH - USETSUSFETS// 5 o T T - T
CHKPNT  USETSUSETS s
PARAM //*MPY®/CARDNO/0/0 S
- COMPNFF NOSTRUCHCLDSTR S ' T T
COMP O 2;DIFSTIF §
PARAMP //»COMPLEX%//V_ YsDIFSCALE=10/00/DIFSCAL/// S
ADD ¥XX sKD66/K6G//DIFSCAL s T T Tt
COMPOFF 1sDIFSTIF s
EQULY KXXsKGE §
TTTTTTTTTEQULY O MXXS MGG S Tt T
CHLPNT  KGGsMGE 3
PLTER 96599 -
CASE CASECC»/CASE1/#REIGEN®R/ SsNsREPT/S,NsLOLP 3 T T
____CHXPNT  CASE1 s o o A
T ALTER 1045104 ' - - - T e
ALTEPR 1105119
MERGF PHIGs>329sPV1/PHIGS/0 $
MERGE N6s955sPV1/0G6GS/0 s
SDR 2 CASE1,CSTMsMPTsDITSEQOEX INsSILsssBGPDTsLAMASCCSsPHICSSESTss/s
006Ss0PHIGS» s OEFSsPPHIGS/NKEIGK $
____ OFP _ OPHICSsNOGSs0EFSs 59//Ss NsCARDNO S )
LABEL NOSTRUC ¥ Tt
PURGF DKAB/NOERAV $
COND LBL 735NCERAY S

FIGURE 2. ‘ODAL FORMULATION DMAP ALTERS
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l EOULV DKXXs OKNN/MPCF1 S
CHKPMT OKNN S
COND  LBL71,M%CF2 S
l MCE2 USET»GM > UKXX»25/DKNNsss» & T I
CHKPNT  DKNM §
_ LABEL _ LBL71 S

EQUIV DKNNsOKFE/SINGLE §
CHKPNT DAFF s
__coMD  LBL72,SINGLE S
SCE1 USETsDKMNsss/DKFF 55555 S T, T T
I CHKPMT  OKFF S .
e _LaBEL  LBL7Z2 S
EQUIV C.FFsDKAM/OMIT S T T
' ] COND LBL73,0RIT §
) SMP2  USET,GOsDKFF/DKAA S
LABEL LBL72 3 ; .
CHKPNT  DKAA S
I GFSMA AXYsAFRY sKYYsDKAAsDKFRF R332 95 USETFsPHIASPHIGSLAMAY
KMATsMNATsGIHIPVL s/NOGRAV/NOFREE/V,YsKCD"2 7V Y5 CONPTYPZ
e FORMB1/S»Y>LYO0DES S

CHKPMT  KMAT,MMAT,GIHJFVL S

SUITCH USET,USETF// s

CHKPNT USET,USETF ¢

LABEL MEW2 S . -

< CASE ~ CASECC»/CASEZ/¥RETGEN®7 SsNsREPT/SsNsLOLP S
CHKPKT  CASE2 3
] PARAM J/WMPYXINEIGV/1/-1 8
T T UTREAD T T T KMRTIHMNAT,SSEEDSUSETCA SE2ZZLANATPHIHGNH, OE IGH/ R HODESR/

S)NSNEIBY
CHKPNT  LAMATSPHIHIMHS>OEIGH §
TTTTOFP T T LAMATLO0STGHs» 20 /SHNSCARONYO S T -
COND FINIS,NEIGY S
MPYAD  GIHsPHIH,/PHI1/0/1/0 S
ENULY - PHIHsPHIZ/NOFREE s
EQUIY PHITsPHIY/NOFREE s
L CONO  LBL7SsMNOFREE S
B PARTN PHIHssPYL/PHIZsPHLFR»s/0 s - . T
MERGF PHIFRsPHI1595sPV2/PHIY/D $
. LaBEL __ LBL7S 5
COND ALLNNDES,SLMODES
TRAILER PHIG//%STORE®/1/V,YsLMODES $
TRAILER 0G//%STORE®/1/VsYsLMODES $

T LABEL T ALLMODES s

l MPYAD  PHIG,PHIZ»/PHIX/0/1/0 $
_MPYAD  QGsPHIZ»/0X/0/1/0 s

TCHKPPT T PHIXLCEX S T "“ “‘ -
',_"m__. PLTTRAN BGPDTsSIL/BGPDP,SIP/VsNJLUSET/VsN,LUSEP 3

MERG® PHIX:PH}Y::’;PV1/PHIGT/O s CoTTTTT o

MERGE 0X592530Y1/C6T/0° & - T i -——— =

CHKPNT  PHIGT,0RT,BGPOP,SIP S :
l SOR?2 CASE2sCSTMIMPTsDITLEQEX INsSIL>5ssBGPDP sLAMAY s0GT sPHIGTSESTss/»

00G1,0PHIG,0FEST1,0EF1,PPHIG/HREIG®//TILT 3

l ENDALTER
l FIGURE 2. MODAL FORMULATION DMAP ALTERS (Cont'd)
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of solution. These parameters are used to: (1) control the optional compu-

tation paths, (2) specify numerical factors to be used in the formulation,

Several optional parameters may be specified by the user for each type

and (3) allow blocks of DMAP code to be turned "off" for restart from a

previous checkpoint run.

These parameters are entered in the Bulk Data deck using the PARAM card

in addition to those already provided for Rigid Format 3.

Direct Formulation Parameters:

1.

COMPTYP - optional - default = -1

Controls the type of compressibility calculations performed. A negative
integer will cause a finite compressibility as defined by the KC@MP para-
meter. A positive integer will cause a constriint equation to be generated
to provide pure incompressibility.

KCPMP - optional - default = 1.0

Value defines the overall compressibility of the fluid volume. The
definition is fluid bulk modulus divided by total volume.

DIFSTIF - optional default = 1

A negative integer value causes the differential stiffness matrix to

be included for ullage pressure effects. This matrix is availaple from
the checkpoint tape cf a Rigid Format 4 solution run of the structure
wudel.

DIFSCALE - optional - default = 1.0

The differential stiffness matrix may be multiplied by the real value

p—

of this parameter.
NEWAPDE - optional - default =1
A negative integer will cause all UMAP statements and alters up to the

eigenvalue extraction to be skipped. Tais allows the ucer to restart

6-9
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the original solution to obtain dif ~ rent eigenvectors without changing
the DMAP alter deck.

6. PLDSTR - optional - default =1
A negative value will cause most structure~related processing to be
skipped. This allows the user to restart a previous solution, either
hydro or structure only, and change the fluid model without recomputing

the unchanged structure.

Modal Formulation Parameters:
1. KCPMP - optionmal - default = 1.0
(same as direct formulation parameter)
2. DIFSTIF - optional -~ default =1
(same as direct formulation parameter)
3. DIFSCALE - optional - default = 1.0
(same as direct formulation parameter)
4. NL M@PDE - optional - default =1
(same as direct formulation parameter)
5. @LDSTR - optional - default =1
(same as direct formulation parameter)
6. LMPDES - optional - default = -1
This integer value specifies the number of the lowest structure modes
to be used when formulating the hydroelastic matrices. A negative value

indicates all available modes are to be used.

6-10
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6.3 HYDROELASTIC CASE CONTROL DECK

The Case Contreol data for normal modes analysils, Rigid Format 3, is not
mudiiied for direct hydroelastic solutions. For modal formulation, the data
is similar except that two sets of subcases must be provided. The first set
must select the EIGR card, METHOD= , to be used in eigenvalue extraction for
the structure-only model. Several subcases may be used to define output
requests for different vectors with the MJDES card. A second set of subcases
is also needed to define the eigenvalue extraction and output request of the
combined fluid/structure model. If the NEWM@DE or @LDSTR parameter is used
with modal formulation, only the second set of subcases,used for the complete
model, is required. Several sample Case Control decks used for each formula-

tion are shown below.

Direct Formulation:

TITLE =

SPC = 10 )
METH@D = 50

DISP = ALL

Modal Formulation:

TITLE =

SPC = 10

SUBCASE 1
LABEL = M@DES @F EMPTY STRVCTURE
METH@D = 10
DISP = N¢NE

SUBCASE 2
LABEL = MODES WITH FLUID INCLUDED
METHOD = 20
DISP = ALL

6-11
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Modal Formulation with Selective Qutput Requests:

TITLE =

SPC = 10

SUBCASE 1
LABEL - STRUCTURE M@DES 1 & 2
METHOD = 10
DISP = ALL
M@DES = 2

SUBCASE 3
LABEL - STRUCTURE M@DES 3 & 4
DISP = N@NE

SUBCASE 5
LABEL - FLUID/STRUCTURE M@DES 1-3
METH@D = 20
DISP = ALL
M@DES = 3

SUBCASE 8
LABEL - FLUID/STRUCTURE M@DE 4
DISP = N@NE

In this example the eigenvectorsg for only the first two structure modes

and the first three combined modes will be printed.

Hydroelastic Qutput Countrol

The structure printout and plotting Case Control requests are used to
control both the fluid and structure outputs. The following data is
available:

1. Structure-related daca such as displacements, forces, and stresses

are processed with normal NASTRAN control.

2. Fluid internal pressures atve output by including their grid point

identification numbers in the DISP = output request. If the fluid
point is on a free surface defined by CFREE data, the actual free

surface displacements will be printed.

6-12




R 4 ‘.'a'éﬁﬁlﬂm;x
R T

EITIPTI P

e’ Gued Sus Gy S W% SEN N

2
7

o

el el el el emd e e

L i S A e g S AR K T e ey YRS | T

Both structure and fluid elements may be plotted as undeformed shapes.
The interior fluid point degrees of freedom are actually pressures
and should not be plotted as deformod shapes.

The deformed shape of the free surface may be plotted using the
"SHAPE" or "VECTPR" plot options. It is recommended that PL@TEL
elements be used to define the free surface. If the fluid elements
CFHEX1, CFHEX2, etc. were used in the requested plot set, all of
their boundaries are plotted and result in a confused plot. An option
is available in the mesh generator program, MESHGEN, to automatically
generate the free surface PLPTEL data.

The use of modes parameter to control output requests is described

under the Case Cont:sol section.

6-13

- ey v



Nyprosssmcd

6.4  HYDROELASTIC BULK DATA

The new Bulk Data cards used for three=dimensional hydroelastic modes
analysis are described on the following pages. These cards are used to define
the fluid and fluid/structure interface. The tank walls and supporting struc-
ture are defined with NASTRAN structure elements. The actual tank walls must
be defined by two~dimensional membrane, panel, or plate elements.

In addition to the new data cards, the following NASTRAN data cards are

used for special hydroelastic purposes:

1. GRID cards are used to define the fluid points. Fluid grid points
contain only one degree of freedom and may not be connected to the
structure elements.

2. GRAV cards are used to define the magnitude and direction of the
gravity field. The set identification numbers are referenced by
the fluid boundary data cards.

3. SPC and SPCl data cards may be used to define constraints on the
fluid grid points. These constraints are used to d- fine regions of
zero pressure in the fluid, such as a free surface without gravity
effects or an anti~-symmetric boundary condition on a plane of sym-
metry. Only degree-of~freedom number 1 may be specified for a

fluid grid point.

6-14
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BULK DATA DECK

Input Data Card CFFREE Free Fluid Surface

Description:
in a hydroelastic analysis.

Defines those fluid elements composing the free fluid surface

Format and Example:

— N\ — N
1 7 2 3 4 5 6 7 8 9 10
CFFREE| EIDF |GRAVID| FACE EIDF |GRAVID| FACE
CFFREE{ 100 100 3 101 100 4
Field Contents
EIDF Fluid element identification number (Integer > 0)
(see Remark 1)
GRAVID Identification number of a GRAV gravity vector set
(Integer > 0)
FACE Identification number of the face of the fluid element, EIDF,
forming the free surface (0 < Integer < 6) (see Remark 2)
Remarks:" 1. Allowable fluid element types are CFHEX1, CFHEX2, CFTETRA,
CFWEDGE.
2. The numbering conventions for solid faces are defined in the

fluid element connection Bulk Data description. i
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BULK DATA DECK

Input Data Card CFHEXL Fluid Hexahedral Element Connection

Description:

Defines two types of fluid hexahedral elements (three-

dimensional solid with 8 vertices and 6 quadrilateral faces) to be used in
hydroelastic analysis,

Format and Example:

1 2 3 4 5 6 7 8 9 10
CFHEX1| EID MID Gl G2 G3 G4 G5 Gé6 abe
CFHEX2| 15 100 1 2 3 4 5 6 ABC
+be G7 G8
+BC 7 8

Field Contents

CFHEX1i CFHEX1 or CFHEX2 (see Remark 4)

EID Element identification number (Integer > 0)

MID Material identification number (Integer > 0)

Gl,...,G8 Grid point identification numbers of connection points

Remarks: 1.

