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INTRODUCTION

The User’s Manual is one of four manuals that constitute the documentation for NASTRAN, the

other three being the Theoretical Manual, the Programmer’s Manual and the Demonstration Problem

Manual. Although the User’s Manual contains all of the information that is directly associated

with the solution of problems with NASTRAN, the user will find it desirable to refer to the other

manuals for assistance in the solution of specific user problems.

The Theoretical Manual gives an excellent introduction to NASTRAN and presents developments of

the analytical and numerical procedures that underlie the program. The User’s Manual is

instructive and encyclopedic in nature, but is restricted to those items related to the use of

NASTRAN that are generally independent of the computing system being used. Computer-dependent

topics and information that is required for the maintenance and modification of the program are

treated in the Programmer’s Manual. The Programmer’s Manual also provides a complete description

of the program, including the mathematical equations implemented in the code. The Demonstration

Problem Manual presents a discussion of the sample problems delivered w!th NASTRAN, thereby

illustrating the formulation of the different types of prob’!emsthat can b~ solved with NASH?PN.

In addition to the four manual~ described above, there is also a NASTRAN User’s Guide that

serves as a handbook for users. It describes all of the NASTRAN features and options and

illustrates them by examples. Other excellent sources for NASTRAN-related topics are the

proceedings of the NASTRAN Users’ Colloquia (held normally every year) which provide a large body

of information based on user experiences with NASTRAN.

The User’s Manual has recently been completely revised and updated. With a view to facilitate

easier updating of the manual in the future to keep up with newer releases of NASTRAN, it has now

been divided into two volumes.

Volume I consists of seven sections dIldcontains all of the material that was in the old

single volume, except Section 3. This section has been re-arranged into four sections and forms

Volume II. In order to avoid confusion, Section 3 of Volume I does not contain anything other than

a reference to the new Volume II. Also, it should be noted here that, unless explicitly indicated

otherwise, all references to sections in each volume refer onl——.. —. —-—.. —....—.--... ......——.. y to sections in that volume,—.——.—--- —— ..——. .

NASTRAN uses the finite element approach to structural modeling, wherein the distributed

physical properties of a structure are represented by a finite number of structural elements which

are interconnected at a finite number of grid points, to which loads are applied and for which

displacements are’calculated. The procedures for defining and loading a structural model are
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described in Volume I, Section 1. This section contains a functional reference for every card that

is used for structural modeling.

The NASTRAN Data Deck, including the details for each of the data cards, is described in

Volume I, Section 2. This section also discusses the NASTRAN control cards that are associated

with the use of the program.

As mentioned earlier, Volume I, Section 3 does not contain anything other than a reference to

Volume II.

The procedures for using the NASTRAN plotting capability are described in Volume I, Section 4.

Both deformed and undeformed plots of the structural model are available. Response curves are also

available for static, transient response, frequency response, modal flutter and modal aeroelastic

response analyses.

NASTRAN contains problem solution sequences, called rigid formats, Each of these rigid

formats is associated with the solution of problems for a particular type of static or dynamic

analysis. in addition to the rigid format procedures, the user may choose to write his own Direct

Abstraction Program (DMAP), This procedure permits the user to execute a series of matrix

operations of his choice along with any utility modules or executive operations that he may need.

The rules governing the creation of DMAP programs are described in Volume I, Section 5.

The NASTRAN diagnostic messages are documented and explained in Volume I, Section 6. The

NASTRAN Dictionary, in Volume I, Section 7, contains descriptions of mnemonics, acronyms, phrases,

and other commonly used NASTRAN terms.

Volume II, Section 1 contains a general description of rigid format procedures. Specific

instructions and information for the use of each rigid format are given in Volume II, Sections 2, 3

and 4, which deal with the rigid formats associated with the DISPLACEMENT, HEAT and AERO

approaches, respectively.

There is a limited number of sample problems included in the User’s Manual. However, a more

comprehensive set of demonstration problems, at least one for each of the rigid formats, is

described in the NASTRAN Demonstration Problem Manual, The data decks are available on tape for

each of the computer systems on which NASTRAN has been implemented. Samples of the printer output

and of structure plots and response plots can be obtained by executing these demonstration

problems. The printer output for these problems is also available on microfiche.

ii (05/30/86)

Matrix

@

I



TABLE OF CONTENTS

Section Page No.

1. RIGID FORMATS

1.1 GENERAL DESCRIPTION OF RIGID FORMATS ........................................ 1.1-1

1.1.1 Input File Processor ................................................ 1.1-2

1.1,2 Functional Modules and Supporting DMAP Operations ................... 1.1-4

1.1.3 Checkpoint/Restart Procedures ....................................... 1.1-5

1.1.4 Types of Restarts ................................................... 1.1-7

1.1.4.1 Unmodified Restart ......................................... 1.1-8

1.1.4.2 Modified Restart ........................................... 1.1-8

1.1.4,3 Modified Restart with Rigid Format Switch .................. 1.1-10

1.1.5 Use of DMAPALTERs in Restarts ...................................... 1.1-10

1.1.6 Rigid Format Output ................................................. 1.1-11

1.1.7 Rigid Format Data Base .............................................. 1.1-13

1.1.7.1 Design of the Data Base .................................... 1.1-13

1.1.7.2 Implementation of the Data Base .......,.’................... 1.1-17

1.1.7,3 Usage of the Data Base ..................................... 1.1-17

1.1.7.4 Development of User Rigid Formats .......................... 1.1-18

1.1.7.5 Usage of User-Developed Rigid Formats ...................... 1.1-20

2. DISPLACEMENT RIGID FORMATS

2.1 STATIC ANALYSIS ..............0............,................................. 2.1-1

2.1.1

2.1.2

2.1.3

2.1.4

2.1,5

2.1.6

2.1.7

2.2 STATIC

2.2.1

2.2.2

2.2.3

2.2.4

DMAP Sequence for Static Analysis ................................... 2.1-1

Description of Important DMAP Operations for Static Analysis ........ 2.1-9

Output for Static Analysis .......................................... 2.1-16

Case Control Deck for Static Analysis ............................... 2.1-16

Parameters for Static Analysis .................4.................... 2.1-16

Automatic AI.TERsfor Automated Multi-stage Substructuring ........... 2.1-19

Rigid Format Error Messages from Static Analysis .................... 2.1-19

ANALYSIS WITH INERTIA RELIEF .......................0....0............ 2.2-1

DMAP Sequence for Static Analysis with Inertia Relief ............... 2.2-1

Description of Important DMAP Operations for Static Analysis
with Inertia Relief ...............,....,,.,......................... 2.2-6

Output for Static Analysis with Inertia Relief ...................... 2.2-11

Case Control Deck for Static Analysis with Inertia Relief ........... 2.2-11

iii (05/30/86)



TABLE OF CONTENTS (Continued)

Section Page No.

2.2.5 Parameters for Static Analysis with Inertia Relief ......,........... 2.2-11

2.2.6 Automatic ALTERs for Automated Multi-stage Substructuring ........... 2.2-13

2.2.7 Rigid Format Error Messages from Static Analysis
with Inertia Relief .........................................,....... 2.2-13

2.3 NORMAL MODES ANALYSIS ....................................................... 2.3-1

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

2,3.6

2.3.7

2.3.8

2.3.9

DMAP Sequence for Normal Modes Analysis ............................. 2.3-1

Description of Important DMAP Operations for Normal Modes Analysis .. 2.3-6

Output for Normal Modes Analysis ............,......................O 2.3-11

Case Control Deck for Normal Modes Analysis ......,.................. 2.3-13

Parameters for Normal Modes Analysis ................,.........,...,, 2.3-14

Optional Diagnostic Output for FEER .......,,.....,.................. 2.3-15

The APPEND Feature ............................................,..... 2,3-17

Automatic ALTERs for Automated Multi-stage Substructuring ........... 2.3-18

Rigid Format Error Ples$agesfrom Normal Modes Analysis .............. 2.3-18

2.4 STATIC ANALYSIS WITFIDIFFERENTIAL STIFFNESS .0...........,................... 2.4-1

2.4.1 DMAP Sequence for Static Analysis with
Differential Stiffness ...................................

2.4.2 Description of Important DMAP Operations for Static Analys
with Differential Stiffness ............0..,.,............

2.4.3 Output for Static Analysis with Differential Stiffness ...

2.4.4 Case Control Deck for Static Analysis with Differential St”

2.4.5 Parameters for Static Analysis with Differential Stiffness

2.4.6 Rigid Format Error Messaaes from Static Analysis with

. . . . . . . . . . 2.4-1

s
.......... 2.4-9

..,....... 2.4-17

ffness.... 2.4-18

.......... 2.4-18

Differential Stiffness -.............................................. 2.4-19

2.5 BUCKLING ANALYSIS .,.........,...................,........................... 2.5-1

2.5.1 DMAP Sequence for Buckling Analysis ................................. 2.5-1

2.5.2 Description of Important DMAP Operations for Buckling Analysis ...... 2.5-7

2.5.3 Output for Buckling Analysis ................,....0...............,.. 2.5-13

2.5.4 Case Control Deck for Buckling Analysis ............................. 2.5-13

2.5.5 Parameters for Buckling Analysis ......................0............, 2.5-14

2.5.6 Optional Diagnostic Output for FEER ........................,...,..,. 2.5-14

2.5.7 Rigid Format Error Messages from Buckling Analysis .........,........ 2.5-15

2.6 PIECEWISE LINEAR STATIC ANALYSIS ...........,................................ 2.6-1

2.6.1 DMAP Sequence for Piecewise Linear Static Analysis .................. 2.6-1

iv (05/30/86)



TABLE OF CONTENTS (Continued

Section

●

2.7

2.8

2.9

Page No.

2.6.2 Description of Important DMAP Operations for Piecewise Linear
Static Analysis ,.............,...0.........,.....0....,............. 2.6-7

2.6.3 Output for Piecewise Linear Static Analysis ......................... 2.6-13

?.6.4 Case Control Deck for Piecewise Linear Static Analysis .............. 2.6-13

2.6.5 Parameters for Piecewise Linear Static Analysis ..................... 2.6-13

2.6.6 Rigid Format Error Messages from Piecewise Linear Static Analysis ... 2.6-14

DIRECT COMPLEX EIGENVALUE ANALYSIS .,........................................ 2.7-1

2.7.: DMAP Sequence for Direct Complex Eigenv.1

?,7.2 Description of Important DMAP Operations
Eigenvalue Analysis ....,....,..........

2.7.3 output for Direct Complex Eigenvalue ha’

reanalysis ................ 2.7-I

for Direct Complex
............................ 2.7-7

ysis ,.,.,..,..........,., .. 2.7-13

2,7.4 Case Contro”lDeck for Direct Complex Eigenvalue Analysis ............ 2.7-15

2.7.5 Parameters for Direct Complex Eigenvalu: Al:alysis................... ?.7-1.6

2.7.6 Rigid Format Error Messages frpm !~irectComplex EigenYalue Analysis . ?.7-17

DIRECT FREQUENCY AND RANDOM RESp~NSE ......................... ...!.......... 2.8-1

2.8.1 DMAP Sequence for Direct Frequency and Random Response ?.G-l..............

2.8.2 Description of Important DMAP Operations for Direct Frequency and
Random Response ..........,....................-....... ............. 2.8-9

2.8.3 Output for Direct,Frequency and Random Response ..................... 2.8-16

2.8.4 Case Contro”lDeck,for Direct Frequency and Random Response .......... 2.8-16

2.8.5 Parameters for Direct Frequency and Random Response ................. 2.8-17

2.8.6 Automatic ALTERs for Automated Multi-stage Substructuring ........... 2.8-18

2.8.7 Rigid Format Error Messages from Direct Frequency
and Random Response ..............................0.............,.... 2.8-18

DIRECT TRANSIENT RESPONSE .......,........................................... 2.9-1

2.9.1

2.9.2

2.9.3

2.9.4

2.9.5

2.9.6

2.9.7

2.9,8

DMAP Sequence for Direct Transient Response ......................... 2.9-1

Description of Important DMAP Operations for Direct
Transient Response ..............................o....*o.......*.””. 2“9-8

Output for Direct Transient Response ................................ 2,9-15

Case Control Deck for Direct Transient Response ...................“. 2.9-:.5

Parameters for Direct Transient Response ............................ 2.9-16

The CONTINUE Feature ........0..,.....,.........,.................... 2.9-17

Automatic ALTERs for Automated Multi-staSe Substructuring ........... 2.9-18

Rigid Format Error Messages from Direct

V (05/30/86)

Transient Response .......... 2.9-18



TABLE OF CONTENTS (Continued)

. .
>ecrlon ~

2.10 MODAL COMPLEX EIGENVALUE ANALYSIS ........................................... 2.10-1

2.10.1

2.10.2

2.10.3

2.10.4

2.10.5

2.10.6

2.10.7

2.10.8

DMAP Sequence for Modal Complex Eigenvalue Analysis ................. 2.10-1

Description of Important DMAP Operations for Modal Complex
Eigenvalue Analysis ...........,............................,........ 2.10-7

Output for Modal Complex Eigenvalue Analysis ...............,........ 2.10-13

Case Control Deck for Modal Complex Eigenvalue Analysis .........,... 2.10-13

Parameters for Modal Complex Eigenvalue Analysis .................... 2,10-13

Optional Diagnostic Output for FEER ......,........,..,.,............ 2.10-14

The APPEND Feature .................0..................,............, 2.10-15

Rigid Format Error Messages from Modal Complex Eigenvalue Analysis ,. 2.10-15

2.11 MODAL FREQUENCY AND RANDOM RESPONSE ...................,“.e....,..........,.. 2.11-1

2.11.1

2.11.2

2.11.3

2.11.4

2.11.5

2.11.6

2.11.7

2.11.8

DMAP Sequence for Modal Frequency and Random Response ............... 2.11-1

Description of Important DMAP Operations for Modal Frequency and
Random Response .....,,............,.,.................,.,,.......,.. 2.11-9

Output for Modal Frequency and Random Response ...........,.......... 2.11-17

Case Control Deck for Modal Frequency and Random Response ........... 2.11-17

Parameters for Modal Frequency and Random Response ........,....,.... 2,11-17

Optional Diagnostic Output for FEER ..........,.,....,....,.......... 2,11-18

The APPEND Feature .........................,.......,.......,,.....,. 2.11-19

Rigid Format Error Messages from Modal Frequency
and Random Response ...,.,,.............,.....................,....., 2.11-19

2.12 MODAL TRANSIENT RESPONSE .....................0..,.......,.,...,.,,..,,....,. 2,12-1

2.12.1

2.12,2

2.12.3

2.12.4

2.12.5

2.12.6

2.12.7

2.12.8

2.12.9

DMAP Sequence for Modal Transient Response ............,.....,.,..,.. 2.12-1

Description of Important DMAP Operations for Modal
Transient Response ...................,....,...,.....,............... 2.12-8

Output for Modal Transient Response ...........,,...,......,.,.....,, 2.12-15

Case Control Deck for Modal Transient Response ......,......,......,. 2.12-15

Parameters for Modal Transient Response .....,.............,.....,... 2,12-15

Optional Diagnostic Output for FEER ......,....,,..,...,,...,........ 2,12’-17

The APPEND Feature ..,................,.......,.....,.....,.......... 2.12-17

The CONTINUE Feature ....,......................,......,..,......,,.. 2,12-17

Rigid Format Error Messages from Modal Transient Response ........... ?!.12-1.7

2.13 NORMAL MODES WITH DIFFERENTIAL STIFFNESS .,

2.13.1 DMAP Sequence for Normal Modes with

vi (05/30/86)

?,~~-1.....................,. ,,,......>

Differential Stiffue$s ..,, ..,. “~,13-!

I



TABLE OF CONTENTS (Continued)

Section

2.13.2

2,13.3

2.13.4

2.13.5

2.13.6

2.13.7

2.1.3

2.14 STAT

2.14

c

1

2.14.2

2.14.3

2.14.4

2.14,5

2.14.6

Page No.

Description of Important DMAP Operations for Normal Modes with
Differential Stiffness ............,.............0................... 2.13-8

Output for Normal Modes with Differential Stiffness ................. 2.13-16

Case Control Deck for Normal Modes with Differential Stiffness ...... 2.13-16

Parameters for Normal Modes with Differential Stiffness ............. 2.13-17

Optional Diagnostic Output for FEER ................................. 2.13-18

The APPEND Feature ......................,..........................c 2.13-18

Rigid Format Error Messages from Normal Modes with
Differential Stiffness .............................................. 2.13-18

ANALYSIS USING CYCLIC SYMMETRY ..............,........................ 2.14-1

DMAP Sequence for Static Analysis Using Cyclic Symmetry ............. 2.14-1

Description of Important DMAP Operations for Static Analysis Using
Cyclic Symmetry ,.......0...................,........................ 2.14-7

Output for Static Analysis Using Cyclic Symmetry ......,............. 2.14-12

Case Control Deck for Static Analysis Using Cyclic’Symmetry .........2.14-12

Parameters for Static Analysis Using Cyclic Symmetry ................ 2.14-12

Rigid Format Error Messages from Static Analysis Using
CyiilicSymmetry ..........................................+.......... 2.14-14

2.15 NORMAL MODES ANALYSIS USING CYCLIC SYMMETRY ................................. 2.15-1

2.15.1

2.15.2

2.15.3

2.15.4

2.15.5

2.15.6

2.15.7

2.15.8

DMAP Sequence for Normal Modes Analysis Using Cyclic Symmetry ....... 2.15-1

Description of Important DMAP Operations for Normal Modes Analysis
Using Cyclic Symmetry ...............,............................... 2.15-6

Output for Normal Modes Analysis Using Cyclic Symmetry .............. 2.15-10

Case Control Deck for Normal Modes Analysis Using Cyclic Symnetry ... 2.15-10

Parameters for Normal Modes Analysis Using Cyclic Symmetry .......... 2.15-10

Optional Diagnostic Output for FEER ................................. 2.15-12

The APPEND Feature .....0..........0................................. 2.15-12

Rigid Format Error Messages from Normal Modes Analysis Using --- .-
Cyclic Symmetry .,.................0.........0....................... Z.15-lZ

?.1.6 (STATIC AEROTHERMOELASTIC DESIGN/ANALYSIS OF AXIAL-FLOW COMPRESSORS .......... 2.16-1

‘2.16.1

?,16.2

2.16.3

DMAP Sequence for Static Aerothermoelastic Design/Analysis of
Axial-Flow Compressors o............................................. 2.16-1

Description of Important DMAP Operations for Static
Aerothermoelastic Design/Analysis of Axial-Flow Compressors ......... 2.16-10

Output for Static Aerothermoelastic Design/Analysis of Axial-Flow
Compressors ......................................................... 2.16-19

vii (05/30/86)



TABLE OF CONTENTS (Continued)

Section

2.16.4

2.16.5

2.16.6

Page No,

Case Control Deck for Static Aerothem,~elastic Design/Analysis of
Axial-Flow Compressors .............................................. 2.16-20

Parameters for Static Aerothermoelastic Design/Analysis of Axial-
Flow Compressors ......,..................#.......................... 2.16-20

Rigid Format Error Messages from Static Aerothermoelastic Design/
Analysis of Axial-Flow Compressors ...,.............................. 2.16-22

3. HEAT RIGID FORMATS

3.1 STATIC HEAT TRANSFER ANALYSIS ...,..,...................,.................... 3.1-1

3.1,1

3.1.2

3.1.3

3.1.4

3.1.5

3.1.6

DMAP Sequence for Static Heat Transfer Analysis ..................... 3.I-1

Description of Important DMAP Operations for Static Heat
Transfer Analysis ...................................,............... 3.1-6

Output for Static Heat Transfer Analysis ......................,...,. 3.1-11

Case Control Deck for Static Heat Transfer Analysis .....

