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ABSTRACT

This report describes, through additions and
modifications to the Level 15.1 NASTRAN User's
and Theoretical Manuals, a thermostructural capability
for NASTRAN. In addition to this new rigid format,

a set of two-dimensional and three-dimensional iso-
parametric finite elements was added to NASTRAN's
finite element library. The thermostructural
capability consists of computing a temperature history
of the structure, taking account of such thermal
conditions as radiation, convection, flux, and heat
generation, and then performing a series of structural
static analyses, using as part of the static loading the
equivalent loads due to the temperature distribution at

times selected by the user.
This version of NASTRAN is available for the UNIVAC
1108 and CDC 6000 computers.

ADMINISTRATIVE INFORMATION

This project was funded under NASA-Defense Purchase
Request H-84825A issued by the George C. Marshall Space Flight Center,

Huntsville, Alabama. This work was performed under work unit 1844-011.




INTRODUCTION

This report describes the thermostructural capability
which has been added to the NASTRAN structural analysis program.
The report consists of modifications and additions to the Level 15.1.1
NASTRAN User's and Theoretical Manuals. The page numbers
on the following pages correspohd to the page numbering in those
manuals. A brief description and general flow of the new
capability are given in Chapter 19 of the Theoretical Manual.

This version of NASTRAN is available for the UNIVAC 1108
and CDC 6000 computers.




USER'S MANUAL ADDITIONS




STRUCTURAL MODELING

The material property definition cards are used to define the
properties for each of the materials used in the structural model.

The MAT1 card is used to define the properties for isotropic materials.
The MATS1 card specifies table references for isotropic material
properties that are stress dependent. The TABLES1l card defines a

tabular stress-strain function for use in Piecewise Linear Analysis.

The MATT1 card specifies table references for isotropic material
properties that are temperature dependent. The TABLEM1, TABLEM2,

TABLEM3, and TABLEM4 cards define four different types of tabular
functions for use in generating temperature dependent material properties.

The MAT2 card is used to define the properties for anisotropic
materials. The MATT2 card specifies table references for anisotropic
material properties that are temperature dependent. This card may
reference any of the TABLEM1, TABLEM2, TABLEM3, or TABLEM4 cards.

The MAT3 card is used to define the properties for orthotropic
materials used in the modeling of axisymmetric shells. This card may
only be referenced by CTRIARG, CTRAPRG and PTORDRG cards. The MATT3
card specifies table references for use in generating temperature
dependent properties for this type of material.

The MAT7 card is used to define the properties for isotropic
materials for isoparametric elements and for BAR elements in thermal
problems. The MATT7 card specifies table references for isotropic
material properties that are temperature dependent. This card may
reference any of the TABLEM1, TABLEM2, TABLEM3, and TABLEM4 cards.

The MAT8 card is used to define the properties for anisotropic
materials for two-dimensional isoparametric elements. The MATT8 card

specifies table references for anisotropic material properties that
‘véré temperature dependent. This card may reference any of the TABLEMl,

TABLEM2, TABLEM3 and TABLEM4 cards. —
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The MAT9 card is used to define the properties for anisotropic
materials for solid isoparametric elements. The MATT9 card specifies
table references for anisotropic material properties that are temperature
dependent. This card may reference any of the TABLEM1l, TABLEM2,

TABLEM3, and TABLEM4 cards.

1If MATT?7, MATT8, or MATT9 cards are used in Rigid Format 14,
TRANGE cards must be specified for each referenced table. TRANGE
cards will cause the tabular functions specified on TABLEM1, TABLEM2,
TABLEM3, and TABLEM4 cards to be changed into step functions to be used
in the thermal transient analysis.

The GENEL card is used to define general elements whose properties
are defined in terms of deflection influence coefficients and which can
be connected between any number of grid points. One of the important
uses of the general element is the representation of part of a structure
by means of experimentally measured data. No output data is prepared
for the general element is the representation of part of a structure by
means of experimentally measured data. No output data is prepared for
the general element. Detail information on the general element is
given in Section 5.7 of the Theoretical Manual.

Dummy elements are provided in order to allow the user to investigate
new structural elements with a minimum expenditure of time and money.

A dummy element is defined with a CDUMi (i = index of element type,

1 €£1i29) card and its properties are defined with the PDUMi card.

The ADUMi card is used to define the items on the connection and property
cards. Detail instructions for coding dummy element routines are given

in Section 6.8.13 of the Programmer's Manual.

1.3.2 Bar Element

The bar element is defined with a CBAR card and its properties
(constant over the length) are definedwith PBAR card. The bar element
includes extension, torsion, bending in two perpendicular planes and
the associated shears. The shear center is assumed to coincide with the

elastic axis. Any five of the six forces at either end of the element

1.3.2a(7/1/72-NSRDC)




may be set equal to zero by using the pin flags on the CBAR card.

The integers 1 to 6 represent the axial force, shearing force in Plane
1, shearing force in Plane 2, axial torque, moment in Plane 2 and
moment in Plane 1 respectively. The structural and 'nonstructural
mass of the bar are lumped at the ends of the element, unless coupled
mass is requested with the PARAM card COUPMASS (see Section 3.5.1).
Theoretical aspects of the bar element are treated in Section 5.2

of the Theoretical Manual.
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STRUCTURAL MODELING

1.3.10 Isoparametric Elements

NASTRAN includes six isoparametric elements, two planar elements,
two solid elements, and two surface elements. A one dimensional element
is also available for use on problems using isoparametric elements. The
two planar elements are of the membrane type only. The elements are
defined by connection cards as follows:

1. CIS2D4 - planar linear element with four grid points.

(quadrilateral)

2. CIS2D8 - planar quadratic element with eight grid points.
(quadriparabolic)

3 CIS3D8 ~ solid linear element with eight grid points.

4. CIS3D20~ solid quadratic element with twenty grid points.

5. SURF1l - one-dimensional surface element.

6 SURF4 - linear surface element.

7. SURF8 - quadratic surface element.

Theoretical aspects of these elements are treated in Section 5.13
of the Theoretical Manual.

All the isoparametric elements except the three surface elements
may be used as either structural or thermal elements. The user must
include an APPISO card to indicate which element to use. .As thermal
elements, however, they may be used only in Rigid Formats 1 and 14, The

three surface elements are dummy elements which are used to conveniently

apply thermal boundary surface conditions in Rigid Format 14. Also, SURF4

and SURF8 can be used to apply a uniform static pressure load on a surface

of an isoparametric element.
The properties of the IS2D4 and IS2D8 elements are given on PIS2D4
and PIS2D8 cards, respectively. The IS3D8 and IS3D20 elements have no

corresponding property cards. Material properties for the planar elements

are specified on MAT7 and MAT8 cards. These properties may be made
temperature.dependent by including MATT7 or MATT8 cards. Material
properties for the solid elements are specified on MAT7 or MATY9 cards
and may be made temperature dependent by including MATT7 or MATT9 cards.
Examination of these cards will show that the isoparametric elements
may have isotropic or anisotropic materials and that the thermal as

well as structural material properties may be temperature dependent.

1.3-14b (7/1/72-NSRDC)




Either lumped or consistent mass matrices will be computed for the
structural elements and lumped or consistent capacitance matrices will
be computed for the thermal elements. Lumped matrices will always be
computed unless a PARAM card is presented with parameter COUPMASS
specified (see Section 3.5.1). Consistent matrices are usually mandatory.

The element coordinate systems for the planar elements are shown
in Figures 13 and 14. Symbols G1, G2. ... refer to the required order
of the connected grid points on the connection cards defining the ele-
ments. The angle 6 for the planar elements is the orientation angle for
anisotropic materials. (For solid elements, material coordinate systems
must be set up when necessary. For further discussion, see Section 5.13.2.2
of the Theoretical Manual.)

Element stresses at grid points are computed when requested. The
following real membrane stresses are output for the solid elements on
request:

1. normal stresses in the x-, y-, and z-directions.

2. shear stress on the x-face in the y-direction.

3. shear stress on the y-face in the z-direction.

4, shear stress on the z-face in the x~direction,

The following real membrane stresses are output for the planar elements
on request:

1. normal stresses in the x- and y-directions.

2. shear stress on the x-face in the y-direction.

Presently no complex stresses are available.

Also available are the average stresses at the grid points, as well
as the maximum element grid point stresses. These represent the normal
output from Rigid Format 14. In other rigid formats, a DMAP alter

will be required. For further discussion, see Section 3.15 of this manual.
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Figure 13 - Planar Quadrilateral Linear

Isoparametric Element Coordinate System
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Figure 14 - Planar Quadriparabolic Quadratic

Isoparametric Element Coordinate System

1.3-24 (7/1/725NSRDC)




STRUCTURAL MODELING
APPLIED LOADS

1.5.4 Thermal Transient Loads

NASTRAN includes four types of thermal transient loads. For a full
discussion of these loads see Section 19.1.1 of the Theoretical Manual.
The RADIAT1 card defines radiation heat exchange between a surface of
an isoparametric element and its surroundings in the form

Q(t) = HA(T* - T})

where
Q 1is the net rate of radiation heat exchange
H is the radiation factor
A 1is the area of the surface
T is the temperature of the surface

T_ is the ambient temperature.
H may be temperature dependent and is given on the TABLEHL card. T_ may
be time dependent and is given on the TABLET1 card.

The RADIAT2 card defines radiation heat exchange between two isopara-
metric surfaces in the form

Q(t) = HAA (T3 - To*)

where
Q is the net rate of radiation heat exchange
H is the radiation factor

A;,A, are the areas of the surfaces

T;,T2 are the temperatures of the surfaces.
H may be temperature dependent and is given on the TABLEH1 card.

The CONVEC card defines convective heat exchange between an isopara-
metric surface element and its surroundings in the form

Q(t) = HCA(T -T.)

where _

Q 1is the heat flow per unit time
is the film coefficient
is the area of the element

is the temperature of the surface

- 3 > I

is the ambient temperature.
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Hc may be time dependent and is given on the TABLHC1 card. T _ may be
time dependent and is given on the TABLET1 card. (The portion of A(t)
defined by -H_AT ' is the load added ts.the load vector. The portion
defined by HcA is added into the conduction matrix.)
The HGEN card defines internal heat generation for isoparametric
elements in the form
Q(t) = GV
where
Q is the load to be applied
G is the heat generation per unit time for the element
V is the volume of the element.
G may be temperature dependent and is given on the TABLEGl card.
The HFLUX card defines a boundary heat input per unit area for iso-
parametric elements in the form
Q(t) = qA
where
Q is the load to be applied
q is the boundary heat input per unit area
A is the area of the surface.

q may be time dependent and is given on the TABLEQl card.
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BULK DATA DECK

Input Data Card APPISO Isoparametric Element Problem Type Flag

Description:

Defines the type of analysis to be performed using iso-

parametric elements.

Format and Example:

L

10

APPISO CODE

APPISO

Field

CODE

Remarks: 1.

Contents

0 thermal-structural combination
Indicator
of type of .
Tun 2 thermal statics only

1 structural only

One and only one APPISO bulk data card must be present when
isoparametric elements are used.

CODE=0 implies that Rigid Format 14, i.e, thermal transient-
structural statics combination, is to be run., Conduction
and capacitance matrices will be computed in the thermal
portion, and stiffness matrices will be computed in the
structural portion. (If only a thermal transient analysis
is desired, CODE=0 must be specified,)

If CODE=1, then all Rigid Formats except 4, 5, 6, and 14
(presently) may be used because no differential stiffness
matrices nor piecewise linear analysis capabilities have
been included for isoparametric elements,

If CODE=2, only Rigid Format 1 may be used.

An APPISO bulk data cord must be present in thermal problems
with BAR elements.
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BULK DATA DECK

Input Data Card CIS2D4 Quadrilateral isoparametric element connection

Description: Defines a quadrilateral isoparametric membrane element
(IS2D4) of the structural model,

Format and Example:

1 2 3 4 5 6 7 8 9 10
CIS2D4 EID PID Gl G2 G3 G4 ID1 TH
CIS2p4 8 2 8 6 1 10
Field Contents
EID Element identification number (Integer >0)
PID ‘ Identification number of a PIS2D4

property card (Integer >0)

Gl, G2, G3, G4 Grid point identification numbers of
connection points (Integers >0; Gl thru
G4 must be unique)

ID1 Reserved for possible later use

TH Material property orientation éngie

in degrees (Real) The sketch below gives

the sign convention for TH
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Remarks:

G4

TH

Gl G2

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

Grid points Gl thru G4 must be ordered as shown above,

This element is a planar element, i.e., Gl thru G4 must

lie in a plane.

Stresses are computed in the element coordinate system.
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Input Data Card CIS2D8

Description:
(IS2D8) of the structural model,

Format and Example:

BULK DATA DECK

Quadriparabolic isoparametric element connection

Defines a quadriparabolic isoparametric membrane element

Gl, 62, . . .,G8

ID1

1 2 3 4 5 6 7 8 9 10
CIS2D8 BID PID Gl G2 G3 G4 G5 G6 +abc
CIS2D8 16 2 12 10 15 18 22 3 +A

+abc G7 G8 D1 TH
+A 7 11
Field Contents
EID Element identification number (Integer >0)
PID Identification number of a PIS2DS8

property card (Integer >0)

Grid point identification numbers of
connection points (Integers >0; Gl

thru G8 must be unique)

Number of Gauss quadrature points (ID1=2 or

3-~default is 2).

2.4-281 (7/1/72-NSRDC)




TH Material property orientation angle
in degrees (Real). The sketch below

gives the sign convention for TH.

A
G7
4 o
G8 G6
TH
—>
Gl G5 62

Remarks: 1. Element identification numbers must be unique with respect
to all other element identification numbers.
2. Grid points Gl thru G8 must be ordered as shown above,
3. This element is a planar element, i,e., Gl thru G8 must

be in a plane,

4. Stresses are computed in the element coordinate system.
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Input Data Card CIS3D8 Solid Isoparametric Element Connection

DescriEtion:

(IS3D8) of the structural model without reference to a property card.

Format and Example:

BULK DATA DECK

Defines a solid, 8-grid-point isoparametric element

1 2 3 4 S 6 7 8 9 10
CIS3D8 EID Gl G2 G3 G4 G5 G6 G7 +abc
ICIS3D8 5 8 9 10 11 2 3 4 +A

+abc G8 iD1 ID2 MID
+A 5 1 1
Field Contents

EID

G1, G2, G3, ., . .G8

ID1

2.4-28Kk (7/1/72-NSRDC)

Element identification number

Grid point identification numbers of
connection points (Integers >0; Gl

thru G8 must be unique)

(Integer >0)

Coordinate system identification number

of the rectangular coordinate system

which defines the material axes (Integer

>0; 0 means the basic coordinate system).

(Not required nor desired for isotropic

materials. )




1D2 : Reserved for possible later use

MID Material identification number

(Integer >0)

Remarks: 1. Element identification numbers must be unique with respect

to all other element identification numbers.
2., Grid points Gl thru G8 must be ordered as shown above, i.e,
counterclockwise on opposite face as viewed from face 1

(G1-G4). Also, Gl and G5 must share the same edge.

3. The material property identification number must reference

only a MAT7 or MAT9 card.

4. ID1 must refer to a rectangular coordinate system.

5. Stresses are computed in material coordinate system IDI.
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Input Bata Card CIS3D20

DescriEtion:

(IS3D20) of the stwuctural model without reference to a property card.

Format and Example:

BULK DATA DECK

Solid Isoparametric Element Connection

Defines a solid, 20-grid-point isoparametric element

1 2 3 4 5 6 7 8 9 10
CIS3D20 EID Gl G2 G3 G4 G5 G6 G7 +abc
CIS3D20 6 1 2 3 4 5 6 7 +A
+abc G8 G9 G10 Gl11 G12 Gl13 Gl4 G15 +def
+A 8 9 10 11 12 13 14 15 +B
+def Gl6 Gl1l7 G18 Gl9 G20 ID1 ID2 MID
+B 16 17 18 19 20 2 3

Field Contents

EID Element identification number (Integer >0)

¢1, 62, . . .,G20

Grid point identification numbers
of connection points (Integers >0; Gl

thru G20 must be unique)
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ID1 Coordinate system identification
number of the rectangular coordinate
system which defines the material axes
(Integer »0; 0 means the basic coordinate

system). (Not required nor desired for
isotropic materials.)

1D2 Number of Gauss quadrature points (ID1=2 or 3-—-
default is 2).
MID Material identification number (Integer >0)
G20

G15

G7

G12 Gl4

Gl

69 G18

Remarks: 1. Element identification numbers must be unique with respect

to all other element identification numbers.

2. Grid points Gl thru G20 must be ordered as shown above.

3. The material property identification number must reference
only a MAT7 or MAT9 card.

4, 1ID1 must refer to a rectangular coordinate system.

5. Stresses are computed in material coordinate system IDIl,
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BULK DATA DECK

Input Data Card CONVEC Convection Specifications

Description: Specifies convective heat exchange between a surface of

an isoparametric element and its surroundings.