(Integer > 0, G1 # G2 # ... # G8)

Element identification numbers must be unique with respect
to all other element identification numbers.

The numbering and order of the grid points and faces, required
for specifying free fluid surfaces, are defined in the figure
above.

The quadrilateral faces must be nearly planar.

CFHEX1 is developed by 5 tetrahedra, CFHEX2 by 10 overlapping
tetrahedra.

Material ID must reference a MAT4 Bulk Data card.
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BULK DATA DECK

Input Data Card CFLSTR Fluid/Structure Interface

Defines fluid/structure interfaces for the hydroelastic

Format and Examples:

1 2 3 4 5 6 7 8 9 10

CFLSTR| EIDF |GRAVID| EIDS1 | EIDS2 | EIDS3 | EIDS4 | EIDS5 | EIDS6 jabe

CFLSTR| 100 10 1 2 11 12 21 22 |ABC

+be EIDS7 | EIDS8 ~—+etc, +—- def

+BC 31 32
T
7
il Alternate Form
i CFLSTR| EIDF {GRAVID| EID1 |"THRU"| EID2

CFLSTR| 200 100 101 THRU 106
¢

Field Contents
E‘ EIDF Fluid elements identification number (Integer > 0)
(see Remark 3)
™ GRAVID Ideatification number of a GRAV gravity vector set
i (Integer > 0)
EIDS1,. .. Structural element identification number (Integer > 0)
I Remarks: 1. As many continuation cards as desired may appear when "THRU"
5 is not used.
a 2. All element ID's between EID1 and EID2 must exist when using
"THRU" optionm.

) 3. Allowable fluid element types are CFHEX1l, CFHEX2, CFTETRA, and

CFWEDGE.
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BULK DATA DECK

Input Data Card CFTETRA Fluid Tetrahedral Element Connection

Description: Defines a fluid tetrahedral element (three-dimensional solid
with 4 vertices and 4 triangular faces) to be used in hydroelastic analysis.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CFTETRA| EID MID Gl G2 G3 G4
CFTETRA| 25 100 1 2 3 4
Field Contents
EID Element identification number (Integer > 0)
MID Material identification number (Integer > 0)

G1,G2,G3,G4 Grid point identification numbers of connection points
(Integer > 0, Gl # G2 # G3 # G&)

Remarks: 1. Element identification numbers must be unique with respect to
all other element identification numbers.

2. The numbering of the grid points and faces, required for
specifying free fluid surfaces are defined in the figure above.

3. Material ID must reference a MAT4 Bulk Data card.
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BULK DATA DECK

Input Data Card CFWEDGE Fluid Wedge Element Connection

Description: Defines a fluid wedge element (three-dimensional solid, with
three quadrilateral faces and two opposing triangular faces) to be used in
hydroelastic analysis.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CFWEDGE| EID | MID | Gl G2 G3 Gé G5 | 6 ™= ~
CFWEDGE| 25 | 100 | 1 2 3 4 5 6 |
Field Contents
EID Element identification number (Integer > 0)

MID Material identification number (Integer > 0)
Gl,...,Gé6 Grid point identification numbers of connection points
(Integers > 0; G1 # G2 # ... # G6)
6

Remarks: 1. Element identification numbers must be unique with respect
to all other element identification numbers.

2. The numbering of the grid points and faces, required for

specifying free fluid surfaces, are defined in the figure above.

3. The quadrilateral faces must be nearly planar.

4. Material ID must reference a MAT4 Bulk Data card.
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BULK DATA DECK

Input Data Card MATF Fluid Material Property Definition

Description: Defines the fluid density for a hydroelastic analysis.

Format and Example:

MATF | MID b o~

MATF 103 .6

Field Contents
MID Material identification number (Integer > 0)
P Mass density (Real > 0.0)

Remarks: 1. The material identification number may be the same as a MAT1,

MAT2, or MAT3 card, but must be unique with respect to other
MATF cards.

6-20



|

103!

@ Byl

12"

Symmetric 101 @/l_ —— e e e — _L
Boundary Ve
b
//
o7
yd /’oqz B
/s rj_a, 1V
v < >
@ e
6" .

PP s sstssmstpadins o ]

et ety weem—

(O Fluid Points
D Structure Elements

FIGURE 3. SAMPLE HYDROELASTIC MODEL

6-21



R ) ya,,,“

e B e

—

] Sl o ] [ e g

6.5 SAMPLE HYDROELASTIC PROBLEMS

In this section a set of sample hydroelastic problems are shown which
demonstrate the various options available to the user. 1In all the problems,
the same fluid/structure model is used. This model, representing a half-model
of a simple box filled with fluid, is shown in Figure 3. The structure walls
are modeled with CQUAD2 elements and the fluid consists of a single CFHEX2

element.

Problem I - Direct Formulation Solution

Figure 4 shows a NASTRAN deck for the solution of the sample hydroelastic
Problem I.l using the direct formulation method. In this problem, as in all
following problems, the fluid grids and elements are number 1-8 and the
structure grids and elements are numbered 101-108. The CFLSTR and CFFREE
cards are used to define the structure/fluid boundary and the free surface
respectively. This problem has been checkpointed to allow restarting for
additional eigenvectors.

Figure 5 shows the restart of Problem I.1 to obtain new modes. The
NEWM@DE parameter has been added to skip the recomputation of the unchanged
model. In particular, the NEWMPDE parameter turns off the hydroelastic alters
which would normally be re-executed during a restart. When the NEWM@DE rara-
meter is used, the only changes that can be made are those which control the
eigenvalue extraction and the output requests.

Note that when performing this type of restart, the restart dictionary
should be stripped back to the start of eigenvalue extraction. For the direct
formulation DMAP, this occurs at statement 96. This is to assure that the

proper data pvlocks from the old problem tape are used in output recovery.
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FIGURE 4 PROBLEM I.1 - DIRECT FORMULAIION SOLUTION

! SPC = 10 R
r @ METHOD = 50
DISP_= ALL _ o
a l _SPCF = T
« BEGIM BULK Ly
e _GRID___1 00 e 0.0_ e Sy
I GRID 2 6.0 0.0 0.0 Cq? ‘ha
CRID 3 0.0 12,0 0.0 0L’ /5
. GRID & 620 12.0___ 0.0 Apy
GRID 5 0.0 0.0 12 .4 ‘
I GRID 6 6.0 0.0 120
. GRID 7 0e0 120 12,0 _ e
GRID 8 6e0 12.0 1240
I GRID 101 0.0 0.0 0.0
GRID 102 60, 0.0 0.0 T
‘ GRID 103 0.0 12.0 0.0 T
T GRID 104 6.0 12.0 0.7
] GRID___105 0.0 00 1240 o
GRID 106 600 0.0 1200
GRID 107 0.0 12.0 12+0 -
I GR1D 108 640 120 12,0 L o
' COuAD2 101 100 101 192 106 105 B
- COUAD2 102 100 102 104 108 106
) COUAD2 103 100 _104 1063 107 108
. COUAD2 104 100 101 103 104 102 SE
, CFHEXZ 1 200 1 2 4 3 5 €
__8C1 3 7 L
4 CFFREE 1 100 6
CFLSTR 1 100 101 THRU 104
1 POUAD2 100 100 206 -
] MATI 100 1C+686 X c92=3 T
: NaTF 200 Je 3554
SPCY 11 1258 101 103 105 107
I OMITY & 101 103 105 107 -
& QMIT1 456 102 104 ____106___ 108 _
GRAV 100 38640 0.0 0.0 -1. .
EIGR - SO 6Iv Cel > ~ 200 ° & 6 " " 0
. 2E1 MAX
ENDOATA
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10 HYDROSUA L

- e ey s s e s s e b . C o e mersees e m s ey

TIME 1
DIAG 38

s e

L st

$ RESTART DICTIONARY FROM PROBLEH Ie1

$ wxx»x NOTE #ux DICTIONARY SHOULD BE STRIPPEL BACK TO STATEMENT NOe 85
s . ..

L] mw«?

SoL 3,0
APP DISP
s

Lot

$ (DIRECT FORMULATION ALTERS)
s .
CEND

TITLE = HYDRO ELASTIC DIRCCY FORHULATION TEST
SUBTITLE = PROBLEM Ie2 - RESTART OF SOLUTION FOR IDDITIDNAL MODES
ECHO _=_BOTH

SPC = 10 .
METHOD. = 50 o
DISP = ALL

SPCF - ALL
BEGIN BULu ’ : -
s

s NEV EIGR CARD FOR DIFFERENT HODES =
s ' -
/ 9 10 i £

EIGR 50 eIV 10040 250040 0 &E

8E1 MAX
s

$ PARAMETER TO SKI1P UNNEDDED DMAP CET
s - :
PARAYN NEWMODE -—1

ENDOATA
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FIGURE 5. PROBLEM I.2 - RESTART OF SOLUTION FOR NEW MODES
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Problem 11 - Computation of Separate FLUID and STRUCTURE Models

In this problem, the structure model will be computed separately from
the fluid. This case can ccecur when it is desired to obtain the behavior
of an empty tank and then to add fluid at a later time.

Figure 6 shows the NASTRAN normal modes solution of the structure only,
Problem II.1. This run has been checkpointed to allow restarting for a
hydroelastic analysis.

In Figure 7, the run is shown which will add a fluid model te this
structure and obtain the solution of the combined model, using the direct
formulation method. Since the bulk data for the structure model is on the
old problem tape, only the new cards required to define the fluid are provided.

The BLDSTR parameter is used to skip re-c .nputation of the structure. If
tke PLDSTR parameter is used, no change to the structure or its constraints

may be made.
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1D HYDROsUAL . .
TINE 1
l CHKPNT = YES
DIAG 3
e APP_DISP._
I SOoL 3,0
CEND
Y _TITLE = HYDROELASTIC RESTART.TEST_ __ . . . _ .
: SUBTITLE = PRCBLEM Ile1 — NORMAL MODES OF STRUCTURE GNLY
I LABEL = NASTRAN SOL 350 SOLUTION
_SPC_= 10 _

3
RCTESS E VES T s ]

¢

R g TP T

e o s

METHOD = SO
i DISP = ALL
_SPCF_= ALL o e
BERIN BULK
I GRID 101 0.0 0«0 00
-_& _GRID 102 _6e0 0«0 %0 o
: GRID 103 0.0 1240 0e0
GRID 104 640 1240 0.0
_I~ GRID 105 0.0 0.0 120
GRID 106 6.0 0.0 1240
- GR1D 107 0.0 1240 1240
_m} GRID ___ 108 €+0_ 1240 1240 o e
ccuAaD2 101 100 101 102 106 105
_ COUAD2 102 100 102 104 108 106
_ ¥ ___COUAD2__103_ ___ _100____ 104_____103____107__ _ 108 ___
. couaD2 104 100 101 103 104 102
PQUADZ 100 100 «06
iy MATI 100 100686 o3 _e92-3 e

i Spct 10 1256 103 103 105 107
OMIT1 & 191 - 103 105 107

- OMIT1 456 102 104 106 108 S

: EIGR- SO civ 0.0 20.0 6 6 ) ZE

~ 3E1 MAX

ENDDATA

———— — e —— e e e e e
a
- - O,
i
.
’i
et e = et s =t o e mmme o+ e o — s e e - _ - - - .
- ———ar Y Y4 T e PR SRR - e g - Pl . ORI S Y | — Eramen