Parameters for Static Heat Transfer Analysis ,.....,0....

Rigid Format Error Messages from Static Heat Transfer Aria’

3,2 NONLINEAR STATIC HEAT TRANSFER ANALYSIS ....,.,.....,.............

........... 3.1-11

........... 3.1-11

ysis ...... 3.1-12

. . . . . . . . . . . 3.2-1

3.2.1 DMAP Sequence for Nonlinear Static Heat Transfer Analysis ........... 3.2-1

3.2.2 Description of Important DMAP Operations for Nonlinear Static Heat
Transfer Analysis ...........,............,.......................... 3.2-5

3.2.3 Output for Nonlinear Static Heat Transfer Analysis .................. 3.2-8

3.2.4 Case Control Deck for Nonlinear Static Heat Transfer Analysis ....... 3.2-8

3.2.5 Parameters for Nonlinear Static Hiat Transfer Analysis .............. 3.2-8

3.2.6 Rigid Format Error Messages from Nonlinear Static Heat
Transfer Analysis ............................,..,................,.. 3.2-9

3.3 TRANSIENT HEAT TRANSFER ANALYSIS ............................................ 3,3-1

3.3.1 DMAP Sequence for Transient Heat Transfer Analysis .................. 3.3-1

3.3.2 Description of Important DMAP Operations for Transient Heat Transfer
Analysis .........,...............,...................,........,,..,. 3.3-7

3,3.3 Output for Transient Heat Transfer Analysis ......................... 3.3-13

3.3.4 Case Control Deck for Transient Heat Transfer Analysis .............. 3.3-13

3.3.5 Parameters for Transient Heat Transfer

3.3.6 Rigid Format Error Messages from Trans

4. AERO RIGID FORMATS

4,1 BLADE CYCLIC MODAL FLUTTER ANALYSIS ..........

Analysis ..................... 3.3-14

ent Heat Transfer Analysis ... 3,3-14

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.1-1

4.1.1 DMAP Sequence for Blade Cyclic Modal Flutter Analysis ............... 4.1-1

viii (05/30/86)



Section

4.1.2

4.1.3

4.1.4

4.1.5

4.1.6

4.1.7

4.1.8

TABLE OF CONTENTS (Continued)

Page No.

Description of Important DMAP Operations for Blade Cyclic Modal
Flutter Analysis .................................................... 4.1-9

Output for Blade Cyclic Modal Flutter Analysis ...................... 4.1-17

Case Control Deck for Blade Cyclic Modal Flutter Analysis ........... 4.1-17

Parameters for Blade Cyclic Modal Flutter Analysis .................. 4.1-18

Optional Diagnostic Output for FEER ................................. 4.1-20

The APPEND Feature .............,.................................... 4.1-20

Rigid Format Error Messages from Blade Cyclic Modal Flutter ----
Analysis ................0........................................... 4.1-ZU

4.2 MODAL FLUTTER ANALYSIS ...................................................... 4.2-1

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

DMAP Sequence for Modal Flutter Analysis ............................ 4.2-1

Description of Important DMAP Operations for Modal Flutter Analysis . 4.2-8

Output for Modal Flutter Analysis ................................... 4.2-16

Case Control Deck for Modal Flutter Analysis ........................ 4.2-17

Parameters for Modal Flutter Analysis ............................... 4.2-17

Optional Diagnostic Output for FEER ................................. 4.2-18

The APPEND Feature .................................................. 4.2-18

4.2.8 Rigid Format Error Messages from Modal Flutter Analysis ............. 4.2-18

4.3 MODAL AEROELASTIC RESPONSE ...................:.............................. 4.3-1

4.3.1 DMAP Sequence for Modal Aeroelastic Response ........................ 4.3-1

4.3.2 Description of Important DMAP Operations for Modal Aeroelastic
Response ............................................................ 4.3-8

4.3.3 Output for Modal Aeroelastic Response ............................... 4.3-16

4.3.4 Case Control Deck for Modal Aeroelastic Response .................... 4.3-17

4.3.5 Parameters for Modal Aeroelastic Response ........................... 4.3-17

4.3.6 Optional Diagnostic Output for FEER ................................. 4.3-19

4.3.7 The APPEND Feature .................................................. 4.3-19

4.3.8 Rigid Format Error Messages from Modal Aeroelastic Response ......... 4.3-19

ix (05/30/86)



1. RIGID FORMATS

1.1 GENERAL DESCRIPTION OF RIGID FORMATS

The most general way of using NASTRAN is with a user-written Direct Matrix Abstraction

Program (DMAP). This procedure permits the user to execute a series of matrix operations of his

choice along with any utility modules or executive operations that he may need. The user may even

choose to write a module of his own. The rules governing all of these operations are described in

Volume I, Section 5.

In order to relieve the user of the necessity of constructing a DMAP sequence for each of his

problems, a number of such sequences, called rigid formats, have been included with NASTRAN, All

of these rigid formats are resident on a data base called the Rigid Format Data Base, whfch is

described in detail in Section 1.1.7. Each rigid format in this data base consists of a DMAP

sequence and the associated restart tables. These restart tables are automatically used by the

program to modify the series of DMAP operations to account for any changes that are made in any

part of the Data Deck when making a restart, after having previously run all, or a part, of the

problem. Without such tables, the user would have to carefully modify his DMAP sequence to account

for the conditions surrounding each restart. The chances for error in making these modifications

for restart are very great. The restart tables not only relieve the user of the burden of

modifying his DMAP sequence, but also assure him of a correct and efficient program execution.

In addition to the DkiAPsequence provided with each rigid format, a number of options are

available, which are subsets of each complete DMAP sequence. Subsets are selected by specifying

the subset numbers (zero for the complete DMAP sequence) along with the rigid format number on the

SOL card in the Executive Control Deck. See the description of the SOL card in Volume I, Section

2.2 for the list of available subsets.

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 2.2. Typical uses

are to schedule an EXIT prior to completion, in order to check intermediate output, schedule the

printing of a table or a matrix for diagnostic purposes, and to delete or add a functional module

to the DMAP sequence. (The manner in which DMAP ALTERs are handled in restarts is discussed in

Section 1.1.5.) The user should be familfar with the rules for DMAP programing, as described in

Volume I, Section 5, prior to making ALTERs to a rigid format.

The following rigid formats for structural analysis are currently included in NASTRAN:

1. Static Analysis
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2. Static Analysis with Inertia Relief

3. Normal Modes Analysis

4. Static Analysis with Differential Stiffness

5. Buckling Analysis

6. Piecewise Linear Static 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 Analysis with Differential Stiffness

14. Static Analysis with Cyclic Synnnetry

15. Normal Modes Analysis with’Cyclic Symmetry

16. Static Aerothermoelastic Design/Analysis of Axial-Flow Compressors

The following rigid formats for heat transfer analysis are included in NASTRAN:

1. Linear Static Heat Transfer Analysis

3. Nonlinear Static Heat Transfer Analysis

9. Transient Heat Transfer Analysis

The following rigid formats foraeroelastic analysis are included in NASTRAN:

9. Blade Cyclic Modal Flutter Analysis

10. Modal Flutter Analysis

11. Modal Aeroelastic Response

1.1.1 Input File Processor

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 operations 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 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 is divided into five parts, The first

part (IFP1) processes the Case Control Deck, the second part (IFP) processes the Bulk Data Deck,
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the third part (IFP3) performs additional processing

RIGID FORMATS

of the bulk data cards associated with the

a conical shell element, and the fourth part (IFP4) performs additional processing of the bulk data

cards associated with the fluid element. The fifth section (IFP5) processes data related to

acoustic cavity analysis.

IFP1 processes the Case Control Deck and creates the Case Control Data Block (CASECC), the

Plot Control Dat~ Block (PCDB), and the XY-Plot Control Data Block (XYCDB). IFP1 also examines all

of the cards, except those associated with plotting, for errors in format or use. If errors are

detected, they are classed as either fatal or warning, and suitable error messages are provided.

Reference to Volume I, Section 2.3 will assist the user in correcting errors in the Case Control

Deck. If the error is fatal, the Executive System will not allow the execution to continue beyond

the completion of the Preface.

The Bulk Data Deck is sorted in the Preface, if necessary, before the execution of the second

part of the Input File Processor. IFP checks all of the bulk data cards for errors according to

the rules given for each card in Volum(iI, Section 2.4. If errors are detected, suitable messages

are provided to the user. If the erlor is classed as fatal, the Executive System will not allow

the execution to continue beyond the completion of the Preface. IFP creates the data blocks that

are input to the various part of the Geometry Processor (GEOMl, GE!3M2,GE@M3 and GE@M4), the

o Element Properties Table (EP?’),the Material Properties Table (MPT), the Element Deformation Table

(EDT), and the Direct Input Table (DIT).

The third part of the Input File Processor (IFP3) converts the information on the special

conical shell cards (CCONEAX, CTRAPAX, CTRIAAX, F!3RCEAX,M!3MAX,MPCAX, OMITAX, PCONEAX, P@INTAX,

PRESAX, PTRAPAX, PTRIAAX, RINGAX, SECTAX, SPCAX, SUPAX, and TEMPAX) to reflect the number of

harmonics specified by the user on the AXIC card. This converted information is added to any

existing information on data blocks GEfJMl,GEk3M2,GE!3M3and GE!3M4.

The fourth part of the input file processor (IFP4) converts the information on the fluid-

related cards (AXIF, BDYLIST, CFLUID2, CFLUII13,CFLUID4, DMIAX, FLSYM, FREEPT, FSLIST, GRIDB,

PRESPT, and RINGFL) to reflect the desired harmonics, bolmdaries, and matrix input. This converted

information is added to GEOMl, GE@M2, GE0M4 and MATP!30L.

The fifth part of the input file processor (IFP5) converts the information on the acoustic

cavity related cards (AXSi.OT,CAXIF2, CAXIF3, CAXIF4, CSL0T3, CSL0T4, GRIDF, GRIDS, and SLBDY) to

equivalent structural scalar points, elements, scalar springs and plotting elements. This

converted information is added to the GEflMl

1.

and GE0M2 data blocks.
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1.1.2 Functional Modules and Supporting DMAP Operations

The DMAP listings of the rigid formats currently included with NASTRAN are presented in the

following sections. Following each listing are subsections that deal with the following items for e

each rigid format:

1. Brief description of important DMAP operations for the rigid format

2. Output available from the rigid format

3. Case Control Deck setup for the rigid format

4. Parameters used in the rigid format

5. Automatic ALTERs for Automated Multi-stage Substructuring (if applicable to the rigid

format)

6. Rigid format error messages

7. Any other features peculiar to the rigid format

Descriptions of all major functional modules are given in the Programmer’s Manual.

Additional information is also given in the Theoretical Manual. Descriptions of all other NASTRAN

modules are given in Volume I, Section 5.

The modules in the following list appear repeatedly in the rigid formats. Since the purpose

of these operations in a rigid format is obvious, they are generally omitted from the descriptions

of the DMAP operations in the following sections.

given in Volume I, Section 5.

1. BEGIN indicates the beginning of the DMAP

More complete descriptions of these modules are

●
sequence constituting the rigid format.

2. END indicates the end of the DMAP sequence constituting the rigid format
~mal termination when executed.

3. _FILE makes declarations relative to a particular file.

ABC = TAPE states that file ABC will be assigned as a sequential file.

DEF = APPEND states that file DEF may be extended as the result of an
in the rigid format.

GHI = SAVE states that file GHI should not be dropped after use as it
for subsequent executions of an interna~oop.

4, LABEL specifies a labeled point in the sequence of DMAP instructions.
referenced by REPT, JUMP and CI?JNDinstructions.

5. PARAM performs specified operations on integer DMAP parameters.

and causes a

internal loop

may be needed

Labels are

6. PRECHK actuates the automatic generation of explicit CHKPNT instructions. (PRECHK ALL
Immediately and automatically CHKPNTS all output data blocks from each functional module,
all data blocks mentioned in each PURGE instruction and all secondary data blocks in each
EQUIV instruction.)* The CHKPNT instruction specifies a list of files to be written on

% The only exceptions to
output in substructure

this are the CASESS, CASEI and CASECC data blocks appearing as
analyses.
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the new problem tape (NPTP), including files that may have been purged, either because
they were not generated in this particular execution or were explicitly purged with a
PURGE instruction.

7. PURGE specifies the names of files that.are conditionally dropped based on the parameter
named.

1.1.3 Checkpoint/Restart Procedures

The checkpoint/restart feature available in NASTRAN is a very sophisticated and useful

capability. The purpose of ttlisfeature is to enable a user to checkpoint a NASTRAN run and then

restart it (with or without changes in data) by executing only those modules that need to be

executed for the restart.

There are several situations in which the use of the checkpoint/restart feature may be

desirable. Some of these are listed below:

1. The user may wish to perform his analysis task in two or more stages by specifying
scheduled exits in one or more runs.

2. The user may want to ensure that unscheduled exits (resulting from such causes as data
errors, insufficient timej ii;suffic,ientcore or hardware failures) will not require him
to repeat his entire analysis.

3. The user may wish to rerun his problem by making limited changes in his data.

Scheduled exits can be requested at any point in a rigid format by means of the ALTER

feature. (The manner in which ALTERs are handled in restarts is discussed in Section 1.1.5). An

exit is scheduled by insertirl~the following cards in the Executive Ccmtt’olDeck:

ALTER K1 $

EXIT K2 $

ENDALTER $

where K1 = DMAP statement number after which exit will take place

and K2 = Number of times EXIT instruction will be skipped before
zero, For use with loops, where the user wishes to execute
scheduling the exit.

If the user chooses to restart the problem without making any changes,

execute an unmodified restart following the last completed checkpoint.

Unscheduled exits are usually caused by errors on input cards or

I~eing executed - default is
the loop K2 times before

the Executive Systerrjwill

errors in the structural

model resulting from missing or inconsistent input data. When such errors are detected, an

unscheduled exit is performed accompanied with the olutputof the applicable user error messages.

Following the correction of the input data errors, a modified restart can be performed.
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Unscheduled exits may also occur because of machine failure or insufficient time allowance.

In these cases, an unmodified restart is usually made following the last completed checkpoint. In

some cases, where a portion of the problem has been completed, including the output for the

completed portion, a modified restart must be made following an unscheduled exit due to

insufficient time allowance. These situations are discussed under Case Control Deck requirements

in the sections dealing with the individual rigid formats.

The initial execution of any problem must be made with a complete NASTRAN Data Deck,

including all of the bulk data. However, all or part of the bulk data may be assembled from

alternate input sources, such as the User’s Master File or a module written by the user to generate

input. The User’s Master File is described in Volume I, Section 2.5

discussed in Volume I, Section 2,6.

For restarts, the Bulk Data Deck consists only of delete cards

and new cards which the user wishes to add. The previous Bulk Data

and user generated input is

(see Volume I, Section 2.4)

Deck is read from the Old

Problem Tape. All other parts of the NASTRAN Data Deck, including the Executive Control Deck, the

Case Control Deck, the BEGIN BULK card and the ENDDATA card must be resubmitted even though no

changes are made in the control decks and no new bulk data is added. In addition, the RESTART

cards (or dictionary) punched during the previous execution must be included in the Executive

Control Deck. When changing rigid formats, the solution number

of the new rigid format.

A New Problem Tape (NPTP) is constructed only when checkpo

S@L) must be changed to the number

nting is requested (CHKPNT YES) in

the Executive Control Deck. The NPTP should be assigned to a physical tape or other storage device

that can be dismounted and saved at the conclusion of the execution. At the completion of an

initial execution, the NPTP contains the input deck, with the bulk data in sorted form, and all of

the files that were checkpointed during the execution.

For restarts, the Old Problem Tape (13PTP)is defined as the Problem Tape that was written

during the previous execution. The NPTP is defined as the Problem Tape written during the current

execution, beginning with the restart. At the completion of an unmodified restart, the NPTP

contains the input deck, with the bulk data in sorted form, all files from the OPTP that are

necessary to complete the solution, and all of the files checkpointed during the current executicn.

At the completion of a modified restart, the NPTP is similar, except that the inFut deck is

modified according to the information shbmitted for the restart.
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Types of Restarts

●
The type of a restart is determined automatically by the program by comparing the input data

of the restart run with that of the checkpoint run. The user need not be concerned about the

manner in which this is done, but may be interested in knowing the resulting type.

The types of restarts presently recognized in NASTRAN are summarized in the following table.

Types of Restarts in NASTRAN

In earlier

Restart data
compared to
checkpoint
data

No effective
changes

Effective
changes only
to the Case
Control Deck
andlor the
Bulk Data
Deck

Change in
rigid format

Resulting type
of restart

e

Unmodified Yes
restart

Modified Yes
restart

Modified restart Yes
with rigid
format switch

I

mment

DMAP

Yes

Yes

No

~ersions of NASTRAN, an additional type of restart, called the pseudo modified

restart, was recognized for cases involving changes only in output requests. This is no longer

done since it is now handled as a special case of the modified restart.

The manner in which a restart is handled by the program depends on its type and on its

environment (rigid format or DMAP environment). This is discussed in the following sections.

An important term that is frequently encountered in the following discussion is the reentry

point for a, restart. This is defined as the last reentry point specified in the restart

dictionary. It is an integer equal to the instruction number of the DMAP instruction in the

checkpoint run at which an unmodified restart will resume execution. (See Volume I, Section 2.2.)
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1.1.4.1 Unmodified Restart

An unmodified restart involves no effective changes to the data. The execution in this type

of restart resumes at the reentry point. Unmodified restarts in both rigid format and DMAP e

environments are handled in an identical manner.

It is useful to distinguish between two types of unmodified restarts. These are described

below.

- Unmodified restart in which the reentry point is not within a DMAP loop

This is the simplest type of restart possible. In this case, the execution flags for all DMAP

instructions prior to the reentry point are turned off and the execution flags for all DMAP

instructions from the reentry point onwards are turned on. All input files or data blocks required

for the restart already exist on the J3PTPand will be retrieved.

- Unmodified restart in which the reentry point is within a DMAP loop.