Format and Example:

1 2 3 4 5 6 7 8 9 10
CONVEC | TH TT HC TC S1 S2 S3 S4 +abc
CONVEC 3 .05 9 10 2 6 +A

#abc | S5 s6 s7 S8 59 510 s11 S12 | +def

+A 21 18 32 ENDT

(etc.)
Field Contents
TH Identification number of a TABLHCI1
card (Integer >0 or blank)
TT Identification number of a TABLET1
card (Integer 20 or blank)
HC ' If TH=0 or blank, HC is the constant

value for H for all values of time (Real)
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TC If TT=0 or blank, TC is the constant
value for the ambient temperature

at all values of time (Real)

Si Identification numbers of surface
elements or two-dimensional isopara-

metric elements (Integers >0)
Remarks: 1, This card implies the relationship
Q = HA(T-T)

where Q is the heat flow per unit time due to convection

exchange

H is the film coefficient, which may be time dependent
is the area of the surface

T is the temperature of the surface, which is given
by the average temperature of the grid points
defining the surface.

Te 1is the ambient temperature, which may be time

dependent

2. The term HCA can be considered a contribution to the con-
duction (stiffness) matrix, while -HCATm can be considered
a linear external load. The contribution to the kij term

of the conduction matrix for element Sk is
H S/N_N_dS
SN
and.the linear external load applied to grid point i is

H.T, //N, dS

where NiNj is the shape function of the surface element

applied at grid points i and j.
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The end of the list is indicated by the BCD string
"ENDT" in The field following the last entry. An error
is detected if any continuation cards follow the card

containing the end-of-list flag "ENDT'".

In remark 2., if Hc is time-dependent, the program will
interrupt the integration process to recompute the
contributions to the conduction matrix at each time step.
This could be a time-consuming process. Therefore, an
option is included whereby no contributions are made to the

conduction matrix, but the load applied is computed to be
Q= HC A(T-T)

where T is the temperature at the previous time step.
While a much less time-consuming process, this method
could cause instabilities in the integration algorithm. This
option is implemented by including a PARAM METCON bulk
data card, with a value of 1, in the bulk data deck.
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BULK DATA DECK

Input Data Card HFLUX Boundary Heat Input Specification

Description: Specifies boundary heat input per unit area on a surface

of an isoparametric element.

Format and Example:

1 2 3 4 5 6 7 8 9 10
HFLUX | TQ QC S1 S2 S3 S4 S5 S6 +abc
HFLUX 3 9 10 2 6 21 18 +A
+abc S7 S8 S9 S10 S11 S12 S13 S14 +def

+A 32 ENDT
(etc.)
Field Contents
TQ Identification number of a TABLEQl

card (Integer 20 or blank)

QC If TQ=0 or blank, QC is the constant
value of q for all time values (Real)

51 Identification numbers of surface

elements or two-dimensional isopara-

metric elements (Integer >0)
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Remarks:

1.

This card implies the relationship

Q(t) =q(t)A

where Q 1is the total load applied to the surface
q 1is the boundary heat input per unit area

A is the area of the surface

Q will be treated as a linear load applied to the grid
points defining the surface. The load applied to grid point

i is
q (£)//N,ds

where N, is the shape function for the surface applied
i

at grid point i,

The end of the list is indicated by the BCD string "ENDT"
in the field following the last entry. An error is

detected if any continuation cards follow the card containing
the end-of-1ist flag "ENDT",
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BULK DATA DECK

Input Data Card HGEN Internal Heat Generation Specifications

DescriEtion:

elements,

Format and Example:

Specifies internal heat generation for isoparametric

1 2 3 4 5 6 7 8 9 10
HGEN TG GC EID1 EID2 EID3 EID4 EID5 EID6 +abc
HGEN 3 9 10 2 6 21 18 +A
+abc EID7 EIDS8 EID9 EID10 { EID11 | EID12} EID13 | EID14 +def

+A 32 ENDT
(etc.)

Field Contents

TG Identification number of a TABLEG1
card (Integer 20 or blank)

GC If TG=0 orblank , GC is the constant
value of G for all temperature values
(Real)

EIDi Element identification number of an

isoparametric element (Integer > 0)
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Remarks:

This card mmplies the relationship
Q= GV

where Q 1is the load to be applied
G is the heat generation per unit time for the
element which may be temperature dependent

V is the volume of the element

The load Q to be applied at grid point i of an element is

G(Ti)fffNidxdydz

if the element is three-dimensional, or

G(T3)h//N; dxdy

if the element is two-dimensional,
where N, is the shape function for the element applied
at grid point i

h is the thickness of a two-dimensional element

T; 1is the temperature at grid point i
The end of the list is indicated by the BCD string "ENDT"
in the field following the last entry. An error is detected
if any continuation cards follow the card containing the

end-of-list flag "ENDT".
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BULK DATA DECK

Input Data Card MAT? Material Property Definition

Description:

independent, isotropic materials for isoparametric elements.

Format and Example:

Defines the material properties for linear, temperature-

1 2 5 6 7 8 9 10
MAT7 MID E G NU RHO A TREF GE +abc
MAT 7 16 3.47 0.3 3.2 .4 125, .1 +A
+abc K C

+A .31 .60
Field Contents

MID

RHO

Material identification number (Integers 0)

Young's modules (Real2 0.0 or blank)

Shear modulus (Realz 0,0 or blank)

Poisson's ratio (Real or Blank)

Mass density (Real)
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A Thermal expansion coefficient (Real)

TREF Thermal expansion reference temperature
(Real)

GE Structural element damping coefficient
(Real)

K Conductivity coefficient (Real)

C Specific heat (Real)

Remarks: 1. The material identification number must be unique for all
MAT1, MAT2, MAT3, MAT4, MAT5, MAT7, MAT8, and MAT 9 cards.

2. MAT7 materials may be made temperature dependent by use
of the MATT7 card.

3. The continuation card is not required. If it is left out
K and C will be 0.0,

Remarks 4, 5, and 6 apply whenever a structural analysis is to be run,
(CODE = 0 or 1 on the APPISO bulk data card.)

4, One of E or G must be positive (i.e., either E >0.0 or
G >0.0) or both E and G may be >0.0,

5. If any one of E, G, or NU is blank, it will be computed to
satisfy the identity E '= 2(1 + NU)G; otherwise, values |
supplied by the user will be used.

6. The mass density RHO will be used to automatically compute

mass in a structural dynamics problem. In a thermal

transient problem, RHO * C will be used as the coefficient
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6. (cont.)
‘ of the temperature derivative with respect to time in

the heat flow equation, i.e., RHO*C = capacitance.
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BULK DATA DECK

Input Data Card MAT8 Material Property Definition

Descrigtion:

independent, anisotropic materials for two-dimensional isoparametric

elements,

Format and Example:

Defines the material properties for linear, temperature-

1 2 3 4 5 6 7 8 9 10
MATS MID GI1 G12 G13 G22 G23 G33 RHO +abc
MAT8 17 6.2+3 6.2+3 5.1+3 3.2 +A
+abc Al A2 Al2 TREF GE KX - KY - C

+A .15 125, .1 .31 .5 .60

Field Contents

MID Material identification number (Integer >0)

Gij The 3 x 3 symmetric material property
matrix (Real)

RHO Mass density (Real)

Ai Thermal expansion coefficient vector
(Real)

TREF Thermal expansion reference temperature

(Real)
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GE Structural element damping coefficient (Real)

KX, KY Conductivity coefficients in the

x-and y-directions, respectively (Real)
C Specific heat (Real)

Remarks: 1, The material identification numbers must be unique for all
MAT1, MAT2, MAT3, MAT4, MAT5, MAT7, MAT8, and MAT9 cards.

2. MAT8 materials may be made temperature dependent by use
of the MATT8 card.

3. The mass density RHO will be used to automatically compute
mass in a structural dynamics problem. In a thermal
transient problem, RHO*C will be used as the coefficient
of the temperature derivative with respect to time in

the heat flow equation, i.,e., RHO*C = capacitance,
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BULK DATA DECK

Input Data Card MAT9 Material Property Definition

Description:

dependent , anisotropic materials for solid isoparametric elements,

Format and Example:

Defines the material properties for linear, temperature-in-

1 2 3 4 5 6 7 8 9 10
MAT9 MID Gl1 G12 Gl13 G1l4 G15 Glé G22 +abc
MAT9 17 6.2+3 6,2+3 +A
+abc G23 G24 G25 G26 G33 G34 G35 G36 +def

+A 6.,2+3 +B
+def G44 G45 G46 G55 G56 G66 RHO Al +ghi
+B 5.1+3 5.1+3 5.1+3 3.2 .15 +C
+ghi A2 A3 Al2 A23 A31 TREF GE KX +jk1
+C .15 .15 125, .31 +D
+jk1 KY KZ C

+D .5 .22 .60
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Field Contents

MID Material identification number
(Integer > 0)

Gij The 6 X 6 symmetric material prop-
erty matrix (Real)

RHO Mass density (Real)

Ai Thermal expansion coefficient vector
(Real)

TREF Thermal expansion reference temperature
(Real)

KX, KY, KZ Conductivity coefficients in the
X-, y-,and z~directions, respectively
(Real)

C Specific heat (Real)

Remarks: 1. The material identification numbers must be unique for all
MAT1, MAT2, MAT3, MAT4, MATS5, MAT7, MAT8 and MAT9 cards.

2, MAT9 materials may be made temperature dependent by use of
the MATT9 card,

3. The mass density RHO will be used to automatically compute
mass in a structural dynamics problem. In a thermal
transient problem, RHO*C will be used as the coefficient
of the temperature derivative with respect to time in the

heat flow equation, i.e,, RHO*C = capacitance.
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BULK DATA DECK

Input Data Card MATT7 Material Temperature Dependence

Description: Specifies table
are temperature dependent.

Format and Example:

references for material properties which

1 2 3 4 5 6 7 8 9 10
MATT7 MID R1 R2 R3 R4 R5 R6 R7 +abc
MATT7 16 32 18 +A
+abc RS R9

+A 12
Field Contents
MID Material property identification
number which matches the identifi-
cation number on some basic MAT7?
card (Integer >0)
Ri References to table identification

‘numbers (Integers 2 0)
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Remarks:

1.

Blank or zero entries mean no table dependence of the

referenced quantity on the basic MAT7 card.

TABLEM1, TABLEM2, TABLEM3, or TABLEM4 type tables may be

used.

If a thermal transient analysis (Rigid Format 14) is
being run, the appearance on a MATT7 card of a non-zero
Ri for the K and/or C variables (R8, R9) must be accom-
panied by a TRANGE bulk data card for that Ri,
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BULK DATA DECK

Input Data Card MATT8 Material Temperature Dependence

Description: Specifies table references for material properties which

are temperature dependent.

Format and Example:

1 2 3 4 5 6 7 8 9 10
MATT8 MID R1 R2 R3 R4 R5 R6 R7 +abc
MATTS8 17 32 15 12 +A
+abc R8 R9 R10 R11 R12 R13 R14 R15

+A 9 2 8
Field Contents
MID Material property identification

number which matches the identification
number on some basic MATS8 card

(Integer >0)

Ri References to table identification

number (Integer 20)
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Remarks:

Blank or zero entries mean no table dependence of the

referenced quantity on the basic MAT8 card.

TABLEM1, TABLEM2, TABLEM3, or TABLEM4 type tables may be

used,

If a thermal transient analysis (Rigid Format 14) is being
run, the appearance on a MATT8 card of a non-zero Ri

for the KX, KY, and/or C variables (R13, R14, R15) must

be accompanied by a TRANGE bulk data card for that Ri.
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Input Data Card MATT9

DescriEtion:

are temperature dependent.

Format and Example:

BULK DATA DECK

Material Temperature Dependence

Specifies table references for material properties which

1 2 3 4 5 6 7 8 9 10
MATT9 MID R1 R2 R3 R4 RS R6 R7 +abc
MATTI9 17 32 18 17 +A
+abc R8 R9 R10 R11 R12 R13 R14 R15 +def

+A 12 +B
+def R16 R17 R18 R19 R20 R21 R22 R23 +ghi
+B 5 10 +C
+ghi R24 R25 R26 R27 R28 R29 R30 R31 +jk1
+C 9 11 +D
+jkl R32 R33 R34

+D 8
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Field

MID

Ri

Remarks:

1.

Contents

Material property identification
number which matches the identifi-
cation number on some basic MAT9

card (Integer >0)

References to table identification

number (Integer 20)

Blank or zero entries mean no table dependence of the

referenced quantity on the basic MAT9 card.

TABLEM1, TABLEM2, TABLEM3, TABLEM4 type tables may be used.
If a thermal transient analysis (Rigid Format 14) is being
run, the appearance on a MATTY9 eard of a non-zero Ri for

the KX, KY, KZ, and/or C variables (R31 through R34) must
be accompanied by a TRANGE bulk data card for that Ri.
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BULK DATA DECK

Input Data Card PIS2D4 Quadrilateral Isoparametric Membrane Property

Description: Used to define the properties of a quadrilateral isoparametric

membrane. Referenced by the CIS2D4 card.

Format and Example:

1 2 3 4 5 6 7 8 9 10
PIS2D4 PID MID T
PIS2D4 2 1 0.5
Field Contents
PID Property identification number
(Integer > 0)
MID Material identification number
(Integer > 0)
T Thickness of membrane (Real)

Remarks: 1. All PIS2D4 cards must have unique property identification

numbers,

2. The material property identification number must reference only

a MAT7 or MATS8

card.
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BULK DATA DECK

Input Data Card PIS2D8 Quadriparabolic Isoparametric Membrane Property

Description: Used to define the properties of a quadriparabolic isopara-

metric membrane. Referenced by the CIS2D8 card.

Format and Example:

1 2 3 4 6 7 8 9 10
PIS2D8 | PID MID T
PIS2D8 2 1 0.5
Field Contents
PID Property identification number
(Integer >0)
MID Material identifization number (Integer
>0)
T Thickness of membrane (Real)

Remarks: 1. All PIS2D8 cards must have unique property identification

members,

2. The material property identification number must reference only

a MAT7 or MAT8 card.
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Description:
dimensional elements. Only 1S2D4, 1S2D8, QUADl, QUAD2,

QDMEM, QDPLT, SHEAR, SURF4, SURF8, TRBSC, TRIAl, TRIA2, TRMEM, TRPLT or
TWIST elements may have a pressure load applied to them via this card.

BULK DATA DECK

Input Data Card PLOAD2 Pressure Load

Defines a uniform static pressure load applied to two-

Format and Example:

1 3 4 5 6 7 8 9 10
PLOAD2 SID P EID EID EID EID EID EID
PLOAD2 21 -3.6 4 16 2

Alternate Form
PLOAD2| SID P EID1 | "THRU"{ EID2
PLOAD2 30.4 16 THRU 48
. Field Contents
SID Load set identification number
(Integer > 0)
P Pressure value (Real)
EID . . .
EIDL Element identification number
EID2 (Integer > 0; EID1 < EID2)
Remarks: 1. EID must be 0 or blank for omitted entrys.
2. Load sets must be selected in the Case Control Deck (L.OAD=SID)
to be used by NASTRAN.
3. At least one positive EID must be present on each PLOAD2 card.
4., 1If the alternate form is used, all elements EID1 thru EID2
must be two-dimensional
5. The pressure load is computed for each element as if the
grid points to which the element is connected were
specified on a PLOAD card. The grid point sequence specified
on the element connection card is assumed for the purpose
. of computing pressure loads.
6. All elements referenced must exist.
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BULK DATA DECK

Input Data Card RADIAT1 Radiation Specifications

Description: Specifies radiation heat exchange between a surface of an
isoparametric element and its surroundings.

Format and Example:

1 2 3 4 5 6 7 8 9 10
RADIAT1{ TH TT HC TC S1 S2 S3 S4 +abc
RADIATI1 3 50. 9 10 2 6 +A
+abc S5 S6 S7 S8 S9 S10 S11 s12 +def

+A 21 18 32 ENDT
(etc.)
Field Contents
TH Identification number of a

TABLEH1 card (Integer 20 or blank)

TT Identification number of a TABLET1

card (Integer 20 or blank )

HC If TH=0 or blank, HC is the constant
value of H for all temperature values
~ (Real)

TC If TT = 0 or blank, TC is the constant

value for the ambient temperature at

all values of time (Real)
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Si Identification numbers of surface
elements or two-dimensional

isoparametric elements. (Integers >0)

Remarks: 1. This card implies the relationship
Q = Attt

where @ 1is the net rate of radiation heat exchange between

a specified surface and its surroundings

H is the radiation factor, which may be temperature
dependent
is the area of the surface

T 1is the temperature of the surface, which is given
by the average temperature of the grid points
defining the surface

T is the ambient temperature, which may be time

dependent

2. Q will be treated as a non-linear load applied to the grid
points defining the surface. The load applied to grid point i

is
4.1 4y poN.
H(Ti)(Ti—Tm )JIN;dS,

where N, is the shape function for the surface applied

at grid point i, and Ti is the temperature of grid point i.