FIGURE 6. PROBLEM II.1 - NORMAL MODES OF STRUCTURE ONLY
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DI1AG 8
_ 3
,,,,, l_“v_s RESTART.DICTIONARY FORM PROBLEM IIe1 _
s
, APP DISP
N S Y N S _ _
s
-$ CDIRECT FORMULATION ALTERS)
N R e e e e — -
I cew
TITLE = HYDROELASTIC RESTARY TEST
oy _SUBTITLE = PROBLEM_I1.2 — RESTARTY OF_STURCTURE ONLY RUN__ .
I LABEL = NASTRAN HYDROELASTIC DIRECT FORMULATIGN DMAP
ECHO = BOTH :
— e 8PC_ =10 L . e e e
] METHOD = 60
DISP = ALL
SPCE_= ALL._. e e
1 BEGIN BULK
s
. $ *xx NOTE_~ STRUCTURE_BULK _DAYA_XS _ON_RESTART TAPE . o
. s
: GRID 1 0.0 0.0 0.0
_r __BRID 2 ___€e0 De0_ _ _BeO0___
i GRI1D 3 040 1240 0.0
| GRID 4 640 1240 0.0
> __GRID __ S _. 0«0 0.0 120 . . _ e
GRID 6 6e0 0.0 120
- GRID 7 C.0 12.0 1240
ww .. GRID 8 e 60 32e0 320
CFHEX2 1 200 1 2 4 3 5 6 2C
. &C1 8 7 -
. _ _CFFREE _1______ 100 .6 e
: CFLSTR 1 100 101 THRU 104
3 MATF 200 9a355-4
o ____GRAV____ %00 z86e0____0e0__ _0e0____ =1e0__ o .
. EIGR 60 sV 00 2040 6 6 0 SE
2E2 MAX
. s e e A e
$ PARAMETER TO USE INCOMPRSSIBLE CALCULATIONS
s
,ﬁ_,_DPARAHMwNCDHEIYR_J_,_ S
3
S PARAMETER TO SKIP RE.COMPUTATION OF UNCHANGED STRUCTURE
et e e
PARAM  OLDSTR -1
ot ENDDATA o e L
FIGURE 7. PROBLEM II.2 ~ RESIART WITH FLUID MODEL ADDED
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Problem III - Addition of Internal Ullage Pressures

The NASTRAN differential stif.ness analysis can be used to determine the
effect of an internal ullage pressure on a tank filled with fluid. To per-
form this analysis, two runs are required. The first run is a NAST.AN
Differential Staffness run on the tank structure only. A sample run,
Problem II1I.1, is shown in Figure 8. In this run, a DMAP EXIT instruction
was altered in to stop computation once the differental stiffness matrix
was computed. Fven though the solution was not obtained, the second subcuse
in Case Control is still required. The Sol 4,6 subset was used +r turn off
2ll CBKPNT instructions in the Rigid Format. A CIWVNT instruction was then
altered in before the EXIT to save the Differential Stiffness matrix on the
New Problem tape. This procedure reduces cost since only the one desired
data block is copied to the new problem tape. Note also that an internal
pressure of 1.0 was used. This value can be scaled to any dr 1ired value
in the second run.

The hydroelastic analysis solution is shown in Figure 9. 1In this
particular rum, the direct formulation alters were used, but the modal
formulation could also be executed. Since the structure bulk data is on
the restart tape, only the cards needed to define the fluid are used. The
DIFSTIF parameter is included to trigger addition of the differential stiff-
ness to the structure. This matrix is obtained from the old problem tape and

will be scaled by the DIFSCALE parameter prior to addition.
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10 HYORDHYUAL
TIME 1
CHAPNT =
DIAG &
APP LISP ..
SOL 4.6
ALTER 118

YES

EXITs
ENDALTER
_CEND
TITLE =
SUSTITLE = FRCBLE® I11
SPC. = 10 . _.
LOAD 10

Disp ALL
SUBCASE Y.

o

SUBCASE 2

FIGURE 8.

--CHKPNT KDE6G..$.._ .. .. .

LAREL = STATIC SOLUTION

o1 -

HYDROELASTIC ULLAGE PRESSURE TEST
DIFFERENTIAL STIFFNESS RUN

e LAREL = DJIFFERINTIAL STIFFNESS SOLUTION
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GRID 101 0.0 0.0 0.0
oo . GRXD_ 102 60 _ D0 _____ 0.0 _
GRID 103 0.0 120 D.0
GRID 104 6.0 1240 0.0
e GRID. 185 0D 0.0___ 12.0 . _
GRID 106 6.0 0.0 12.0
GRID 107 0.0 12.0 120
e _.GRID .. 308__. . 600 __ 12«0 120
COUADRZ2 101 300 101 102 106 105
C0UA b2 102 100 102 104 108 106
oo COUVAB2 103 108 ____ 104 %03 _ 107 ___ 108
CouAb2 104 100 101 103 104 102
. POUADZ 100 100 06
e MATY ____00____ 10,686__ . . _ 43 .. #92=3
SPC1 10 1256 101 1G3 105 107
PLOALCZ 10 1.0 101 THRU 104
e ENDOAYA_ . e

PROBLEM ITIT.l - DIFFERENTIAL STIFFNESS, RUN #1




3 l 10 HYOROsUAI

TIME 1
DIAG 8
< .
e -ee—. .35 RESTART_DICTIONARY _FRUM PROBLEM IIIetl _. . -
3
l APP DISP
SO A e —_— -
s
l} $ (DIRECT FORMULATION ALTERS)
I . R . e
. CEND
1 TITLE = HYDROELASYIC ULLAGE PRES SURE TEST
. SUBTITLE = PROBLEM _I1I1e2 = NORMAL MODES_RESTART WITH HYDROELASTIC DMAP __ .
ECHO = BOTH
. SPC = 10
———e_____METHID = SO0 e e
k ‘TISP = ALL
. SPCF = ALL
. BEGIM_BULK e
E s
$ ®#x% NOTE - STRUCTURE BULK DATA IS ON RESTART TAPE
T b
} GRID 1 0.0 0.0 0ed
GRID 2 640 0«0 0«0
94— —__ GRID 3 0.0 120 0e0 e e e e,
GR1ID 4 6.0 1240 0+0
? GRID 5 0.0 0.0 120
' GRID _6 6.0 __ N«0 1260
: GRID 7 0.0 12.0 1240
- GRID 3 6+0 1240 1240
CEHEX2 1 2co 1 2. 4 .3 5 6 8
o &C1 8 7
; CFFREE 1 160 6
Y ____CFLSTE _1 100 101 YHRU_ __ 10&
R MATF 200 Ga355-4
{ OMITY 4 - 101 103 105 107
. OMITY __4S6____ 102 104 105 08 e o
1 CRAV 100 3860 G0 0.0 -1 0
EIGR S0 eIV G+ C 2040 6 6 0 3
2E1 _MAX e o e _
s
T $ PARAMETERS TO TRIGGER ADDITICN OF ULLAGE PRESSURE
i S e . e R
' PARAM DIFSTIF -1
PARAM  DIFSCALE 1447
e ENDDATA o
FIGURE 9. PROBLEM III.2 - DIRECT HYDROELASTIC SOLUTION WITH
] DIFFERENTIAL STIFFNESS ADDED
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Problem IV - Modal Formulation Solution

[PRPPERFRE Ry SRR

Figure 10 shows the NASTRAN deck required for a modal formulation
solution, Problem IV.1l, of the sample hydroelastic model. Two subcases have ;i
been provided to control the eigenvalue extraction of the structure only and j
the fluid/structure combination. The bulk data provided is identical to that
for the direct formulation solution in Problem I.l except for the extra EIGR
card. This run has been checkpointed for future restarts.

Figure 11 shows the restart of Problem IV.1 to obtain new modes. The
NEWM@DE parameter has been added to skip the recomputation of the unchanged
model. For this restart, the restart dictionary should be stripped back to
the start of the eigenvalue extraction. For the modal formulation DMAP this
occurs after LABEL NEW2 in the DMAP alter sequence at statement 119. Note
that when performing this restart the only changes that can be made are
those which control the eigenvalue extraction and output requests.

The input deck for “roblem IV.3 is shown in Figure 12. This run per-
froms a restart of Problem IV.1 and changes the fluid model. In this case
the single CFHEX2 element has been replaced by two CFWEDGE elements. The new
fluid boundary has been given on CFLSTR cards. This type of situation can
occur when it is desired to know the behavior of a tank with different fluid
levels. The advantage to the restart technique is the solution to the
unchanged structure model need not be repeated. The @$LDSTR parameter has
been included to skip these calculations and cause the structure modes to
be recovered from the old problem tape. Note also that only one subcase is
given in Case Control. This is because the extraction of eigenvalues for the
structure only is to be skipped. Because the fluid Bulk Data cards are not in
the Rigid Format restart tables, it is also necessary to change at least one

grid card. 1In Problem IV.3, fluid grid 1 was replaced with duplicate grid s
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shown in Figure 12. This change will then cause the proper modules to be

re-executed and the new fluid model to be processed.

6-32

-

e e S ARG



b

b ID HYDRO,UAI
S I TINE 1
% DIAG 8
x CHKPNT = YES
{ I,w~_“>SOL 3,0 L ) _ _ i
: APP GISP
. In_~___5~£HﬂDAL_EORHULAT10N~ALIERSI_~ ) e . .
s
CEND
¥ TITLE = HYDRO ELASTIC MODAL FORMULATION TEST o )
I SUBTITLE = PROBLEM IVe1 - FULL SOLUTION WITH CHECKPOINT
) SPC = 10
. e DISP _=_ALL e e e e . e
I SUBCASE 1
‘ LABEL = MODES OF EMPTY STRUC TURE
— ..._METHOD = 50 e
fIf— SUBCASE 2 T
i LABEL = MODES WITH FLUID INCLUDED
METHID = 60 e
- SPCF = ALL
. BEGIN BULK
: GRID 1 0.0 0.0 _0e0 . L
- GRID 2 60 0.0 00 T
i GRID 3 0.0 1240 0.0
& GRID 4 6.0 1240 0.0 - L __
_ GRID 5 0.0 D.0 120
; GRID & 6.0 0D 12.0
3 GRID 7 0.0 120 12.0 I o .
' GRID 8 6e0 1240 1240
T GRID 101 0.0 0.0 0.0
A GRID 102 620 00 0e0 e
GRID 103 0.0 1240 0.0
.- GRID 104 6¢0 1240 0+ 0 ,
0 GRID 105 0.0 00 1260
Pt GRID 106 60 0.0 1240 '
.. GRID 107 0.0 12.0 1240
" GRID 108 o 6 120 12.0 o e
. COUAD2 101 100 101 102 106 105
' couaD2 102 100 102 104 108 106
T Couapz 103 1C0____ 10% 103 107 __ 108
. COUAD2 104 100 101 103 104 102
’ CFHEX2 1 200 1 2 4 3 5 6 ecC
- &C1_ 8 _7 N e N _ o
. CFFREE 1 100 6
CFLSTR 1 100 101 THRU 104
e _POUADZ2__ 100 N0 W06 L ;
I MAT1 100 10,626 .3 e52-3 |
A MATF 200 9a355-4_ !
~er - SPCH 10 1256 101 103 105 107
T L aMIT1 4 101 103 105 107
OMIT1 456 102 104 106 108
GRAV 100 386.0 0.0 0.0 -140 ;
. EIGR S0 STV 0«0 26000 10 10 1] aE -
&E1 MAX
. EIGR 60 ___SIV.___ _0ed_ __10e0__ 6 A 6 0 &E
R LE2 MAX
ENDDATA
4
FIGURE 10. PROBLEM IV 1 - MODAL I‘OK\TULATION SOLUTION
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: m] _ _$ RESTART DICTIONARY FROM PROBLEM IVe1l

10 HYGROSUA!L
TIME 1

DIAG B

s

$ wxx NOTE »x% DICTIONARY SHOULD BE STRIPPED BACK TO LABEL NEW2

s AT DMAP STATEMENT NOe 119
N . U e
SOL 3,0
APP DISP
— S . e .
: S (MODAL FORMULATION ALTERS)
s
——_____CEND — e e e e e s & e e e et e ————— -
i TITLE = HYDRO ELASTIC MODAL FORMULATION TEST
- SUBTITLE = PROBLEM IVe2 - RESTART OF SOLUTION FOR NEW MODES
. _SPC = 10 B
” DISP = ALL
. SUBCASE 2
LABEL = MODES WITH FLUID INCLUDED —
3 METHOD = 60
: SPCF = ALL
BEGIN BULK R
- [
i $ NEW EIGR CARD FOR DIFFERENT MODE
s s . i o B
R / 11 12
: EIGR 60 GIV 10040 250040 1] &E
‘ aE MAX ._ 3
p :
T $ PARAMETER TO TURN OFF UNNEEDED DMAP -
i b S : e ~
- PARAM  NEWMODE -1
- ENDDATA )
s _ ) .: .
s am P i i ks o e e i g b ot ot e b P ST n IR bttt etore St = - T