In this case, initially, the execution flags for all DMAP instructions prior to the reentry point

are turned off and the execution flags for all DMAP instructions from the reentry point onwards are

turned Gn. This is so indicated in the DMAP source listing. However, subsequently, the DMAP

instructions prior to the reentry point and within the DMAP loop are recognized and their execution

flags are turned on. The user is informed about this in the output. Note, however, that the

execution does resume at the reentry point, even though DMAP instructions prior to this point are

turned on. DMAP instructions within the DMAP loop and prior to the reentry point are executed only o

if additional passes in the loop need to be executed. If the restart is within the last pass of

the DMAP loop, obviously DMAP instructions within the loop and prior to the reentry point are not

executed even though their execution flags are on.

All input files or data blocks required by the restart already exist on the OPTP and will be

retrieved.

1.1.4.2 Modified Restart

This type of restart involves one or more effective changes to the data in the Case Control

Deck and/or in the Bulk Data Deck,

The heart of the restart logic for modified restarts in the rigid format environment is the

Modu”leExecution Decision Table (MEDT) associated with each rigid format. The MEDT for each rigid

furmat dciually comprises three distinct tables. These are the Card Name Restart Table, the Rigid

~crmat Change Restart Table and the File Name Restart Table associated with that rigid format.

fr{.ue discussion in Section 1.1.7. See also Sections 1.10 and 7 of the Programmer’s Manual.)
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In the case of modified restarts

DESCRIPTION OF RIGID FORMATS

in the rigid format environment, all DMAP instructions from

the reentry points onwards have their execution flags turned on. In addition, this type of restart

generally requires that certain DMAP instructions prior to the reentry point also be turned on,

depending on the specific data changes involved. The DMAP instructions that need to be so turned

on are determined from the Card Name Restart Table. The DMAP source listing provided in the output

indicates all the DMAP instructions whose execution flags are initially turned on by the above

procedure.

Once the DMAP instructions are initially turned on as described above, the program checks to

see if all of the required input data blocks are either being generated by prior modules or are

available on the 13PTPfor retrieval. If so, no additional DMAP instructions need to be turned on.

If, however, there are any input data blocks that are neither being generated by prior modules nor

are available on the OPTP, the program needs to turn on additional DMAP instructions in order to

generate the required data blocks. The DMAP instructions that need to be so turned on are

determined from the File Name Restart Table.

After the additional DMAP instructions are turned on as described in the above paragraph, the

process is repeated until it is ensured that all of the required input data blocks are either being

generated by prior modules or can be retrieved from @PTP.

All the DMAP instructions that are turned on as per the above logic (by the use of the Fil”e

Name Restart Table) are identified and listed in the restart output just after the DMAP source

listing.

It should be noted that the execution in a modified restart will start at the first module in

the DMAP sequence whose execution flag is turned on. Generally, this is before the reentry point.

In the case of modified restarts in the DMAP environment, the effect of changes in the Case

Control Deck and/or in the Bulk Data Deck on particular modules cannot be determined since the DMAP

itself is, by definition, not predefine. (An MEDT is meaningless for a DMAP.) Hence, it is

assumed that the changes will affect the entire DMAP which, therefore, needs to be re-executed.

This is accomplished in the program by re-setting the reentry point to zero-and treating this case

as an unmodified restart. This causes the entire DMAP to be re-executed.

Those input files or data blocks that are needed for the restart and that are available on

the jlPTPare retrieved, just as it is done in the caseof modified restarts in the rigid format

environment.
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1.1.4.3 Modified Restart with Rigid Format Switch

This type of restart involves a switch from one rigid format to another. It may or may not

involve effective changes to the data in the Case Control Deck and/or in the Bulk Data Deck.

The most important point to recognize in this type of restart is that the reentry point is

quite meaningless since it was determined in relation to another rigid format. This is handled in

the program by resetting the reentry point to an extremely high value which, for all practical

purposes, can be considered to be infinite. As a result, all DMAP instructions in the restart are

considered to be before the reentry point and no DMAP instructions are considered to exist after

the reentry point.

Once this important change is made, this type of restart is handled in the program in the

same manner as a modified restart, with one important modification: the DMA.Pinstructions that are

initially turned on are determined not only from the Card Name Restart Table, but also from the

Rigid Format Change Restart Table.

1.1.5 Use of DMAP ALTERs in Restarts

Because different types of restarts are handled differently by the program, the user should

be careful in the use of DMAP ALTERs in restarts.

In the case of an unmodified restart in which the reentry point is not within a DMAP loop,

the only DMAP instructions that are flagged for execution are those that are beyond (and include)

the reentry point. Hence, a DMAP ALTER will be flagged for execution only if it is beyond the

reentry point and will be ignored if it is before the reentry point.*

In the case of an unmodified restart in which the reentry point is within a DMAP loop, the

only DMAP instructions flagged for execution are those that are beyond (and include) the reentry

point and those that are before the reentry point but within the DMAP loop. Hence, a DMAP ALTER

will be flagged for execution only if it is beyond the reentry point or before it but within the

DMAP loop. Otherwise, it will be.ignored.*

* The user can ensure that a DMAP ALTER in an unmodified restart is flagged for execution by
suitably deleting the latter part of the restart dictionary so that the reentry point is before
the DMAP ALTER. This, of course, will cause more modules to be executed in the restart.
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In the case of a modified restart and a modified restart with rigid format switch, a DMAP

ALTER will be flagged for execution regardless of its position in the DMAP with respect to the

reentry point.

1.1.6 Rigid Format Output

Although most of the rigid format output is optional, some of the printer output is

automatic. The printer output is designed for 132 characters per line, with the lines per page

controlled by the NLINES keyword on the NASTRAN card (see Volume I, Section 2.1) and the LINE card

in the Case Control Deck (see Volume I, Section 2.3). The NLINES and LINE default is set to fft on

n-inch paper. Optional titles are printed at the top of each page from information in the Case

Control Deck. These titles may be defined at the subcase level. The pages are automatically dated

and numbered.

The output from the data recovery and plot modules is all optional, and its selection is

controlled by cards in the Case Control Deck. The details of making selections in the Case Control

Deck are described in Volume I, Section 2.3 for printer and punch output, and in Volume I, Section

4 for plotter output. Since the outputs from the data recovery and plot modules vary considerably

with the rigid format, a list of available output is included in the section on the Case Control

Deck for each rigid format. Information on the force and stress output available for each element

type is given in Volume I, Section 1.3.

The first part of the output for a NASTRAN run is prepared during the execution of the

Preface, prior to the beginning of the DMAP sequence of the rigid format. The following output is

either automatically or optionally provided during the execution of the Preface:

1.

2.

3.

4.

5.

6.

NASTRAN title page - Two full pages automatic, unless changed with the TITLEOPT keyword
on the NASTRAN card (see Volume I, Section 2.1) before the Executive Control Deck.

Executive Control Deck echo - Automatic.

Case Control Deck echo - Automatic.

Unsorted Bulk Data Deck echo - Optional, selected in Case Control Deck with the ECHO
Card. (Automatic in restart runs and in runs employin

7
the User’s Master File, unless

suppressed in the Case Control Oeck with the ECHO card.

Sorted Bulk Data Deck echo - Automatic, unless suppressed in the Case Control Deck with
the ECHO Card,

DMAP listing - Selected with DIAG 14 (or the LIST option on an XDMAP card) in the
Executive Control Deck. Provides the list OF DMAP instructions, including those
resulting from ALTERs, for the subset of the rigid format being executed, (Automatic in
restart runs and in runs using the DMAP approach (APP DMAP) or the substructure
capability (APP DISP, SUBS), unless suppressed by the NOLIST option on an XDMAP card in
the Executive Control Deck.)
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7, Checkpoint Dictionary - Automatic, when operating in the checkpoint mode. A printed echo
(unless suppressed with the DIAG 9 card in the Executive Control Deck) and punched output
are prepared for additions to the checkpoint dictionary after the execution of each
checkpoint.

When making restarts, the following additional output is automatically prepared during the

execution of the Preface:

1,

2.

3.

4.

5.

6.

7.

Asterisks (*) are placed beside the DMAP statement numbers of all instructions that are
flagged for execution in the restart. (It should be emrIhasizedthat a DMAP instruction
marked with the symbol * is only fla ed for execution; ’whether it actually g

*AP.)
ets -executed

or not is decided by the logic in the

Pluses (+) are placed beside the DMAP statement numbers of all instructions that are
processed only at DMAP compilation time. (DMAP instructions BEGIN, COMPOFF, C@MPON,
FILE, LABEL, PRECHK and XDMAP are the only instructions that belong to this category,)

Message indicating the bit position activated by a rigid format change.

Message indicating the type of restart (unmodified, modified or modified with rigid
format switch).

Table indicating, among other things, the effective data changes (if any) and the
associated “packed bit positions” that control the restart. The table distinguishes
between effective changes made to the Case Control Deck and those made to the Bulk Data
Deck, The reader is referred to the Programmer’s Manual for the full interpretation of
this table.

List of files along with the DMAP instructions that were marked for execution (if any) by
the File Name Restart Table.

List of files from the Old Problem Tape, including purqed files, used to initiate the-r-
estart.

A number of fatal errors are detected by the DMAP statements in the various rigid formats.

These messages indicate the presence of fatal user errors that either cannot be determined by the

functional modules or can be more effectively detected by the DMAP statements in the rigid format.

The detection of such an error causes a transfer to a LABEL instruction near the end of the rigid

format. The text of the message is output and the execution is terminated. These messages will

always appear at the end of the NASTRAN output. The messages applicable to each rigid format are

described under the description of that rigid format.

NASTRAN diagnostic messages are usually identified by numbers. These messages may be

program diagnostics or user diagnostics, and they may contain information, warnings, or

indication of a fatal error. There are also a few unnumbered, self-explanatory messages,

example, the time that the execution of each functional module begins and ends.

either

an

for

The Grid Point Singularity Table (GPST) is automatically output following the execution of

the Grid Point Singularity Processor (GPSP) if singularities remain in the stiffness matrix at the

grid point level. This table contains all possible combinations of single-point constraints, in

the global coordinate system, that can be used to remove the singularities. Entries in this table
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@

should only be treated as warnings, because it cannot be determined at the grid point level whether

or not the singularities are removed by other means, such as general elements or multipoint

constraints. Further information on this matter is given in the Theoretical Manual.

Several items of output are discussed in other sections. Output that is not associated with

all of

output

(PARAM

the rigid formats is discussed in the sections treating the individual rigid formats. Some

is under the control of PARAM cards. These items are discussed in Volume I, Section 2.4

card). The DIAG card is used to control the printing of some output. A list of the

available output under DIAG control is given in the description of the Executive Control Deck in

Volume I, Section 2.2.

Any of the matrices or tables that are prepared by the functional modules can be printed by

using selected utility modules described in Volume I, Section 5.5. These utility modules can be

scheduled at any point in a rigid format by using the ALTER feature. (See Section 1.1.5 for the

manner in which ALTERs are handled in restarts.) In general, they should be scheduled irrrinediately

after the functional module that generates the table or matrix to be printed. Note that functional

modules cannot be separated from a SAVE instruction. However, the user is cautioned to check the

calling sequence for the utility

e generated prior to this point.

1.1.7 Rigid Format Data Base-——.

As indicated earlier, the

information for all of the rigid

module, in order to be certain that all required inputs have been

Rigid Format Data Base contains the DMAP sequences and other

formats in NASTRAN. Its design allows for convenient maintenance

of the existing rigid formats as well as the addition of new rigid formats. Editing of the data

base may be done by using standard text editors provided on the host computer systems.

1.1.7.1 Design of the Data Base

The Rigid Format Data Base is a collection of all rigid formats available to the user in

NASTRAN. Each Rigid Format is maintained as a separate card-image entry within the data base. The

entry for each rigid format consists of three parts. The first part is the DMAP part. It.contains

the DMAP sequence for the rigid format, the DMAP sequence subset flags, the restart flags (card

name, file name and rigid format switch restart flags) and the substructure DMAP ALTER control

flags. The second part contains the card name table and the third part contains the file name

table. The restart flags in the first part and the name tables comprising the second and third
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parts are not processed by NASTRAN in non-restart runs. Similarly, the substructure control flags

in the first part are not processed in non-substructure runs. @

The format of the data base is free field. Each of the three parts in a rigid format entry

is separated from’the other parts by a “$*” card. The following fictitious example illustrates a

rigid format entry in the data base.

APR.86
$$$$ THIS IS A COMMENT
$$$$ ******************************************************

MODULEl INl,IN2,/f3uTl,guT2//*PARMl*$
****s8ST 1,3,9-12
****RFMT 188,200-201
****CARD 1-20,30,44
****FILE 100-104,110
****pHSl II
****pHS2 DB5
****PHS3 D7
$$$$ ******************************************************
MgDuLE2 IN3,1N4/0UT3/*PARM2* $
****CARD 1-40,45
****FILE 101,102
****pHS2 DE5
$$$$ ******************************************************

.

.

.

$$$$
$*CARD NAME TABLE
$$$$

AXIC AXIF CELAS1
;

CELAS2
ADUM1 CDUM1 CR@D
.
.

$$$$ “
$*FILE NAME TABLE
$$$$
94 SLT GPTT
95 KGGX GPST

.

.

$* “

The very first card of an entry identifies the release of NASTRAN with which the rigid format

is associated. In this example, the rigid format is associated with the April 1986 release.

The “$*CARD” card separates the card name table from the DMAP part of the entry and the

“$*FILE” card separates the file name table from the card name table. A “$*” card terminates the

file ndme table and the rigid format entry.

Comment cards are identified in the data base by the “$$$$” identification in the first four

columns of the field and control cards are identified by the “****” identification in the first

four columns of the field.
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Comment cards may be placed anywhere in the card name or file name tables (the second and

third parts of a rigid format entry). However, comment cards have a required usage and serve a

specific purpose in the DMAP part of a rigid format entry. In this part, a conment card is used to

distinguish and separate a OMAP entry (that is, a DMAP statement and its associated control cards)

from another DMAP entry.

from the next DMAP entry.

string of “*” is used for

entries.

All DMAP statements

Hence, there must be at least one comment card separating a DMAP entry

In the data base supplied with NASTRAN, a comment card with a trailing

this purpose to serve as a cosmetic delineation between successive DMAP

must conform to the rules as specified in Volume I, Section 5,2. Any

card in the DMAP part of a rigid format entry that does not begin with “$$$$” or “****” in the

first four columns of the field is consi(

Comment and control cards in a rig’

cards can only extend up to 72 columns.

Control cards (that is, cards that

ered to be a DMAP statement or part of a DMAP statement.

d format entry can extend up .to80 columns.

begin with “****” in the first four columns

However, DMAP

of the field)

~re permitted only in the DMAP part of a rigid format entry. A control card must have any one of

seven four-character names in columns five through eight. The permissible names are: SBST, RFMT,

CARD, FILE, PHS1, PHS2 and PHS3. Control cards follow the corresponding DMAP statement in the

entry and may be specified in any order.

The “SBST”, “RFMT”, “CARD” and “FILE” control cards contain sequences of numbers and/or

ranges of numbers in ascending order represe~itedby the use of a dash. A comma is required after

each number in a sequence or after a range of numbers, if an additional number or range of numbers

is to fo”llow. There may be multiple cards for any one of these control cards for a specific DMAP

statement.

The “SBST” control card provides DMAP sequence subset controls. If a user requests a 9iven

subset on the SOL card of a NASTRAN run and that number is in the sequence of numbers given on the

“SBST” card, then the associated DMAP statement is deleted. The range of subset numbers is from 1

to 9 and each number is documented under the description of the SOL Executive Control card in

Volume I, Section 2.2.

The “RFMT” control card is processed in restart runs and is applicable to cases where a rigid

format switch has occurred. Each rigid format has a unique number assigned to it. For APPROACH

DISP, rigid formats 1 through 16 are assigned the numbers 187 through 202, respectively. For

APPROACH HEAT, rigid formats 1, 3 and 9 are assigned the numbers 207, 2C8 and 209, respectively.
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For APPROACH AERO, rigid formats 9, 10 and 11 are assigned the numbers 216, 214 and 215,

respectively. A DMAP statement is flagged for execution in a modified restart if the number

associated with the rigid format that was used in the checkpointed run is listed in the sequence of

numbers given on the “RFMT” card provided with the DMAP statement.

The “CARD” and “FILE” control cards provide restart information for changes that involve

input data or files within the DMAP. For a given rigid format, every type of effective change in

the Case Control and Bulk Data Decks and each output file (or data block) in the DMAP is assigned a

number as defined in the card name and file name tables in the second and third parts of a rigid

format entry. In a modified restart, if the number associated with an input data change or an

affected file appears in the sequence of numbers given on the “CARD” or “FILE” cards, then the

corresponding DMAP statement is flagged for execution in the restart run.

The information provided by all of the “CARD” control cards in a rigid format entry is

collectively referred to as the Card Name Restart Table. Similarly, the information provided by

all of the “FILE” and “RFMT” control cards in a rigid format entry is collectively referred to as

the File Name Restart Table and the Rigid Format Change Restart Table, respectively. For a given

rigid format, these three restart tables compose the Module Execution Decision Table (MEDT) of that

rigid format.

The “PHS1”, “PHS2” and “PHS3” control cards are used to indicate where substructure DMAp

,,LTERsare to be generated. The number following the “PHS” refers to the substructure phase

number. These cards must have one of the following flags: “In”, “Dn”, “DBn” or “DEn”. The “n” in

these flags is an integer that refers to the subroutine governing the substructure run (subroutine

ASCMOI, ASCM05, ASCM07 or ASCM08) and must have the value “l” for Phase 1 cards, either the value

“5” or “8” for Phase 2 cards, and either the value “l” or “7” for Phase 3 cards. The “I” in the

“In” flag indicates that a DMAP ALTER is to be inserted after this DMAP statement. The “D” in the

“Dn” flag indicates that this DMAP statement is to be deleted and possibly replaced by a DMAP

ALTER. The “DB” in the “DBn” flag and the “DE” in the “DEn” flag indicate the beginning and the

end of a group of contiguous DMAP statements that are to be deleted and possibly replaced by a DMAP

ALTER. Users are cautioned to be very careful in making any changes to these substructure control

cards because of their impact on the DMAP ALTERs automatically generated in substructure analyses.

(The automated substructure capability is currently implemented only in rigid formats 1, 2, 3, 8

and 9, APPROACH DISP.)
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The card name and file name tables assign numbers to every type of effective change in the

Case Control and Bulk Data Decks and to every output file (or data block) in the DMAP. Numbers 1

through 93 are allocated to card names and numbers 94 through 186 are allocated to file (or data

block) names. This information is used subsequently to determine the DMAP statements to be flagged

for execution in modified restarts. The format of these tables is free field. Each entry in these

tables must have an integer number in the first field and a list of names in the remaining fields

of the entry.

characters. No

these tables to

All names are to be alphanumeric and may contain up to a maximum of eight

name should appear twice in these “tables. Comment cards may be freely used in

facilitate readability.

1.1,7.2 Implementation of the Data Base

The Rigid Format Data Base is implemented differently on the CDC, DEC VAX, IBM and UNIVAC

versions. On the CDC and DEC VAX versions, each rigid format entry is stored as a separate file.