3. The énd of the list is indicated by the BCD string "ENDT"

in the field following the last entry, An error is detected
if any continuation cards follow the card containing the

end~of-1ist flag "ENDT'".
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Input Data Card RADIAT2

Description:

an isoparametric element and another surface of an isoparametric element.

BULK DATA DECK

Radiation Specifications

Specifies radiation heat exchange between one surface of

Format and Example:

1 2 3 4 5 6 7 8 9 10
RADIATZ TH HC S1 S21 S22 S23 S24 S25 +abc
RADIAT?2 3 9 10 2 6 21 18 +A

+abc 526 S27 S28 529 S$210 S211 S212 5213 +def
+A 32 ENDT
(etc.)
Field Contents
TH Identification number of a TABLEH1
card (Integer 20 or blank)
HC If TH = 0 or blank, HC is the constant
value of the radiation factor for |
‘all temperatures (Real)
S1 Identification number of a surface

element or two-dimensional isoparametric

element from which the radiation

is assumed to be emanating (Integer >0)
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S2i

Identification number of a surface
element or two-dimensional
isoparametric element to which
element S1 is assumed to be radiating

(Integer » 0)

Remarks: 1. This card implies the relationship

Q = HA A, (Ty-T

where Q

2i

4 4

21)

is the net rate of radiation heat exchange be-
tween surface S1 and surface S,;

is the radiation factor, which may be tem-
perature dependent

is the area of S1

is the area of Sj;

is the temperature of S1, which is given by
the average temperature of the grid points
defining S1

is the temperature of S,;, which is given

by the average temperature of the grid points

defining SZi'

2. Q will be treated as a non-linear load applied to the

grid points defining the surfaces. The load applied to

grid point j of surface Sl is

where Nj

£ .4
H(T)"-T, DA, SN ds

R 1

is the shape function for S1 applied at grid point

j. The load applied to grid point j of surface 8,; is

(T .47 Aa LS
H(T, —TZij)Al N;ds
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The roles of elements S1 and S2i may not be reversed
on any other RADIAT2 card.

The end of the list is indicated by the BCD string
"ENDT" in the field following the last entry. An
error is detected if any continuation cards follow
the card containing the end-of-1list flag "ENDT",
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. BULK DATA DECK

Input Data Card SURFl One-Dimensional Surface Element.

Description: Defines a one-dimensional surface element of the structural
model. .

Format and Example:

1 2 3 4 5 6 7 8 9
SURF1 EID Gl A
SURF1 3 12 .78

Field Contents

EID Element identification number

(Integer > 0)

Gl Grid point identification number
(Integer > 0)

‘ A Area associated with grid point Gl
(Real > 0.0)

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

2. Surface elements contribute no stiffness, mass, or damping
properties, nor will any stresses or forces be calculated
for them. The only function of SURF1l surface elements is
to provide a convenient way of specifying radiation, flux,
and convection properties.
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BULK DATA DECK

Input Data Card SURF4 Quadrilateral Isoparametric Surface Connection

Description: Defines a quadrilateral isoparametric surface element of

the structural model.

Format and Example:

1 2 3 4 5 6 7 8 9 10
SURF4 BID Gl G2 G3 G4
SURF4 3 6 3 1 10
Field Contents

EID

Gl, G2, G3, G4

G4

Element identification number
(Integer >0)

Grid point identification numbers

of connection points (Integers >0}

Gl thru G4 must be unique)

G3

Gl

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

G2

all other element identification numbers.

2, Grid points Gl thru G4 must be ordered as shown in the sketch

above,

2.4-270b (7/1/72-NSRDC)




3. Surface elements contribute no stiffness, mass, or damping
properties, nor will any stresses or forces be calculated
for them, The only function of SURF4 surface elements is
to provide a convenient way of specifying radiation,:fiux, and
convection properties and uniform static pressure loads on

surfaces of isoparametric elements,
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BULK DATA DECK

Input Data Card SURF8 Quadriparabolic Isoparametric Surface Element

Description: Defines a quadriparabolic isoparametric surface element

of the structural model.

Format and Example:

1 2 3 4 5 6 7 8 9 10
SURFS§ EID Gl G2 G3 G4 G5 G6 G7 +abc
SURF8 3 16 22 3 19 11 8 25 +A
+abc G8 ID1

+A 18
Field Contents '
EID Element identification number

(Integer >0)

Gl, G2, . . ., G8 Grid point identification numbers
of connection points (Integers >0;

Gl thru G8 must be unique)
ID1 Number of Gauss quadrature points (ID1=2 or 3--
G7 default is 2).

G4
G3

G6
Gl

G5 G2
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Remarks:

1.

Element identification numbers must be unique with respect

to all other element identification numbers.

Grid points Gl thru G8 must be ordered as shown in the above
sketch,

Surface elements contribute no stiffness, mass, or damping
properties, nor will any stresses or forces be calculated

for them, The only function of SURF8 surface elements is

to provide a convenient way of specifying radiation, flux, and
convection properties and uniform static pressure loads on

surfaces of isoparametric surfaces.
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BULK DATA DECK

Input Data Card TABLEGl1 Internal Heat Generation Factor Specification

Description: Defines a tabular function for temperature-dependent internal

heat generation factors. Referenced by HGEN bulk data cards,

Format and Example:

1 2 3 4 5 6 7 8 9 10
TABLEG1| 1D +abc
TABLEG1 3 +A
+abc T1 G1 T2 G2 T3 G3 T4 G4 +def

+A 0. .75 100, .82 200, .9 ENDT
(etc.)
Field Contents
D Table identification number

(Integer> 0)

Ti, Gi Tabular entries, where Ti is a
temperature value (abscissa) and
Gi is the internal heat generation

factor (ordinate) (Real)
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‘ Remarks:

—
.

The T, must be in either ascending or descending order but

not both.

Jumps between two points (Ti = Ti+1) are allowed, but not

at the end points,
At least two entries must be present.

Any T-G entry may be ignored by placing the BCD string
"SKIP" in either of the two fields used for that entry.

The end of the table is indicated by the BCD string "ENDT"
in either of the two fields feollowing the last entry.

An error is detected if any continuation cards follow

the card containing the end-of-table flag "ENDT".

At temperature Ti’ the value of G is Gi' Otherwise, G=f(T),
where T is input to the table and G is computed by linear
interpolation within the table and linear extrapolation
outside the table, using the last two end points at the

appropriate table end. At jump points, the average is used.

The table ID must be unique with respect to all TABLEHI,
TABLHC1, TABLET1, TABLEQl and TABLEG1 cards.
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BULK DATA DECK

Input Data Card TABLEH1 Radiation Factor Table

Description: Defines a tabular function for temperature-dependent
radiation factors., Referenced by RADIATI and RADIAT2 bulk data cards.

Format and Example:

1 2 3 4 5 6 7 8 9 10
TABLEH1| ID +abc
TABLEH1 3 +A
+abc T1 H1 T2 H2 T3 H3 T4 H4 +def

+A 200 .21 850, 33 1475, .61 ENDT
(etc.)
Field Contents
ID Table identification number

(Integer >0)

T., H Tabular entries, where Ti is a
temperature value (abscissa) and
Hi is the corresponding radiation

‘factor (ordinate) (Real)
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[
.

‘ Remarks:

The Ti must be in either ascending or descending order but
not both,

2, Jumps between two points (Ti = Ti +1) are allowed, but not

at the end points.
3. At least two entries must be present,

4, Any T-H entry may be ignored by placing the BCD string
"SKIP" in either of the two fields used for that entry,

5. The end of the table is indicated by the BCD string
"ENDT" in either of the two fields following the last
entry., An error is detected if any continuation cards follow

the card containing the end-of-table flag "ENDT'.

6. At temperature Ti’ the value of H is Hi' Otherwise, H=f(T),

‘ where T is input to the table and H is computed by linear
interpolation within the table and linear extrapolation out-
side the table, using the last two end points at the appro-

priate table end., At jump points, the average is used.

7. The table ID must be unique with respect to all TABLEH1, TABLHC1,
TABLET1, TABLEQl and TABLEG1 cards.
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Input Data Card TABLEQl

BULK DATA DECK

Boundary Heat Input Value Specification

Description: Defines a tabular function for the time-dependent boundary

heat input. Referenced by HFLUX bulk data cards.

Format and Example:

1 2 3 4 5 6 7 8 10
&ABLEQI 1D +abc
TABLEQ1 | ID +A
vabc 1ty 1 Q) |ty oy |ty | a4z |t | 9 +def
+A 0. .75 1 100. 1.25( 250. 2.10 | ENDT

(etc.)

Field Contents
iD Table identification number (Integer > 0)
ti, q1 Tabular entries, where t; is a time

value (abscissa) and q; is the boundary

heat input per unit area (ordinate) (Real)
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Remarks:

The ti must be in either ascending or descending

order but not both.

Jumps between two points (ti = tiﬁl) are allowed,

but not at the end points,
At least two entries must be present,

Any t-q entry may be ignored by placing the BCD string
"SKIP" in either of the two fields used for that

entry.

The end of the table is indicated by the BCD string
"ENDT" in either of the two fields following the

last entry. An error is detected if any continuation‘
cards follow the card containing the end-of-table

flag "ENDT",

At temperature tes the value of q is q; Otherwise,
q = f(t), where t is input to the table and q is
computed by linear interpolation within the table and
linear extrapolation outside the table using the last
two end points at the appropriate table end. At

jump points, the average is used.

The table ID must be unique with respect to all

TABLEH1, TABLHC1, TABLET1, TABLEQl, and TABLEG1 cards,
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Input Data Card TABLET1

Description:

BULK DATA DECK

Ambient Temperature Table

Defines a tabular function for time-dependent ambient

1

value (abscissa) and Ty i

temperatures used in convection and radiation calculations. Re-
ferenced by CONVEC and RADIAT1 bulk data cards.
Format and Example:

1 2 3 4 5 6 -7 8 9 10
TABLET1] 1D +abc
[FABLET1| 3 +A
+abc t T t T t T t T +def

1 1] 2 = ] 73 @z | 4 4
A 0. | 1200.| .5 | 1325.] 1.25 | 1950, ENDT
(etc.)
Field Contents
D Table identification number (Integer >0)
tes T, i Tabular entries, where t 1is a time

is the value of

the ambient temperature (ordinate) (Real)
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. Remarks: 1.

The ti must be in either ascending or descending order

but not both,

Jumps between two points (ti= ti . 1) are allowed,

but not at the end points,
At least two entries must be present,

Any t-T_ entry may be ignored by placing the BCD
string "SKIP" in either of the two fields used for

that entry.

The end of the table is indicated by the BCD string
"ENDT'" in either of the two fields following the last
entry. An error is detected if any continuation cards

follow the card containing the end-of-table flag "ENDT".

At time ti’ the value of T is T, ;e Otherwise, T, =
f(t), where t is input to the table and T, is computed
by linear interpolation within the table and linear
extrapolation outside the table, using the last two end
points at the appropriate table end. At jump points,

the average is used.

The table ID must be unique with respect to all TABLEHI,

TABLHC1, TABLET1, TABLEQl, and TABLEGl cards.
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Input Data Card TABLHC1

fication

BULK DATA DECK

Convection Film Coefficient Speci-

Description: Defines a tabular function for time-dependent
Referenced by CONVEC bulk data

convection film coefficients.

cards.

Format and Example:

1 2 3 4

5 6 7 8 9 10
TABLHC1 1D +abc
TABLHC1 | 3 +A
+abc t H t H t H t H +def
1 ¢, 2 <, 3 g 4 ¢4
+A 0. .2 25, .33 60. .5 ENDT
(etc.)
Field Contents
1D Table identification number (Inte-
ger > 0)
t., H Tabular entries, where t; is a
1 c1 i
time value >0;abscissa and Hc
is the corresponding convectidn
film coefficient (ordinate) (Real)
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Remarks:

1.

The t; must be in either ascending or descending
order but not both.

Jumps between two points (t,= tirl) are allowed,

but not at the end points.

At least two entries must be present,

Any t—HC entry may be ignored by placing the BCD string
"SKIP" in either of the two fields used for that entry,

The end of the table is indicated by the BCD string "ENDT"
in either of the two fields following the last entry. An
error is detected if any continuation cards follow the

card containing the end-of-table flag "ENDT".

At temperature t;, the value of HC is Hc.‘ Otherwise,
H =£(t), where t is imput to the table * and H, is
computed by linear interpo lation within the table
and linear extrapolation outside the table, using the
last two end points at the appropriate table end. At

jump points, the average is used.

The table ID must be unique with respect to all
TABLEH1, TABLHC1, TABLET1, TABLEQl, and TABLEGl cards,
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BULK DATA DECK

Input Data Card TRANGE

Temperature Range Specifications

Description: Specifies temperature ranges within which temperature-

dependent thermal material properties are to remain constant during a

thermal transient analysis.

Format and Example:

1 2 3 4 5 6 7 8 9 10
TRANGE | ID AT T1 T2 T3 T4 T5 T6 +abc
TRANGE | 8 S. 100. 200, | 300, | 400, 500, | 600, +A
+abc - |} T7 - T8- Tg T10 T11 T12 T13 T14 +def
+A 700.f 800.] ENDT

(etc.)
Field Contents
1D ' Table identification number (In-
teger >0)
AT Tolerance (Real 2 0,0)
T ' Temperature values (Real)
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TRANGE cards will be used during a thermal transient

analysis to determine whether a change in element

material properties is required,

The table identification number ID must match the
table identification number on a TABLEM1, TABLEM2, TABLEM3,
or TABLEM4 bulk data card which defines a tabular function
for a thermal material property KX, KY, KZ, or C on a
MAT7, MAT8, or MAT9 bulk data card.

If a thermal material property KX, KY, KZ, or C is defined
to be temperature dependent (by a non-zero entry in

the appropriate field on a MATT7, MATT8, or MATT9 bulk
data card), then a TRANGE card specifying the appropriate

table identification number must be present.
The Ti must be specified in strictly increasing order.
At least two Ti's must be specified.

The end of the list is indicated by the BCD string "ENDT"
in the field following the last entry. An error is
detected if any continuation cards follow the card con-

taining the end-of-1ist flag "ENDT".

If the temperature of an element (as given by the average
temperature of its grid points) is in the interval
(Ti + AT, Ti i1

be considered to be [Ti’ Ti . 1]. If the temperature

- AT), then the temperature range will

of the element at the previous time step in the transient
analysis was not in this range, new material properties
for the element will be computed. Otherwise, the same

prbperties will be used.
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10.

If the temperature of an element is in the range

[Ti - AT, Ti + AT], then a determination will be
made by NASTRAN as to whether new material pro-
perties for the element will be computed. The
program will attempt to minimize the number of
material property changes. Therefore, the tolerance
AT gives NASTRAN further leeway in determining material
property changes. AT may be O, However, the tempera-

ture ranges may not be null intervals,

When NASTRAN determines that the temperature of an
element lies in a particular interval, the value of
the appropriate material property is the average of
the values of the material property at the end points

of the range.
Temperatures less than T; are assumed to lie in in-

terval [Tl’ Tz] while temperatures greater than TN

are assumed to lie in the interval [TN-I’ TN]
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RIGID FORMATS

restarts. The deletion of operations for each subset is controlled by the

restart tables.
If the user wishes to modify the DMAP sequence of a rigid format

in some manner not provided for in the available subsets, he can use the
ALTER feature described in Section 2. Typical uses are to schedule an
EXIT prior to completion, in order to check intermediate output,
schedule the printing of a table or matrix for a diganostic purposes,
and to delete, or add a functional module to the DMAP sequence. Any
DMAP instructions that are added to a rigid format are automatically
executed when a restart is performed. The user should be familiar

with the rules for DMAP programming, as described in Section 5, prior to
making alterations to a rigid format.

The following rigid formats are currently included in NASTRAN:

1. Status Analysis

2. Static Analysis with Inertia Relief

3. Normal Mode Analysis

4. Static Analysis with Differential Stiffness
5. Buckling Analysis

6. Piecewise Linear Analysis

7. Direct Complex Eigenvalue Analysis

8. Direct Frequency and Random Response

9. Direct Transient Response
10. Modal Complex Eigenvalue Analysis
11. Modal Frequency and Random® Response

12, Modal Transient Response

13. Normal Modes with Differential Stiffness

14. Thermal Transient - Structural Static Combination

3.1.1 Input File Process

The Input File Processor operates in the Preface prior to the
execution of the DMAP operations in the rigid format. A complete
description:-of the onerations in the Preface is given in the Programmer's
Manual. The main interest here is to indicate the source of data blocks

that are created in the Preface and hence appear only as inputs in the
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DMAP sequences of the rigid formats. None of the data blocks created

by the Input File Processor are checkpointed, as they are always
regenerated on restart. The Input File Processor 1is divided into four
parts. The first part (IFP1l) processes the Case Control Deck, the second
part (IFP) processes the Bulk Data Deck, the third part (IFP3) performs
additional processing of the bulk data cards associated with the conical
shell element, the fourth part (IFP4) performs additional processing

of the bulk data.
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GENERAL DESCRIPTION OF RIGID FORMATS

WIMASS - optional in all rigid formats. The terms of the structural
mass matrix are multiplied by the real value of this parameter

when they are generated in SMA2., Not recommended for use in
hydroelastic problems.