FIGURE 11.
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ID HYLROSLUAL

TIME 1

DIAG ¥ o

. e el Ce . . .
$ RESTART DICTIONARY FR3OM PROBLEM [Ve9

s m— 8 h A e —— 5  — . et A —— — - ——. e e A meea - - —

sOL 0 ‘ o T
APP D1SP

$ (MIDAL FORMULATION ALTERS)
s
CLCEND .
TITLE = HYDRO ELASTIC MODAL FORMULATION TEST =
SUBTITLE = PROSLEM IVe3 — RESTART OF SOiLUTION WITH NEW FLUID MODEL
ECHO = EOTH
- SPTTE 4G — S e el e i
DISP = ALL
SUBC#SE 2
T T REel = MODES WITH FLUIOD INCLuDED T O T oo ommemmmootT
METHOD = €0
e __SFCF = ALL
BEGI™ BULK

e e — USSR SR e~ e

[

S NEM FLUID MODEL

~N

1 4
CFWELCEE 1 200 1
TCFWEDSE 2 2oC 2 [ L A A
CFFREFE 1 100 5 2 100 5
CFLSTR 1 101 104
T CRLSTR T2 12 103 T 104 i o T T e
s
$ wx» NOGTE wwx AT LEAST ONE GRID MUST BE ALTERED IN TO FORCE
s T TTTTTTREEXECUTION CF PROPER MODULES T T T T T T

S
/ 14

GRID 71 «0 o0 o0 h T T T
s

S PARAHETER TO SKIP RECOMPUTATIOM OF UNCHANGED STRUCTURE

: S
PARA®  CLDSTR -1

ENDDATA

FIGURE 12. PROBLEM IV.3 - FLUID MODEL CHANGE
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7.1 AUTOMATED INPUT GENERATOR - MESHGEN

MESHGEN is a special purpose NASTRAN mesh/input generator for axisymmetric
tank structures. It allows both the finite element fdealization of the tank
shell and its three-dimensional fluid contents for use with the NASTRAN hydrn-
elastic analysis capability. The methodology employed requires minimal
assumptions to maintain maximum generality for such fluid/structur. geometries.

MESHGEN is implemented as a stand-alone utility that can be used to
generate basic models, NASTRAN Bulk Data, and simple structural plots. An
English language-based control structur~, MESHLAN, has been chosen to simplify
use understanding of the input generator processing. The syntax and verbal
constructs of the language are oriented toward the structural analyst using
terminology that is familiar. With little practice, many models can be
generated without reference to a user's manual, thereby further reducing
model preparation time and potential misunderstandings encountered with com-

plex documentation.

Capabilities of MESHGEN

MESHGEN is capable of performing automatically a subset of mesh ané input
generation functions that will reduce input preparation time by an order of
magnitude for large models. The specific tasks performed by MESHGEN are:

1. Fully automated finite element mesh generation for shells and

solids of revelution, as well as a special three-dimensional trun-
cated solid. This capability includes the facility to vary the
mesh spacing.

2. Fully automated element definition utilizing any of the NASTRAN

quadrilateral and triangular plate elements and fluid three-
dimensional elements.

3. Complete user control over grid point and element numbering.
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4. Automated generation of stringers with constant properties reinforcing
a shell at regularly spaced circumferential or longitudinal stations.
5. Tartially automated definition of permanent single-point constraints.
€. Automated generation of structure/fluid interactioa data and fluid
free gsurface data.
7. Simple structural plotting capability of both three-dimensional
models and a two-dimensional pseudo-development.
These functions will eliminate all or most of the input preparation for
the following classes of NASTRAN Bulk Data:
1. GRID cards
2. CONNECTION cards
3. PLPTEL cards for fluid free surfaces
4. CFFREE and CFLSTR cards
A feature is provided to eliminate the inconvenience of generating
erroaneous punched output by affording the iser an opportunity to study tle
automatically generated model to determine its suitability befoie requesting
punched output. The NASTRAN Bulk Data images are saved on a disk or drum

file that may be accessed at a later time to punch a deck.

7.2 TFUNCTION.AL DESCRIPTION OF MESHLAN

This section defines all of the MESHLAN statements that are used to
generate finite element idealizations and NASTRAN Bulk Data for those geo-
metries defined in Section III. The basic nomenclature used is described
below.

Any word(s) capitalized and underlined are keywords and should appear
exactly as shown in the description. However, only the first four letters

of a keyword are required. Examples are:

——— - b
. -~ -
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MDEL
ELEMENTS
GRAVITY
Any statement appearing in braces will be supplied by the user, as im:
{fluid level value}
{integer ID}
{value}
The use of square brackets denotes a set of options that may be selected by

the user, i.e.:

TANK
FLUID
GFLUID

TFULL

jr

THETA

1N

Certain orderings of MESHLAN stscements must be followed to avoid ambiguity.
Al] statements are defined by a hierarchical level. Commands at the same
level may be ordered in any manner, but subcommands must appear beneath their
higher level command. A brief outline of the hierarchical structure is shown
below (the numbers in ( ) refer to the number in the command description

appearing later).
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¥

; CEPMETRY (2)

: SHARE (3)

s BOUNDARY (4)

MESH (5)

@PRIPERTY (6)
STEP or DIVIDE (7,8)

e ey

ZPRAPERTY (9)
SHELL or SgLID (1C,11)

NUMBER (12)
INSYS (13)
@UTSYS (14)
FIX (15)
ELEMENTS (16)
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PRUPERTY (17)
THICKNESS VARIES (18)

STRINGERS (19)

-
N ALGNG (20)
: i GRAVITY (21)
* PLAT (22)
I PLT2 (23)
5 —
PLIHEAD (230)
- PUNGR (24)
- FIND BAUNDARIES (25)
i
b

ENDM (26)
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1.

LEVEL 1 COMMAND M@DEL

SYNTAX:

M@DEL {model name} [,_aVE [,NEW] }
Defines the model identification. {model name} may be any string of 8
or less BCD characters starting with a letter. The SAVE option causes
Bulk Data images to be written to the SAVE disk file for deferred 19

operations. (See Section V for a detailed description.) The first

time a model is saved on a given disk file, NEW must be specified. NEW

may not appear without SAVE.

EXAMPLES : M@DEL TANK101
M@DEL SRU, SAVE, NEW
M@DEL SHUTTLE, SAVE

NOTE: Every case must begin with a M@DEL command.

LEVEL 1 COMMAND GE@METRY

SYNTAX:
GE@METRY

Defines the start of a sequence of geometry specification commands.

NOTE: This command must be present if a model is being generated.

LEVEL 2 COMMAND SHAPE

SYNTAX :

SHELL @F REV@LUTI¢N TANK
SPLID ¢F REVOLUTI¢N FLUID
TRUNCATED S@LID GFLUID

SHAPE = CONTAINED S@LID OR TFULL
CAPSHELL CAPS
CAPFLUID CAPF
CAPB@TH CAPB

5
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Defines the basic geometric configuration of the model. (See Section III

for a detailed description of the basic shapes.)

NOTE: This command may only appear as a subcommand of GE@METRY.

LEVEL 2 COMMAND B@UNDARY

SYNTAX:

FUNCTI@N {function ID} 1
BOUNDARY = | ———— [ ({fluid level valuel})]
A TABLE {table ID} [INTERPPLATE]

Def ines the boundary of the body of revolution either as an explicit
function or a table. When the user specifies an explicit function, he
may select any mesh divisions for his model. If TABLE is specified,
and INTERPPLATE is absent, the -alues of Z given in the table will :
define the longitudinal mesh lines. T7f INTERPQLATE is present, then any
divisions may be requested. The {fluid level value} is used to specify
the axial position of the free surface of irhe fluid in the tank. This
value is required to generate PL@IEL and CFFREE Bulk Data for any SHAPE

involving a fluid, and nust coincide with an axial station.

EXAMPLES :
BPUNDARY = TABLE 2 {
BAUNDARY = FUNCTIPN 12 (3.0)
BYUNDARY = TABLE 8 INTERPPLATE (5.5)

NOTE: This command may only appear as a subcommand of GE@PMETRY.
A GRAVITY command (number 21) must be present if a fluid level
is given.

TABLE without INTERPOLATE may not be used for SHAPE = GFLUID.




PP B

NTAT A AROETEad Kttt e S LA L
% Py sy ey g

AL
oL P ANT

Ry
ki

1T e g et ¥

¥

[ gy

s

paanian

o chm—— Boacosnnig
t . [ s 0

Foakln B R oo id Db sl
1 “ 1 L]

%

e I e I IS

5.

LEVEL 1 COMMAND MESH

SYNTAX:

MESH ({[G1] [,G21})

Defines the initial grid point ID's for the model and signifies the
start of the mesh definition commands. Gl is the initial ID for the
shell portion of the model, G2 for the fluid. Gl, G2 or both will be

present as required by the SHAPE.

EXAMPLES :

MESH (101)
MESH (1,101)
MESH (,1001)

NOTE: A MESH command must be present if a model is being generated.

LEVEL 2 COMMAND @PRPPERTY

SYNTAX:
@PRPPERTY = {id}

Defines an overall property for the entire model.

LEVEL 2 COMMAND STEP

SYNTAX:

R

STEP | THETA | FRM {value 1} T@ {value 2} BY {increment}
z

Defines a zone of the model bounded in the specified direction by
{value 1} and {value 2}. The integer {increment} defines the number

of elements across the zone.

bk Mo mas = v s
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NOTE: STEP may appear only as a subcommand of MESH.

LEVEL 2 COMMAND DIVIDE

SYNTAX:
R
DIVIDE | THETA | [BY {increment}]
z

DIVIDE commands perform the same function as the STEP command, only they
define divisions over the entire coordinate range specified on a boundary
data card. (These data cards are defined at the end of this section.) In the
THETA direction, a DIVIDE command assumes a range of 0° < 6 < 360°. The

{increment} is not required in the Z direction if a TABLE (no INTERPPLATE)

boundary is specified.

NOTE: May appear only as a subcommand of MESH.

LEVEL 3 COMMAND ZPR{PERTY

SYNTAX:
ZPRPPERTY = {id}

Defines a zone element property identification for a particular STEP or

DIVIDE command. The property ID throughout the zone will be taken as:

PID = @PRPPERTY + ZPR@PERTY

NOTE: If @PR@PERTY and ZPRPPERTY are both absent, the Property ID's are
not punched. NASTRAN will assume a Property ID the same as the

Element ID.
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10.

11.

12.

13.

LEVEL 3 COMMAND SHELL

SYNTAX:
SHELL

Used only for TFULL or CAPBJTH SHAPES to allow separate attributes to

be specified for the shell portion of the model.

LEVEI. 3 COMMAND S@LID

SYNTAX:

S@LID

Used only for TFULL or CAPBYTH SHAPES to allow separate attributes to

be specified for the fluid portion of the model.

LEVEL 4 C@MMAND NUMBER

SYNTAX:
NUMBER GRIDS BY {increment}, ELEMENTS BY {increment}
Defines the numbering increments desired for grid points and elements

in the zone.

NOTE: Extreme care must be taken to assure that zone numberings do not

overlap causing non-unique ID's.

LEVEL 4 COMMAND INSYS

SYNTAX:
INSYS = {id}
Defines an input coordinate system identification number (location) for

all grid points in the zone.
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14.

15.

16.

LEVEL 4 COMMAND @UTSYS

SYNTAX:
gursys = {1d}
Defines an output coordinate system identification (displacements) for

all generated grid points in the zone.

LEVEL 4 COMMAND FIX

SYNTAX:

FIX {dof code} AT [{coordinate list})
Defines permanent single-~point constraints along grid lines within a
zone. The {dof code} is the normal NASTRAN code of digits 1-6 with no
embedded blanks. The {coordinate list} is any list of 25 or less values

of coordinates along which the dof will be rixed.

EXAMPLE:

FIX 123456 AT (3.0)
FIX 246 AT (0.0, 3.0, 6.0)

NOTE: Permanent constraints may not be applied to fluid points.

LEVEL 4 COMMAND ELEMENTS

SYNTAX:

ELEMENTS = {elemenc type}, {id}
Defines the element types desired for the zone. The types must be con-
sistent with the SHAPE of the model. {id} is the initial element ID

number. Legal element types for each shape are summarized below.

10
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17.

18.

19.

Shape Elements
TANK QDMEM, QDMEM1, QDMEM2, QDPLT, QUAD1l, QUAD2, SHEAR, TWIST,

TRMEM, TRBSC, TRPLT, TRIAl, TRIA2
FLUID FHEX1, FHEX2
GFLUID FHEX1, FHEX2
CAPS TRMEM, TRBSC, TRPLT, TRIAl, TRIA2

CAPF FWEDGE, FHREX1, FHEX2
NOTE: ELEMENTS commands may only appear in Z zone definitions.