The local names of these files during a NASTRAN execution are: DISPI through DISP16 for APPROACH

DISP; HEAT1, HEAT3 and HEAT9 for APPROACH HEAT; AER09, AEROIO and AERf311for APPROACH AERi3. These

same files are stored as members of a partitioned data set (PDS) on the IBM version and iiselements

of the *NASTRAN file on the UNIVAC version. The member and element names are exactly the same as

the local file names on the CDC and DEC VAX versions.

Rigid Format Data Base must be referred to by a Data

RFDATA. On the UNIVAC version, the *NASTRAN file is

absolutes. (See References 1 and 2 for the formats of

On the IBM version, the PDS containing the

Definition card, “DD”, with the DDname of

the file containing the NASTRAN program

file names for the CDC and DEC VAX versions,

respectively. See Reference 3 for the formats of DDnames and member names for the IBM version.

See Reference 4 for the format of UNIVAC file names.)

1.1.7.3 Usage of the Data Base

The following examples illustrate the manner in which the Rigid Format Data Base is accessed

and used on all of the,four versions of NASTRAN.

CDC VERSION

/J17B.
.

~ET,DISpl,DISP2,DISP3,DISP4,DISP5.
GET,DISP6,DISP7,DISP8,DISP9,DISP1O.
GET,DISP11,DISP12,DISP13,DISP14,DISP15,DISP16.
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GET,HEAT1,HEAT3,HEAT9,AER!39,AER@10,AER011.
RFL,220000.
REDUCE,-.
LINKl,INPUT,@UTPUT,PUNCH,UT1.
{~@R

....
.

~NDDATA
/Ef3F

DEC VAX VERSION

ASSIGN DDB1:[NASOIR]DISP1.DT DISP1.
ASSIGN DDB1 :[NASOIR]DISP2.OT DISP2.

.

AssIGN bOBI:[NASOIR]HEAT1.DT HEATI.
.

ASSIGN 6DBI:[NASDIR]AER011.DT AER1311.
@DoBl:[NASDIR]NASTRAN DEM@.DT

IBM VERSION

// EXEC NASTRAN
//NS.RFDATA DD DSN=RIGID.FORMAT.DATA.DISP=SHR
\{NS.SySIN DD * ‘ ‘-

....
.

iNDDATA
//

UNIVAC VERSION

@ASG,A *NASTRAN.
@XQT *NASTRAN.LINK1

1.1.7.4 Development of User Rigid Formats

In addition to using COSMIC-supplied

formats, with restart capabilities included.

rules explained earlier and must be similar

rigid formats, users may develop their own rigid

Rigid formats developed by users must conform to the

in content and structure to the COSMIC-supplied rigid

formats. Each user-developed rigid format must reside as a separate file on the CDC and DEC VAX

versions, as a member of a PDS on the IBM version and as a file or file.element on the UNIVAC

version.

Before developing their own rigid formats, users are strongly advised to carefully study and

examine the COSMIC-supplied rigid formats, particularly with regard to their use of control cards.

The following important guidelines should help users in developing their own rigid formats.
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1.

2.

3.

4,

5.

6.

7.

The DMAP sequence of the user rigid format must be tested for its correctness and logic.

This testing may be done either in a DMAP environment or in the environment of an

existing rigid format by use of ALTERs.

The card name table (the second part of a rigid format entry) must be constructed by

assigning numbers 1 through 93 for all types of Case Control and Bulk Data Deck changes

that will affect the logic of the rigid format. Normally, those input data changes that

have the same effect on the logic of the rigid format are assigned the same number.

The file name table (the third part of a rigid format entry) must be constructed by

assigning numbers 94 through 186 for all files (or data blocks) that are output by the

functional modules in the rigid format. Normally, all files (or data blocks) output from

a given functional module are assigned the same number.

The DMAP part (the first part of a rigid format entry) must be constructed by following

each statement in the DMAP sequence by the appropriate control cards and by ensuring that

each DMAP entry (that is, a DMAP statement and its associated control cards) is separated

from the next DMAP entry by at least one comment card.

A given DMAP statement must be followed by a “SBST” control card if that DMAP statement

belongs to one or more of the DMAP subsets. These subset numbers must be specified on

the “SBST” card. The acceptable subset numbers and their meanings are documented under

the description of the SOL Executive Control card in Volume I, Section 2.2.

A “RFMT” control card must follow a DMAP statement if that DMAP instruction is to be

flagged for execution on restart from a checkpoint of one of the COSMIC-supplied rigid

formats. (It is not possible to have a restart in a COSMIC-supplied rigid format from a

checkpoint of an user-developed rigid format.) This will be so if this DMAP instruction

is not part of the DMAP sequence of the rigid format that was used in the checkpoint run.

The “RFMT” control card must list the numbers of the appropriate COSMIC-supplied rigid

formats (187 through 202 for rigid formats 1 through 16, respectively, for APPROACH DISP;

207, 208 and 209 for rigid formats 1, 3 and 9, respectively, for APPR9ACH HEAT; and 216,

214 and 215 for rigid formats 9, 10 and 11, respectively, for APPROACH AERO).

A DMAP statement must be followed by one or more “CARD” control cards indicating the

effective input data changes that require that DMAP instruction to be flagged for

execution on restart. Any effective input data change will affect one or more files (or

data blocks) or parameters in the DMAP sequence. Therefore, for a given data change, all
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9.

10.
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CMAP instructions that use the affected files (or data blocks) or parameters as input are

potential candidates to be flagged for execution on restart. However, the logic of these

individual OMAP instructions must be checked further (see the Programmer’s Manual) to see

if they are really impacted by the given data change. This procedure must be applied in

turn to those

input. This

considered.

DMAP instructions that use the output of the affected DMAP instructions as

procedure must be repeated until the entire DMAP sequence has been

ADMAP statement must be followed by one or more “FILE” control cards indicating the DMAP

files (or data blocks) whose generation requires the execution flag for that DMAP

statement to be turned on during restart. Normally, for a given DMAP file (or data

block) that is required on restart but is not available from the checkpoint run, the DMAP

instruction that generated it must be flagged for execution. However, in practice,

additional DMAP instructions like PURGE and EQUIV that manipulate the given file (or data

block) must also be flaggedfor execution.

The restart flags for a C9ND DMAP instruction (and its companion LABEL DMAP instruction)

must include the restart flags for those DMAP instructions whose execution it controls.

“PHS1”, “PHS2” and “PHS3” control cards must not be used as the substructure capability

is not applicable to user rigid formats.

1.1.7.5 Usage of User-Developed Rigid Formats

An user-developed rigid format is referenced through the use of the SOL card in the Executive

Control Deck. However, instead of specifying the solution number or the name of the

COSMIC-supplied rigid format on this card, the name of the user-developed rigid format is

specified. This name is a file name on the CDC and DEC VAX versions, a member nameof a PDS on the

IBM version and a file or file.element name on the UNIVAC version. The member name given on the

IBM version must be in the file referenced on the RFDATA DO statement. The manner in which an

user-developed rigid format is accessed and used is similar to that of a COSMIC-supplied rigid

format, as explained in the examples given Section 1.1.7.3. Thus, for instance, an user-developed

rigid format can be accessed and used on the CDC version in the following manner.

/J@B.
.

GET,NEWRF.
RFL,220000.
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REDUCE.-.
LINK1,iNPUT,OUTPUT,pUNCH,UT1.
lEOR
ID” ....
S@L NEWRF

;EOF
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2. DISPLACEMENT RIGID FORMATS

2,1 STATIC ANALYSIS

2,1.1 DMAP Sequence for Static Analysis

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
-----------------

1 BEGIN DISP 01 - STATIC ANALYSIS - APR.86 $

2 FILE oPTP2=sAvE/EsTl=sAvE $

3 FILE QG=APPEND/PGG=APPEND/UGV-APPEND/GM=SAVE/KNN=SAVE $

4 SETVAL //V,Y,lNTERACT/0/v,Y,5YS21/O $

5 PARAM //*14PY*/CARDNO/O/O$

6 COhPOFF l,INTERACT $

7 PRECHK ALL $

8 COMPON I,INTERACT $

10 COMPOFF LBLINT02,SYS21 $
v

11 GPl GEOMl,GEOM2,/GPL,EQEXIN,GPDT, CSTM,BGPDT,SIL/S,N,LUSET/
NOGPDT/ALWAYS=-l $

12 PLTTRAN BGPDTsSIL/BGPDP,SIP/LUSET/.S,N, LUSEP $

13 GP2 GEoM2,EQExlN/EcT $

14 PARAML PCOR//~~PRES*////JUMPPLOT$

15 PURGE PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

16 COND P1,JUMPPLOT $

17 PLTSET PCOB,EQEXIN,ECT/?LTSETX,PLTPAR,GPSETS,ELSETS/S,N,NSIL/
S,N,JUMPPLOT $

18 PRTMSG PLTSETX// $

19 PARAM //*MPY*/PLTFLG/l/l $

20 PARAM //*MPY*/PFILE/O/O $

21 COND P1,JUMPPLOT $

22 PLOT PLTPAR,GPSETS,ELSETS,CASECC,BGPDT, EQEXIN,SIL, ,ECT, ,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N, PLTFLG/S,N,PFILE $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

23 PRTMSG

24 LABEL

25 GP3

26 PARAM

27 TA1

28 PARAH

29 coNo

30 PURGE

31 oPTPR1

32 LABEL

33 CONO

34 PARA14

35 EQUIV

36 Et4G

37 COND

38 EMA

39 LABEL

40 PURGE

41 COND

42 EMA

43 LABEL

44 COND

45 COND

46 GPWG

PLOTX1// $

PI $

GEOM3,EQEXlN,GEOM2/SLT,GPTT/S,N,NOGRAV/NEVER=l $

/l*ANO*/NOFtGG/NOGRAv/V,y,GRDPNT--I $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S,N,GENEL $

//*~NO*/NOELMT/NOGENL/NOslMp $

ERRORk,NOELMT $

KGGX,GPST/NOSIMP/OGPST/GENEL $

MPT,EPT,ECT,OIT,EST/OPTPl/S,N,PR lNT/S,N,TSTART/S,N,COUNT $

LOOPTOP $

LBL1,NOSIMP $

//*ADD*/NOKGGX/l/O $

oPTPl,oPTP2/NEvER/EsT,EsTl/NEvER $

EST,CSTM,MPT,DIT,GEOM2,/KELM,KDl CT,MEL/l,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y, COUPMASS/C,Y,CPBAR/
C,Y,CPROD/C,Y,CPQUADl/C,Y, CPQUA02/C,Y,CPTRIAl/C,Y,CPTRl A2/
C,Y,CPTUBE/C,Y,CPQOPLT/C,Y, CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

JMPKGG,NOKGGX $

GPECT,KO}CT,KELM/KGGX,GPST $

JMPKGG $

f4GG/NOMGG $

JMPMGG,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

JMPMGG $

LBL1,GRDPNT $

ERROR2,NOMGG $

BGPOP,CSTM,EQEXlN,/IGG/OGPWG/V,Y,GRDPNT/C,Y,WTMASS $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

41

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

6k

65

66

67

68

69

10

71

OFP

LABEL

EQUIV

CONO

SMA3

LABEL

PARAM

LABEL

GPk

CONO

PARAH

PURGE

COND

PARAM

COND

GPSP

OFP

LABEL

EQU[V

COND

HCE1

MCE2

LABEL

EQU IV

COND

OGPWG,,,,,//S,N,CARDNO $

LBL1 $

KGGX,KGG/NOGENL $

LBLIIA,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1lA $

//*MPY*/NSK IP/O/O $

LBL1l $

CASECC,GEOM4,EQEX lN,GPDT,BGPDT,CSTM,GPST/RG, YS,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N,Sl NGLE/S,N,OMIT/S,N,REACT/
S,N,NSKlP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

ERROR3,NOL $

//*AND*/NOSR/SINGLE/REACT $

KRR,KLR,QR,DM/REACT/GM/MPCF l/GO,KOO,LOO,PO ,UOOV,RUOV/OMIT/PS ,
KFS,KSS/SINGLE/QG/NOSR $

LBL4,GENEL $

//* EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST,,,,,//S,N,CARDNO $

LBL4 $

KGG,KNN/MPCFi $

LBL2,MPCF2 $

USET,RG/GM $

USET,GM,KGG,,,/KNN,,, $

LBL2 $

KNN,KFF/SINGLE $

LBL3,SINGLE $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

72 SCE1

73 LABEL

74 EQUIV

75 COND

76 S14PI

77 LABEL

78 EQtJIV

79 COUD

80 RBMG1

81 LABEL

82 RBMG2

83 CONO

8k RBMG3

85 LABEL

86 SSG1

87 EQUIV

88 CONO

89 SSG2

90 LABEL

91 SSG3

92 “COND

93 MATGPR

94 MATGPR

95 LABEL

96 SDRI

USET,KNN,,./KFF,KFS,KSS,,, $

LBL3 $

KFF,KAA/OMiT $

LBL5,0MIT $

USET,KFF,,,/GO,KAA,KOO,LOO, ,,,, $

LBL5 $

KAA,KLL/REA.CT $

LBL6,REACT $

USET,KAA,/KLL,KLR,KRR,,, $

LBL6 $

KLL/LLL $

LBL7,REACT $

LLL,KLR,KRR/DM $

LBL7 $

SLT,BGPDT,CSTM,SIL,EST,MPT,GPTT, EDT,MGG,CASECC,OIT,/PG,,,,/
LUSET/NSKIP’ $

PG,PL/NOSET $

LBL1O,NOSET $

USET,GM,YS,KFS,GO,OM,PG/QR,PO,PS,PL $

LBL1O $

LLL,KLL,PL,LOO,KOO,PO/ULV,UOOV,RULV,RUOV/OMlT/V,Y, iRES=-1/
NSKIP/S,N,EPSl $

LBL9,1RES $

GPL,USET,SIL,RULV//*L* $

GPL,USET,SIL,RUOV//*O* $

LBL9 $

USET,PG,ULV,UOOV,YS,GO,GM,PS, KFS,KSS,QR/UGV,PGG,QG/NSKIP/
*sTATlcs* $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

97 COND

98 REPT

99 JUMP

100 PARAM

101 COND

102 LABEL

103 GPFDR

104 OFP

105 COND

106 EQMCK

107 OFP

108 LABEL

109 SOR2

110 COND

111 CURV

112 LABEL

113 PURGE

llk COND

115 SOR2

116 COND

117 CURV

118 LABEL

119 PURGE

LBL8,REPEAT $

LBL11,360 $

ERROR1 $

//*NoT*/TEST/REPEAT $

ERROR5,TEST $

LBL8 $

CASECC,UGV,KELM,KDICT,ECT,EQEX lN,GPECT,PGG,QG/ONRGYl,DGPFBl/
*sTATlcs* $

ONRGY1,OGPFB1 ,,,,//S,N,CARONO $

NOMPCF,GROEQ $

CASECC,EQEXIN,GPL,BGPDT,SI L,USET,KGG,GM,UGV,PGG,QG,CSTM/
OQMl/V,Y,OPT=O/V,Y,GRDEQ/NSK IP $

OQMl,,,,,//S,N,CARDNO $

NOMPCF $

CASECC, CSTM,MPT,DIT,EQEX IN,SIL,GPTT, EDT,BGPDP, ,QG, UGV,EST,
XYCOB,PGG/OPGl ,OQG1,OUGV1,OES1 ,OEFl,PUGV1/*STATICS*/S,N,
NosoRT2/-l/s,N,sTRNFLG $

LBLSTRS,STRESS $

OESl,MPT,CSTM,EST,SIL,GPL/OESIM,OES lG/V,Y,STRESS/
V,Y,NINTPTS $

LBLSTRS $

OESIM/STRESS $

LBLSTRN,STRNFLG $

,CASECC,CSTM,MPT,OIT,EQEXIN ,SIL,GPTT,EDT,BGPDT, ,,UGV,EST, ,/
,,,OESIA,,/*STATICS*//l $

LBLSTRN,STRAIN $

OESIA,MPT,CSTM,EST,SIL,GPL/OES lAM,OESIAG/V,Y,STRAIN/
V,Y,NINTPTS $

LBLSTRN $

OESIA/STRNFLG $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

120 COND

121 SOR3

122 PARAM

123 COND

124 OFP

125 SCAN

126 OFP

127 JUMP

128 LABEL

129 oFP

130 SCAN

131 OFP

132 LABEL

133 OFP

134 XYTRAN

135 XYPLOT

136 JUMP

137 LABEL

138 PURGE

139 COND

140 0PTPR2

141 EQUIV

142 COND

143 LABEL

144 OFP

LBL17,NosoRT2 $

ouGvl,oPGl,oQGl,oEFl,oEsl,/ouGv2 ,0PG2,0QG2,0EF2,0ES2, $

//*suB*/pRTsoRTz/NosoRT2/I $

LBLSORT1,PRTSORT2 $

0UGV2,0PG2,0QG2,0EF2,0ES2,//S,N, CARDNO $

CASECC,0ES2,0EF2/OESF2/*RF* $

0ESF2 ,,,,,//S,N,CARDNO $

LBLXYPLT $

LBLSORT1 $

OUGVl,OPGl,OQGl,OEFl,OESl,//S,N,CARDNO $

CASECC,OESl,OEFl/OESFl/*RF* $

OESF 1,,,,,/lS,N,CARDNO $

LBLXYPLT $

OESIM,OESIG,OESIA,OESIAM,OESIAG,//S,N, CARDNO $

xYcDB,oPG2,oQG2,ouGv2,oEs2,oEF2/xYPLTT/*TRAN*/*PsET*/s,N,
PFILE/S,N,CARONO $

XYPLTT// $

DPLOT $

LBL17 $

ouGv2/NosoRT2 $

LBLOFP,COUNT $

OPTPl,OESl,EST/OPTP2,ESTl/S,N,PRlNT/TSTART/S,N,COUNT/S, N,
CARONO $

EsTl,EsT/ALwAYs/oPTP2,0PTPl/ALwAYs $

LOOPENO,PRINT $

LBLOFP $

OUGVl,OPGl,OQGl,OEFl,OESl,//S,N,CARDNO $

I
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I
RIGID FORMAT DMAP LISTING
APRIL Ig86 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT I

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

lk5 SCAN

146 OFP

147 OFP

148 LABEL

149 CONO

150 PLOT

151 PRTMSG

)52 LABEL

153 LABEL

154 COND

155 REPT

156 JUMP

157 LABEL

158 PRTPARM

159 LABEL

160 PRTPARM

161 LABEL

162 PRTPARM

163 LABEL

164 PRTPARM

165 LABEL

CASECC,OESl,OEF1/OESFIX/*RF* $

OESFIX,,,,,//S,N;CARDNO $

OESIM,OESIG,OESIA,OESIAM,OESIAG,//S,N,CARONO $

OPLOT $

P2,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC,BGPDT,EQEXIN,SI P,PUGVl,,GPECT,OESl/
PLoTx2/NsIL/LuSEP/JUMPPLOT/PLTFLG/S,N,PF ILE $

PLoTx2// $

P2 $

LOOPENO $

FINIS,COUNT $

LOOPTOP,360 $

FINIS $

ERROR1 $

//-l/*STATICS* $

ERROR2 $

//-2/*sTATlcs* $

ERROR3 $

//-3/*sTATlcs* $

ERROR4 $

//-4/*sTATlcs* s

ERROR5 $

166 PRTPARM //-5/*STATlcs* $

167 LABEL FINIS $

168 PURGE OUMMY/ALWAYS $

169 LABEL LBLINT02 $

170 CO14PON LBLINT01,SYS21 $
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RIGID FDRMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 1

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

224 LABEL LBLINT1 $

225 END $
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2.1.2 Description of Important DMAP Operations for Static Analysis

Note: The DMAP sequence for static analysis involves the use of parameters INTERACT and
ml (see Section 2.1.5), These parameters are of relevance only when the primary purpose
of the user is to make interactive restart runs. (The two parameters are then specified via
the PARAM card in the Bulk Data Deck.) However, these two parameters are not required for
normal non-interactive batch runs. Consequently, the rigid format DMAP listing shown in
Section 2.1.1 was generated by not specifying these parameters (via the PARAM bulk data
card). AS a result., the COMPOF~nd COMPON instructions using these parameters assume a
value of O for these parameters (see Volume I, Section 5.7).