IRES - optional in all statics problems (rigid formats 1, 2, 4, 5
and 6). A positive integer value of this parameter will cause the
printing of the residual vectors following each execution of S5G3.

LFREQ and HFREQ - required in all modal formulations of dynamics
problems (rigid formats 10, 11 and 12) unless LMODES is used. The
real values of these parameters give the frequency range (LFREQ is
lower limit and HFREQ is upper limit) of the modes to be used in
the modal formulation.

LMODES =~ required in all modal formulations of dynamic problems
(rigid formats 10, 11 and 12) unless LFREQ and HFREQ are used.
The integer value of this parameter is the number of lowest modes
to be used in the modal formulation.

G - optional in the direct formulation of all dynamics problems
(rigid formats 7, 8 and 9). The real value of this parameter is
used as a uniform structural damping coefficient in the direct
formulation of dynamics problems. Not recommended for use in
hydroelastic problems.

W3 and W4 - optional in the direct formulation of transient response
problems. The real values of these parameters are used as pivotal
frequencies for uniform structural damping and element structural
damping respectively. The parameter W3 should not be used for
hydroelastic problems.

MODACC - optional in the modal formulation of frequency response and
transient response problems. A positive integer value of this
parameter causes the Dynamic Data Recovery module to use the mode
acceleration method. Not recommended for use in hydroelastic
problems.

COUPMASS - optional in all rigid formats. A positive integer value
of this parameter will cause the generation of coupled mass matrices
rather than lumped mass matrices for all bar elements, rod elements,
and plate elements that include bending stiffness. This option
applies to both structural and nonstructural mass for the following
elements: BAR, CONROD, QUAD1, QUAD2, ROD, TRIAl, TRIA2, TUBE. Also,
for IS2D4, 1S2D8, IS3D8, and IS3D20 elements coupled mass and
capacitance matrices will be computed. 1In Rigid Format 14 coupled
capacitance matrices will be computed for BAR elements. Since
structural mass is not defined for the following list of elements,
the option applies only to the nonstructural mass: QDPLT, TRBSC, TRPLT.
A negative value causes the generation of lumped mass and capacitance
matrices for all the above elements. (This is the default.) A zero
value activates the following parameters described under 10.
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10.

11.

12.

13.

14.

CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIAl, CPTRIA2, CPTUBE, CPQDPLT,
CPTRPLT, CPTRBSC--optional in all rigid formats. These parameters
are active only is COUPMASS=0, A positive value will cause the
generation of coupled mass matrices for all elements of that
particular type as shown by the following table:

Parameter Element Types
CPBAR BAR

CPROD ROD, CONROD
CPQUAD1 QUAD1

CPQUAD2 QUAD2

CPTRIAlL TRIAL

CPTRIA2 TRIAZ?

CPTUBE TUBR

CPQDPLT QDPLT

CPTRBSC TRBSC

A negative value (the default) for these parameters will cause the
general of the lumped mass matrices for these element types.

DECOMOPT - optional for frequency response problems. The integer
value of this parameter is used to control the type of arithmetic

used in the decomposition of the dynamic equations. A value of 1
(default) means that double precision, complex arithmetic with partial
pivoting will be used. A value of 2 means that double precision,
complex arithmetic without pivoting will be used. A value of 4

means that single precision, complex arithmetic without pivoting

will be used.

OPTION - optional for static analysis. The value HEAT is used to
select the heat transfer option for Rigid Format No. 1.

BT - required in thermal transient problems in which radiation is
being used and temperatures are not specified in °R or °K. The usual
values for BT are 459.69 and 273.16 for specification in OF and ©C,
respectively.

METCON - Optional for Rigid Format 14. A value of 1 will cause

the program to make convection contributions only to the load vector.
For full details see Remark 4, page 2. 4-42c.
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3.15 THERMAL TRANSIENT-STRUCTURAL STATICS COMBINATION
3.15.1 DMAP Sequence for Thermal Transient-St:uctural Statics Combination

RIGID FORMAT 14
NASTRAN SOURCE PROGRAM COMPILATTY ON

OMAP-DMAP INSTRUCTION
NO.
1 BEGIN ND.14 THERMAL TRANSUENY-STRUCTURAL STATICS - SERIES M §
2 FILE LLL=TAPE s
3 FILE Q6= APPEND/PGG=APPENDMIGVE=APPEND/ 6M=SAVE/KNN=SAVE s
4 PARAM 77C o NyNOP/V4NyIMI=-1 §
5 PARAM 77C o Ny NOP/V4N,IP1=L &
6 PARANM 770y NyNOP/V 4 Ny ICASE=2 s
7

MODA /KDD yGMDy KGGXY 3 GODAC 9Ny 0e0/CyN9yDoB/CosNyBeB/CoNyD.0/CoNy8.8/7C 4Ny
0/CsNyB/CosNsO/CoNe0Q/CoyNs0/CyNy0.0/VyNsIFIR=28/V,N,IFIRST=0 §

8 SAVE IFIRLIFIRST §

9 MOOA JCASEXZ 49 9/CeNsQ.0VCoNJ8.0/CoNy0o0/CoNy0e0/7CyNe00/CyoNyB/CyNs 8/
CeNeO/CoNsO/CoyNyO/ClyNsB0/VoyNyIFIR/VyN,IFIRST §

10 PARAM 775+ NyNOP/V 4 Ny IF OURZ S

11 PURGE MGE , MNN,MFF, MAAZIML §

12 PURGE SKEGXySEPST 4 SMGE s SOGPNG ) SKGG ¢SRG 9 SYS ¢ SUSETy SOGPS T S6M 4 SKNN,
SKPF s SKFS 9 SKSSsSG0y SKAR, SKOOBSLO0,SUO0, SKLLySKLRy SKRRySLLL
SULL 3 SDMy SPG , SAR 3 SPO SRS 4 SPL 4 SULV,SUOOV, SRULV, SRUOV ySUG Vs SPGG
SQ6,0PG1l, 0QAGL ,0UGVL.,0EFS1,0EFFL, PUGVL 4 0ESAVG,PLT X2, CASEXY,
GEDM3IX,ESTZLECPTZ,6PTTX/IML

13 6PL GEOM1,GEOM2 4 /GPL yEQEXIN, GPOT yCSTMyBGPDTySIL/VyNyLUSET/ CyNy 123/
Ve Ny NOGPDT §

14 SAVE LUSET,NOGPDTS
15 PURGE USET ¢sGMy50+ KAA BAAJMMA #KHAA o PST 4 KFSy QP,EST/NOGPOT §

16 CHKPNT GPLJEQEXINyGPDTCSTMyBOPOTySILyUSET,GMs60+XKAA,BAAsMAAKLAA,
PST 4 KFS,QP,EST §

17 CONOD LBL5,NOGPDTS
18 GP2 GEOM2,EQEXIN/ECT §
19 CHKPNT ECT §

20 PLT?Ef PCOB yEQEXINLECT/PLISETX s PLTPARy GPSETSLELSETS/V,NyNSIL/ VN,
JURPPLOT = -1 §
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RIGID FORMAT 14

NASTRAN SOURCE PMROGRAM COMPILATTION
DMAP-DMAP INSTRUCT ION

NO.
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36

37
38
39
40

L3

SAVE
PRTMSG
CHKPNT
SETVAL
SAVE
COND

PLOT

SAVE
PRTMSG
LABEL
GP3
SAVE
PARAM
PURGE
CHKPNT

TAL,

SAVE
PARNM
COND

PURGE

CHKPNT

DPDA

SAVE

NSIL ,JUMPPLDT $

PLTSETX//8

PLTPARyGPSETS,ELSETS 3

7PV G NyPLTFLG/CoNsL/WWoNsPFILE/Coris0
PLTFLG,PFILE §

P1,' JUMPPLOTS

PLYPAR,GPSETS,ELSENS,CASECC,BGPDT+EQEXINySIL 29 /PLOTX1/ V4Ns
NSIL/VyNyILUSET/V4NylJUMPPLOT/V4Ny PLTFLG/VyNy, PFILE §

JUMPPLOT,PLTFLG,PFILE $

PLBTX1//8

PL S

GEDOM3,EQEXIN,GEOM2,BGPDT/SLT GPTT/CyNy123/V4N,NOGRAV/CyN,123 $
NOSRAV 3

IIV,N.lND/V.N.SKPHGGﬁVJN’NOGRAVIV.Y;GRDPNT s

SMEG/SKPHGG §$

GPTT 4 MGGy SHGGLSLT §

tECT oEPToBGPDT ySILGAT Ty CSTM/EST 4 s GEIVECPT GPCT/VyN4LUSET/ Cy Ny
123/VeNsNOSJIMP=-1/CoNyD/VysNy NOGENL=~1/VoN,GENEL §

NOST MPy NOGENL » GENEL'S
/770y NsAND/V o Ny NOELMT/V 4Ny NOGENL/Vy Ny, NOSINP s
ERRORG6, NOEL MT s

K4$G sGPST ,06PSTyMGE +B6Gy KENNo KUFFoKsAAs MNNy MFF o MAA 3 BNN o BFF 4
BAL'y KGGX/NOSIMP/ OGPIT/GENELS

EST+ECPTo GPCT+GEIK4GG¢yGPST 9 M6G 4 BGGy) KGGX9OGPST, Ku4NNyKWFFK4AA,y
MNM o, MFF yMAA 3 BNNy BFFI,BAR §

DIT o MPT/DITC,MATTAAV /Ny MAT $

MAT. 8
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RIGID FORMAT 14
NASTRAN SOURCE PROGRAM COMPIULATIGON

DMAP-DMAP INSTRUCT ION

NO.

Lbh PARAM 7/C'9 NoyNOT /¥ s Ny NOMAT.ZV:y Ny MAT s

&5 EQUIV DITC ,DIT/ZNOMAT $

46 CHKPNTY MATTA $

&7 COND LBL 110, IM1 3

48 TABPT DITC y599/77 $

9 LABEL LBL'140 3

50 INITEM CASECC,DYNAMICSESTHECPAT sSIL MATTA,DIT,EQEXIN/ESTX,ECPTX,
MATTAB/Vy N, SCALAR/V ¢NyMAT/V 4 NySTEP/V4N,NOTIC ]

51 SAVE SCALARyMAT,STEP,NOTIIC s

$2 EQUIV ESTX 4EST/NOTIC/ECPT,ECPT/NOTIC $
53 CHKPNT ESTy ECPT,MATTAB §

$4 COND LBL811,IM1

$5 TABPT ESTX yECPTX o997/ §

56 LABEL LBLB11 §

. $7 PURGE MATTA/INL s
$8 COND LABL 82, IFIR s
59 JumP LABLE3 §

50 LABEL LABL 83 3
64 COND LABL85,KCON s

52 LABEL LABL 82 3

63 COND LBL1 ,NOSINPS
64 SMAL CSTYM yMPTLECPT 4GPCT i DIP/KGGX 4KUGG9GPST/VeNy NOGENL/ Vs Ny NOKLGGS
55 SAVE NOK4GGS

66 PUROE KNN s KGG6 s KUFF o K4AR 7NOK&66S
67 PURGE KbB61,KU6624 KUGE Iy KHGOH/NOKAGE §

68 CHKPNT KGEX s GPST s K GG o KUNN KUFF s KeAA §
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. RIGID FORMAT 14
NASTRAN SOURCE MROGRAM COMPILATION
DMAP-DMAP INSTRUCTION
NO.

63 LABEL LABL8S $

70 COND LABL90,IFIR 8

74 COND LABL98,KCAP  §

T2 LABEL LABL90O $

73 SMA2 CSTM ,MPTLECPT ,GPCTyOXT/ANGGyBGG/V ,YyNTMASS=1.0/Vy Ny NOMGG/ V4N,
NOBGG=-1/V,Y,COUPMAISS=~1 §

74 SAVE NO®G G4 NOBGGS

75 PURGE BNW, BFF ,8AN,BGG/ NOBGGS

76 JuMP LABLSOS $

77 LABEL LABL98 s
78 EQUIV K66 X 4KGGXY/INL $
79 CHKPNT  MG6,BGG,BNN,BFF,BAN,MNN,MFF,MAA §

80 LABEL LBLL §

81 EQUIvV KGEX s KGG/ NOGENL $
' 82 CHKPNT KGé $
83 COND LBL11,NOGENL $
84 SMA3 GEIly KCGX/KGG/VyNyLUSET/V 4Ny NOGENL/V 4Ny NOSINP §

85 CHKPNT K66 §

86 LABEL LeL11 §

87 EAQUIV KGEXYKGEX/IPL §

88 PARAM /733 NyMPY/V o Ny NSKIP/OsNs0/CoNel

89 COND LABL 9%, IFIRST $

90 GP4L CASECC,GEOM&4 sEQEXIN,SIL 4 GPOT/RGs YSyUSET»/Ve Ny LUSET/V,Ny MPCF 1=
<17V Ny MPCF2==1/ViN; SINGLE==1/VyNyOMIT=~1/V,NyREACT2=1/V,yN,
NSKIP/VyMyREPEAT/V,INyYNOSET=~1/V4sNyNOL/V,Ny)NOA=-1 §

91 SAVE MPCF 1 ySINGLE y OMIT,NOSET¢REACTsMPCF2,NSKIPyREPEATsNOLsNOA §

92 0OPDB ESY s DYNAMICS/RAD1,RIAD2¢yCONVoHTGEN,FLUX/V 4Ny NORADL/V 4N,NORAD2/ YV,
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RIGID FORMAT 14
NASTRAN SOURCE PROGRAM COMPILATION
DMAP-DMAP INSTRUCTION

No.

93

94

95
96
97
98
99
100
101
102

103
104
105
106
107

108
109
110
11
112
113

114

SAVE

PURGE

CHKPNT
LABEL
COND
COND
CONV1
CHKPNT
LABEL

CONV2

ADD

EQUIV
EQUIV
LABEL

PURBE

EQUIV

CHKPNT

COND
COND
GPSP
OofP

SAVE

Ny NOCON/V 4Ny NOGEN/Vy Ny NOFLUX §
NORR D1,NORA D2 yNOCON ,HOGEN,NOFLUX §

RD2TAByHTTAB,FLXTAB/IML/HTGEN/NOGEN/CONVPT,CONTABy KGGCON,LDCON,
KGESUM/NOCON/ §

RAD1 ,RAD2 ,CONV,HTGEIN,FLUX $
LABLI9L §

LABLT3,NOCON 'S
LABLB1,IFIRST  §
GPCT,CONV/CONVPT,CONTAB,  $
COMVPT,CONTAB §

LABLSL 8

GPCT ,CONVPT,DIT,CONTAB, CONV/KGGCONsLDCON/Vy Ny TIME/VsN4LUSET/V,
N, STEP $

KG® 4 KGGCON/KGGSUM/Cly Ny 11.0,0.0) /CyNy (1.0,0.0) §
KGEXY,KGG/IPLS

KGESUMsKGG/IML §

LABL73 s

GMyGMD/MPCF1/G0,KOOB,L00,UOO0,M00B,MO0AB,GOD/OMIT/KFS,PST,QP/
SINGLES

KGS s KNN/MPCF1/MGGyMNN/MPCFL/ BGGyBNN/MPCFL1/K4GGy KaNN/MPCF1S

GMsRG,G0y KOOB,LOO,U0O,M00ByMOAB, KFSy QP USET ¢ GMDy GOD+PSTH KNN,
MNN, BNN,K4NN $

LBLL,GENEL §

LBLL 4NOSINP §

GPL s GPST,USET,,SIL/OGPST §
0GPSTesev's//VeNyCARIDNO §

CARDNO §
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‘ RIGID FORMAT 14

NASTRAN SOURCE PROGRAM COMPIULATION

OMAP-OMAP INSTRUCIT ION

No.