LEVEL 5 COMMAND PR@PERTY

SYNTAX:
PRPPERTY = {id}[,{alpha}]
Defines element properties. The final property ID will be:
PID = @PRPVERTY + ZPRPPERTY + PROPERTY

{alpha} is the material orientation angle for relative plate elements.

LEVEL 5 COMMAND THICKNESS

SYNTAX:

THICRNESS VARIES

Used to direct the program to use different Property ID's at each
coordinate station to allow for uniform thickness variations in plate

elements.

LEVEL 3 COMMAND STRINGER

SYNTAX:

STRINGER = | — | {property 1d}, {id 1}, {id 2}

11
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20.

21.

Defines STRINGER (R¢DS or BAR) that stiffen the shell. {property id}
must be 0 for BARs and a BARPR card input by user into the NASTRAN Bulk
Data deck. {id 1} and {i1 2} are the initial element ID's in the THETA

and Z directions, respectively. Both numbers must be present.

EXAMPLES :

STRINGER = BAR 0, 101, 201
STRINGER = RyD 100, 1001, 2001

NOTE: Only constant property stringers are allowed. It is possible to

vary stringer properties by manually punching the remaining fields

on the CBAR cards.

LEVEL 4 COMMAND AL@NG

SYNTAX:

Z
AL@NG AT ({1ist of - coordinate values})
- - THETA

Defines the mesh lines along which the stringers run. The {list of
coordinate values! must correspond to grid limes. The stringers will

extend to the boundaries of the mesh and will be spaced as defined by
the list.

EXAMPLES :

ALPNG Z AT (90.0, 30.0)
ALPNG THETA AT (1.0, 0.0)

LEVEL 1 COMMAND GRAVITY

SYNTAX:
GRAVITY = {id}

Defines a GRAV ID to be used on free surface (CFFREE) and fluid/structure

(CFLSTR) Bulk Data cards.
12
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22.

23.

LEVEL 1 COMMAND PLOT

SYNTAX:
PLOT [{a}, {B}][,NONUM]
Requests three-dimensional plot of the currant model. {a} and {B}
are angles to cﬁange the plot orientation. The natural view angle
is looking toward the structure at © = 0°, o controls rotations about

the Z axis, and B the inclination angle as shown below:

0 =0°

If NPNUM is elected, no grid ID numbers will be printed.

NOTES: Be sure appropriate plot tape is mounted. The order of
rotations is .. uJllowed by B. If ¢ and B are absent, they are

taken as 0.0.

LEVEL 1 COMMAND PLT2

SYNTAX:

PLT2 [,N@NUM]

Generates a two-dimensional pseudn-developed plot of the current model.

N@NUM is the same as in PL@T. PLT2 may not be used except for shell of

revolution and shell cap models.

13
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LEVEL 1 COMMAND PLTHEAD

SYNTAX:

PLTHEAD NAME,ACC'T,J@BNAME,BIN#
Used to generate $C4020 plot identification frame. The input values
are: programmer name, account number, job name, and bin number.

All values mr'st be 8 or less BCD characters beginning with a letter.

NOTE: This command is required to generate plots at MSFC on the

IBM 360/65.

14
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24, LEVEL 1 COMMAND PUNCH

SYNTAX:

PUNCH [{model name}]
Causes the Bulk Data images to be punched on cards. Punching the
current model does not require {model name}. It is required to retrieve

a model from the SAVE file.

25. LEVEL 1 COMMAND FIND BPUNDARIES

S INTAX:

FIND BOUNDARIES {name 1}, {name 2}
This command causes fluid/structure interface data (CFLSTR) to be
generated when the structure and fluid models have been generated
separately. {name 1} and {name 2} are, respectively, the model names

of the STRUCTURE and FLUID in that order. Each must exist on the SAVE

file. Neither model can be of the TFULL or CAPBATH types.

26. LEVEL 1 COMMAND ENDM

SYNTAX:
ENDM

Ends the model case.

NOTE: Must be present for every case run, whether for model generation

or 1@ operations,

Specifying the Boundary Function

Tne boundary function defining the shell or solid of revolution may be

specified either as a table of (r,z) values, or as the incomplete conic:

2 2 2
alz + azz + a3r + aar aS + a6

15
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The input format for this function definition is free format, i.a., the

individual values on the card may be placed in any position on the card as

long as they are separated by a comma or blanks and maintain the order

defined below (nc data may appear beyond column 72;.

1., Data Delimiter

$DATA

2, Functional Definition

Input No.
1l

2
3-4
5
6~11

3. Tabular Definition

Inprt No.
1l

2

3-4

9-10
11-12

etc.

Contents

FUNCTION

ID

2,y 2y closed interval defining boundary
o used for truncated s~1id

a, coefficients of conic

i

Contents

TABLE
1D
Z1r %
(s ]

NPT number of points in table

(ri,zi) function definition (as many cards as
necessary). The values zy and z, must correspoud

to the exact limits of the structure.

16
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Control Sequences

The commands required for a given case are determined by the operations
being performed. These operations are model generation or I@#. The allow-

able processes are shown below, indicating the required primary commands.

l. Model Generation

M@DEL
GE@METRY

14ESH

PLAT
PUNCH
ENDM

optional

2. Punching Bulk Data from thle SAVE File

MADEL
PUNCH {model name}
ENDM

3. Generation of CFLSTR cards when the shell and fluid models have been
generated separately and saved.

oL

GRAVITY

FIND BPUNDARIES {shell name}, {fluid name}
PUNCH

ENDM

File Definitions

MESHGEN requires three or four scratch files, depending on the operation
being performed, and two output files. The FPRTRAN unit numbers have been

assigned as shown below, but may be changed by updating subroutine MESHBD.

17
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File Alwvays Required:

//FT15F001 DD UNIT=SYSDA, SPACE=(TRK,(1,1)),
// DCB= (RECFM=FB, LRECL=80, BLKSIZE=12960)

//FT19F001 same as above

//FT18F00L DD UNIT=SYSDA, SPACE=(TRK,(1,1)),
/1 DCB= (RECFM=UBS ,LRECL=84 ,BLKSIZE=13024)

Required to Perform SAVE:

//FT17F001 DD DSN=anyname, V@L=SER=id,
l/ DISP=(,CATLG), SPACE=(TRK, (&,b)),
/! DCB=(RECFM=VBS, LRECL=84 , BLKSIZE=13024),UNIT=3330

a and b are determined by the amount of data to be saved. For each

track allocated, 150 Hulk Data images may be saved.

Required to Perform PLOTS:

//FT14F001 DD UNIT=SYSDA, SPACE=(TRK,(1,1)),
/! DCB=(RECFM=VBS, LRECL=84 , RLKSIZE=13024)

and the SC4020 plot output unit definition such as

//FT16F001 DD UNIT=(TAPE7),LABEL=(1,BLP),
/! DISP=(NEW,KEEP) ,DCB=(RECFM=F,LRECL=1152,
! BLKSIZE=1152),V@AL=(PRIVATE, ,SER=5C4020)

The SC402C file is system dependent and varies from installation to

installation.

18
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7.3 MESHGEN GEOMETRY TYPES
MESHGEN can generate models for seven basic geometric configuratioms.

They are:

1. Shell of Revolution

A shell is defined by rotating the function r=f(z), defined on the closed
interval {a,b], through an angle of 6 degrees about the z axis. The resultant
surface may be open, closed in 8 (i.e., 6 = 360°), closed in z (i.e., f(a) = 0

or £(b) = 0) or closed in 6 and z. Sample shapes are:

i
i

2. Solid of Revolution

A solid is generated by the same procedure as the shell.

3. Truncated Solid of Revolution

This figure is defined as an ordinary shell of revolution, but has an
additional parameter, ¢. This is the angle the top surface of the solid

makes with the line z=a, i.e.,

¥
~

This model is used to define fluids with tilted surfaces.

19
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4. Contained Solid

This option allows a tank (shell of revolution) and its fluid contents

(solid of revolution) to be generated in one pass.

5. Shell Cap

The shell cap is a two-dimensional model that corresponds to the shell
of revolution. The only difference is that the elements are generated in

en lsoparametric manner. In particular, the axial (z) coordinate values

are not defined in equal increments, but the actual arc length of the gener-

ating function is divided equally. Depending on the function, this may allow

better geometry of the finite elements. For example:

Shell of Revolution Model:

Shell Cap Model:

\AAN

Note that a shell cap can NOT be closed in & and MUST be closed in z.

6. Solid Cap

The solid cap is analogous to a three-dimensional shell cap. It also
provides for better element behavior in certain cases. This model has an

isoparametric style cross-section and equal increments in 8. For example:

20
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Solid of Revolution: i
> T

A

Solid Cap: A
N

The solid cap MUST be closed in z.

7. Cap Both

This option allows a tank and fluid model to be generated in one step

using the Solid Cap and Shell Cap methods.

These seven capabilities allow for well-behaved finite element models

of tank/fluid systems.

7.4 DEMONSTRATION PROBLEMS AND USER'S GUIDE

The following section is a collection of sample problems demonstrating
the MESHGEN capabilities. There are both simple and more complex examples
to help the user become familiar with this powerful tool. The problems are
numbered to correspond to the seven geometric configurations that may be
modeled. In addition, the last problem is a deck that generated a model

actually used to solve the SRI tank problem.
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SAMPLE PROBLEM 1.1

1.1.1 Description:

Model a 90° segment of a right circular cylinder, with 5 inch

radius, on the interval z=[3.,0.] . Assume homogenious prop-

erties and use QDMEM elements.

1.1.2 MESHLAN Program:

NOTES:

1.1.3 Model:

Figures 1.1 and 1.2 are the MESHGEN plots generated by this problem.

M@DEL TEST1.1
GE@METRY
SHAPE = TANK
BAUNDARY = FUNCTION 1
MESH (1)
@PRAP = 100
DIVIDE Z BY 3
NUMBER GRIDS BY 5,ELEMENTS BY 4
ELEMENTS = QDMEM,1
STEP THETA FR¢M 0.0 T¢ 90.0 BY &
NUMBER GRINS BY 1,ELEMENTS BY 1
PLOT -45.0,20.0
PLT2
ENDM
$DATA
FUNCTION 1,3.,0.,0.,0.,0.,0.,1.,0.,5.

a. The DIVIDE Z BY 3 command means that the range of Z
specified by the FUNCTION card will be used.

b. A three dimensional and two dimensional pseudo-
developed plot will be made.

22
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FIGURE 1.2
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SAMPLE PROBLEM 1.2

1.2.1 Description:

Generate a model of the upper hemisphere of the sphere 22-62+r2 =0
on the interval z=[3.,6.]. Model the structure with QUAD2 elements
assuming a uniform axial variation in shell thickness. Also,

assume that output displacements are requested in another coordinate
system, CID = 200.

1.2.2 MESHLAN Program:

M@DEL TEST1.2
GEPMETRY
SHAPE = SHELL @F REVALUTI@N
BAUNDARY = FUNCTI@PN 2
MESH(1)
@PRPP = 100
DIVIDE Z BY 3
PUTSYS = 200
NUMBER GRIDS BY 100,ELEMENTS BY 100
ELEMENTS = QUAD2,1
THICKNESS VARIES
DIVIDE THETA BY 8
NUMBER GRIDS BY 1,ELEMENTS BY 1
PLOT 0.,20.
PLT2
ENDM
$DATA
FUNCTION 2,3.,6.,0.,1.,-6.,1.,0.,0.,0.

1.2.3 Model.

The MESHGEN plots for this model are shown in figures 1.3 and 1.4.
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SAMPLE PROBLEM 1.3

1.3.1 Description:

Model a 90° segment of a right circular cylinder r=4 with homogeneous
properties. In addition, fix all degrees of freedom at z=2 and fix
dof 246 at 6=0° and ¥0°. Use TRIAL eleu..ants.

1.3.2 MESHLAN Program:

M@DEL TESTL.3
GE@METRY
SHAPE = TANK
BPUNDARY = TABLE 48 INTERPPLATE
MESH(101)
@PR@AP = 100
DIVIDE Z BY 3
NUMBER GRIDS BY 1,ELEMENTS BY &
ELEMENTS = TRIAl,l
FIX 123456 AT(2.0)
STEP THETA FROM 90.0 TO 0.0 BY 4
NUMBER GRIDS BY 100,ELEMENTS BY 1
FIX 246 AT (0.0,90.0)
PLOT -45.,20.
PLT2
ENDM
SDATA
TABLE 48,0.,2.,0.,2,4.,0.,4.,2.