6. COMPOFF causes the DMAP compiler to compile the next instruction (DMAP No. 7) as the
parameter INTERACT is O (see Note above).

8. COMPON causes the DMAP compiler to skip the compilation of the next instruction (DMAP No. 9,
not shown) as the parameter INTERACT is O (see Note above).

10. CklMPOFFcauses the DMAP compiler to compile all of the following instructions through LABEL
LBLINT02 (DMAP Nos. 11 through 169) as the parameter SYS21 is O (see Note above).

11, GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

12. PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

13. GP2 generates Element Connection Table with internal indices.

16. Go to DMAP No. 24 if there are no structure plot requests.

17. PLTStr transforms user input into a form used to drive the structure plotter.

18, PRTMSG prints error messages associated with the structure plotter.

21. Go to DMAP No. 24 if no undeformed structure plots are requested,

22. PLOT generates all requested undeformed structure plots.

23. PRTMSG prints plotter data and engineering data for each undeformed plot generated.

25. GP3 generates Static Loads Table and Grid Point Temperature Table.

27. TA1 generates element tables for use in matrix assembly and stress recovery.

29. Go to DMAP No. 163 and print Error Message No. 4 if no elements have been defined.

31. i3PTPRlperforms phase one property optimization and initialization check.

32. Beginning of loop for property optimization,

33. Go to DMAP No, 48 if there are no structural elements.

36. ‘EMGgenerates structural element stiffness and mass matrix tables and dictionaries for later
assembly,by the EMA module.

37. Go to DMAP No. 39 if no stiffness matrix is to be assembled.

38. EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

41. Go to DMAP No. 43 if no mass matrix is to be assembled.

42. EMA assembles mass matrix [Mgg].

44. Go to DMAP No. 48 if no weight and balance information is requested.

45. Go to DMAP No. 159 and print Error Message No. 2 if no mass matrix exists.
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46. GPWG generates weight and balance information.

47. klFPformats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

m

49.

50.

51.

54.

55.

56.

59.

61.

62,

63.

65.

66.

67.

Equivalence [K~g] to [Kgg] if no general elements exist.

Go to DMAP No. 52 if no general elements exist.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

Beginning of loop for multiple constraint sets.

GP4 generates flags defining members of various displacement sets (USET), forms multipoint
constraint equations [Rg] {ug} = O and forms enforced displacement vector {Ys}.

Go to DMAP No. 161 and print Error Message No. 3 if no independent degrees of freedom are
defined.

Go to DMAP No. 64 if general elements are present,

Go to DMAP No. 64 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities,

flFPformats the table of potential grid point singularities prepared by GPSP and places it
on the system output ile for printing.

Equivalence [Kgg] to [Knn] if no multipoint constraints exist.

Go to DMAP No. 69 if the MPC set for the current pass is unchanged from that of the previous
pass.

MCE1 partitions multipoint constraint equations [Rg] = [Rm~Rn] and

solves for multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn].

68. MCE2 partitions stiffness matrix

[Kgg] =

and performs matrix reduction

[Knn] = [Knm] + [G:][\n + [~n][Gm]

70. Equivalence [Knn]

71. Go to DMAP No. 73

to [Kfflif no single-point constraints

if no single-point constraints exist.

72. SCE1 partitions out single-point constraints

[Knn] = [1~fy- ,

Ksf 1 Kss

74. Equivalence [Kff]

75. Go to DMAP No. 77

to [Kaa] if no omitted coordinates

if no omitted coordinates exist.
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76. SMP1 partitions constrained stiffness matrix

[

K IK
[Kff] = ‘a+ N

‘oa I ’00

solves for transformation matrix [Gol = -[Kool-l[Koal

and performs matrix reduction [Kaal = [Kaal + [K~al[Gol .

78. Equivalence [Kaa] to

79. Goto DMAPNo. 81 if

80. RBMG1

82. RBMG2

83. GO to

84. RBMG3

partitions out

[KLL] if no free-body supports exist.

no free-body supports exist.

free-body supports

[1Kkk IKgr
[Kaa]= –+– .

‘rt I‘rr

decomposes constrained stiffness matrix [KLB] = [LLL][ULR].

DMAP No. 85 if no free-body supports exist.

forms rigid body transformation matrix

[D] = -[ KLJ1[Kkr] ,

calculates rigid body check matrix

[xl = [Krrl + [K;rl[Dl

and calculates rigid body error ratio

e= T14Tx.

K
rr

86. SSG1 generates static load vectors {Pg}.

87. Equivalence {Pgl to {pi} if no constraints are aPpliedO

88. Go to DMAP No. 90 if no constraints are applied.

89. SSG2 applies constraints to static load vectors

HPn
{Pg}= —– , {Pn} = {~n} + [G;]{pml ,

Pm
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(Pf} = {Pf} - [KfJ{YJ ,

(Pa} = {;a} + [G:]{PO} ,

and calculates determinate forces of reaction {qr} = -{Pr} - [DT]{PLI.

91. SSG3 solves for displacements of independent coordinates

{ui} = [KIL]-l{Pl} ,

solves for displacements of omitted coordinates

{u:} = [KOO]-l{PO} ,

calculates residual vector (RULV) and residual
coordinates

{6PL} = {Pi} - [Kli]{ug}

vector error ratio for independent

9

{u:}{&Pk}

‘t ❑

{P:}{ui}

and calculates residual vector (RU@V) and residual vector error ratio for omitted
coordinates

{tSPo}= {Po} - [Koo]{u:l ,

{u:){fsPo?=
‘o

{P:}{u:}

92. Go to DMAP No. 95 if residual vectors are not to be printed.

93. MATGPR prints the residual vector for independent coordinates (RULV),

94. MATGPR prints the residual vector for omitted coordinates (RUOV),

96. SDR1 recovers dependent displacements

H‘k = {Ua} ,——

‘r

HUa
—— = {Uf} ,

‘o

{Uo} = [Go]{ual + {u:} ,

H‘f——
❑ {Un} ,

Y5
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97.

98,

99.

101.

103.

104,

105.

106.

107.

109.

110.

111.

114.

115.

116.

117.

120.

121.

123.

124.

{um} = [Gm]{un} ,

STATIC ANALYSIS

H‘n—. = {Ugl
Um

and recovers single-point forces of constraint

{q5} = -{p~} +[K~J{uf} + [K5~l{y~}.

Go to DMAP No. 102 if all constraint sets have been processed.

Go to DMAP No. 54 if additional sets of constraints need to be processed.

Go to DMAP No. 157 and print Error Message No. 1 as the number of constraint sets exceeds
360.

Go to DMAP No. 165 and print Error Message No. 5 if multiple boundary conditions are
attempted with an improper subset.

GPFDR calculates the grid point force balance (OGPFB1) and element strain energy (ONRGyl)
for requested sets.

OFP formats the tables prepared by GPFDR and places them on the system output file for
printing.

Go to DMAP No. 108 if no multipoint constraint force balance is requested.

EQMCK calculates the force and moment equilibrium check and prepares the multipoint
constraint force balance (OQMl) for output.

!dFP formats the table prepared by EQMCK and places it on the system output file for
printing.

SDR2 calculates the element forces (!3EFI)and stresses (PES1) and prepares load vectors
(OPGl), displacement vectors (OUGVl) and single-point forces of constraint (OQGl) for output
and translation components of the displacement vectors (PUGV1).

Go to DMAP No. 112 if element stresses in material coordinate system and stresses at the
connected grid points are not to be calculated.

CURV calculates element stresses in material coordinate system (!JESIM)and stresses at the
connected grid points (9ES1G).

Go to DMAP No. 118 if element strains/curvatures are not to be calculated.

SDR2 calculates element strains/curvatures (!i3ESlA).

Go to DMAP No. 118 if element strains/curvatures in material coordinate system and
strains/curvatures at the connected grid points are not to be calculated.

CURV calculates element strains/curvatures in material coordinate system (OESIAM) and
strains/curvatures at the connected grid points (!JESIAG).

Go to DMAP No. 137 if there are no requests for output sorted by grid point number or
element number.

SDR3 prepares requested output sorted by grid point number of element number.

Go to DMAP No. 128 if printed output sorted by grid point number or element number is not
required.

@tP formats the tables prepared by SDR3 for output sorted by grid point number or element
number and places them on the system output file for printing.
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125.

126,

127,

129.

130.

131.

133.

134.

135.

136.

139.

140.

141.

142.

144.

145.

146.

147.

149.

150.

151.

154,

155.

156,

158.

160.

162,

SCAN examines the element stresses and forces calculated by SDR3 and generates scanned
output that meets the specifications set by the user.

OFP formats the scanned output table prepared by SCAN and places it on the system output
file for printing.

Go to DMAP No. 132.

13FPformats the tables prepared by SDR2 for output sorted by subcase number and places them
on the system output file for printing.

SCAN examines the element stresses and forces calculated by SOR2 and generates scanned
output that meets the specifications set by the user.

@FP formats the scanned output table prepared by SCAN and places it on the system output
file for printing.

13FPformats the tables prepared by CURV and SDR2 for output sorted by subcase number and
places them on the system output file for printing.

XYTRAN prepares the input for requested X-Y plots.

XYPL13T prepares the requested X-Y plots of displacements, forces, stresses, loads and
single-point forces of constraint vs. subcase.

Go to DMAPNo. 148.

Go to DMAP No. 143 if there is no phase two property optimization.

0PTPR2 performs phase two property optimization.

Equivalence EST1 to EST and 0PTP2 to OPTP1.

Go to DMAP No. 153 if no additional output is to be printed for this loop.

OFP formats the tables prepared by SDR2 for output sorted by subcase number and places them
on the system output file for printing.

SCAN examines the element stresses and forces calculated by SDR2 and generates scanned
output that meets the specifications set by the user.

OFP formats the scanned output table prepared by SCAN and places it on the system output
file for printing.

!3FPformats the tables prepared by CURV and SDR2 for output sorted by subcase number and
places them on the system output file for printing.

Go to DMAP No.

PLOT generates

PRTMSG prints
generated.

Go to

Go to

Go to

Print

Print

Print

DMAP No.

DMAP No.

DMAP No.

152 if no deformed structure plots are requested.

all requested deformed structure and contour plots.

plotter data, engineering data, and contour data for each deformed

167 and make normal exit if property optimization is complete.

32 if additional loops for property optimization are needed.

167 and make normal exit.

Error Message No. 1 and terminate execution.

Error Message No. 2 and terminate execution.

Error Message No, 3 and terminate execution.
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164. Print Error Message No. 4 and terminate execution.

● 166. Print Error Message No. 5 and terminate execution.

170. C0MP$3Ncauses the !3MAPcompiler to skip the compilation of al
through LABEL LBLINTOI (DMAP Nos. 171 through 223, not shown
(see Note at the beginning of this section).

of the following instructions
as the p~rameter SYS21 is O
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2.1.3 Output for Static Analysis

The following printed output, sorted by loads (S9RT1) or by grid point number or element

number (S!dRT2),may be requested for Static Analysis solutions:

1. Displacements and 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. Strains/curvatures in selected elements (only for TRIA1, IRIA2, QUAD1 and QUAD?

elements).

The following plotter output may be requested:

1. Undeformed and deformed plots of the structural model.

2. Contour plots of stresses and displacements.

3. X-Y plot of any component of displacement, static load, or single-point force of

constraint for a grid point or scalar point versus subcase.

4. X-Y plot of any stress or force component for an element versus subcase.

2.1.4 Case Control Deck for Static Analysis

The following items relate to subcase definition and data selection for Static Analysis:

1. A separate subcase must be defined for each unique combination of constraints and static

loads.

2. A static loading condition must be defined for (not necessarily within) each subcase

with a LOAD, TEMPERATURE(L!3AD),or DEF!3RMselection unless all loading is specified with

grid point displacements on SPC cards.

3. An SPC set must be selected for (not necessarily within) each subcase, unless the model

is a properly supported free body, or all constraints are specified on GRIO cards,

Scalar Connection cards, or with General Elements.

4, Loading conditions associated with the same sets of constraints should be in contiguous

subcases in order to avoid unnecessary looping.

5. REPCASE may be used to repeat subcases in order to allow multiple sets of the same

output item.

2.1.5 Parameters for Static Analysis

The following parameters are used in Static Analysis:

2.1-16 (05/30/86)



1.

2.

3.

4.

5.

6.

7.

8.

9.

STATIC ANALYSIS

ASET@UT - optional. A positive integer value of———

datiiblock to be generated by the GP4 module. A

this parameter causes the ASET output

negative integf;rvdlue or O suppresses

the generation of this output data block. The default value is O.

AUTffSPC- reserved for future optional use. The default value is -1.._.____

C@UPMASS - CPllAR,CPRf)D,CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

GRDEQ - optional. A positive integer value of this parameter selects the grid point——

about which equilibrium will be checked for the Case Control output request, MPCFf3RLt.

If the integer value is zero, the basic origin is used. The default value is -1.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed.

INTERACT - optional. This parameter,——

when the primary purpose of the user

like the SYS21 parameter, is of relevance only

is to make interactive restart runs. In such a

case, the integer v~lue of this parameter must be set to -1 (via a PARAM bulk data card)

in both t.hcbi}t~hcheckpoint run (that precedes the interactive restart run) as well as

in the interactive rest.~rtrun. If not so specified via a PARAM bulk data card, the

CJ3MP(CIFFand C@MPON instructions in the DMAP sequence that use this parameter assume a

value of O for this parameter (see Volume I, Section 5.7).

jRES - optional. A positive integer value of this parameter causes the printing of the

residual vectors following each execution of the SSG3 module.

~INTPTS - optional. A positive integer value of this parameter specifies the number of

closest independent points to be used in the interpolation for computing stresses or

strains/curvatures at grid points (only for TRIA1, TRIA2, QUAD1 and QUAD2 elements). A

negative integer value or O specifies that all independent points are to be used in the

interpolation. The default value is O.

(4PT- optional. A positive integer value of this parameter causes both equilibrium and

multipoint constraint forces to be calculated for the Case Control output request,

MPCF@RCE, A negative integer value of this parameter causes only the equilibrium force

balance to be calculated for the output request. The default value is O which causes

only the multipoint constraint forces to be calculated for the output request.
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10.

11,

12.

13.

14.

15,

STRAIN - optional. This

DISPLACEMENT RIGID FORMATS

parameter controls the transformat on of element

strains/curvatures to the material coordinate system (only for TRIA1, TRIA2, QUAD1 and

QUAD2 elements). If it is a positive integer, the strains/curvatures for these elements

are transformed to the material coordinate system. If it is zero, strains/curvatures at

the connected grid points are also computed in addition to the element

strains/curvatures in the material coordinate system. A negative integer vtilueresults

in no transformation of the strains/curvatures. The default value is -1.

STRESS - optional. This parameter controls the transformation of element stresses to

the material coordinate system (only for TRIA1, TRIA2, QUAD1 and QUAD2 elements). If it

is a positive integer, the stresses for these elements are transformed to the material

coordinate system. If it is zero, stresses at the connected grid points are also

computed in addition to the element stresses in the material coordinate system. A

negative integer value results in no transformation of the stresses. The default value

is -1,

SURFACE - optional. The computations of the external surface areas for the——

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

SYS21 - optional. This parameter, like the INTERACT parameter, is of relevance only

when the primary purpose of the user is to make interactive restart runs. In such a

case, the integer value of this parameter must be set to -1 (via a PARAM bulk data card)

in the interactive restart run (that follows a batch checkpoint run). Ifnot so

specified via a PARAM bulk data card, the COMPOFF and COMPON instructions in the DMAP

sequence that use this parameter assume a value of O for this parameter (see Volume I,

Section 5.7).

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the mass matrix are multiplied by the real value of—-.

this parameter when they are generated in the EMA module.
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2.1.6 Automatic ALTERs for Automated Multi-stage Substructuring

The following lines

substructure analyses.

Phase 1: 5, 56,

of the Static Analysis, Rigid Format 1, are ALTERed for automated

78-85, 87-153

Phase 2: 5, 11-11, 14-24, 28-29, 35-35, 49-52, 59-64, 103-153

Phase 3: 78-85, 88-95, 96

If APP DISP, SU8S is used, the user may also specify ALTERs. However, these must not

interfere with the automatically generated DMAP statement ALTERs listed above. See Volume I,

Section 5.9 for a description and listing of the ALTERs which are automatically generated for

substructuring.

2.1.7 Rigid Format Error Messages from Static Analysis

The following fatal errors are detected by the DMAP statements in the Static Analysis rigid

format. The text for each error message is given below in capital letters and is followed by

additional explanatory material, including suggestions for remedial action.

STATIC ANALYSIS ERROR MESSAGE NO. 1 - ATTEMPT TO EXECUTE MORE THAN 360 L!30PS.

An attempt has been made to use more than 360 different sets of boundary conditions or more than
360 passes in the optimization loop have been attempted. This number may be increased by ALTERing
the REPT instruction following SDR1 in the former case and the REPT instruction following the last
PRTMSG instruction in the latter case.

STATIC ANALYSIS ERRklRMESSAGE NO. 2 - MASS MATRIX REQUIRED FOR WEIGHT AND BALANCE CALCULATIONS,

The mass matrix is null because either no elements were defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined on a Material
card.

STATIC ANALYSIS ERROR MESSAGE NO. 3 - NO INDEPENDENT DEGREES OF FREEDOMHAVEBEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SP131NTor Scalar Connection cards, or all
defined degrees of freedom have been constrained by SPC, MPC, SUP@RT, OMIT or GRDSET cards, or
grounded on Scalar Connection cards.

STATIC ANALYSIS ERROR MESSAGE N@. 4 - NO ELEMENTS HAVE BEEN DEFINED.

No elements have been defined with either Connection cards or GENEL cards.