115
116
117
118
119
120
121
122
123
124
125
126
127
. 128
129
130
131
132
133

134

135
136
137
138

139

LABEL
COND
COND
MCEL
CHKPNT
LlB;L
MCE2
CHKPNT
LABEL
EQUIV
CHKPNT
COND
SCEL
CHKPANT
CHKPANT
LABEL
EQUIV
CHKPNT
COND

SMP1L

CHKPNT
LABEL
EQUIV
COND

ADD

LBLy $

LBL2,MPCF1 §

LBL 220, IFIRST §$

USET yRG/GM §

GM §

L8L220 $

USET yGM yKGGy MGGy BGG ¢ K4GG/KNN s MNNsBNNoK4UNN §

KNMy MNNoBNN, K4NN $

LBL2 §

KNN o KFF/SINGLE/MNNMFFASINGLE/BNNyBFF/SINGLE/K4NN, K&FF/SINGLES
KFFis MFF 4 BFF ,K4FF §

LBL3I,SINGLE $

USET o KNNyMNN ¢ BNN KWNN/KFF 4 KFS,KSSyMFF+BFF+K&4FF §

KSS: §

KFS o KFF4MFF 4 BFF , K4FIF $

LBL3 $

KFF o KAAZOMIT/ MFF,MAA/OMIT/BFF,BAA/OMIT/KUFF,K4UAA/OMITS
KAR, MAA,BAA,KUAA §

LBLS ,OMIT §

USET ¢KFFyMFF 4 BFF yKFF/G0,KAA,KO0ByLOO,UDOsMAA,MO00B, NOAB,BAA,
KhAA 8

GOy KAA,MAA,BAA,K4AR §
LBLS §

KARo KDD/IML 8
LBL230,NOKNGG $

BAR,» KUAA/7BDD/CeNy(La0+00)/CsNy€1.04+0.0) $
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‘ RIGID FORMAT 14

NASTRAN SOURCE PMROGRAM COMPILATION
DMAP-OMAP INSTRUCTION

NO.
140
161
182
1s3
144
145

146

147
168
149
150
151
‘l' 152
153
154
155
156
157
158
159

150
164
162
163

JUMP
LABEL
EQurv
LABEL
CHKPNT
COND

DPD

SAVE
PURGBE
EQUIV
COND
TABPT
LABEL
CHKANT
COND
PARAM
PARAM
JUMP
LABEL

PURGE

EQUIV
CASE
SAVE

CHKPNT

LBL231 §

LBL230 $

BAR, BDO/IML $

L8L231 8

KO®,8DD $

LBL108, IFIRST  §

DYNAMICS,GPL 4 SIL +USEN/GPLO,SILDyUSETDss0LT 99 sNLFToTRL 9s EQOYNZ YV,
NoLUSET/V 4Ny LUSETDZV,NSNOTFL/V, Ny NOOLT/V, Ny NOPSOL/ V4N NOFRL/V,
NyNONLFTZV,N,NOTRLAVyNJ/NOEED/CyN4123/V,N,NOUE §
LUSETD,NODLT yNONLFT'yNOTRL4NOUE §

PNLD/NONLFTS

G036 0D/NOUE/ GM, GMDANOUE §

LBL221,IM1 §

GOy KAA,BAA,CASEXZ,KGG 7/ $

tBL221 8
USETDsEQDYN,DLT 4 TRLI, GOT,GMD y NLFT,PNLD,SILO+GPLD  §
ERROR1,NOTRLS

7/7CsNyADD/V s N, NEVERIZOsN31/C4Ny0 8

770y NoMPY/V 4 NoyREPEATT/CyNy1/CoNy =1 8

LBL13 $

LBL13S

PNLD,0UDV1, OPNL1,0UDV2,0PNL2,XYPLTTA,O0PP1,0QP1,0UPV1,0ES1,
OEF1,0PP2,0QP2,0UPV2,0ES2,0EF2,PLOTX24XYPLTT/NEVER §

CASECC,CASEXZ/IM1S
CASECC,/CASEXX/C oNyITRAN/ VN, REPEATT/V4sNyNOLOOP 3
REPEATT ,NOLOOP §

CASEXX 8
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. RIGID FORMAT 14

NASTRAMN SOURCE PROGRAM COMPILATTION
OMAP-DMAP INSTRUCTION

NO.

164

165

166

167

168
169
170
irs
172

I 173

174
175
176
177
178
179
180
181

182

DPOC

CHKPNT

PURGE

DPODD

SAVE
CHKPNT
EQUIV
LABEL

TRDTEMP

SAVE

CHKPNT
EQUIV
EQUIV
EQUIV
EQuliv
COND
TABPT
TABPT

LABEL

USETDyKFSyYSyGM/REDUCE#KFSYS/VyNoeMPCF1/V 4Ny SINGLE/V,NLUSETD/V,
N,Y$

REDUCE §

MATTAByNMATAB,ECPTL1,ECPT2/MAT/DLT/NODLT/NLFT/NONLFT/GM/ MPCFL1/
YSeKFSYS/’Y §

RADL yRAD2yHTGEN, CASEOC+TRLyFLUX/RDL1TAB,RD2TAByHTTAB,TICOAT,
TSTEPD FLXTAB/V,N,SCALAR/VyNyNORADL/VyNeNORAD2/V Ny NOGEN/VsN,
LUD/VyNyLLOADN/V4NoiNLFTP/Vys NgNOFLUX §

SCALARy NORAD1,NORAD'2yNOGENsLUDy LLOADNSNLFTP 4, NOFLUX $
RDLTAB,RD2TAB.HTTAB,TICDAT, TSTEPD+FLXTAB §

CASEXZ,CASECC/ZIPL §&

LBL108 3

DLV NLFTo,DIT,K0DOD,BOD,REDUCE s LOCON,EST,,ECPT,MATTAB,RD1TAB,
TICDAT,TSTEPD KFSyGMyUSETDy YS,KFSYS/ZUDVT, PPT,PNLDJESTYLECPTY,
ECPTA4,ECPT2 NMATABLTEMDAT/V ) NyMAT/VyNySCALAR/VsNTIME/V,N,STEP/
Vedy NOCON/Vg Ny NOGEN/V, Ny NORADL/V 4Ny NORAD2/V 4Ny LUSETD/V, Ny
SINGLE/VeNsMPCF1/VyNyLUD/V4 Ny KCON/Vo Ny KCAP/ VN4, IECPTY/V,Ny
IREPET/Vy Ny OMEGA/V, YoEPSCON=0,001/V,s Ny IGROUP/VNISTEP/ V4N,
NSTEP/VsNsNOUTA/V N, LLOADN/V 4Ny NLFTP/V,N,NOFLUX/V,Y4BTS$

MAT'y SCALAR, TIME,STEPyNOCONy NOGEN yNORADL yNORAD2 4L USETD 4SINGLE y
MPLF1,LUDsKCON,KCAP,TECPTY, IREPET yOMEGA,EPSCON, IGROUP,ISTEP,
NSTEP,NOUTA, LLOADNLNUFTP,NOFLUX,8BT $

UDVT o PPToPNLDSESTY,LECPTY,ECPT1,ECPT2,NMATAB,TEMDAT §
ESTYLEST/IMLI/ECPTY,ECPT/IML s
NMATAB,MATTAB/IML/TEMDAT,TICDAT/IML §

ESY ZESTY/ZIPL/ECPT,ECPTW/IPL §

MATTAB,NMATAB/IP1/T'ICOAT ,TEMDAT/IP1 §

LBL810,IML ¢

ESTY ECPTY,MATTAB,TIICDAT,// §

NMATAB, TEMDAT yKGG,CASEXZy// §

LBL810
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. RIGID FORMAT 14

NASTRAN SOURCE PMROGRAM COMPILATTION
DMAP-DMAP INSTRUCT ION

NO.

183 COND LBLB15, IFIRST §

184 MODA 7999 /CyNy0e0/CyNyB.DACyN3s0e0/CoNy0e0/CoNyBaB/CyNeQ/CoNyO/CoN,0/
CoNysQ/CeNyO/CeNy0.0/VoeNy IFIR/V,N,IFIRST §

185 SAVE IFIR,IFIRST §

186 LABEL LBL81S §

187 COND LABL 744 IREPET s
188 COND LABL 95, IECPTY H
189 REPT LABL 83,500 $

190 JuMP ERRIORL s

191 LABEL LABL9S s
192 COND LBL3104MAT §

193 PARAM 770 s NoyAND/V 4 Ny NBOTH/V3 Ny KCON/Y, Ny KCAP &

194 COND LBL310,NBOTH §
195 JumpP LBL 311 $
. 196 LABEL LBLI310 §

197 EQUIV KGEXY,KG6EX/IML $
198 JUMP LABLS7 $

199 LABEL LBL311 ¢

200 COND LABL 96,KCON $

201 SMAL CSTM MPT4ECPT1,GPCI'yDIT/KGG1 sK4GGL9yGPSTL1/Vs Ny NOGENL/V 4N,
NOK4GG §

202 SMAL CSTMyMPTLECPT2,GPCT s DIT/KGG24KGG24GPST2/Ve NyNOGENL/V N,
NOKLGG §

203 ADD KG62 yKGGL/KGG3/C 9yNy'{148+0.0) /CosNy(=1.040.0) $

204 ADD KGEXYyKGGI/KGG4L/CyNy 01.:0,0.0)/CyNy(1.0,0.0) s

205 EQUIV KGG4 o KGGX/7IML $

206 COND LABL 96, NOK4GG §
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NO.
207
208
209
210
211
212

213

214

215
216
247
218
’ 219
.220
221
222
223
224
225
226
227
228

229

230

ADD
ADD
EQUIV
LABEL
CON?)

SMA2

SAVE

SMA2

SAVE
ADD
ADD
EQUIV
LABEL
REPT
TABPT
TABPT
TABPT
TABPT
JUMP
LABEL
EQurv
CHKPNT

VDR

SAVE

. RIGID FORMAT 14

NASTRAN SOURCE PROGRAM COMPILATTION
DMAP-OMAP INSTRUCITION

Ke6G2+sK4GG1/KUGG3/ClyNs€1.040.0) /CyNy(~1.0,0.0) §
KBGyKeGG3/KUGG4/CyiINy(2.0+0.0)/CyNy(1.0,040) 8
K4Bb Gl K4UGG/IML §

LABL96 $

LABL 97, KCAP s

CSTMIMPTLECPT1,GPCTIyDIT/ 4BGG1/VyY,HTMASS/V, N NOMGG/ V4 Ny NOBGG/V,
Y+ COUPMASS s

NOMGG4NOBGG $

CSTH,NPTNECPTZ.GPCﬁ.OIF/,BGGZ/V'Y.HTHASSIV.N.NOHGGIV.N.NOBGG/V'
Y+ C'OUPMASS $

NORMGG,NOBGG L
BGSZ|BGGL/BGGB/&.NN(1.0'0.0‘/C,N,(-l-DyO-O) $
BGE»BGG3/BGGL/CoyNy1'14040.0) /CyNy (1.04040) 3
BGE4 yBGG/INML $

LABL 97 $

LABL 98,500 3

OLT 4 NLFT,BDD,RAD1,RAD2// §

HYSEN,REDUCE +LDCON,ROLTAB,RD2TAB// §
HTTAByTICOAT»TSTEPOFLUXFLXTAB//S
COMVPY,CONTAB,CONV,KGG5//$

ERRORSG $

LABL7% $

PPT,PDT/NOSET §

UD¥ T PDT,PST,PPT,PNLD §

CASEXX,EQDYN,USETD4UDVT, PPT, XYCDB,PNLD/OUDV140PNLL/ C4N»
TRANRESP/CyNyDIRECT/CoNy0/VyNyNOD/VyNyNOP/CyNs0 §

'NOD, NOP §
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. RIGID FORMAT 14

NASTRAMN SOURCE PROGRAM COMPILATI ON
OMAP-DMAP INSTRUCT ION
NO.

231 CHKPNT OUDV1i,0PNLL $

232 COND LBL1S,NOD §

233 SDR3 OUBV1,0PNLLy +99/70UDV2,0PNL2yssr $
234 OFP OUIVZ.OPﬁLZ’,"//VoN.CARDNO s

235 SAVE CARDNO $

236 CHKPNT oPML2,0UDV2 §

237 XYTRAN XYCDB,0UDV2 9 OPNL 2y ols FXPPLTTA/Cy Ny TRAN/Cy NyDSET/V 4N PFILE/ V4N,
CARONO § '

238 SAVE PFILE,CARDNO $
239 XYPLOT XYPLTTAZZ §$
260 LABEL LBL1S §

2k1 PARAM 770 s NgAND/V 4 Ny PJUMPY/ V4 Ny NOP/Vo Ny JUMPPLOT §

242 COND LBL18,PUUNP $
243 EQUIV UDVT ,UPV/NOA §
. 24 COND LBL17,NOA'
245 SDR1 USETD,ssUDVT, ,¥S,GOD'yGMy .KFS,KSS'IUPV,gQP/CyNoiIC.NoDYNAHICS $

246 LABEL LBL17S
247 CHKPNT UPvY,QP ¢

248 SDR2 CASEXX9CSTMyMPT,DIT{,EQOYN,SILDs» yBGPDT,PPT,QP,UPV,EST,,XYCDB/
OPPH ,0QP1+0UPV1,0ESL1,0EF1,PUGV/C 4Ny THERMAL 3

249 SOR3 OPP1,0QP1,0UPVL1,0ESUL,0EF1,/ OPP2,0QP2,0UPV2,0ES2+0EF2, §

250 CHKPNT OPPi2 ,0QP240UPV2,4,0ES2,0EF2 §

261 OFP OPP2,0QP2 yOUPV2,0EFI290ES2,//V4N,CARDNO §

252 SAVE CARDNO §

253 COND P2y JUMPPLOT §

254 PLOT PLYTPARyGPSETSELSETSyCASEXX 9 BGPDToEQEXINGSIL 99 PUGV/PLOT X2/ V4 Ny

NSTL/VyNs LUSET/V Ny/JUMPPLOT/V4N,PLTFLG/V Ny PFILE §
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RIGID FORMAT 14
NASTRAMN SOURGCE PMROGRAM COMPILATION
DMAP-DMAP INSTRUCT ION
NO.
255 SAVE PFILE $
256 PRTMSG PLOTX2/7 $
257 LABEL Pz 3

258 XYTRAN XYC0B,0PP2,0QP24,0UPV2,0ES2, 0EF2/XYPLTT/CoNe TRAN/CoNsPSET/ V4 Ny
PFILE/V.N,CARDNO §

259 SAVE PFILE,CARDNO $

260 XYPLOT  XYPLTT// §

261 LABEL LBL18 §

262 PURGE SKBGXySGPST ySMGGySOGANGy SKGG+SRG +SYS»SUSETy SOGPST/IFIR $

263 PURGE SGMy SKNNy SKFF o SKFSyISKSTy SGOy SKAA » SKOOB,SLO0s SUOO s SKLL/IFIR §
264 PURGE SKLR9SKRRySLLLsSULL!»SDMySPGySQRySPOySPS,SPL/IFIR §

265 PURGE SULV,SU00V, SRULV,SRUOV ;s SUGV, SPGG,SAG,0P6G1,0QG1,0UGVL/IFIR §
266 PURGE OESS1,0EFF1,PUGV1,0ESAVGyPLT X2y CASEXY,GEOMIX,ESTZ,ECPTZ/IFIR §
267 PURGE GPYTX,GEOM3I/IFIR §

268 JuMP LABL99 §

269 LABEL LABL 99 $

270 RETEMP CASEXZ,GEOM3 yUPV EQDYN,EQEXINySILDEST+ECPT/CASEXY s GEOM3IXHESTZ,
ECPITZ/VoeNyNSTEP/ VN AGAIN/V 4 NsNREC/V s NyNOSUB/V 4N, ICASE $

271 SAVE NSTEPyAGATINs NREC s NO'SUB,y ICASE $

272 COND FINIS,NOSUB $

273 CHKPNT ESTZ,ECPTZ,CASEXY §

274 EQUIV ESTZ JEST/IML/ECPTZL,ECPT/IM1/CASEXY,CASECC/IML  §
275 EQUIV EST . ESTZ/IPL/ECPTLECPTZ/IPL/CASECC,CASEXY/IPL §
276 COND LBL111,IML s

277 TABPT ECPTZ,ESTZ,CASEXY,ei £/ §

278 LABEL LBL141 ¢
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‘ RIGID FORMAT 14

NASTRAN SOURCE MROGRAM COMPILATION
DMAP-DMAP INSTRUCT ION

NO.
279 GP3 GEBOM3IX EQEXIN, GE OM2, # oGPTTX/C yNy123/VyNy NOGRAV/C4Ny123 s
288 SAVE NOBRAV s

281 EQUIV GPIT X4 GPTT/INL s

282 CHKXANT GPTTS

283 CGOND LBL'201,NOSINMP §

284 COND LBL909, NOMATS

285 PARAM 7709 NySUB/V 4Ny IDIFFI/Vy Ny ICASE/V s Ny IFOURS
286 COND LBL909,IDIFFS

287 JuMP LBL'2018

288 LABEL LBL909S

289 SMAL CSTMyMPToECPT4GPCTDATASKGGX s 9SGPST/VyNyNOGENL/V 4Ny NOK&GG $
290 CHKPNT SGPST,SK6GX $

291 COND LBL 201, SKPMGG §

. 292 SMA2 CSTM MPTLECPT yGPCT,ODT/SMGG s /Vy Yo NTMASS/ Vo Ny NOMGG/V4NyNOBGG/ V)
Y,COUPMASS §

293 SAVE NOMGG $

294 CHKPNT SMEG $

295 COND LBL 201, GROPNT s

296 COND ERROR7, NOMGG $

237 GPMHG BGPDT+CSTMy EQEXIN,SIMGG/SOGPNG/Vy Y3 GROPNT==1/V,Y, WTMASS §
298 OFP SOCPHGy sy e //VeN,CARONO §

299 SAVE CARONO $

300 LABEL LBL201 $
301 EQUIV SKEGX,SKGG/NOGENL. $
302 CHKPNT SKEG $

303 COND LBL211,NOGENL $
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RIGID FORMAT 14

NASTRAN SOURCE MROGRAM COMPILATTION

DMAP-DMAP INSTRUCT ION

NO.
304
385
306
307

308

309
310
311
312

313
314

315
316
317
318
319
320
321
322
323
324
325
326

SMA3
CHKPNT
LABEL
PARAM

6PG

SAVE
COND
PARAM

PURGE

EQUIV

CHKPNT

COND
GPSP
OFP
SAVE
LABEL
COND
MCEL
CHKPNT
MCE2
CHKPNT
LABEL
EQUIV

GEI%SKGGXISKGCIV,NELUSET/V,N.NOGENL/V'N'NOSIHP 3

SK&G $

LBL211 §

77C s NyMPY/Vy Ny NNSKIIPAC¥N8/CyN»0$
ClSECC.GEOH“.EQéXIN.SIL,GPDT/SRG,SYS.SUSET.IV'N.LUSETIV;N:
MPEF1/VyNyMPCF2/VyNySINGLE/V 4Ny OMIT/VoNyREACT/Vy Ny NNSKIP/VyN,
REPEAT/VoNy/NOSET/VoiNyNOL/V,N,NOA §