1.3.3 Model:

Figures 1.5 and 1.6 are MESHGEN plots of this model.
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SAMPLE PROBLEM 1.4

1.4.1 Description:
Model the 360° csurface generated by the parabola 252=r2 using TRIAL

elements and assumiig homogeneous properties.

1.4.2 MESHLAN Program:

M@DEL TEST1.4
GE@METRY
SHAPE = TANK
BYUNDARY = FUNCLI@N 3
MESH(1)
¢PRPP = 100
DIVIDE Z BY 3
NUMBER GRIDS BY 8,ELEMENTS BY 1
ELEMENTS = TRIAl,1l
DIVIDE THETA BY 8
NUMBER GRIDS BY 1,ELEMENTS BY 3
PL@T 0.,20.
PLT2
ENDM
$DATA
FUNCTION 3,1.,0.,0.,0.,1.,-4.,0.,0.,0.

1.4.3 Model:

The model is shown in Figures 1.7 and 1.8.

31

FIRUIHUVIPE S s e Y

[EP P PSSP APEL PSR

T Rey

L E



0000 0009

9622 nwnem\- .

%



J
E
3 _
ao
m .

= *
__., i ,«oﬂl
: g ~ k-
[} =S ™
rl poed - e
§ (&} A%
= )
[9)

‘-————"f-.\‘g_‘

it
TE3TL. Y
oy

_. P
4 }
3 5 ‘
e .
L i :
bd
c
{
‘ w
. g
2 M
a .
5> -
m «
otk el ) N

vl bl bl et bl leesed {Toewd  leemmer LU ; S i ;
oy rowered (o Vs £ E AR TR ] L I ] .mr.a:.«ﬂ w\a.i(r.v e Py Wiy "‘.w

SR et v aaRe ky
CRRN AR R P CRTPIN .
[ P 2 g 5 B
¥
) .
. b

.,.
~ , A L



TN R R KA ARMITAN B R WA S0 A Mt e S TR SN L Sy T S et 1

e,

. ;-:M“ —

Bawet  panes)  gesey e Jmed g

A veron -

[yr— risnend
3 L3

»
.

]

[ BRSO F %Y

§ iR

SAMPLE PROBLEM 1.5

1.5.1 Description:

Model a 120° segment of a right circular cylinder r=5 on z=[5.,3.]

with mesh refinements in both the radial and axial coordinate

directions. Properties vary linearly in axial direction and the
shell is stiffened by longerons at z=5 and 6=0°, 90° and 120°.

Use QDPLT elements.

1.5.2 MESHLAN Program

M@DEL TEST1.5
GE@METRY
SHAPE = SHELL @F REV@LUTI@N
BAUNDARY = FUNCTI¢N 8
MESH(1)
STEP Z FR§M 5.0 TO 3.0 BY 2
NUMBER GRIDS BY 7,ELEMENTS BY S50
ELEMENTS = QDPLT,1
THICKNESS VARIES
STEP Z FROM 3.0 TO 1.0 BY 3
NUMBER GRIDS BY 7,ELEMENTS BY 50
ELEMENTS = QUAD2,151
PROPERTY = 1000,15.0
STEP THETA FROM 0.0 TO 90.0 BY 3
NUMBER GRIDS BY 1,ELEMENTS BY 1
STRINGERS=BAR 0,10001,20001
ALONG Z AT (0.0,90.0,120.)
AL@NG THETA AT (5.0)
PLAT -60.,20.
ENDM
$DATA
FUNCTION 8,5.,1.,0.,0.,0.,0.,1.,0.,5.

1.5.3 Model:

A three-~-dimensional MESHGEN plot of the model 1

34

chown in Figure 1.9.
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SAMPLE PROBLEM 1.6

1.6.1 Description:

The problem solved in 1.5 is re-executed to illustrate the capability
of generating overlapping elements of different types in different

axial zones.

1.6.2 MESHLAN Program:

M@PDEL TEST1.6
GE@METRY
SHAPE = SHELL ¢F REVPLUTI@N
BPUNDARY = FUNCTIPN 8
MESH(1)
@PRPP = 100
STEP Z FRPM 5.0 T$ 3.0 BY 2
ZP2gP = 10
NUMBER GRIDS BY 7,ELEMENTS BY 50
ELEMENTS = QDPLT,1
THICKNESS VARIES
ELEMENTS = SHEAR, 1001
PROPERTY = 50
STEP 2 FROM 3.0 T$ 1.0 BY 3
ZPRPP = 20
NUMBER GRIDS BY 7,ELEMENTS BY 50
ELEMENTS = QUAD2,151
PRPPERTY = 1000,15.0
ELEMENTS = TWIST,1151
PRPPERTY = 800
ELEMENTS = QDMEM2,2151
PROPERTY = 655,25.
THICKNESS VARIES
STEP THETA FRGM 0.0 T@ 90.0 BY 3
NUMBER GRIDS BY 1,ELEMENTS BY 1
STEP THETA FROM 90.0 T9 120.0 BY 3
NUMBER GRIDS BY 1,ELEMENTS BY 1
STRINGERS=BAR 0,10001,20001
AL@NG Z AT (0.0,90.0,120.)
AL@®NG THETA AT (5.0)
ENDM

1.6.3 Model:

The model resulting, with respect to grid point and element configura-

tion, 1s the same as 1.5.
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SAMPLE PROBLEM 1.7

1.7.1 Description:

Model of a quadrant of a hemisphere where the axial stations are

explicitly defined by the user.

1.7.2 MESHLAN Program:

M@DEL TEST1.7
GEPMETRY
SHAPE = TANK
BOUNDARY = TABLE 88
MESH(101)
DIVIDE Z
NUMBER GRIDS BY 1,ELEMENTS BY 1
ELEMENTS = QDMEM2,1
STEP THETA FROM 0.0 TO 90.0 BY 4
NUMBER GRIDS BY 100,ELEMENTS RY 6
PLOT -45.,20.
PLT2
ENDM
$DATA
TABLE 88,6.,12.,0.,7,6.,6.,5.657,8.,4.472,10.,3.317,
11.,2.,11.657,1.,11.916,0.,12.

1.7.3 Model:

MESHGEN plots are shown in Figures 1.10 and 1.11.
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SA °LE PROBLEM 1.8

1.8.1 Description:

A model is generated for a 90° segment of a complex tank composed
of three distinct sections. These are executed as three cases which
will be merged to generate the final Bulk Data deck.

1.8.2 MESHLAN Program:

L et

Tl v
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¥
\

MPDEL TEST1.8A
GEJMETRY
SHAPE = TANK
BYUNDARY = TABLE 6
MESH(101)
DIVIDE 2
FIX 123456 AT (15.)
NUMBER GRIDS BY 100,ELEMENTS BY 10
ELEMENTS = QUAD2,1
PRYPERTY = 100
THICKNESS VARIES
STEP THETA FROM 0.0 T 90.0 BY 4
FIX 246 AT (0.0,90.)
NUMBER GRIDS BY 10,ELEMENTS BY 1
STRINGER = BAR 0,1001,2001
ALONG A AT (45.0)
AL@NG THETA AT (10.0)
PLAT -45.0,20.
ENDM

MPDEL TEST1.8B
GE@PMETRY
SHAPE = TANK
BPUNDARY = FUNCTIPN 12
MESH(601)
PPRPP = 1GO
DIVIDE Z BY 3
NUMBER GRIDS BY 100,ELEMENTS BY 10
ELEMENTS = QUAD2,51
STEP THETA FROM 0.0 T9 90.0 BY 4
FIX 246 AT (0.0,90.)
NUMBER GRIDS BY 10,ELEMENTS BY 1
STRINGER = BAR 0,1101,2101
ALPNG Z AT (22.5,67.5)
AL@NG THETA AT (3.0)
ENDM

M@DEL TEST1.8C
GE@METRY
SHAPE = TANK
BPUNDARY = TABLE 73 INTERPPLATE
MESH(901)
@PRPP = 100
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STEP Z FRPM 3.0 T$ 0.0 BY 3
NUMBER GRIDS BY 100,ELEMENTS BY 10
ELEMENTS = QUAD2,81
THICKNESS VARIES
STEP THETA FR{M 0.0 T@ 90.0 BY 4
FIX 246 AT (0.0,90.)
NUMBER GRIDS BY 10,ELEMENTS BY 1
PLOT -45.,20.
PLT2
ENDM
$DATA
TABLE 6,15.,10.,0.0,6,6.,10.,5.4,12.,4.55,13.5,4.0,
14.2,3.55,14.6,3.0,15.0
FUNCTI@N 12,10.0,3.0,0.0,0.,0.,0.,1.,0.,6.
TABLE 73,3.0,0.0,0.0,7,0.0,0.0,1.0,0.3,2.0,.7,3.0,
.25

97 Ve
1.1,4.0,1.6,5.0,2.25,6.0,3.0

1.8.3 Model:

PR,

Figure 1.12 shows the boundary definition of the tank structure.
Three-dimensional plots of the A and C portion, and a two-dimensional
plot of the C portion are shown in Figures 1.13-1.15.
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SAMPLE PROBLEM 2.1
2.1.1 Description:

Model the three-dimensional solid segment of the right circular
cylinder defined in 1.1 using FHFX2 elements.

2.1.2 MESHLAN Frogram:

M@DEL TFST2.1
GE@METRY
SHAPE = FLUID
BPUNDARY = FUNC1I¢N 1(3.0)
GRAV = 100
MESH(,1)
PPRPP = 200
DIVIDE Z BY 3
NUMBER GRIDS BY 5, ELEMENTS BY 4
ELEMENTS = FHEX2,1
STEP THETA FROM 0.0 T¢ 90.0 BY 4
NUMBER GRIDS BY 1, ELEMENTS BY 1
DIVIDC R BY 3
NUMBER GRIDS BY 1GO, ELEMENTS BY 100
PLOL -40.,20.0,NPNUM
ENDM
$DA1A
FUNCTION 1,3.,0.,0.,0.,0.,0.,1.,0.,5.

NOTES: a. A free surface value (3.0) and GRAV command are given
in order to generate PL@TEL and CFFRZE Bulk Data.
b. NPNUM is specified on the PL@T card to omit grid point
numbering.

2.1.3 Molel:

Figure 2.1 shows the three-dimensional MESHGEN plot for this solid.
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SAMPLE PROBLEM 2.2
2.2,1 Description:

Model thke soiid »f revolution generated by “he sphere zz-6z-+r2==0
on the interval [3.,6.] asc in 1.2, Use HEX] =2lements and specify an

output coordinate system for displacements CID = 200

2.2.2 MESHLAN Program:

M@DEL TESTZ.2
" E@METRY
SHAPE = SPLID @F REVOLUTIPN
BPUNDARY = FUNCTI®N 2
MESH(,1)
@PROP = 200
DIVIDE Z BY 3
PUTSYS=200
NUMBER GRIDS BY 100,EL"MENTS BY 100
ELEMENTS = FHEX1,1
DIVIDE THETA BY 8
NUMBER GRIDS BY 1,ELEMENTS EY 1
DIVIDE R BY 3
NUMBER GRIDS BY 10,ELEMENTS BY 10
PLOT 5.,20.,NPNUM
ENDM
$DATA
FUNCTION 2,3.,6.,0.,1.,-6.,1.,0.,0.,0.

2.2.3 Model:

The three-dimensional plot for the model is shown in Figure 2.2.
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SAMPLE PROBLEM 2.3

2.3.1 Description:

Generate a solid model for the function defined in 1.3.

2.3.2 MESHGEN Program:

2.3.3 Model:

M@DEL TEST2.3
GEQMETRY
SHAPE = FLUID
BPAUNDARY = TABLE 48 INTERPPLATE
MESH(,101)
@PROP = 200
DIVIDE Z BY 3
NUMBER GRIDS BY 1,ELEMENTS BY 8
ELEMENTS = FHEXZ,1
STEP THETA FRJM 90.0 TP 0.0 BY 4
NUMBER GRIDS BY 100,ELEMENTS BY 1
DIVIDE R BY &
NUMBER GRIDS BY 10,ELEMENTS BY 10
PLAT -40.,20.
ENDM
$DATA
TABLE 48,0.,2.,0.,2,4.,0.,4.,2.