STATIC ANALYSIS ERROR MESSAGE NO. 5 - A LOOPING pROBLEM RUN ON A NON-LOOpING SUBSET.

A problem requiring boundary condition changes was run on subset 1 or 3. The problem should be
restarted on subset O.
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2.2 STATIC ANALYSIS WITH INERTIA RELIEF

2.2.1 DMAP Sequence for Static Analysis With Inertia Relief

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 2

LEVEL 2.o NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NOOECK NOREF NOOSCAR

--------- -------- -

1 BEGIN

2 PRECHK

3 FILE

4 PARAM

5 GPI

6 PLTTRAN

7 GP2

8 PARAML

9 PURGE

10 COND

?1 PLTSET

12 PRTMSG

13 PARAM

lk PARAN

15 COND

16 PLOT

17 PR’TMSG

~8 LABEL

19 GP3

20 TA1

21 COND

DISP02 - STATIC ANALYSIS WITH INERTIA RELIEF - APR. 1986 $

ALL $

QG=APPENO/PGG=APPEND/UGV=APPEND/GMESAVE/KNN=SAVE/MNN=SAVE $

//*MPY*/CARDNO/O/O $

GEOMl,GEOM2,/GPL,EQEXIN,GPDT,CSTM, BGPOT,SIL/S,N,LUSET/
NOGPDT/ALWAYS=-l $

BGPDT,SIL/BGPOP,SIP/LUSET/S,N, LUSEP $

GEoM2,EQExlN/EcT $

PCDB//~~PREs*////JuMppLoT $

PLTSETX,PLTP.4R,GPSETS,ELSETS/JUHPPLOT $

P1,JUMPPLOT $

PCOB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS ,ELSETS/S,N,NSIL/
S,N,JUMPPLOT S

PLTSETX// $

//*Mpy~,/pLTFLG/i/l $

//*MPv~f/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPDT,EQEXIN,SIL,,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N ,PLTFLG/S,N,PFILE $

PLOTX1// $

PI $

GEoM3.EQExlN,GEoM2/sLT$GpTT/NoGRAv $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST ,GEl,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S .N,GENEL $

ERROR6,NOSIMP $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 2

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

4k

PURGE

PARAM

PARAM

EMG

PURGE

COND

EMA

LABEL

COND

EMA

COND

GPWG

OFP

LABEL

EQUIV

COND

SMA3

LABEL

PARAM

LABEL

GP4

COND

COND

OGPST/GENEL $

//*ADD* /NoKGGx/l /o $

//*ADD*/NoMGG/l/o $

EST,CSTM,MPT,DlT,GEOM2,/KELM, KDICT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,/C, Y,CPBAR/
c,Y,cPRoD/c,Y,cPQuAol/c,Y,cPQuAD2/c, Y,cPTRIA1/c,Y,cPTRlA2/
C,Y,CPTUBE/C,Y,CPQOPLT/C,Y,CPTRPLT/C,Y, CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGG,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

JMPKGG $

ERROR1,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LGPWG,GRDPNT $

BGPDP,CSTM,EQEXIN,MGG/OGPWG/V, Y.GROPNT=-I/C.Y.WTMASS $

OGPWG ,,,,,//S!N,CARDNO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1lA,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS lMP $

LBLIIA $

//*Mpy*/NsKIp/o/o $

LBLII $

CASECC,GEOM4,EQEXIN,GPDT,BGPDT ,CSTM,GPST/RG,YS,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S ,N,SINGLE/S,N,OMIT/S,N,REACT/
S,N,NSKIP/S,N,REPEAT/S,N,NOSET/S, N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

ERROR3,NOL $

ERROR4,REACT $
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e RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 2

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

k5 PURGE

k6

k7

48

49

50

51

52

53

54

CONO

PARAH

CONO

GPSP

OFP

LABEL

EQUIV

CONO

NCE 1

55 MCE2

56 LABEL

57 EQUIV

58

59

60

61

62

63

64

65

66

67

68

69

COND

SCE 1

LABEL

EQUIV

COND

SMP 1

LABEL

RBMG 1

RBMG2

RBMG3

RBMG4

SSG1

GM/MPCFl/GO,KOO,LOO,MOO,MOA, PO,UOOV,RUOV/OMIT/KSS,KFS, PS/
SINGLE $

LBL4,GENEL $ “

//*EQ*/GPSPFLG/AUTOSPC/O $

LBLk,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,CARDNO $

LBL4 $

KGG,KNN/MPCFl/MGG,MNN/MPCFl $

LBL2,MPCF2 $

USET,RG/Gll $

USET,GM,KGG,MGG,,/KNN,MNN, , $

LBL2 s

KNN,KFF/SINGLE/MNN,MFF/SINGLE $

LBL3,SINGLE $

USET,KNN,MNN,,/KFF,KFS,KSS,MFF ,, $

LBL3 $

KFF,KAA/OMIT/ MFF,MAA/OMIT $

LBL5,0MIT $

USET,KFF,MFF,,/GO,KAA,KOO, LOO,MAA,MOO,MOA, , $

LBL5 $

USET,KAA,MAA/KLL,KLR,KRR,MLL,MLR,MRR s

KLL/LLL $

LLL,KLR,KRR/DM $

DM,MLL,MLR,MRR/MR $

SLT,BGPOT,CSTM,SIL,EST,MPT, GPTT,EDT,MGG,CASECC,DIT,/PG, ,,,/
LUSET/NSKIP $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 2

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

70 SSG2

71 SSGk

72 ssG3

73 COND

74 MATGPR

75 MATGPR

76 LABEL

77 SOR1

78 CONO

79 REPT

80 JUMP

81 PARAM

82 COND

83 LABEL

84 CDND

85 EQMCK

86 OFP

87 LABEL

88 SDR2

89 OFP

90 SCAN

91 OFP

92 coNo

93 PLOT

USET,GM,YS,KFS,GO,DM,PG/QR,PO,PS, PL $

PL,QR,PO,MR,MLR,OM,MLL,MOO,MOA,GO,USET/pL I,pO~/OM~T $

LLL,KLL,PLl,LOO,KOO,POl/ULV, UOOV,RULV,RUOV/OMIT/V,Y,
lRES=-1/NSKIP/S,N,EPSl $

LBL9,1RES $

GPL,USET,SIL,RULV//*L* $

GPL,USET,SIL,RUOV//*O* $

LBL9 $

USET,PG,ULV,UOOV,YS,GO,GM,PS ,KFS,KSS,QR/UGV,PGG,QG/NSKIP/
*sTATlcs* $

LBL8,REPEAT $

LBL1l ,360 $

ERROR2 $

//*NoTf</TEsT/REpEAT $

ERROR5,TEST $

LBL8 $

NOMPCF,GRDEQ $

CASECC, EQEXIN,GPL,BGPDT,SIL, USET,KGG,GM,UGV,PGG,QG,CSTM/
OQMl/V,Y,OPT=O/V,Y,GRDEQ/NSK 1P $

OQMl,,,,,//S,N,CARDNO $

NDMPCF $

CASECC,CSTM,MPT,DIT,EQEXIN, SIL,GPTT,EDT,BGPDP, ,QG,LIGV,EST,,PGG/
OPG1,OQG1,OUGV1,OESI,OEF1, PUGV1/fSTATICS~< $

OUGVl,OPGl,OQGl,OEFl,OESl,//S,N ,CARDNO $

CASECC,OESl,OEF1/OESFl/*RF~: $

OESF 1,,,,,//S,N,CARDNO $

P2,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPOT, EQEXIN,S IP,PUGV1, ,GPECT,OES 1/
PLOTX2/NSlL/LUSEP/JUMPPLOT/PLTFLG/S,N,PF ILE $
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e RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 2

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

94 PRTMSG PLoTx2// $

95 LABEL P2 $

g6 JUMP FINIS $

97 LABEL ERROR] $

98 PRTPARM //-1/*lNERTIA* $

99 LABEL ERROR2 $

100 PRTPAR!4 //-2/*lNERTIA* $

101 LABEL ERROR3 $

102 PRTPARM //-3/*lNERTIA~’r $

103 LABEL ERROR4 $

104 PRTPARM //-4/*lNERTIA* $

m 105 LABEL ERROR5 $

106 PRTPARM //-5/>~lNERTIA* $

107 LABEL ERROR6 s

108 PRTPARM //-6/:<lNERTIA~~ $

109 LABEL FINIS $

110 PURGE DUM!4Y/ALWAYS $

111 END $
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2.2,2 Description of Important DMAP Operations for Static Analysis with Inertia Relief

5, GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers. a

6. PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

7. GP2 generates Element Connection Table with internal indices,

10, Go to DMAP No. 18 if there are no structure plot requests,

11. PLTSET transforms user input into a form used to drive the structure plotter.

12. PRTMSG prints error messages associated with the structure plotter.

15. Go to DMAP No. 18 if no undeformed structure plots are requested,

16. PL17Tgenerates all requested undeformed structure plots.

17. PRTMSG prints plotter data and engineering data for each undeformed plot generated.

19. GP3 generates Static Loads Table and Grid Point Temperature Table.

20. TA1 generates element tables for use in matrix assembly and stress recovery.

21. Go to DMAP No. 107 and print Error Message No. 6 if there are no structural elements.

25, EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

27. Go to DMAP No. ’29if no stiffness matrix is to be assembled.

28. EMA assembles stiffness matrix [K&] and Grid Point Singularity Table.

30. Go to DMAP No. 97 and print Error Message No, 1 if no mass matrix is to be assembled.

31. EMA assembles mass matrix [Mgg].

32. Go to DMAP No. 35 if no weight and balance information is requested.

33. GPWG generates weight and balance information.

34. @FP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

36. Equivalence [K~g] to [Kgg] if no general elements exist.

37. Go to DMAP No. 39 if no general elements exist,

38. SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

41. Beginning of loop for multiple constraint sets.

42. GP4 generates flags defining members of various displacement sets (USET), forms multipoint
constraint equations [Rg]{ug} = O and forms enforced displacement vector {Ys}.

43. Go to DMAP No. 10land print Error Message No. 3 if no independent degrees of freedom are
defined.

44. Go to DMAP No. 103 and print Error Message No. 4 if no free-body supports exist.

46. Go to DMAP No. 51 if general elements are present.
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48.

49.

50.

52.

53.

54.

55.

57.

58.

59.

61.

62.

63.

Go to DMAP No. 51 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

!3FP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn] and [Mgg] to [Mnn] if no multipoint constraints exist.

Go to DMAP No. 56 if the MPC set for the current pass is unchanged from that of the previous
pass.

MCEI partitions multipoint constraint equations [Rgl = [Rm~Rnl and solves for
.

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn].

MCE2 partitions stiffness and mass matrices

and performs matrix reductions

[Knn] = [iinn]+ [G$[\nl + [~nl[Gml + [G~l[$JIGml and

[Mnn] = [;nn] + [Gj[Mmnl + [M;nl[Gml + [G; IIMJIGMI.

Equivalence [Knnl to [Kff] and [Mnnl to [Mff] if no sin91e-Point constraints exist”

Go to DMAP No. 60 if no single-point constraints exist.

SCE1 partitions out single-point constraints

[1‘ff’ ‘fs[Knn] = – + – and [1[Mnn] = ‘ff ~‘fs

‘Sf I ‘ss ‘Sf I‘ss

Equivalence [Kff] to [Kaal and [Mff] to [Maal if no omitted

GO to DMAP No. 64 if no omitted coordinates exist.

SMP1 partitions constrained stiffness

[1~ lKao

[Kffl = ~~K– and
oa 00

solves for transformation matrix [Go]

and mass matrices

I
M IMao

[Mff] = &a+ —

‘oa 1’00
L

.

coordinates exist.

= -[ Koo]-l[Koa]

and performs matrix reductions [Kaal = [iaal + [K~al[Gol
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and

65. RBMG1

66. RBMG2

67. RBMG3

[Maa] ❑ [;aa] + [M~a][Go] + [G~][Moa] + [G~][Moo][Go] .

partitions out free-body supports

decomposes constrained stiffness matrix [Klg] = [LIL][ULL],

forms rigid body transformation matrix

[D] = -[KLl]-l[Kir] ,

calculates rigid body check matrix

[X] = [Krr] + [K:r][D]

and calculates rigid body error ratio

~= xl-l-%Krr

68. RBMG4 forms rigid body mass matrix

[mr] = [Mrr] + [M~rl[Dl + [DTl[MLrl + [DTIIMLLIIDI.

69. SSG1 generates static load vectors {Pg}.

70. SSG2 applies constraints to static load vectors

HEn
{Pg}= —– , {Pnl = {~n} + [G:]{Pm} ,

Pm

11

‘f
{Pn}’ —– , {Pf} = {Pf} - [Kfs]{ys} ,

P5

[1

ia
{Pf}= —– , {Pa} = {Pa} + [G;]{PO} ,

P.

HP
{Pa} = —L-

Pr

and calculates determinate forces of reaction {qr} = -{Pr} - [DT]{Pi}.
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71.

0

72,

73.

74.

75.

77.

SSG4 calculates inertia

STATIC ANALYSIS WITH INERTIA RELIEF

loads and combines therewith static loads

(‘E ‘r) and{P]I = {Pil + [M ][D] + [M ] [mr]-l{qr}

‘p:’={’o’+~“J[GJ+[MqH “[mr]-’{qr’~
SSG3 solves for displacements of independent coordinates

{uL} = [KLL]-l{P:} ,

solves for displacements of omitted coordinates

{u:} = [Kool-b) ,

calculates residual vector (RULV) and residual vector error ratio for independent
coordinates

{u:}{dP:}

‘L =

{P:}

and calculates residual vector (RUOV) and
coordinates

{6P;} = {P:} -

-r

{Ui}

residual vector error ratio for omitted

Koo] {U:} ,

{U:}{6P:}
F .
-0

Go to DMAP No. 76 if residual vectors

MATGPR prints the residual vector for

MATGPR prints the residual vector for

SDR1 recovers dependent displacements

are not to be printed.

independent coordinates (RULV).

omitted coordinates (RUOV).

H‘L = {u ~ ,
{uo} = [Go]{ua} + {u:} >

–u;
a

HUa

N

Uf
—— = {Uf} , ——. {Un} ,

Y5
‘o

uUn
{um} = [Gm]{un} , –– = {Ugl

urn
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78.

79.

80.

82.

84.

85.

86.

88.

89.

90.

91.

92.

93.

94.

96.

98.

100.

102.

104.

106.

108.

DISPLACEMENT RIGID FORMATS

and recovers single-point forces of constraint

{q5} = -{P51 + [K;~] {Uf} + [Kss] {Ys} .

Go to DMAP No, 83 if all constraint sets have been processed.

Go to DMAP No. 41 if additional sets of constraints need to be processed.

Go to DMAP No. 99 and print Error Message No. 2 as the number of constraint sets exceeds
360.

Go to DMAP No. 105 and print Error Message No. 5 if multiple boundary conditions are
attempted with an improper subset.

Go to DMAP No. 87 if no multipoint constraint force balance is requested.

EQMCK calculates the force and moment equilibrium check and prepares the multipoint
constraint force balance (OQMl) for output.

OFP formats the table prepared by EQMCK and places it on the system output file for
printing.

SDR2 calculates element forces (OEFl) and stresses (13ES1)and prepares load vectors (f3PGl),
displacement vectors (OUGVl), and single-point forces of constraint (k3QGl)for output and
translation components of the displacement vector (PUGV1).

!3FPformats the tables prepared by SDR2 and places thereon the system output file for
printing.

SCAN examines the element stresses and forces calculated by SDR2 and generates scanned
output that meets the specifications set by the user.

OFP formats the scanned output table prepared by SCAN and places it on the system output
file for printing.

Go to DMAP No.

PLOT generates

PRTMSG prints
generated.

Go to DMAP NO.

95 if no deformed structure plots are requested.

all requested deformed structure and contour plots.

plotter data, engineering data, and contour data for each deformed plot

109 and make normal exit.

Print Error Message No. 1 and terminate execution.

Print Error Message No. 2 and terminate execution.

Print Error Message No. 3 and terminate execution.

Print Error Message No. 4 and terminate execution.

Print Error Message No. 5 and terminate execution.

Print Error Message No. 6 and terminate execution.
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2.2.3 Output for Static Analysis with Inertia Relief

The

1.

2.

3.

4.

5.

The

1.

2.

following output may be requested for Static Analysis with Inertia Relief:

Displacements at selected grid points due to the sum of the applied loads and the

inertia loads.

Nonzero components of the applied static loads at selected grid points.

Reactions on free-body supports due to applied loads (single-point forces of

constraint).

Forces and stresses in selected elements due to the sum of

1oads.

Scanned output of forces and elements in selected elements.

following plotter output may be requested:

Undeformed and deformed plots of the structural model.

Contour plots of stresses and displacements.

the applied loads and inertia

2.2.4 Case Control Deck for Static Analysis with Inertia Relief

The following items relate to subcase definition and data selection for Static Analysis with

Inertia Relief:

1.

2.

3,

4.

5.

A separate subcase must be defined for each

loads.

A static loading condition must be defined

with a LllADselection.

unique combination of constraints and static

for (not necessarily within) each subcase

An SPC set may be selected only if used to remove grid point singularities or some, but

not all, of the free body motions. At least one free body support must be provided with

a SUPORT card in the Bulk Data Deck.

Loading conditions associated with the same sets

subcases in order to avoid unnecessary looping.

REPCASE may be used to repeat subcases in order

output item.

2.2.5 Parameters for Static Analysis with Inertia Relief

of constraints should be in contiguous

to allow multiple sets for the same

The following parameters are used in Static Analysis with Inertia Relief:
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2.

3.

4.

5.

6.

7.

8.

9.

10.

DIsPLACEMENT RIGID FORMATS

ASETliMJT- optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is ().

AUT~SPC - reserved for future optional use. The default value is -1.

CfJUPMASS- CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters cause the generation of coupled mass matrices

rather than lumped mass matrices for all bar elements, rod elements, and plate elelllents

that include bending stiffness.

GRDEQ - optional. A positive integer value of this parameter selects the grid point

about which equilibrium will be checked for the Case Control output request, MPCF@RCE.

If the integer value is zero, the basic origin is used. The default value is -1.

GRDPNT - optional.

Weight Generator to

printed,

IRES - optional. A

A positive integer value of this parameter causes the Grid Point

be executed and the resulting weight and balance information to be

positive integer value of this parameter causes the printing of the

residual vectors following the execution of the SSG3 module.

13PT- optional. A positive integer value of this parameter causes both equilibrium and

multipoint constraint forces to be calculated for the Case Control output request,

MPCFfJRCE. A negative integer value of this parameter causes only the equilibrium force

balance to be calculated for the output request. The default value is O which causes

only the multipoint constraint forces to be calculated for the output request.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data

WTMASS - optional. The terms of the mass

this parameter when they are generated in

card for details.

matrix are multiplied by the real value of

the EMA module.
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2.2.6 Automatic ALTERs for Automated Multi-stage Substructurinq

a
The following lines of the Static Analysis with Inertia Relief, Rigid Format 2, are ALTERed in

automated substructure analyses.