MPCF 1 4yMPCF2 s SINGLE J/OMI T4 REACTyNNSKIP 4REPEAT s NOSET)NOL JNOA §
ERRORB,NOL $

77C s NyAND/V 4Ny NOSRMVs Ny SINGLE/V 4 NyREACT 8

SKRR y SKLR's SQRy SOM/REACT/SGM/MPCF1/S60,SK008,SL0O0,SU00,SPO,
SUDOV,SRUOV/ OMIT/SPIS, SKF S, SKSS/SINGLE/SQG/NOSR

SKEG s SKNN/MPCFL  $

SKRR ySKLRySQRySDM,SGMySGO,SKOOB, SLOO,SU00,SPOsSUOOV4SQGySPSy
SKFS 9 SKSSy SUSET,SR64SYS, SRUOV,SKNN  §

LBL 204y GENEL $

GPL s SGPST ,SUSET,SILI//SOGPST §
SOBPSTeress//VyN,CARONO §
CARONO §$

LBL204 $

LBL213,MPCF2 §
SUSET,SRG/SGM §

3 I §
SUSETsS6MsSKGG 9y s /SKNNssy» $
SKNN §

LBL213 $

SKNNsSKFF/SINGLE $
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‘ RIGID FORMAT 14
NASTRAM SOURCE PROGRAM COMPILATION

DMAP-DMAP INSTRUCT ION
NO.
327 CHKPNT SKFF $
328 COND LBL215,SINGLE $
329 SCEt SUSETsSKNNy g ¢ /SKFF4ISKFSySKSSyey §
330 CHKPNT SKFIS s SKSS+SKFF §
331 LABEL LBL215 §
332 EQUIV SKFF ySKAA/OMIT §
333 CHKPNT SKAA $
334 COND LBL216, OMIT §
335 SMP1 SUSETsSKFFy94/SG0ySKAA4SKOOB,SLOOySUOCesssy $
336 CHKPNT SGDs SKAR, SKOOB, SLOO,SUOO ¢
337 LABEL LBL216 §
338 EQUIvV SKAA ,SKLL/REACT $
339 CHKPNT SKLL §
' 340 COND LB216,REACT $
344 RBMG1 SUSETsSKAA)/SKLL ySKLRySKRRe s s §
342 CHKPNT SKLL »SKLRySKRR 8§
343 LABEL LB216 §
344 RBMB2 SKLL/SLLL,SULL §
345 CHKPNT SULL,SLLL §
346 COND LBL217,REACT §
347 RBMG3 SLLL ySULLsSKLRySKRRI/SDM 8
348 CHKPNT SOn ¢
349 LABEL LBL217 §

350 SS61 SLYiy BGPOT 4CSTMySILSEST4MPTy GPTTHEDT,SMGG4CASECCDIT/SPG/ V4N,
LUSET/V4NsNNSKIP §

351 CHKPNT SP6 $
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RIGID FORMAT 14
NASTRAN SOURCE PROGRAM COMPILATTION

DMAP-DMAP INSTRUCT ION

NO.

352 EQUIV SP6, SPL/NOSET §

353 CHKPNT SPL $

354 COND LBL210,NOSET §

365 SSG62 SUSETISGMSYSySKFSHISGOySOMy SPG/SQAR,SPOySPS,SPL §

356 CHKPNT SQR'ySPO,SPS,SPL §

367 LABEL LBL210 §

358 SSG3 SLLL »SULL ySKLL 4SPLSLOO,SUOO,SKO0B,SPO/SULV, SUOOV, SRULV,SRUOV/
VaNy OMIT/V, Y, IRES==1/V /N NSKIP/V,N,EPSI §

359 SAVE EPST $

360 CHKPNT SULV,SUOOV, SRULV,SRUOV §

364 COND LBL9,IRES §

362 MATGPR GPL s USETSTL,SRULV//7C,N,L $

363 MATGPR GPL'USET:SiL,SRUOVﬂ/C'N.O S

364 LABEL LBL9 §

365 SOR1 SUSET,SPG,STULV, SUOOIV,ySYS 4 S60,S6Ms SPS 4 SKFSySKSS+SQR/ SUGY , SPGG
SQE/ VyNyNNSKIP/C 4Ny STATICS §

366 CHKPNT SU6V,SPG6,SQG $

367 SOR2 CASECC,CSTMoMPT 4 DIT,EQE'XINs SIL»GPTT,EDT,BGPDT,SP GG, SQGy SUGY,
ESTy /0PG1,0QG1,0UGV1,0ESSL140EFF1 4PUGVL/CoNySTATICS §

368 OFP OUSV1,0P61,0Q61,0EFIFL,0ESSL+//VsNsCARONO $

369 SAVE CARDNO §

370 STRSAVG EQEXIN,OESS1/0ESAVE s

371 OFP OESAVGe 999/ /VyN,CARDNO $

372 SAVE CARDONO $

373 COCND P22 JUMPPLOT §

374 PLOT PLTPARsGPSETS,ELSETSy CASECCyBGPDOT EQEXINYSIL +PUGVL s /PLTX2/VoN,

NSIL/VyNyLUSET/V ¢No JUMPPLOT /VoNoPLTFLG/VNyPFILE §
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RIGID FORMAT 14
NASTRAN SOURCE MWMROGRAM COMPILATION
OMAP-DMAP INSTRUCTION
NO.
375 SAVE PFILE 8
376 PRTMSG PLYX2/7 §

377 LABEL P22 $

378 COND FINIS,AGAIN s

379 REPT LABL99,1080 ]

380 FILE SKEG X=SAVE/SKGG=SAVEASKNN=SAVE/SKFF=SAVE/SKAATSAVE/SKLL*SAVE $
381 JUMP ERRIORS s

382 LABEL ERROR1S

383 PRTPARM //C,4Ny=1/C4N,DIRTROS

384 LABEL ERRORS $

385 PRTPARM //CyN,~4/C,N,DIRTRD §
386 LABEL ERRORS §

387 PRTPARM //CyN,=1/C,N,STATICS §
388 LABEL ERRORG §

389 PRTPARM /703 N,-4/C,N,STATICS §
390 LABEL ERROR7 $

391 PRTPARM //C4Ny=3/C,N,STATICS §
392 LABEL ERRORS $

393 PRTPARM //C4Ny=2/CoN,STATICS $
394 LABEL FINISS

335 END s
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‘ 3.15.2 Description of DMAP Operations for Thermal Transient-

Structural Statics Combinations

DMAP statements 1-260 are associated with the thermal transient
portion of the analysis, while DMAP statements 261-379 are
associated with the structural statics portion. Statements 380-395
deal with error conditions. Only selected DMAP statements or sets
of statements will be described. Descriptions of other DMAP
statements may be found in the Description of Static Analysis,

Section 3.2.2 and Direct Transient Response, Section 3.10.2.

4-6. PARAM sets up DMAP parameters for later use.
7. MODA initializes DMAP parameters IFIR and IFIRST.
MODA is later used to switch the values of these parameters.
42. DPDA converts temperature-dependent thermal material
. tables into step functions based on TRANGE bulk data cards
and creates a new DIT data block.
50. INITEM modifies the EST and ECPT data blocks by inserting

the initial element temperatures as derived from the

initial conditions specified on TIC bulk data cards.

INITEM also creates data block MATTAB which contains

the temperature interval, as derived from TRANGE cards, in

which each thermal material property for each element falls.
92. DPDB computes area, surface, and volume integrals

required by convection, radiation, and heat generation.
99,102. CONV1, CONV2 compute contributions, due to convection.

164. -DPDC creates a matrix which, when premultiplies a load

vector, reduces the vector to take account of single point

constraints and multi-point constraints.
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187.
188, 189.

193,219,

220,
270.

272,
370.
318.

379.

Go to statement 226 if temperature history is complete.

Go back to statement 60 to recompute all element
conductance and/or capacitance matrices if more than half
the matrices must be changed.

If less than half the element matrices must be changed,
recompute the necessary matrices, compute the net effect
of changing these elements, and add the net results into the
structure conductance and/or capacitance matrices, as
needed.

Go back to statement 77to reduce the matrices and continue.
RETEMP interrogates case control to determine a time
slice selection. If one is found, RETEMP creates TEMP
bulk data cards, recreates GEOM3, and sets counters for
the next entry to RETEMP.

If no time slice selections exist, go to statement 394.
STRSAV G computes average grid point stresses.

If no more time slice selections exist, as determined by
RETEMP, go to statement 394.

Go back to statement 269 to process the next time slice

selection.
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' 3.15.4

Case Control and Parameters for Thermal Transient -

Structural Statics Combination

The following items relate to subcase definition and data

selection for Thermal Transient-=Structural Statics Combination.

1'

4.

If more than one subcase is defined, the first subcase
is assumed to refer to the thermal transient portion of
the analysis, and all other subcases are assumed to
refer to the structural statics portion. If one or no
subcases are defined, the case control data are assumed
to refer to the thermal transient portion only, in which

case no structural static analysis will be performed,

After the first subcase, the subcase number will take
on a special meaning, If the second or later subcase
number is N, then the N-lst output time step, as in-

dicated on the TSTEP bulk data card selected, will be

the time for which the static analysis will be performed.

DLOAD or NONLINEAR must be used in the first subcase
to define a time-dependent loading condition in addition

to any specified thermal loading conditions.

TSTEP must be used to select the time-step intervals to

be used for integration and for output for the first
subcase. The time steps output are those indicated by

the skip factors on the selected TSTEP bulk data card

and the last time for each specified interval (if that time

was not already indicated by the skip factors).
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5.

A separate subcase must be defined for each static analysis
desired, with the subcase number taking on the meaning

described in item 2.

A static loading condition will automatically be defined for
each static subcase by NASTRAN. This condition will consist
of the loads induced by the temperature at that time. (This

is equivalent to a TEMPERATURE (LOAD) selection.) Additional

loads may be defined with a LOAD selection or through grid-point
displacements on SPC cards.

An SPC set must be selected for each subcase, unless the model
is a properly supported free body, or unless all constraints

are specified in GRID cards or on Scalar Connection cards.

If nonzero initial conditions are desired, IC must be used to
select a TIC card set in the Bulk Data Deck. Unlike in other
rigid formats, TIC cards should be used for all grid points,

not just those on the analysis set.

The following printed output, sorted by point number or element

number (SORT2), is available at the selected output time steps of

the thermal transient portion of the rigid formats:

1.

Temperatures (DISPLACEMENT) and rates of change of temperature
with respect to time (VELOCITY) for a list of PHYSICAL
points (grid points) or SOLUTION points (independent degrees-of-

freedom).

Nonzero components of the applied load vector and single point

forces of constraint for a list of PHYSICAL points.

Nonlinear force vector for a list of SOLUTION points.
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‘ The following plotter output is available for the thermal

transient potrtion of the analysis:

1. Undeformed plot of the structural model.

2. X-Y plot of the temperature (component 1)
or rate of change of temperature with respect to time of

a PHYSICAL or SOLUTION point.

3. X-Y plot of component 1 of the applied load vector Or

nonlinear force vector.

The following output may be requested for the static analysis

portions of the rigid format.
1. Displacements and nonzero components of static loads and
single point forces of constraint at selected grid points
or scalar points,

2. Forces and stresses in selected elements,

3. Undeformed and deformed plots of the structural model,
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The following parameters may be used:

1. GRDPNT - optional - A positive integer value of this
parameter will cause the Grid Point Weight Generator
to be executed and the resulting wéight and balance

information to be printed.

2. WIMASS - optional - The terms of the mass matrix are mul-
tiplied by the real value of this parameter when they

are generated in SMAZ,

3. COUPMASS-- optional - A positive integer value of this
parameter will cause the generation of coupled mass and
capacitance matrices rather than lumped mass and capacitance

matrices for the isoparametric elements.

4, IRES - optional - A positive integer value of this para-
meter will cause the printing of the residual vectors
. following the execution of SSG3 in the static analysis

portion of the rigid format.

5. BT - required if radiation is being used and

ips 2 s O )
temperatures are not specified in °R or °K. The usual

values for BT are 459.69 and 273.16 for specifications in

OF and ©C, respectively.

6. METCON - Optional for Rigid Format 14. A value of 1 will
cause the program to make convection contributions only to

the load vector. For full details see Remark 4, page 2. 4-42c.
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Some other points to be noted are:

10.

The only degree-of-freedom in the thermal transient portion is temperature '

which is assumed to be component 1. NASTRAN automatically contrains
components 2-6. Therefore, SPC,TIC, etc, specifications should

contain only component 1.

Permanent constraints placed on a GRDSET card or on GRID cards
will be used for the statics portion only and are ignored for the

thermal portion.
No extra points or direct matrix input are allowed.

TEMP,. TEMPD, TEMPP1, TEMPP2, TEMPP3, and TEMPRB bulk data cards
are not allowed.

All OMIT cards will be ignored in the thermal portion.

All CONVEC, HFLUX, HGEN, RADIAT1, and RADIAT2 bulk data cards present

will be used to compute thermal loads.

Element temperatures will always be used to compute temperature-
dependent thermal and structural material properties. (This is
equivalent to a TEMPERATURE (MATERIAL) case control selection.)

In the statics portion, distributed pressure loads specified by

the PLOAD2 card can be applied only to elements 15S2D4, SURF4,
IS2D8, and SURF8.

MATT 7, MATT8, and MATT9 cards, must be accompanied by corresponding
TRANGE cards. See the discussion of the TRANGE bulk data cards.

On restart, no rigid format switching from rigid format 14 to any

other rigid format or from any other rigid format to rigid format

14 is allowed.
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11.

12.

13.

14,

15.

Consistency of units, especially for temperature, must be maintained.
If the units of thermal material constants are per °F or per oR,

all temperatures specified, whether through SPC cards, TABLET1 cards,
etc., must be in °F or °R. Similar rules apply to °C and °K. The
program makes no conversions for differing units. Therefore, the
user is responsible for maintaining consistency. Input and output
temperatures will be in the‘same units for the statics portion of

the analysis, so care must be taken that the thermal expansion
coefficient vector (on materials cards) is given in the correct

units.

Time-dependent temperatures may be specified at a grid point by
connecting a scalar element from the grid point (degree-of-freedom 1)
to ground with a very large 'spring' constant, say Ko' Then, using

a TLOAD]l bulk data card, specify a load of
P(t) = TKO
where T is the desired temperature at time t. If Ko is large

enough, any other contributions of conductivity or load at that

grid point will essentially be neglected.

The only elements presently allowed in rigid format 14 are IS2D4,
IS2p8, IS3D8, IS3D20, SURF1l, SURF4, SURF8, and BAR.

The HEAT parameter option must not be used with rigid format 14.

The thermal subcase must always be present, even on restarts. If, on
restart, NASTRAN determines that the thermal portion was completed
on the previous run and that no changes have been made to the thermal

portion, the thermal portion will not be re-executed.
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998 *ek

999  #kx
9994  H%%k
999B  k¥x
1000  #kx
1000A #%#

USER FATAL MESSAGE 998, APPISO CARD REQUIRED

If isoparametric elements are used, the APPISO bulk data

card must be present.

USER FATAL MESSAGE 999, NEITHER TEMP NOR TEMPD BULK DATA
CARDS ARE ALLOWED IN A THERMAL ANALYSIS PROBLEM

TEMP and TEMPD bulk data cards are not allowed in Rigid
Format 14 (thermal transient analysis) or in Rigid Formax 1

(thermal static analysis).