Figure 2.3 shows the model generated.
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2.4.1 Description:

!“ SAMPLE PROBLEM 2.4
l Generate the solid model corresponding to Problem 1.4.

P T P e A

2.4.2 MESHLAN Program:

Wiy

M@DEL TEST2.4
GE@METRY
SHAPE = FLUID
BPUNDARY = FUNCTI@N 3 (1.0)
- GRAV = 200
MESH(,1)
@PRAP = 200
DIVIDE Z BY 3

Wi L ]
- - 1

g' NUMBER GRIDS BY 8,ELEMENTS BY 1
1 ELEMENTS = FHEX2,1
DIVIDE THETA BY 8
3- NUMBER GRIDS BY 1,ELEMENTS BY 3
i DIVIDE R BY 3
NUMBER GRIDS BY 100,ELEMENTS BY 100
.- PL@T 5.,20.
! ENDM
g“ 2.4.3 Model:
The three-dimensional plot of the model is shown in Figure 2.4,
T
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SAMPLE PROBLEM 2.5

2.5.1 Description:

Model a solid of revolution corresponding to 1.7 using explicitly

defined axial stations.

2.5.2 MESHLAN Program:

2.5.3 Model:

M@¢DEL TEST2.5
GE¢PMETRY
SHAPE = FLUID
BPUNDARY = TABLE 88
MESH(,1.01)
DIVIDE Z

NUMBER GRIDS BY 1,ELEMENTS BY 1
ELEMENTS = FHEX2,1

STEP THETA FR@M 0.0 T9-90.0 BY 4

NUMBER GRIDS BY 100, ELEMENTS BY 6
DIVIDE R BY 3

NUMBER GRIDS BY 1000,ELEMENTS BY 100
PLOT -40.,20.
ENDM
$DATA

TABLE 88,6.,12.,0.,7,6.,6.,5.657,8.,4.472,10.,3.317,
1.,2.,11.657,1.,11.916,0.,12.

Figure 2.5 illustrates the model generated.
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SAMPLE PROBLEM 3.1
3.1.1 Description:

Generate a three-dimensional model of a 90° segment of a circular

cylinder r=5 with a surface tilted 10°.

3.1.2 MESHLAN Program:

M@DEL TEST3.1
GEGMETRY
SHAPE = GFLUID
BPUNCARY = FUNCTI@N 4 (3.0)
GRAV = 100
MESH(,1)
@PRPP=200
DIVIDE Z BY 3
NUME_.R GRIDS BY 5,ELEMENTS BY 4
ELEMENTS = FHEX2,1
STEP THETA FR¢M 0.0 T® 90.0 BY &
NUMBER GRIDS BY 1,ELEMENTS BY 1
DIVIDE R BY 3
NUMBER GRIDS BY 100,ELEMENTS BY 100
PL@T -40.,20.
ENDM
$DATA
FUNCTICN 4,3.,0.,10.0,0.,0.,0.,1.,0.,5.

3.1.3 Model:

Figure 3.1 illustrates the model generated.
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SAMPLE PROBLEM 3.2

3.2.1 Degcription:

Model a three~dimensicnal parabolic solid with a tilted surface,
a=5°,

3.2.2 MESHLAN Program:

M@DEL TEST3.2
GEOMETRY
SHAPE = GFLUID
BPUNDARY = FUNCTION 3 (1.0)
GRAV = 200
MESH(,1)
@PROP = 200
DIVIDE z pY 3
MGMBER GIRDS BY 8,ELEMENTS BY 1
ELEMENTS = ¥HEX2,1
DIVIDE THETA BY &
NUMBER GRIDS BY I,ELEMENTS BY 3
DIVIDE R BY 3
NUMBER GRIDS B. 1C0,ELEMENTS BY 100
PLOT S.,20.
ENDM
$DATA
FUNCTION 3,10.0,0.0,5.0,5.,1.,-.04,0.,0.,0.

3.2.3 Model:

The t ee~dimensional MESHGEN plot is shown in Figure 3.2.
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SAMPLE PROBLEM 4.1

4.1.1 Description:

Model the three-dimensional segment of the cylinder defined in 1.1.
Generate both the tank and fluid models in one step.

4.1.2 MESHLA Program:

MADEL TEST 4.1
GEPMETRY
SHAPE = TFULL
BPUNDARY = FUNCTION 1(3.0)
GRAV = 20y
4MESH(1,1001)
DIVIDE Z BY 3
SHELL
NUMBER GRIDS BY 5,ELEMENTS BY 4
ELEMENTS = QUAD2,1
PRPPERTY = 100
SPLID
NUMBER GRIDS BY 5,ELEMENTS B. 4
ELEMENTS = FHEX2,101
PRPPERTY = 200
STEP THETA FR@M 0.0 T 90.0 BY 4
SHELL
NUMBER GRIDS BY 1,ELEMENTS BY 1
SPLID
NUMBER GRIDS BY 1,ELEMENTS BY 1
DIV1DE R BY 3
NUMBER GRIDS BY 100,ELEMENIS BY 100
PLAT -45.,20.
LT2
ENDM
$DATA
FUNCTION 1,3.,0.,0.,0.,0.,0.,1.,0.,5.

4.1.3 Model:

Two- and three~dimensional plots for the tank are shown in Figures
4.1 and 4.... The three-dimensional fluid is shown in Figure 4.3.
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SAMPLE PROBLEM 4,2

4.2.1 Description:

Model a section of a tank/fluid system corresponding to the first
five-~inch section of the SRI tank.

4.2.2 MESHLAN Program:

M@DEL TEST4.2
GE@METRY
SHAPE = C@NTAINED S@LID
BPUNDARY = FUNCTION 2 (8.66)
GRAV = 200
MESH(1,1001)
@PRPP = 100
STEP Z FR¢M 10.0 TP 8.66 BY 2
NUMBER GRIDS BY 100,ELEMENTS BY 100
ELEMENTS = QUAD2,1
STEP Z FR¢YM 8.66 TP 5.0 BY 4
SHELL
NUMBER GRIDS BY 100,ZLEMENTS BY 100
ELFMENTS = QUAD2,201
SPLID
NUMBER GRIDS BY 100,ELEMENTS BY 100
ELEMENTS = FHEX2,100
PROPERTY = 100
DIVIDE R BY 3
NUMBER GRIDS BY 10,ELEMENTS BY 10
STEP THETA FR#M 0.0 T 90.0 BY 4
SHELL
NUMBER GRIDS BY J,ELEMENTS BY 1
S@LID
NUMBER GRIDS BY 1,ELEMENTS BY 1
PLOT -45.,20.
PLT2
ENDM
$DATA
FUNCTI®N 2,10.,5.,0.,0.,0.,0.,1.,0.,5.

4.2.3 Model:

Figures 4.4, 4.5 and 4.6 show the two- and three-dimensional shell

and three-dimensional fluid, respectively.
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SAMPLE PROBLEM 5.1

5.1.1 Description:

STEP Z FROM 1.0 TO 0.0 BY &

NUMBER GRIDS BY 100,ELEMENTS BY 100

ELEMENTS = TRIAL,1
THICKNESS VARIES

STEP THETA FROM 0.0 TO 90.0 BY 4

NUMBER GRIDS BY 1,ELEMENTS BY 1
PLPT -45.,-20.
PLT2
ENDM
$DATA
TABLE 36,1.0,0.0,0.0,9,0.0,0.0,2.236,.2,2.739,.3,3.162,

.4,3.536,.5,3.873,.6,4.183,.7,4.472,.8,5.,1.0

& To Model a 90° sector of a hemisphere defined by a tabular function
% on the interval 2z=[1.0,0.0]. The model will be composed of TRIAl
g‘ elements and the shell thickness varies uniformly in the axial
% direction.
¢
g 5.1.2 MESHLAN Program:
¢ M@DEL TEST5.0
' GEPMETRY
SHAPE = CAPS
. BPUMDARY = TABLE 36,INTERPPLATE
: MESH(1)
: @PRPP = 100
“ -

e I e B = B T T Y I R

5.1.3 Model:

Figures 5.1 and 5.2 show the two- and three-dimensional MESHGEN plots.
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SAMPLE PROBLEM 5.2

5.2.1 Description:

To model a 120° sector of a hemisphere defined by a tabular function
on the interval z={6.0,12.0]. The model will be composed of TRBSC
elements with constant properties.

5.2.2 MESHLAN Program:

M@DEL TEST5.2
GE@METRY
SHAPE = CAPS
BPUNDARY = TABLE 88,INTERP@LATE
MESH(1)
@PROP = 100
DIVIDE Z BY &
NUMBER GRIDS BY 1,ELEMENIS BY 100
ELEMENTS = TRBSC,1
STEP THETA FROM 0.0 TO 120.0 BY &
NUMBER GRIDS BY 100,ELEMENTS BY 1
PLAT ~60.,20.
PLT2
$DATA
TABLE 88,6.,12.,0.,7,6.,6.,5.657,8.,4.472,10.,3.317,
11.,2.,11.657,1.,11.716,0.,12.

NOTE: When specifying the boundary of a CAPSHELL the Z1 and Z2 values
on the FUNCTION or TABLE data cards must correspond to the open

g e o . ‘ Ce R . , Ce Coe
: ya%mégwwwwmwa,w,; e vy L S A PO TN RS
SNl Omi Sond oA Daed Dek) Ml Mg Al pamg DA bua] ey e P e e
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5.2.3 Model:

Two- and three-dimensional plots are shown in Figures 5.3 and 5.4.

and closed ends of the idealization, respectively.
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SAMPLE PROBLEM 5.3

5.3.1 Description:
To model a 90° sector of a shell defined by the parabola 25z-r2 on
the interval [1.0,0.0). The model will contain double elements
(overlapping) of types TRIAl and TRMEM each with different, but
uniform, properties. The top ring (z=1.0) will be fixed, and sym-

metric boundaries imposed at 6=0° and 6=90°.

5.3.2 MESHGEN Program:

M@DEL TESTS.3
GE@METRY
SHAPE = CAPS
BAUNDARY = FUNCTI@N 2
MESH(101)
DIVIDE Z BY 6
NUMBER GRidS BY 10,ELEMENTS BY 20
ELEMENTS = TRIA1,1l
PRPPERTY = 10
ELEMENTS = TRMEM,1001
PR@PERTY = 38
FIX 123456 AT (1.0)
STEP THETA FROM 90.0 TO 0.0 BY 6
NUMBER GRIDS BY 1,ELEMENTS BY 1
FIX 246 AT (0.0,90.0)
PLYT -45.,-20.
ENDM
FUNCTI@N 2,1.0,0.0,0.,0.,1.,-4.,0.,0.,0.

5.3.3 Model:

A three-dimensional structure plot is shown in Figure 5.5.
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i SAMPLE PROBLEM 5.4

5.4.1 Description:
: i To model a tank closure using the CAPSHELL for the tank defined in

sample problem 1.8C.
s 1 5.4,2 MESHLAN Program:
C l M@#DEL TEST5.4

4 GE@METRY
Fok SHAPE = CAPS
L BPUNDARY = TABLE 73 INTERPALATE
PE 1 MESH(901)

DIVIDE Z BY 4
= NUMBER GRIDS BY 100,ELEMENTS BY 10

¥ i ELEMENTS = TRIA2,81

if‘ STEP THETA FROM 0.0 TO 90.0 BY 3

FIX 246 AT (0.0,90.0)

¥ I NUMBER GRIDS BY 10,ELEMENTS BY 1

T PLOT -45.,-20.

L ENDM

. $DATA

{ TABLE 73,3.,0.,0.,7,0.,0.,1.,.3,2.,.7,3.,1.1,4.,1.6,

: 5.,2.25,6.,3.

. ; 5.4.3 Model:

. x Figure 5.6 shows a three-dimensional MESHGEN plot of this model.
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SAMPLE PROBLEM 6.1

6.1.1 Description:

Model a quadrant of the hemisphere defined by z24-r2==25 on the

interval [.,-5.]. Use FWEDGE elements.

6.1.2 MESHLAN Program:

M@DEL TEST6.1
GE@PMETRY
SHAPE = CAPFLUID
BPAUNDARY = FUNCTI@N 8
MESH(,1)
DIVIDE Z BY &4
NUMBER GRIDS BY 100,ELEMENTS BY 100
ELEMENTS = FWEDGE,1
STEP THETA FRGM 0.0 T¢ 90.0 BY 2
NUMBER GRIDS BY 1,ELEMENTS BY 1
DIVIDE R
NUMBER GRIDS BY 10,ELEMENTS BY 10
PLOT -40.,20.,NONUM
ENDM
$DATA
FUNCTI¢N 8,0.,-5.,0.,1.,0.,1.,0.,5.,0.