Phase 1: 4, 44-44, 65-68, 70-96

Phase 2: 4, 5-5, 8-18, 21-21, 30-30, 36-39, 46-51, 84-98

Phase 3: 65-68, 70-76, 77

If APP DISP, SUBS is used, the user may also specify ALTERs. However, these must not

interfere with the automatically generated DMAP statement ALTLRs listed above. See Volume I,

Section 5,9 for a description and listing of the ALTERs which are automatically generated for

substructuring.

2.2.7 Rigid Format Error Messages from Static Analysis with Inertia Relief

The following fatal errors are detected by the DMAP statements in the Static Analysis with

Inertia Relief rigid format. The text for each error message is given below in capital letters and

is followed by additional explanatory material, including suggestions for remedial action.

● STATIC ANALYSIS WITH INERTIA RELIEF ERROR MESSAGE NO. 1 - MASS MATRIX REQUIRED FOR CALCULATION OF
INERTIA Lf!ADS.

The mass matrix is null because either no elements were defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined on a Material
card.

STATIC ANALYSIS WITH INERTIA RELIEF ERROR MESSAGE NO. z - ATTEMPT TO EXECUTE MORE THAN 360 LOllPS.

An attempt has been made to use more than 360 different sets of boundary conditions. This number
may be increased by ALTERing the REPT instruction following SDR1.

STATIC ANALYSIS WITH INERTIA RELIEF ERROR MESSAGE ND. 3 - No INDEPENDENT DEGREES OF FREED17MHAVE
BEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SP$31NTor Scalar Connection cards, or all
defined degrees of freedom have been constrained by SPC, MPC, YJPORT,OMITOr GRDsETcards,Or
grounded on Scalar Connection cards.

STATJC ANALYSIS WITH INERTIA RELIEF ERROR MESSAGE NO. 4 - FREE-BODY SUPP@RTS ARE REQUIRED.

A statically determinate set of supports must be specified on a SUPklRTcard in order to determine
the rigid body characteristics of the structural model.
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STATIC ANALYSIS WITH INERTIA RELIEF ERR13RMESSAGE No. 5 -
SUBSET.

A problem requiring boundary condition changes was run on
restarted on subset O.

STATIC ANALYSIS WITH INERTIA RELIEF ERR13RMESSAGE N@. 6 -

A LOOPING PR@BLEM RUN ON A N@N-LO@PING

subset 1 or 3, The problem should be

NO STRUCTURAL ELEMENTS HAVE BEEN DEFINED.

No structural elements have been defined with Connection cards,

I
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2.3 NORMAL MODES ANALYSIS

2.3.1 DMAP Sequence for Normal Modes Analysis

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 3

RIGID FORMATS

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR-2 LIST NODECK NOREF NOOSCAR
-------- -------- -

1 BEGIN

2 PRECHK

3 FILE

4 PARA14

5 GP1

6 PLTTRAN

~ GP2

8 PARAML

9 PURGE

10 CONO

11 PLTSET

12 PRTMSG

13 PARAM

J4 PARAfl

15 COND

16 PLOT

17 PRTMSG

18 LABEL

19 GP3

20 TA1

21 COND

DISP 03 - NORMAL MODES ANALYSIS - APR. 1986 $

ALL $

LAMA=APPEND/PHIA=APPEND $

//*HPY*/CARONO/O/O $

GEOMl,GEDM2,/GPL,EQEXIN,GPDT,CSTM,BGPDT,SIL/S,N,LUSET/
NOGPDT/ALWAYS=-l $

BGPOT,SIL/BGPDP,SIP/LUSET/S,N,LUSEP $

GEoM2,EQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

Pl,JU14PPLOT$

PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS,ELSETS/S,N,NS(L/
S,N,JUMPPLOT $

PLTSETX// $

//*MPY*/PLTFLG/l/l $

//*MPY*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,EQEXIN,SIL,,ECT,,/PLOTXl/
NSIL/LUSET\S,N,JUMPPLOT/S,N,PLTFLG/S,N,PFILE $

PLOTX1//$

P1 $

GEoM3,EQExIN,GEom2/,GPTT/NoGRAv $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S,N,GENEL $

ERROR4,NOSIMP $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 3

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

PURGE

PARAII

PARAM

EMG

PURGE

CONO

EMA

LABEL

COND

EMA

COND

GPWG

OFP

LABEL

EQUIV

COND

SMA3

LABEL

PARAM

GPk

COND

PURGE

COND

OGPST/GENEL $

//*AoD*/NoKGGx/I/o $

//*Aoo*/NoMGG/I/o $

EST,CSTM,MPT,DlT,GEOM2,/KELM, KDICT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,,Y, CPBAR/
C,Y,CPROO/C,Y,CPQUADl/C,Y, CPQUAD2/C,Y,CPTRlAl/C,Y,CPTRl A2/
C,Y,CPTUBE/C,Y,CPQOPLT/C,Y, CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGG,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

JMPKGG $

ERROR1,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LGPWG,GRDPNT $

BGPDP,CSTM,EQEXIN,MGG/OGPWG/V,Y,GRDPNT=- l/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARDNO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//~~MPY*/NSKIP/O/O $

CASECC,GEOM4,EQEXIN,GPDT,BGPOT,CSTM, GPST/RG,YS,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S ,N,SINGLE/S,N,OMIT/S,N,REACT/
S,N,NSKIP/S,N,REPEAT/S,N,NOSET/S, N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

ERROR3,NOL $

KRR,KLR,DM,MLR,MR/REACT/GM/MPCF l/GO/OMIT/KFS/SINGLE/QG/NOSET $

LBL4,GENEL $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 3

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

45 PARAM

b6 COND

47 GPSP

48 OFP

49 LABEL

50 EQUIV

51 COND

52 mcEl

53 MCE2

54 LABEL

55 EQUIV

56 COND

57 ;CE1

58 LABEL

59 EQUIV

60 EQUIV

61 COND

62 SMP1

63 SMP2

64 LABEL

65 COND

66 RBMG1

67 RBMG2

68 RBMG3

69 RBMGk

70 LABEL

//*EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST,, ,,,//S,N,CARDNO $

LBL4 $

KGG,KNN/MPCFl/MGG,HNN/t4PCFl $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,MGG,,/KNN,HNN, , $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE $

LBL3,SINGI.E $

USET,KNN,MNN,,/KFF,KFS,,MFF ,, $

LBL3 $

KFF,KAA/OMIT $

MFF,MAA/OMIT $

LBL5,0MIT $

USET,KFF,,,/GO,KAA,KOO, LOO, ,,,, $

USET,GO,MFF/t4AA $

LBL5 $

LBL6,REACT $

USET,KAA,MAA/KLL,KLR,KRR,MLL ,MLR,MRR $

KLL/LLL $

LLL,KLR,KRR/OM $

Ofl,FILL,MLR,MRR/MR

LBL6 $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 3

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

DYNAMICS,GPL,SIL,USET/GPLD,S lLD,USETD,,,,,,,EED,EQDYN/
LUSET/LUSETD/NOTFL/NODLT/NOPSDL/NOFRL/
NONLFT/NOTRL/S,N,NOEED//NOUE $

ERROR2,NOEED $

//*Hpy*/NEIGv/I/-l $

KAA,t4AA,MR,DM,EED,USET,CASECC/LAMA,PH lA,Ml,OEIGS/*MODES*/
S,N,NEIGV $

OE IGS ,,,,,//S,N,CARDNO $

FINIS,NEIGV $

LAMA ,,,,,//S,N,CARDNO $

USET, ,PHIA, ,,GO,GM,,KFS,,/PHIG,,QG/l/*REl G* $

NOMPCF,GRDEQ $

CASECC,EQEXIN,GPL,BGPDT,SIL, USET,KGG,GM,PHIG,LAMA,QG,CSTM/
OQM1/V,Y,OPT=O/V,Y,GRDEQ/-l $

OQMl,,,,,//S,N,CARDNO $

NOMPCF $

CASECC,CSTM,MPT,DIT,EQEXI N,SIL, ,,BGPDP,LAMA,QG,PHI G,EST,,/
,OQGl,OPHIG,OESl,OEFl,PPHIG/>?RE lG#~ $

OPHIG,OQGl,OEFl,OESl,,//S,N, CARDNO $

CASECC,OESl,OEF1/OESFl/*RF* $

OESF1 ,,,,,//S,N,CARDNO $

P2,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC, BGPDT,EQEXIN,SI P,,PPHIG,GPECT,OES 1/
PLOTX2/NSlL/LUSEP/JUMPPLOT/PLTFLG/S ,N,PFILE $

PLOfX2// $

P2 $

FINIS $

ERROR1 $

71 DPD

72 COND

73 PARA!4

74 READ

75 OFP

76 COND

77 OFP

78 SDR1

79 COND

80 EQHCK

81 OFP

82 LABEL

83 SOR2

8k OFP

85 SCAN

86 OFP

87 COND

88 PLOT

89 PRTflsG

90 LABEL

91 JUMP

92 LABEL

93 PRTPARM //-1/*MoDES* $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 3

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

gh

95

96

97

98

99

100

10I

102

LABEL

PRTPARM

LABEL

PRTPARH

LABEL

PRTPARtl

LABEL

PURGE

ENO

ERROR2 $

//-2/*HODES* $

ERROR3 $

//-3/*MODES* $

ERRORk $

//-b/*tIODES* $

FINIS $

DUMMY/ALWAYS $

s
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2.3.2

5,

6.

7.

10.

110

12.

15.

16.

17.

19.

20.

21.

25.

27.

28.

30.

31.

32.

33.

34.

36.

37.

38.

41.

42.

44.

46.

47.

Description of Important DMAP Operations for Normal Modes Analysis

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 18 if there are no structure plot requests,

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 18 if no undeformed structure plots are requested.

PL@T generates all requested undeformed structure plots,

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 98 and print Error Message No. 4 if there are no structural elements.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 29 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table,

Go to DMAP No. 92 and print Error Message No. 1 if no mass matrix is to

EMA assembles mass matrix [Mgg].

Go to DMAP No. 35 if no weight and balance information is requested.

GPWG generates weight and balance information.

be assembled.

OFP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K&] to [Kgg] if no general elements exist.

Go to DMAP No. 39 if no general elements exist.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ugl = O.

Go to DMAP No. 96 and print Error Message No. 3 if no independent degrees of freedom are
defined.

Go to DMAP No. 49 if general elements are present,

Go to DMAP No. 49 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

2.3-6 (05/30/86)



NORMAL MODES ANALYSIS

48. !3FPformats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

50. Equivalence [Kgg] to [Knn] and [Mgg] to [Mnn] if no multipoint constraints exist.

51. Go to DMAP No. 54 if no multipoint constraints exist.

52. MCE1 partitions multipoint constraint equations [Rgl = [Rm~Rnl and solves for

multipoint constraint transformation matrix [Gm] ❑ -[Rm]-l[Rnj.

53. MCE2 partitions stiffness and mass matrices

[

K IK
[Kgg] = fl~Km

mn mm

and [Mgg] =

1
M IM

,1

A“+ ~
Mmn IMmm

and performs matrix reductions

[Knnl = [~nnl + [G~l[Kmnl + [K~nl[Gml + [G~l[\ml[Gml and

[Mnnl = [inn] + [G;l[Mmnl + [M:nl[Gml + [G;l[Mmml[Gml .

55. Equivalence [Knnl to [Kff] and [Mnn] tO [Mff] if no sin91e-point constraints exist”

56. Go to DMAP No. 58 if no single-point constraints exist.

57. SCE1 partitions out single-point constraints

[1Kff/ Kfs [1‘ff’ ‘fs[Knn] . — + — and [Mnn]= –+– .
Ksf IKs~ Msf I Mss

59. Equivalence [Kff] to [Kaa] if no omitted coordinates exist.

60. Equivalence [Mff] to [Maa] if no omitted coordinates ‘xiSt”

61. Go to DMAP No. 64 if no omitted coordinates exist.

62. SMP1 partitions constrained stiffness matrix

HK IK

[Kff] = :~K~ ,

oa 00

solves for transformation matrix [Go] = -[Kool-l[Koal

and performs matrix reduction [Kaal = [~aal + [K~al[Gol .

63. SMP2 partitions constrained mass matrix
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r- 7

II
M [M

rMffl = :-+M~ ‘

oa 00
L J

and performs matrix reduction

65. Go to

66. RBMG1

67. RBt4G2

68, RBMG3

[Maa]

DMAP No. 70 if

partitions out

[Kaa] =

FORMATS

= [iaal + [M~al[Gol + [Gj[Moal + [G~l[Mool[Gol .

no free-body supports exist.

free-body supports

[~:] and [M’J=[?J?]
decomposes constrained stiffness matrix [Kgk] = [LLL][ULL].

forms rigid body transformation matrix

[D] = -[KiL]-l[K1r],

calculates rigid body check matrix

[X] = [Krrl + [K;rl[rIl

and calculates rigid body error ratio

E .

&

x.

Krr
69. RBMG4 forms rigid body mass matrix

[q.] = [Mrrl + [Mjrl[Dl + [DTl[Mkrl + [DTIIMILIIDI.

71. DPD extracts Eigenvalue Extraction Data from Dynamics data block.

72. Go to DMAP No. 94 and print Error Message No. 2 if there is no Eigenvalue Extraction Data.

74. READ extracts real eigenvalues and eigenvectors from the equation

[Kaa - AMaal{ua} = O ,

calculates rigid body modes by finding a square

[mol = [o~ol[fnrl[$rol

is diagonal and normalized, computes rigid body

[1DO[Oaol = – ~ ,
‘$ro

matrix [@ro] such that

eigenvectors
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calculatesmodal mass matrix

[Ml = [I$~l[Maal[tIa]

75.

76.

77.

78.

79.

80.

81.

83.

84.

85.

86.

87.

and normalizes eigenvectors according to one

1) Unit value of a selected component
2) Unit value of the largest component
3) Unit value of the generalized mass.

of the following user requests:

f5FPformats the summary ofeigenvalue extraction information (!JEIGS)prepared by READ and
places it on the system output file for printing.

Go to DMAP No.lOO and make normal exit if no eigenvalues were found.

@FP formats the eigenvalues (LAMA) prepared by READ and places them on the system output
file for printing.

SDR1 recovers dependent components of the eigenvectors

{$.} = [Go] {$al ,

H4f
——

❑ {On} ,
‘$s

H
‘$a

= {of} ,——
40

{+m} = [Gml {tIn} ,

H‘$n
—— = {$91
‘$M

and recovers single-point forces of constraint {qs} = [Kfs]Ti$f}.

Go to DMAP No. 82 if no multipoint constraint force balance is requested.

EQMCK calculates the force and moment equilibrium check and prepares the multipoint
constraint force balance (!3QMl) for output.

OFP formats the table prepared by EQMCK and places it on the system output file for
printing.

SDR2 calculates element forces (OEFl) and stresses (OEsl) and prepares eigenvectors (WHIG)
and single-point forces of constraint (OQGl) for output and translation components of the
eigenvectors (PpHIG).

i3FP formats the tables prepared by SDR2 and places them on the system output file for
printing.

SCAN examines the element stresses
output that meets the specifications

!3FPformats the scanned output table
file for printing.

and forces calculated by SDR2 and generates scanned
set by the user.

prepared by SCAN and places it on the system output

Go to DMAP No. 90 if no deformed structure plots are requested.
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88. PLOT generates all requested deformed structure and contour plots.

89. PRTMSG prints plotter data, engineering data, and contour data for each deformed plot
generated.

91. Go to DMAP No. 100 and make normal exit.

93. Print Error Message No. 1 and terminate execution.

95. Print Error Message No. 2 and terminate execution.

97. Print Error Message No. 3 and terminate execution.

99. Print Error Message No. 4 and terminate execution.
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2.3.3 Output for Normal Modes Analysis

● Each eigenvalue is identified with a mode number determined by sorting the eigenvalues by

their algebraic magnitude. The following summary of the eigenvalues extracted is automatically

printed:

1. Mode Number

2. Extraction Order

3. Eigenvalue

4. Radian Frequency

5. Cyclic Frequency

6. Generalized Mass

7. Generalized Stiffness

The following summary of the eigenvalue analysis performed, using the Inverse Power method,

is automatically printed:

1. Number of eigenvalues extracted.

2. Number of starting points used.

3. Number of starting point moves.

4. Number of triangular decompositions.

5. Number of vector iterations.

6. Reason for termination.

(1) Two consecutive singularities encountered while performing triangular

decomposition.

(2) Four shift points while tracking a single root.

(3) Al1 eigenvalues found in the frequency range specified.

(4) Three times the number of roots estimated in the frequency range have been

extracted,

(5) All eigenvalues that exist in the problem have been found.

(6) The number of roots desired have been found.

(7) One or more eigenvalues have been found outside the frequency range specified.

(8) Insufficient time to

(9) Unable to converge

7. Largest off-diagonal modal

find another root.

mass term and the number failing the criterion.
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automatically printed:

DISPLACEMENT RIGIDFORMATS

eigenvalue analysis performed, using the Determinant method, is

1. Number of eigenvalues extracted.

2. Number of passes through starting points.

3. Number of criteria changes.

4. Number of starting point moves.

5. Number of triangular decompositions.

6. Number of failures to iterate to a root.

i’. Reason for termination.

(1) The number of roots desired have been found.

(2) All predictions for eigenvalues are outside the frequency range specified.

(3) Insufficient time to find another root.

(4) Matrix is singular at first three starting points.

8. Largest off-diagonal modal mass term and the number failing the criterion.

9. Swept determinant function for each starting point.

The following summary of the eigenvalue analysis performed, using the Givens method, is

automatically printed:

1. Number of eigenvalues extracted.

2. Number of eigenvectors computed.

3. Number of eigenvalue convergence failures.

4. Number of eigenvector convergence failures.

5. Reason for termination.

(1) Normal termination.

(2) Insufficient time to calcu”ate eigenvalues and number of eigenvectors requested.

(3) Insufficient time to find additional eigenvectors.

6. Largest off-diagonal modal mass term and the number failing the criterion.

The following summary of the eigenvalue analysis performed, using the Tridiagonal Reduction

(FEER - Fast Eigenvalue Extraction Routine) method, is automatically printed,

1. Number of eigenvalues extracted.

2. Number of starting points used.

This corresponds to the total number of random starting and restart vectors used by the

FEER process.
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3. Number of starting point moves.

Not used in FEER (set equal to zero).

4. Number of triangular decompositions.

Always equal to one, except for unshifted vibration problems (roots starting from the

lowest requested). In this case, a maximum of three shifts and three decompositions are

employed to remove possible stiffness matrix singularities.

5. Total number of vector iterations.

The total number of reorthogonalizations of all the trial vectors employed.

6. Reason for termination.

(0) Normal termination.

(1) Fewer than. the requested number of eigenvalues and eigenvectors have been

extracted,

(3) The problem size has been reduced. However, the desired number of accurate

eigensolutions specified on the EIGB or EIGR card may have been obtained. A

detailed list of the computed error bounds can be obtained by requesting DIAG 16 in

the Executive Control Deck.