USER FATAL MESSAGE 999A, EPOINT CARDS, I.E., EXTRA POINTS
ARE NOT ALLOWED IN A THERMAL TRANSIENT PROBLRM

USER FATAL MESSAGE 999B, TEMPP1, TEMPP2, TEMPP3, AND TEMPRB
BULK DATA CARDS ARE NOT ALLOWED IN RIGID FORMAT 14

USER FATAL MESSAGE 1000, EITHER THERMAL TRANSIENT OR
THERMAL STATIC ANALYSIS WAS SELECTED BUT RIGID FORMAT 14
OR 1, RESPECTIVELY, WAS NOT SELECTED

The type of analysis is specified on the APPISO bulk data
card. If thermal transient analysis is selected, Rigid
Format 14 must be used. 1If thermal static analysis is

selected, Rigid Format 1 must be used.

USER FATAL MESSAGE 1000A, HEAT OPTION AND APPISO BULK

DATA CARD ARE INCOMPATIBLE.
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' 5151  tex USER FATAL MESSAGE 5151, MATT7 CARD REFERENCES UNDEFINED
MAT7 **** CARD

The user should check that all MATT7 cards reference
MAT7 cards that exist in the Bulk Data Deck.

5152  kx USER FATAL MESSAGE 5152, MATT8 CARD REFERENCES UNDEFINED
MAT8 **** CARD

The user should check that all MATT8 cards reference
MAT8 cards that exist in the Bulk Data Deck.

5153  k** USER FATAL MESSAGE 5153, MATT9 CARD REFERENCES UNDEFINED
MAT9 **** CARD

. The user should check that all MATT9 cards reference
MAT9 cards that exist in the Bulk Data Deck.

5154  *** USER FATAL MESSAGE 5154, ELEMENT**** REQUIRES AN APPISO
CARD :

An APPISO bulk data card is required if isoparametric

elements.are being used.
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5155

5156

5157

* % %

* %%

* % %

USER FATAL MESSAGE 5155, COORDINATE SYSTEM **** IS
NOT A RECTANGULAR COORDINATE SYSTEM

The material coordinate system for a solid isoparametric
element as specified on a CIS3D8 or CIS3D20 bulk data card

3

must be defined as a rectangular coordinate system,

USER FATAL MESSAGE 5156, ELEMENT **** PRODUCES A
SINGULAR JACOBEAN

Isoparametric elements require that the determinant of a

Jacobean be computed. Check the geometry for the element.

USER WARNING MESSAGE -5157, IN MODULE OESAVG THE ELEMENT
TYPE IS **** WHILE THE NUMBER OF WORDS ON THE STRESS FILE

IS %k k%

STRESSES WILL BE PRINTED BUT NOT. INCLUDED IN THE AVERAGES.

Logic error in module STRSAVG or averaging of stresses of

elements with different types of stresses is being
attempted.
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5158  ***
5159  ***
5160  ¥**
5161  ***

USER WARNING MESSAGE 5158, IN MODULE OESAVG TWO DIFFERENT
STRESS COORDINATE OUTPUT SYSTEMS HAVE BEEN SPECIFIED FOR
ELEMENTS **** AND **** BUT THESE ELEMENTS HAVE A COMMON
GRID POINT.

THE STRESSES FOR THE SECOND ELEMENT WILL NOT BE INCLUDED
IN THE AVERAGE

The stress coordinate systems were specified on connection

bulk data cards for the elements.

USER FATAL MESSAGE 5159, IN MODULE RETEMP THE SUBCASE
NUMBER **** 1S GREATER THAN THE NUMBER OF QUTPUT TIME
STEPS +1, ****,

Subcase numbers after the first subcase in Rigid Format 13

take on special significance. See Section 3.14.4 of the

User's Manual.

USER FATAL MESSAGE 5160, IN MODULE RETEMP MORE THAN 12
RECORDS EXIST ON GEOM3.

Program logic error.

USER FATAL MESSAGE 5161, IN MODULE RETEMP THE NUMBER OF
WORDS IN AN EQDYN OR SILD RECORD **** IS NOT CORRECT.
THE NUMBER OF POINTS IN THE P-SET IS ****,

Program logic error.
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5162 % % %

5163 * %k
5164  rkx
365 w*x
5166 * %k %

USER FATAL MESSAGE 5162, IN MODULE RETEMP AN SIL NUMBER IN
EQDYN IS **** DURING A BINARY SEARCH WE CANNOT FIND IT
IN SILD. THE EXTERNAL NUMBER IS ****

Program logic error.

USER WARNING MESSAGE 5163, IN MODULE STRSAVG, OUTPUT
DEVICE TYPES FOR ELEMENTS **** AND **** ARE NOT THE
SAME.:THE OUTPUT DEVICE WILL BE THAT FOR THE FIRST ELEMENT.

Two elements whose stresses are being averaged have
different output device types, e.g., print and

punch.

USER FATAL MESSAGE 5164, IN MODULE STRSAVG, SCALAR INDEX
NUMBER **** CANNOT BE FOUND WHEN TRYING TO CONVERT TO THE
GRID POINT NUMBER.

Program logic error

USER WARNING MESSAGE. 5165, THERE ARE NO TEMPERATURE-
DEPENDENT MATERIALS IN THIS PROBLEM.

USER FATAL MESSAGE 5166, TEMPERATURE-DEPENDENT MATERIAL
TABLE **** DOES NOT HAVE A CORRESPONDING TRANGE CARD.

See the remarks for the TRANGE bulk data card.
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5167 *kx USER FATAL MESSAGE 5167, IN MODULE **** NOT TRANGE CARDS
EXIST.

See the remarks for the TRANGE bulk data card.

5168  **¥ USER FATAL MESSAGE 5168, IN SUBROUTINE DPDB, THE
NUMBER OF ELEMENT ID-S ON A **** CARD IS NONPOSITIVE,

Program logic error

5169  *** USER WARNING MESSAGE 5169, DUPLICATE ELEMENT ID **%*
ON CARD TYPE ****

TYPE 1 = CONVEC
TYPE 2 = HGEN
TYPE 3 = RADIATI
TYPE 4 = RADIATZ2
TYPE 5 = HFLUX

The duplicate ID is ignored.

5170  *** USER WARNING MESSAGE 5170, IN A THERMAL TRANSIENT ANALYSIS,
THERE ARE NO RADIAT1, RADIAT2, CONVEC, HGEN or HFLUX CARDS.
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5171  *** USER FATAL MESSAGE 5171, ELEMENT ID **** WAS SPECIFIED
ON A CONVEC, RADIAT1, RADIAT2, OR HFLUX CARD BUT THE
ELEMENT IS EITHER IS3D8 or 1S3D20.

Convection and radiation specifications must be made for
surfaces, i.e., IS2D4, IS2D8, SURF4, or SURF8, elements,

not solids.

5172 kx USER FATAL MESSAGE 5172, ELEMENT ID **** WAS SPECIFIED
ON AN HGEN CARD, BUT THE ELEMENT TYPE IS EITHER SURF4 or
SURFS8.

SURF4 and SURF8 elements are dummy surface elements. Heat
generation specifications must be made for only 1S2D4,
1S2D8, IS3D8, or IS3D20 elements.

5173  *** USER FATAL MESSAGE 5173, SUBROUTINE **** CANNOT FIND ANY
1S2D4, 152D8, 1IS3D8, IS3D20, SURF4 or SURF8 ELEMENTS ON
EST.

Program logic error, or a thermal transient problem does

not contain any of these elements.

5175  *** USER FATAL MESSAGE 5175, IN SUBROUTINE DPDB WE CANNOT FIND
THE REQUIRED NUMBER OF ELEMENT ID MATCHES OF THE ID-S ON
CARD TYPE **** WITH THOSE ON THE SCRATCH FILE.

Check that there exist elements with ID-S that match the ID-§S

* %k kR

on the cards. See message 5169 for the card type

correspondence.
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5176 EX 2

5177 * & *
5178 Fkx
5179 * % %

USER WARNING MESSAGE 5176, ELEMENT ID **** REFERENCE A 8-D
ELEMENT BUT THE ID APPEARS ON A CARD TYPE **=**_  THIS
ID WILL BE IGNORED.

CONVEC, RADIAT1, RADIAT2, AND HFLUX may reference only
I1S2D4, 1IS2D8, SURF4 or SURF8 elements. See message 2169

for the card type correspondence.

USER WARNING MESSAGE 5177, POINT ID ****_ COMPONENT ID
**x* WERE SPECIFIED ON A TIC CARD. THE COMPONENT MUST

BE 1 IF THERE ARE NO SCALAR POINTS IN THE PROBLEM AND
MUST BE 0 OR 1 IF THERE ARE SCALAR POINTS. THIS TIC WILL
BE IGNORED.

In thermal transient problems, the only degree of freedom

is temperature which is assumed to be component 1.

USER FATAL MESSAGE 5178, NO MATCH ON EQEXIN FOR POINT ID
**¥%¥* ON A TIC CARD.

Obscure program error, or the grid point on a TIC card was

not defined on a GRID card.
USER FATAL MESSAGE 5179, PIVOT FROM GPCT **** DOES NOT
MATCH PIVOT FROM CONVPT.

Program logic error.
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5180

5182

5183

5184

% %

¥* % %

de %k

* k%

USER FATAL MESSAGE 5180, SIL **** CANNOT BE FOUND IN
GPCT RECORD WITH PIVOT **#%

Program logic error.

USER FATAL MESSAGE 5182 SCALAR INDEX NUMBER ***¥ IS
EITHER IN BOTH THE D-SET AND S-SET OR IS IN NEITHER.
No thermal multi-point constraints, extra points, or

omitted coordinates are used in thermal transient

analysis.

USER FATAL MESSAGE 5183, IN TRDTEM, THE NUMBER OF DEGREES
OF FREEDOM FROM TRL IS **** BUT THE NUMBER OF ROWS OF
THE REDUCED LOAD VECTOR IS ****, THESE SHOULD BE EQUAL.

Program logic error.

USER FATAL MESSAGE 5184, IN SUBROUTINE **** NOT ENOUGH
MATCHES BETWEEN EST AND RAD1D.

In computing loads as specified on RADIAT1 or RADIATZ cards,

not enough matches were made in finding the element ID-S,

At this point, this is probably a program logic error.
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o185

5186

5187

% % %

*kk

& k %k

USER WARNING MESSAGE 5185, IN MODULE TRDTEMP, NOT ENOUGH
TIME REMAINS TO COMPLETE THE SOLUTIONS.

See the explanation to message 3045.

USER FATAL MESSAGE 5186, IN SUBROUTINE SOLVTI, THE ORDER
OF ROW POSITIONS IS NOT STRICTLY INCREASING.

Program logic error.

USER FATAL MESSAGE 5187, IN SUBROUTINE SOLVTI, THERE IS
A NULL COLUMN IN THE COEFFICEENT MATRIX OF THE THERMAL
TRANSIENT ANALYSIS.

The coefficient matrix is singular.
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5.13 TISOPARAMETRIC ELEMENTS

5.13.1 Introduction

If the shape functions chosen to describe the curvilinear
coordinates of a finite element are identical to those used to
prescribe the displacement function variation, then the element

is termed isoparametric.

This definition and the formulation of the elements in this
section are derived and taken from the formulation described in
references 1, 2 and 3, and 4. The isoparametric elements in
NASTRAN are:

1S2D4 - Planar quadrilateral element with zero bending stiffness
IS2D8 - Planar quadriparabolic element with zero bending stiffness
IS3D8 - Solid linear element

IS3D20 - Solid parabolic element

- VA I S

The isoparametric family of elements uses a mapping technique

to avoid performing the required numerical integrations on arbitrarily

- shaped elements. The displacement function is assumed in relation

to an element with a simple shape, e.g., rectangle in two dimensions,
rectangular parallellepiped in three dimensions. However, the shape
of the element is permitted to distort and take another shape, dictated
by the same functions that describe the displacement patterns. Figure
1 shows the four available elements and the simple, or parent, element

is used.

The grid points of each parent element are defined in a local (g,
h,Z) coordinate system. The grid points at the corners have values
of + 1. The grid points of the curvilinear element are defined in
the basic (x, y, z) coordinate system. Each parent element has an
assumed displacement function, which is also used to relate the (£,n,t)

coordinates to the (x, y, z) coordinates.
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Element Curvilinear Parent

1S2D4 [::::::::::;;;7 ']
1S3D8 ﬁ
h @

Figure 1. Isoparametric Elements and Their

Associated Parent Elements
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5.13.2 Structural Elements
5.13.2.1 Planar Elements

Consider the planar elements in Figures 2a and 2b below,

(The order of the grid point numbering is required.)

YA
(x4’y ) (Xs’YS)
6 2 >
(0,0) (x,,0) X

Figure 2a, 152D4 Element

Figure 2b. IS2D8 Element
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These elements have a thermal, as well as structural, capability
and may have anisotropic thermal and structural temperature-dependent

material properties.

For the thermal and structural elements, lumped or consistent

capacitance and mass matrices, respectively, may be computed.
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Let u and v be the components of displacement in the element
coordinate system, parallel to the x- and y-directions of the element
coordinate system, respectively. The in-plane displacements of all

the grid points of the element are represented by the vector

( )

c

< £ <
NN =

fu ke S f (1)

v
 "n )
where n= 4 or 8 depending on the element., If [Kee] is the associated

stiffness matrix, then
[Kool{u }={£,) (2)

where {fe} is the vector of in-plane forces.
[Kee] is derived as follows:
Assume that the displacement function is given by

{u}=[N] {u_} (3)

where {u} is the vector of in-plane displacements and [N] is the shape
yree IN ]
where I is the 2x2 identity matrix. The Ni are defined as follows:
152D4

matrix. The shape matrix [N] may be given as [N] = [INl’ IN

N; = 3(legg;) (Lenn)) 4)

152D8

(i) Corner grid points Ni = %{1+££i)(1-+nni)(££i+nni—1)
(i1) E=#1, n=0 |

N.= 2(1+6£.) (1 - %)
(iii) £=0, netl ) )

1,2
Nk - '2'"(1"€ )(1+ka)

(5)

where i, j, k take on values of the grid point numbers.
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The membrane strains are given by:

{e}= T €y }=ﬁ y r

[N 0 N, O, ceeneN 0
0 N 0 P N
1}’ 2y ...... Q Nny {ue}
N N N N
| 1y 1x 2y N2x """" Nny Nnx_, (6)

where the x and y subscripts refer to partial derivatives of Nl""’

N, with respect to the x-and y-directions of the element coordinate
system. Note that these partial derivatives cannot be directly ob-
tained since the Nj functions are functions of the (g,n') coordinate

system. Therefore, we must define the Jacobean [J] as follows:

(%1 )
. X
:x}=l:N1 Ny ... N 0 0...0 .2
y 0 0 ...0 N N..N : (7)
17
7
Y2
\ Yn ]
x oy | R
3 3 N N, . ..
= | % Mg Mz e | | x, v,
x 3y L (8)
an on Nln N2n' ' Nnn . .
Xy
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Now, the necessary partial derivatives may be obtained as follows:

9x 3y
[ Nie } ) g BE Nix
N. - (9)
in ax 3y N,
on an Ly
or
NS, N
O B £ IR (10)
in iy
So
Nix
N.
=t 18 (1)
N. N,
iy in

If we now rewrite (6) as

{e} = [B]{ue}
then the usual energy considerations yield the stiffness matrix

1 1
(Kool =t/ ) [B]'[G_1[B] det[J] dEan (12)
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where
t is the element thickness

Ge is the material properties matrix
det [J] is the determinant of the Jacobean.

(It can be shown that det [J] dgdn=dxdy).

In NASTRAN the [Ge] matrix may be anisotropic so that the only

restriction is that it be symmetric. In the case of isotropy,

[ E vE ]
7 7 O
1-v 1-v 13
| uE E
[G ]| 0
v 1av2
| o 0 G_|

where the shear modulus G is G = E/2(1+v).

If anisotropic materials are used, the user specifies them with
respect to a particular orientation, which does not necessarily
correspond to the principal axes. The angle ® (see figures 2a and
2b) is an input parameter. The properties matrix in the material

coordinate system is transformed into the element coordinate system

by
[6.] = 176 ] [u]
E m
where
2 . 7
cos”8 51n29 cosfsing
_ . 2 2
[Ul=] sin“s cos“g -cosfsing (14)
2 . . 2 . 2
| _-<co0s6sing 2cosfsing cos“6-sin e_|
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. is the transformation matrix for the rotation of strain components.

The integration specified in equation (12) is performed numerically

using Gaussian quadrature. The stiffness matrix is approximated by

p |y

Kottty T AA[f(E

ee » n )] 15
2=1 m=1 &m L m (13)

where
A is the coefficient used in the quadrature and depends
on the number of quadrature points
p is the number of quadrature points
T
£ = [B] [G ][B]det[J]
. The number of quadrature points p used for the 1S2D4 element is 2 for

IS2D8, 2o0r 3. The number p may vary. As p increases, theoretically,
the solution improves. However, running times increase rapidly as p
increases. The values of p used for these elements appear to be very

satisfactory.