NOTE: The command DIVIDE R does not need an increment since the
number of R steps must equal the z division. The value of
z1 in the FUNCTION (or 1ABLE) definition must be the open
end of the solid. CAPFLUID SHAPES may ncot produce plots via
the PLT2 option.

6.1.3 Model:

Figure 6.1 illustrates the three-dimensional model.
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SAMPLE PROBLEM 6.2

6.2.1 Description:

Model half of the body generated by the parabola ZSz==r2 on the
interval z={4.0,0.]. Use FHEX2 elements,

6.2.2 MESHLAN Program:

M@DEL TEST6.2
GE@METRY
SHAPE = CAPF
BPUNDARY = FUNCTION 1
MESH(,1)
DIVIDE Z BY 4
NUMBER GRIDS BY 50,ELEMENTS BY 50
ELEMENTS = FHEX2,1
STEP THETA FR¢M 90.0 T¢ 0.0 BY 2
NUMBER GRIDS BY 1,ELEMENTS BY 1
DIVIDE R
NUMBER GRIDS BY 10,ELEMENTS BY 10
PL#T -40.0,-20.0
ENDM
$DATA
FUNCTION 1,4.0,0.0,0.,0.,25.,-1.,0.,0.,0.

6.2.3 Model:

Figure 6.2 shows the three-dimensional model.
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SAMPLE PROBLEM 6.3

6.3.1 Description:

Generate a model for a hemisphere defined by 2" +r
interval {0.0,5.0]. Use FWEDGE elements.

z, 25 ¢n the

6.3.2 MESHLAN Program:

M@DEL TEST6.3
GEOMETRY
SHAPE = CAPF
BAUNDARY = FUNCTION 3
MESH(,1)
DIVIDE Z BY 5
NUMBER GRIDS BY 100,ELEMENTS BY 100
ELEMENTS = FWEDGE,l
DIVIDE THETA BY 8
NUMBER GRIDS BY 1,ELEMENTS BY 1
DIVIDE R
NUMBER GRIDS BY 10,ELEMENTS BY 10
PL@T -5.,-20.,N@NUM
PLT2
ENDM
$DATA .
FUNCTION 3,0.,5.,0.,1.,0.,1.,0.,5.,0.

6.3.3 Model:

A three-dimensional MESHGEN plot is shown in Figure 6.3,
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l SAMPLE PROBLEM 7.1
7.1.1 Description:
| [ Generate a model for the upper hemisphere of the sphere z2 + rz = 25
on z=[{0.,5.]. Include both fluid and structure models.
¥ 7.1.2 MESHLAN Program:
3 E M@DEL TEST7.1
GE@METRY
L8 SHAPE = CAPB
N E B@UNDARY = FUNCTIAN 1
‘ : GRAVITY = 1
B MESH(1,1001)
o ] DIVIDE Z BY 4
N i SHELL
4 NUMBER GRIDS BY 100,ELEMENTS BY .00
. ELEMENTS = TRMEM,1
{ PREPERTY = 100
3 SOLID
?’ NUMBER GRIDS RY 100,ELEMENTS BY 100
. [ ELEMENTS = FWEDGE,1001
- PR@PERTY = 200
£ STEP TEHTA FROM 0.0 TO 90.0 BY 4
. SHELL
LOgy { NUMBER GRIDS BY 1,ELEMENTS BY 1
g SPLID
3 NUMBER GRIDS BY 1,ELEMENTS BY 1
Gt [ DIVIDE R
iE NUMBER GRIDS BY 10,ELEMENTS BY 10
2 & PLOT -45.,20.
Cs l PLT2
N ENDM
SR $DATA
;;; '.-‘ FUNCTION 1’0! ’50 ’O- ’10’00.10'0! ’50 ’0-
|
'L : 7.1.3 Model:
: l The two- and three-dimensional MESHGEN plots of this model are shown
v I in Figures 7.1 - 7.3.
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SAMPLE PROSLEM 7.2

7.2.1

7‘2.2

7.2.3 Model:

Description:

Generate a model for the same function as problem 7.1 on the
interval {0,-5.].

MESHLAN Program:

M@DEL TEST7.2
GEPMETRY
SHAPE = CAPB
BPUNDARY = FUNCTION 2
GRAVITY = 225
MESH(1,1001)
DIVIDE Z BY &
SHELL
NUMBER GRIDS BY 100,ELEMENTS BY 100
ELEMENTS = TRIAl,l
PRPPERTY = 100
S@LID
NUMBER GRIDS BY 100,ELEMENTS BY 100
ELEMENTS = FWEDGE,1001
PRPPERTY = 200
STEP THETA FROM 0.0 TO 90.0 BY 4
SHELL
NUMBER GRIDS BY 1,ELEMENTS BY 1
SPLID
NUMBER GRIDS BY 1,ELEMENTS BY 1
DIVIDE $
NUMBER GRIDS BY 10,ELEMENTS BY 10
PLOT -45.,20.
PLT2
ENDM
$SDATA
FUNCTI®N 2,0.,-5.,0.,1.,0.,1.,0.,5.,0.

For a CAPB SHAPE option, the value z, on the FUNCTION card
(or TABLE) must define the open end of the figure

Figures 7.4 - 7.5 show the two- and three-dimensional MESHGEN plots.
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SAMPLE PROBLEM 8.1

8.1.1 Description:

To mode} a 15° segment of the SRI tank. The tank is composed of
two ctections, the top 5 inches ar: a cylinder, r=5, and the last
5 inches are a hemisphere. The upper portion of the tank will be
modeled using the TFULL shape. The bottom section will ;xse TANK
and CAPFLUID shapes. Figure 8.1 illustrates the model desired.

8.1.2 MESHLAN Program:

MPDEL SRITANK1
GEPMETRY
SHAPE = TFULL
BPUNDARY = FUNCTION 1 (8.66)
GRAV = 200
MESH(5010,1012)
STEP Z FR™M 10.0 T¢ 8.66 BY 2
NUMBER GRIDS BY 1,ELEMENTS BY 1
FIX 123456 AT (10.0)
ELEMENTS = QUAD2,1
PRGPERTY = 100
STEP Z FRYM 8.66 Td 5.0 BY &
e SHELL
: NUMBER GRIDS BY 1,ELEMENTS BY 1
ELEMENTS = QUAD2,3
PROPERTY = 100

SPLID
" NUMBER GRIDS BY 1,ELEMENTS BY 100
ELEMENTS = FHEX2,301
PRPPERTY = 200
STEP THETA FROM 0.0 T@ 15.0 BY 1
SHELL
NUMBER GRIDS BY 1000,ELEMENTS BY 1
SPLID
NUMBER GRIDS BY 1000,ELEMENTS BY 1
DIVIDE R BY 8
NUMBER GRIDS BY 1-0,ELEMENTS BY 1
PLYT 180.,10.
ENDM

T AR AN IR SRR S R TN
3

M@DEL SRITANK2
GEJMETRY
SHAPE = TFULL
B@UNDARY = FUNCTI¢N 2
GRAVITY = 200
MESH(5016,1016)
DIVIDE Z BY 5
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SHELL
NUMBER GRIDS BY 1,ELEMENTS BY 1
ELEMENTS = QUAD2,7
PROPERTY = 100
SPLID
NUMBER GRIDS BY 1,ELEMENTS BY 100
ELEMENTS = FHEX2,701
PR@PERTY = 200
STEP THETA FR¢M 0.0 T¢ 15.0 BY 1
SHELL
. NUMBER GRIDS BY 1000,ELEMENTS BY 1
S@LID
NUMBER GRIDS BY 1000,ELEMENTS BY 1
DIVIDE R BY 8
NUMBER GRIDS BY 100,ELEMENTS BY 1
PLOT 180.,10.
ENDM

M@DEL SRITANK3,SAVE,NEW
GE@METRY
SHAPE = CAPF
BAUNDARY = FUNCTI¢N 3
MESH(,1021)
DIVIDE Z BY 8
NUMBER GRIDS BY 1,ELEMENTS BY 100
ELEMENTS = FHEX2,1201
PROPERTY = 200
STEP THETA FROM 0.0 TO 15. BY 1
NUMBER GRIDS BY 1000,ELEMENTS BY 1
DIVIDE R
NUMBER GRIDS BY 100,ELEMENTS BY 1
PL@T 180.,-10. :
ENDM

M@DEL SRITANKS,SAVE
GE@METRY
SHAPE = TANK
BOUNDARY = TABLE 50
MESH(5021)
DIVIDE Z
NUMBER GRIDS BY 1,ELEMENTS BY 1
ELEMENTS = QUAD2,12
PRPPERTY = 100
STEP THETA FR¢M 0.0 T¢ 15.0 BY 1
NUMBER GRIDS BY 1000,ELEMENTS BY 1
PLOT 180.,10.
ENDM

M@DEL SPRITANK5

GRAVITY = 200

FIND BPUNDARIES SRITANK4,SRITANK3
PUNCH

ENDM
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8.1.3

NOTES: a.

Model :

Figure 8.1
as defined
8.2 - 8‘70

SRITANK3 is to be saved on a SAVE file declared
NEW in order to generate CFLSTR Bulk Data later.

SRITANK4 is added to the SAVE file.

SRITANKS retrieves the structure (SRITANK4) and
fluid (SRITANK3) models from the SAVE file and
generates CFLSTR cards for their union.

defines the model desired. The MESHGEN plots generated,
in the MESHLAN programs above, are shown in Figures

92



[ [ ] ]

FIGURE 8.1

HRNENw

LA

<

v

z=5 L&

z=10.0
z=8.66
5

bl bk el et el bk ek bern beh e ey
gﬁlﬁu&h«yﬁ?&« AUB 3Pt B S W e o

93



gcrn‘u

PRI e P

4

3D VIEW ANGLES

180.0

- 5
#,,,,___-. -
F_ﬂ o
- ,.

10.0 OF SRITANKI

FIGURE 8.2

94

3 NaUA
G000 00l



.m.*y

e

L T R R R e S —

NAUAL
0000 0002

204 1012
P e

1 1212
FLTEW 1312
LveY vie
iy 1512

f—iﬂi
wmz

o4 7313
1113
1213
342 1313
+ 1413

13

1613
17113

o 7819
s 11%
aap 1218

a3 1319
P 1414
254 151%

26+ 1814
17

f81%

N s
. 1218
2314 131
2 1418
Qﬁ. 1515
4 1813

1ns

7813

%ﬁ 118
Nl 1218

%_ 1318
Y ivie
w_— is18

1818
2Hg1718
2818

30 VIEW ANGLES 180.0 10.0 OF SRITANK]

FIGURE 8.3

95

P



L.vu.. 5017

840 »018

#éag‘; 5019

%A - 5020

>4 ———i502)

30 VIEW ANGLES  180.0  10.0 OF SRITANK

FIGURE 8.4

96

76223 NAUAIBNHL
0000 Go0w

i
i)
il



30 VIEW ANGLES

180.0

1018

1218

1318

¥
$

1418
1017

D
p
4
<

PP
Ty

is18
1117

1616

1217

17218

1317

2018
1417

LV Qv

1819

A3

1819

-

121

LY
[ J

LT

17

7Y

131

+E
edicd

3

281
1418

1818

Y.
L4

1818

1518

<4418

1419

M
Ty

o0

1229

2230,
\3 -4

2830

2300
a4

1420

LV

o

1520
1021

34

10.0 OF SRITANK2

7

1329

-

142}

1321

VT

FIGUPE 8.5

97

1723

2821

5

o ;q’yg‘wﬂél’s e B

78223  NAUA IML-
0000 0003

S m e AL i et

e S e T A SRR S W

PP



& oed S [ lllli ——.

NAUAL
0000 0007

L)
¥

b

123

2
74BN L
oo+ /] 7 e

dae3- // 1223
J///)4$a~ 132
LAZ

cree-

/ }’:;ﬁ o

\Z, /45,{4'*‘7‘%},?;

10:8

029
s ]//785

¥

30 VIEW ANGLES 180.0 -10.0 W SAITANKS

FIGURE 8.6

98



30 vieWw :GLEs

190.0

DO

Y
T

B
oY

10.0 OF  SRITANKY

FIGURZ 8,7

99

5025

3087

TE223  NAUA}
0000 o

ponle

099