Finally, the stiffness matrix is transformed from the local
element coordinate system to the global coordinate system of the grid
points. If this transformation is given by

{u} = [T]{u b, (16)
then

(Kegh = (1171K__I[T] (17)

The consistent mass matrix for these planar elements is given by
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1
M) = e 7. 760N det [1dzan 18)

where p is the mass density. The appropriate transformation

gives [MGG].

The lumped mass matrix is formed by distributing the mass

proportionately among the grid points of the element. This matrix
is diagonal. The total mass for an element is PV, where V is the .
element volume, so that the mass applied to grid point i is
fn?
i
n
) fN",Z
j=1"
A load vector is produced by the thermal expansion of an element.

ptf%l ffl det[J]dedn. (19)

The thermal strain vector is

Ext

yt
t

{ed={ e ={am}(ti -T (20)

o
¥y

where {am} is the thermal expansion coefficient vector and t; is

the temperature at element grid point i, and T0 is the reference
temperature.

Then,

{Gt}= [Ge]{et} = [Ge]{am}(ti -T (21)

O)'
So, the load is
{p f; ‘t[f1 fl [B]Tdet[J]dgd 1[G J{o Ht:-Tp) (22)
e’ -1 °-1 n el O\ O)
Transformation to global coordinates
P =117} (23)
G e

completes the calculation.
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After the grid point displacements have been computed, element

stresses are computed as follows:

{ue}=[T] {ug} (24)

{€}=[B]{ue} (25)

{o}=[GM]{e—et} (26)
or

{0}=[Gy] [BI[T]{u }-[Gy] {o } (t; - Tj) (27)

By evaluating [B17 at the gauss quadrature points, stresses are
computed at these gauss points. Grid point stresses are computed
by extrapolating from the gauss points. This method appears to be
superior to computing grid point stresses directly. Also, the
number of gauss quadrature points used in computing the mass
matrix is one more than that used in computing the stiffness

matrix.
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5.13.2.2 Solid Elements

The two solid elements in NASTRAN are the IS3D8 and IS3D20 ele-
ments, which are connected to 8 and 20 grid points, respectively.
The sides of the IS3D8 element are linear; the sides of the IS3D20

element are parabolic., An IS3D8 element is shown in Figure 3.

Z
Y

Figure 3. IS3D8 Element
Many details in the derivations below are very similar to those

for the planar elements and will not be repeated.

If anisotropic material properties are to be specified for a
solid element, the user supplies a coordinate system number which
refers to a rectangular material coordinate system. The element
geometry 1is then transformed into this material coordinate
system, in which all calculations are made until the final
conversion to the global coordinate system.

Let u, v, w be the components of displacement in the material
coordinate system, parallel to the x-, y-, z-axes of that system,
respectively. Then the displacements of the grid points of the ele-

ment are represented by the vector

g = < ¢

<
NN N e e

{u }éj , (1)

=
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where n is 8 or 20, depending on the type of element. The shape

. functions Ni are as follows:
1S3D8
1
N;=g(1+£€,) (1+nn,) (1+2Z.) (2)
1S3D20
. . . B!
(i) Corner grid points Ni—§{1+g£i)(1+nni)(1+c§i)(ggi+nni+c;i-2)
. 1
(i1) £.=0 N.=r(1-£%) (1+nn.) (1+22.)
] J J J (3)
‘e _ 1 2
(iii) n,=0 Nk—z{1+E€k)(1-n )(1+€Ck)
(iv) z,=0 N =(1+€€,) (1+nn ) (1-2%)
L L4 2 '3
The shape matrix [N] may be represented as
[N]=[IN}, IN,,...IN ] (4)

where I is the 3X3 identity matrix. Then the displacement.function
. is given by

{u} =[N]{ue}

The strains are given by

€x 1 u
v
fy y
€, W
{e}= Y, b =y sy =[B]{ue} (5)

Yy y X
Yyz v+ wy
sz) Wy ¥4,

\

where
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[N 0 0 --- N 0 0
ix nx
0 le 0 - 0 Nrly
0 0 le -——- 0 0 N
[B]= nz 1 (6)
le Nix 0 =--- Nny Nox 0
0 Niz le T 0 Nz Nny
_Tle 0 Nix =~ Nnz 0 Nnx_J

The Jacobean [J] becomes

— o — — —

[ x ¥y &
A B e G e SRS W
ox 3y 9z | _ . . .
= 57 5 3117 Mnm Nan : : : (7)
X p) 9.
= oy Z ———
EEaA R "n “n_|
The stiffness matrix [Kee] then becomes
. 1 1 1 T .
[Kee]=f~1 f—l f_l [B] [Gm][B]det[J]dEdndc (8)

where [Gm] is the material properties matrix which, in the case of

isotropy, 1is:

[, » v 00 0]
1-v 1-v
1 = 0 o0 0
1 0 0 0
6] = E(1-v)
mi (1+v) (1-2v) ' (1-2v) 0 0 9)
2(1-v)
symmetric (1-2v) 0
2(1-v)

1-2v

2(1—v2j
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The approximation for the integration is

. p

P P
[Kee]m 251 m§1 nglAzAmAn[f(gz’nm’tn)] (10)

For IS3D8 elements p=2, for IS3D20 etements p=3. Finally, if
[T] is a transformation matrix from the material coordinate system

to the global coordinate system, then
[Ko1=1T1" [K_ 1 [T] (11)
GG ee

The consistent mass matrix is given by

1 1 1
M J=f S, 1, (N1T[N]det [J]dEdndg (12)

-1

The lumped mass matrix is’

1 1 1
[Mee]=pf_1 Iy I, det[J]dEdndg (13)

and the mass associated with grid point i is

2
i~
n

r N
j=1j ]

1
Pf_lﬁlﬁl det[J]dedndz

The load vector due to thermal expansion is

i
te_¥=1f, [5 S 1 Taeanazie 1o }(t-T) (14)

For completeness, the element stresses are, again,

(o)=16, 1 [BI[T] {u }~[G 1{e }(t;-T)

Grid point stresses are computed by first computing stresses at
gauss quadrature points and then extrapolating to the grid points.

Also, the number of gauss quadrature points used in computing
the mass matrix is one more than that used in computing the stiffness

matrix.
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5.13.3 Thermal Elements
The differential equation governing the behavior of the tem-

perature u is

9 Ju Ju

Tx Ky ax) ay(kyay) a7 (K7 *6-Cgp =0 (1)
where
kx’ ky’ kZ are the anisotropic conductivity coefficients
G is the rate of heat generation or external
heat input, and
C is the capacitance

In addition to specified temperatures on the boundaries, another
boundary condition might take the form

M -u )=
kxax Lx+ kYa Ly +kZaZ lz+q+Hc(u ua) 0 (2)

where
L., L., 8% are the direction cosines of the outward nor-

mal to the boundary surface

q is the heat flux per unit of surface
H, is the film coefficient for convection, and
u, is the ambient temperature for convection

If kx’ ky’ kZ are equal and q and o are zero, then equation (2)

reduces to a condition applicable to non-conducting boundaries

ou
3 0 (3)

By applying Euler's theorem in the calculus of variations, equation
(1) will be satisfied, subject to boundary condition (2), if and

only if the functional

Xerss [k Q%) %k (3“)2 k, 3%%}- (6-C3L)u)dxdydz ()

is minimized and if the boundary conditions (2) are satisfied.
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Zienkiewicz'states that boundary conditions (2) may be taken into

account by modifying equation (4) as follows:

1 du, 2 du, 2 du, 2 du
X=rrs [-2— {kX (—a—f) +ky(—a;-) +kz(-a—z-) - (G—C-é—t—)u] dXd)’dZ
+f_(q-H u_)udS+S lH u2dS 4")
B ca B2c¢

where the last two integrals are surface integrals taken over the
boundary on which conditions (2) are applied. (We will not be
too careful about the placement of the thermal coefficients He»
o, kx’ ..., etc. since these parameters are considered to be con-

stant within an element.)

Now assume, 85 in previous sections, that, for any element,
u=[N]{u_} (5)

where now,

[NJ=[N;, Ny ooy N,

{ue}= u ) and
Y2
u
n
n is the number of grid points associated with the element
then u
1

u=[N1, Nz, ""Nn] u, (6)

U
n

We now want to minimize the functional X with respect to all ui's
in the problem. We can do this by evaluating the contributions
. . 9 . .
to each differential, Séf’ from each element, adding, and equating
1 . .
to zero. If the contribution to X from an element is Xe, then,

differentiating equation (4')
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9X

e _ du 9
u. ‘fff[kx 3x ou,
1 1

ou du o Jdu du 9 u
G0 *ky —y'ga;'(§§ﬂ+kz Y 55; G3)

du, oJu
_(G—CE '53:] dXdde

ou ou
+fB(q—HCua) -3—1-.1—; dS+fBHCu 5-1.-1;_ ds

Now, substituting equation (6) into equation (7), we obtain

aX
e - v
55; —fff{kxNix[le,...y Nnx]+kyNiy[le,..., Nny]+kZNiz[le,...
dxdydz{ue}
Ju

e
-fffCNidxdydz+fffCNi[N1,...Nn]dxdydz 5T
+fB(q-cha)NidS+fBHCNi[Nl, cee Nn]dS{ue}

If all the contributions from an element are denoted by

(2
Ju
X ;
du ‘e - ﬁ : (
oX
€
\ aun /

then the notation can be reformulated to

ou

2y =k Ju B, ) (2} + ()

where

[Kee] is the element conduc tivity {stiffness) matrix

[Bee] is the element capacitance (damping) matrix, and

{Pe } is the vector of element loads.

(7)

» N1}

nz

(8)

)

(10)

Equating equation (10) to 0 and performing some manipulation yields,

for the entire problem,
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[B]{u}+[K]{u} =-{P}
Then,

¢ =TSk
53—2 (xNixij+kyNinjy+k.NizNjZ)dxdydz+EfBHcNideS

Bij=2fffCNidexdydz
and
Pi=-2ffﬂﬂiidxdydz+ZfB(q-HCua)NidS

where the summation covers the contributions from each element.
Finally, the matrices and vectors are assembled in exactly the

same way as in the structural problem.
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19. THERMAL TRANSIENT - STRUCTURAL STATICS COMBINATION

Thermal transient - Structural Statics Combination, Rigid Format 14,
is a combination of the analyses contained in Direct Transient Analysis,
Rigid Format 9, with modifications, and Static Analysis, Rigid Format 1.
In the transient analysis portion, the temperature history of the structure
is computed, taking account of such thermal conditions as radiation,
convection, flux, and heat generation. Then, a series of static analyses
will be performed using .as part of the static loading the equivalent
loads due to the temperature distribution at times selected by the user.

The finite elements allowed to be used in Rigid Format 14 are the
isoparametric elements IS3D4, IS3D8, IS3D8, and IS3D20, the surface
elements SURF1l, SURF4, and SURF8, and the BAR element. These elements
may have anisotropic, temperature-—dependent material properties in both
the thermal and structural analyses. Therefore, in the thermal transient
analysis, element conductence and capacitance matrices may be recomputed.
Recomputation of element matrices will also be performed if convection is

‘ specified.
A very simplified flow diagram of Rigid Format 14 is given in

Figure 1.
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Figure 1. Simplified Flow Diagram for Rigid Format 14
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19,1 THERMAL TRANSIENT ANALYSIS

‘ In thermal transient analysis, the governing differential
equation is a first order equation rather than the second order
equation governing the structural problem. Before the integration

algorithm is described, the thermal transient loads will be described.

19.1.1 Thermal Transient Loads
The following types of loading are available in a thermal
transient analysis:
Transient loads of the types discussed in Section 11.1
Nonlinear loads of the types discussed in Section 11.2

Convection from a surface to its surroundings

1
2
3
4. Radiation from a surface to its surroundings
5. Radiation from one surface to another surface
6. Internal heat generation
7. Heat flux
Of the new types of loading, convection, heat generation,
and heat flux were discussed in Section 5.13.3. An expansion
. of those remarks, as well as a discussion of the radiation loads,
will be presented here. (Equations (12} (13), and (14) in Section
5.13.3 include convection, heat generation, and heat flux.)
Convection loads are given by
Q=H_A(T-T ) ¢y
where
is the heat flow per unit time due to convection exchange

f o

is the film coefficient, which may be time dependent
is the area of the surface

is the temperature of the surface

- 3 > =

is the ambient temperature

Contribuiions of
HcffNideS (2)
are made to the (i,j)th entry of the conduction matrix for the

element. The contribution to the transient load vector from each

grid point defining the surface is

. BN H,Tof /N, dS (3)
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where Ni and Nj make up the element shape matrix [N]. (See Section
5.13.2.1.) (The integrals in equations (2) and (3) are surface
integrals, as are f/ds integrals in equations (8), (10), and (12).)

Internal heat generation loads are given by

Q=GV 4)
where
Q is the load to be applied
G is the heat generation per unit time, which may be tempera-
ture dependent, and

V is the element volume

For solid elements, the contribution from each grid point of the

element is

G(T;)SS/N,dxdydz (5)
while for planar elements, the contribution is

G(Ti)hffNidxdy (6)

where h is the element thitkness and T, is the temperature of grid point i.

Loads due to heat flux are given by
Q=qA (7)
where
Q is the load to be applied
q is the heat flux coefficient, which may be time dependent,and

A is the area

The contribution to the load vector from each grid point defining

the surface is

Jface)n,as (®)
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' The load due to radiation from a surface to its surroundings
is
q=ta(1*-1, %) (9)
where
Q is the net rate of radiation heat exchange between a
specified surface and its surroundings
H is the radiation factor, which may be temperature dependent
A is the area of the surface
T is the temperature of the surface, and

Tew is the ambient temperature, which may be time dependent.

The contribution to the load vector from a grid point defining

the surface is

4 4
~H(T,) (T -T,)) [N, ds

(10)
where Ti is the temperature of grid point i.
For radiation between two surfaces,
"I' 4 4
Q=HA1A2(Tl -T2 ) (11)

where
Q is the net rate of radiation heat exchange between surfaces
S1 and S2
H is the radiation factor, which may be temperature dependent
Al,A2 are the areas of S1 and Sz, respectively, and

Tl’TZ are the temperatures of S, and 52’ respectively.

1

The contribution to the load vector from a grid point defining surface

S1 is
(T ) (T, =T AN, dS (12)
i 1i 2772777
and, from surface SZ’ the contribution is
‘ H(T, )'(T14—T24)A1ffN.dS (13)
i i 1
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(In equations (2), (3), (8), (10), (12) and (13), the surface
integral S=/fdS is computed as follows.

S=f/VEG-F2dEdn (14)

ax 2 2 9z, 2

B=Gp) + GO+ G5 (15)
X dx  dy By, 8z 9z
F=5¢ on * 3¢ 3n " 3¢ n (16)
_(9Xy2  3y.2 9z, 2
=G+ GO+ G an
and - _
[ ox 9y 2z ﬂ ?ﬁﬂ (x oy A
€ 9E 9 dg dg
= (18)
a9y oz le dN
| dn  3n  on_| | dn dn _|
__xn yn Zn._.J
(Notation is the same as in Section 5.13.3)
19.1.2 Integration Algorithm
The system of differential equations to be solved is
[B-S + K]{u}={P} ey
dt ’

Although the coefficient matrices [B] and [K] may be functions of
time t and of the solution vector {u}, it is assumed that they
vary slowly so that they can be considered constant during any
one time step. The load vector {P} may be the sum of a time dependent
load {PT} and a non-linear load {PN}.

The solution algorithm begins with initial conditions pre-
scribed at time t;, and computes the solution at prescribed times
tss i=1, 2, 3,. . ..

If at time tos i=0, 1, 2, . . ., the solution {ui} is prescribed
or has been previously computed, the algorithm proceeds to compute

the solution {ui+1} at the following time t. ,. For the time
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increment Ati=ti+1_ti’ the solution of Equation (1) is

t.
1 = It i+l {P}dt + exp(—At[Ban]){ui} . 2)
i

{u

i+l

This is the value of the solution to be approximated.

The Approximation of the Solution {u}

Since the load vector is the sum of a time dependent load {PT}

that can be computed at t and t, 1417 and a non-linear load that is

computed only at ti’ the 1ntegra1 in Equation (2) is approximated

by

1
{ E{PTE+PT. )+Py 3 . (3)

i+l i

The matrix in exponential form from Equation (2) in a series

expansion,

3
[1]-at[B™1K]+ (At) B 1ky? - ié%%——-[s'lx]3+..., @

is equal, up to terms of order (At)z, to the expression

-1 t,-1

(B+ 22 k171 [B- 2 1] = [1+ A2 87Nk [1- A7k
2 2 2
(5)
2
=[11- eefp7lky+ B2 37l (At) (8™ 1k] %+
Thus an approximate solution in the form of the solution of
a system of linear algebraic equations is given by
[B+ K] { = [B- ——-K] {u } o+ [B+ K]{ (P +B )+PN } At
i+l i
(6)

This linear system is solved by a symmetric decomposition and forward-

backward substitution.
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