7. Largest off-diagonal modal mass term and the number failing the mass orthogonality

criterion.

The following output may be requested:

1. Eigenvectors along with the associated eigenvalue for each mode.

2. Nonzero components of the single-point forces of constraint for selected modes at

selected grid points.

3. Forces and stresses in selected elements for selected modes.

4. Scanned output of forces and elements in selected elements.

The following plotter output may be requested:

1. Undeformed plot of the structural model and mode shapes for selected modes.

2. Contour plots of stresses and displacements for selected modes.

2.3.4 Case Control Deck for Normal Modes Analysis

The following items relate to subcase definition and data selection for Normal Modes

Analysis:

1. METH@D must be used to select an EIGR card that exists in the Bulk Data Deck.
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2. On restart, the current EIGR card controls the eigenvalue extraction, regardless of what

calculations were made in the previous execution. Consequently, when making restarts

with either the Determinant method, the Inverse Power method or the Tridiagonal

Reduction (FEER) method, METHOD should be changed to select an EIGR card that avoids the

extraction of previously found eigenvalues. This is particularly important following

unscheduled exits due to insufficient time to find all eigenvalues in the range of

interest.

3. An SPC set must be selected unless the model is a free body or all constraints

specified on GRID cards, Scalar Connection cards or with General Elements.

4. Multiple subcases are used only to control output requests. A single subcase

sufficient if the same output is desired for all modes. If multiple subcases

are

is

are

present, the output requests

MODES may be used to repeat

several consecutive modes.

will be honored in

subcases in order

succession for increasing mode numbers,

to make the same output request for

2.3.5 Parameters for Normal Modes Analysis

The following parameters are used in Normal Modes Analysis:

1.

2.

3.

4.

5.

ASET@UT - optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

AUT@SPC - reserved for future optional use. The default value is -1.

C@UPMASS - CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIA1, CPTR1A2 CPTUBE CPQDPLT, CPTRPLT,——-l—-—~--- ——

CPTRBSC - optional. These parameters 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.

=- optional. A positive integer value of this parameter selects the grid point

about which equilibrium will be checked for the Case Control outplltrequest, MPCF9RCE.

If the integer value is zero, the basic origin is used. The default value is -1.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed. All fluid related masses are ignored.
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6. 13PT- opt—

multipoint

MPCFORCE.

balance to

7.

8.

9.

NORMAL MOOES ANALYSIS

onal. A positive integer value of this parameter causes both equilibrium and

constraint forces to be calculated for the Case Control output request,

A negative integer value of this parameter causes only the equilibrium force

be calculated for the output request. The default value is O which causes

only the multipoint constraint forces to be calculated for the output request.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.

@

2.3.6 Optional Diagnostic Output for FEER

Special detailed information related to the generation of the reduced problem size, the

elements of the reduced tridiagonal matrix, computed error bounds and other numerical tests can be

obtained by requesting DIAG 16 in the NASTRAN Executive Control Deck.

The meaning of this information is explained below in the order in which it appears in the

DIAG 16 output,

ORDER

MAX RANK -

RED ~RDER -

13RTHVCT -

USER SHIFT -

INTERNAL SHIFT -

The order of the unreduced problem (size of the [Kaa] matrix)

:~eRmaximum number of existing finite eigensolutions as initially detected by

The order of the reduced eigenproblem which will be solved to obtain the number
of accurate solutions requested by the user

The number of previously computed accurate eigenvectors on the eigenvector file
which were generated prior to a restart or by the NASTRAN rigid body mode
generator

The user specified shift after conversion from cycles to radians - squared (used
only in frequency problems).

A small positive value automatically computed to remove singularities if the
user has specified a zero shift. Otherwise, the negative of the user shift
(used only in frequency problems).
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SINGULARITY CHECK - PASS: the shifted stiffness matrix is non-singular
- ****: the number of internal shifts needed to remove stiffness matrix

singularities

TRIDIAGONAL ELEMENTS ROW j, **, ***, **** - The computed tridiagonal elements of the reduced
eigenmatrix:

j - Matrix row
** - Diagonal element
*** - Off-diagonal element
**** - First estimate of off-diagonal element in the next row

@RTH ITER - The number of times a reorthogonalization of a trial vector has been performed.

MAX PR13J - The maximum projection of the above trial vector on the previously computed
accurate trial vectors (prior to the current reorthogonalization)

N@RMAL FACT - The normalization factor for the reorthogonalized trial vector

OPEN CORE NOT USED *** FEER3 - Open core not used by Subroutine FEER3, in single-precision words

FEER QRW ELEMENT *, ITER **, ***, RATIO ****, PROJ *****:

* - The internal eigenvalue number in the order of its extraction by FEER

** - The number of inverse power iterations performed to extract the associated
eigenvector of the reduced system (this is not a physical eigenvector)

*** - If a multiple root has been detected, the number of times that the previous
multiple-root, reduced-system eigenvectors have been projected out of the
current multiple-root eigenvector before repeating the inverse power iterations

**** - The absolute ratio of maximum, reduced-system eigenvector elements for
successive inverse power iterations

***** - The maximum projection of a current multiple-root eigenvector on previously
computed eigenvectors for the same root

PHYSICAL EIGENVALUE *, **, THEOR ERROR *** PERCENT, PASS @R FAIL:

* The internal eigenvalue number in the order of its extraction by FEER

** The associated physical eigenvalue (A for buckling problems, UZ for frequency
problems)

*** - Theoretical upper bound on the relative eigenvalue error

PASS - The computed error is less than or equal to the allowable specified on the EIGB
or EIGR bulk data card (default is .001/n where n is the order of the stiffness
matrix)

FAIL - The computed error is greater than the allowable and this mode is not accepted
for further processing

OPEN CORE N@T USED *** FEER4 - Open core not used by Subroutine FEER4, in single-precision words

FEER COMPLETE *, **, ***, ****

* The remaining CPU time available following decomposition of the shifted
stiffness matrix, in seconds (the total time is specified on the TIME card in
the Executive Control Deck)

** The remaining CPU time, in seconds after completing Subroutine FEER3

*** - The remaining CPU time, in seconds after completing Subroutine FEER4

2.3-16 (05/30/86)



NORMAL MODES ANALYSIS

**** The total operation count for FEER after decomposition of the shifted stiffness
matrix. One operation is considered to be a multiplication or division followed
by an addition

2.3.7 The APPEND Feature

In real eigenvalue analysis, it is frequently necessary to add new eigenvalues and

eigenvectors to those already computed in a previous run. The APPEND t’eature(see Section 9.2.2 of

the Theoretical Manual for details) makes it possible to do this without re-executing the entire

problem. It is available when using the Inverse Power, Determinant and Iridiagonal Reduction

(FEER) methods of eigenvalue extraction.

In order to use the APPEND feature, the user should employ the following steps:

1. Request a checkpoint of an eigenvalue problem by employing either the Inverse Power,

Determinant or Tridiagonal Reduction (FEER) method.

2. Check to ensure that at least one eigenvalue and one eigenvector are computed in this

run and that the LAMA (eigenvalue) and PHIA(eigenvector) files are successfully

checkpointed.

3. Restart the problem by changing

the EIGR card in the Bulk Data

satisfied:

either the METHOD card in the Case Control Deck and/or

Deck and ensuring that the following conditions are

a. The structural model and the constraint data for the restart must be the same as

that used in the checkpoint run,

b. The method of eigenvalue extraction employed in the restart need not be the same as

that used in the checkpoint run, but the range of eigenvalues specified on the EIGR

Bulk Data card should not include the eigenvalues already checkpointed in Step I.

c. If the user wishes to retrieve only a subset of the checkpointed eigenvalues and

eigenvectors, a DMAP alter should be employed in the Executive Control Deck to reset

the parameter NEIGV to the desired value by means of a PARAM statement just before

the READ module in the DMAP sequence, (See Section 9.2.2 of the Theoretical Manual

for details.)
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4. Note that the eigenvalues and eigenvectors output by the restart include those retrieved

from the checkpointed run of Step 1. Also, the resulting eigenvectors are normalized

according to the method of normalization specified in the restart.

2.3.8 Automatic ALTERs for Automated Multi-stage Substructuring

The following lines of the Normal Modes Analysis, Rigid Format 3, are ALTERed in automated

substructure analyses.

Phase 1: 4, 42, 65-70, 71-91

Phase 2: 4, 5-5, 8-18, 21.-21,30-30, 36-39, 44-49, 79-93

Phase 3: 65-70, 71-77, 78

If APP DISP, SUBS is used, the user may also specify ALTERs. However, these must not

interfere with the automatically generated DMAP statement ALTERs listed above. See Volume I,

Section 5.9 for a description and listing of the ALTERs which are automatically generated for

substructuring.

2.3.9 Rigid Format Error Messages from Normal Modes Analysis——

The following fatal errors are detected by the DMAP statements in the Normal Modes Analysis

rigid format. The text for each error message is given below in capital letters and is followed by

additional explanatory material, including suggestions for remedial action.

N@RMAL MODE ANALYSIS ERR13RMESSAGE NO. 1 - MASS MATRIX REQUIRED FOR REAL EIGENVALUE ANALYSIS.

The mass matrix is null because either no structural elements were defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined on a Material
card.

NORMAL MODE ANALYSIS ERROR MESSAGE No. 2 - EIGENVALUE EXTRACTION DATA REQUIRED FOR REAL EIGENVALUE
ANALYSIS.

Eigenvalue extraction data must be supplied on an EIGR card in the Bulk Data Deck and METHOD in the
Case Control Deck must select an EIGR set.

NORMAL MODE ANALYSIS ERROR MESSAGE NO. 3 - NO INDEPENDENT DEGREES OF FREEDOM HAVE BEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SP@INT or Scalar Connection cards, or all
defined degrees of freedom have been constrained by SPC, K!PC,SUPORT, OMIT or GRDSET cards, or
grounded on Scalar Connection cards.

NORMAL M@DE ANALYSIS ERROR MESSAGE NO. 4 - No STRUCTURAL ELEMENTS HAVE BEEN DEFINED.

No structural elements have been defined with Connection cards.
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2.4 STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

2.4.1 DMAP Sequence for Static Analysis With Differential Stiffness

RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT ~

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
--- ---------- --- -

1 BEGIN

2 PRECHK

3 PARAM

b GP1

5 CONO

6 PLTTRAN

7 GP2

8 PARAML

9 PURGE

10 COND

1: PLTSET

12 PRTMSG

13 PARAM

14 PARAM

15 COND

16 PLOT

17 PRTMSG

18 LABEL

19 GP3

20 PARAM

21 TA1

DISP ok - DIFFERENTIAL STtFFNESS ANALYSIS - APR. 1986 $

ALL $

//*MPY*/CARONO/O/O $

GEOMl,GEOM2,/GPL,EQEXlN,GPDT, CSTM,BGPDT,SiL/S,N,LUSET/
S,N,NOGPDT/MINUSl=-l $

ERROR3,NOGPDT $

BGPDT,SIL/BGPDP,SIP/LLJSET/S ,N,LUSEP $

GEoM2,EQExlN/EcT $

PCDE//*PRESJ’I////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

Pl,JUMPPLjlT $

PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS ,ELSETS/S,N,NSIL/
S,N,JUMPPLOT $

PLTSETXi/ $

j/W4PY*/PLTFLG/l/i $

//*MPY*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPDT,EQEXIN,SIL, ,ECT,,/PLOTXl/
NSiL/LUSET/S,N,JUMPPLOT/S,N, PLTFLG/s,N,pFILE $

PLOTX1// $

PI $

GEOM3,EQEXlN,GEOM2/SLT,GPTT/S ,N,NOGRAV $

//*AND*/NOMGG/NOGRAV/V,Y,GRDPNT=- i S

ECT,EPT,BGPOT,SIL,GPTT,CSTM/EST, GEl,GpECT+,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S ,N,GENEL $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT k

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

4k

CONO

PURGE

PARAH

EMG

PURGE

CONO

EMA

LABEL

CONO

EMA

LABEL

CONO

CONO

GPWG

OFP

LABEL

EQUIV

CONO

SMA3

LABEL

PARAM

CASE

GP4

ERROR1,NOSIMP $

OGPST/GENEL $

//*Aoo*/NoKGGx/l/o $

EST,CSTM,MPT,DlT,GEOM2,/KELM,KO ICT,MELM,MOICT, ,,/S,N,NOKGGX/
S,N,NOMGG////C, Y,COUPMASS/C,Y, CPBAR/
c,Y,cPRoD/c,Y,cPQuAol/c,Y,cPQuAD2/c,Y, cPTRiA1/c,Y,cPTRlA2/
C,Y,CPTUBE/C,Y,CPQDPLT/C,Y,CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX/MGG/NOMGG $

JMPKGG,NOKGGX $

GPECT,KOICT,KELM/KGGX,GPST $

JMPKGG $

JMPMGG,NOMGG $

GPECT,MOLCT,MELM/MGG,/-l/C,Y ,WTMASS=l.O $

JMPMGG $

LBL1,GROPNT $

ERROR4,NOMGG $

BGPOP,CSTM,EQEXIN,MGG/OGPWG/V,Y ,GROPNT/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARONO $

LBL1 $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//~~MPYf~/NSKIP/O/O $

CASECC,/CASEXX/*TRANRESP~~/O/NOLOOP $

CASEXX,GEOM4, EQEXIN,GPDT,BGPOT, CSTM,GPST/RG,YS,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N ,SINGLE/S,N,OMIT/S,N,REACT/S ,N,
NSKIP/S,N,REPEAT/S,N,NOSET/S ,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 4

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

45 COND

46 PURGE

47 COND

48 JUMP

49 LABEL

50 COND

51 PARAM

52 COND

53 GPSP

54 OFP

55 LABEL

56 EQUIV

57 CONO

58 MCE1

59 MCE2

60 LABEL

61 EQUIV

62 CONCI

63 SCE1

64 LABEL

65 EQUIV

66 COND

67 SMP1

68 LABEL

6g RBMG2

ERROR5,NOL $

GM/MPCFl/GO,.KOO,LOO,PO,UOOV,RUOV/OMIT/PS, KFS,KSS,QG,
YBS,PBS,KBFS,KBSS,KDFS,KOSS/S INGLE $

LBL4D,REACT $

ERROR2 $

LBL4D $

LBL4,GENEL$

//*EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST,,,,,//S,N,CARDNO $

LBL4 $

KGG,KNN/MPCFl $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,,,/KNN,, , $

LBL2 $

KNN,KFF/SINGLE $

LBL3,SINGLE $

USET,KNN,,,/KFF,KFS,KSS,,, $

LBL3 $

KFF,KAA/OMIT $

LBL5,0MIT $

USET,KFF ,,,/GO, KAAs KOO, LOO,,,,, $

LBL5 s

KAA/LLL $
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RIGID FORMAT OMAP LISTING
APRIL 1986RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 4

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

70 SSG1

71 EQUIV

72 COND

73 SSG2

74 LABEL

75 SSG3

76 COND

77 MATGPR

78 MATGPR

79 LABEL

80. SOR1

81 SOR2

82 OFP

83 SCAN

8b OFP

85 CONO

86 PLOT

87 PRTMSG

88 LABEL

89 TA1

90 OSMG1

91 PARAM

92 PARAM

SLT,BGPOT,CSTM,SI L,EST,MPT,GPTT, EEIT,MGG,CASEXX,OIT,/
PG ,,,,/LUSET/l $

PG,PL/NOSET $

LBL1O,NOSET $

USET,GM,YS,KFS,GO,,PG/,PO, PS,PL $

LBL1O $

LLL,KAA,PL,LOO,KOO,PO/ULV, UOOV,RULV,RUOV/OMIT/V,Y, lRES=-1/
l/S,N,EPSl $

LBL9,1RES $

GPL,USET,SIL,RULV//*L* $

GPL,USET,SIL,RUOV//*Of~ $

LBL9 $

USET, ,ULV,UOOV,YS,GO,GM,PS, KFS,KSS,/UGV,PGl,QG/l/$~OSO* $

CASECC,CSTM,MPT,DIT, EQEXI N.SIL,GPTT,EDT, BGPOP, ,QG,UGV, EST,,PG/
OPG1,OQG1,OUGV1,OES1,OEF1 ,PUGV1/~~DSO~( $

OUGV1,OPG1,OQG1,OEF1,OES1 ,//S,N,CARDNO $

CASECC,OESl,OEF1/OESFl/*RF~~ $

OESF 1,,,,,//S,N,CARONO $

P20JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPOT, EQEXIN,S IP,PUGV1, ,GPECT,OES1 /
PL(lTX2/NSlL/LUSEP/JUMPPLOT/PLTFLG/S, N,PFILE $

PLoTx2// $

P2 s

ECT,EPT,BGPDT,SIL,GPTT,CSTM/Xl ,X2,X3,ECPT,GPCT/LUSET/
NOSIMP/O/NOGENL/GENEL $

CASECC,GPTT,S IL,EDT,UGV,CSTM,MPT, ECPT,GPCT,OIT/KOGG/
DSCOSET $

//~~AOOfc/SHIFT/-l/O $

//~’(ADO*/COUNT/ALWAYS=-l/NEVER= 1 $
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RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 4

LEVEL 2.0 NASTRAN OMAP COMPILER

93 PARAMR

94 PARAML

95 LABEL

96 EQUIV

97 PARAM

98 EQUIV

99 COND

100 MCF2

101 LABEL

102 EQUIV

103 COND

104 SCE1

105 LABEL

106 EQUIV

107 COND

108 SMF’2

109 LABEL

110 ADD

111 ADD

112 ADD

113 COND

114 tlPYAll

115 MPYAO

116 UMERGE

117 EQUIV

118 CONO

//*ADDfi/DsEpsl/o.o/o.o

YS//*NULL*////NOYS $

OUTLPTOP $

PG,PG1/NOYS $

//*KLOCK*/TO $

KDGG,KDNN/MPCFl $

LBL2D,MPCFI $

- SOURCE LISTING

$

USET,GM,KDGG ,,,/KDNN,,, $

LBL2D $

KDNN,KDFF/SINGLE $

LBL3D,SINGLE $

USET,KDNN ,,,/KDFF,KDFS,KDSS,,, $

LBL3D $

KDFF,KDAA/OMIT $

LBL5D,0MIT $

USET,GO,t(DFF/KDAA $

LBL5D $

KAA,KDAA/KBLL $

KFS,KDFS/KBFS $

KSS,KDSS/KBSS $

PGOK,NOYS $

KBSS,YS,/PSS/O/l/l/l $

KBFS,YS,/PFS/O/l/l/l $

USET,PFS,PSS/PN/*N$~/*F*/*S* $

PN,PGX/MPCFl $

LBL6D,MPCF1 $
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RIGID FORHAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 4

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

119 UMERGE

120 LABEL

121 ADD

122 EQUIV

123 LABEL

124 ADO

125 RBMG2

126 PRTPARM

127 PRTPARM

128 LABEL

129 PARAII

130 SSG2

131 SSG3

132 COND

133 MATGPR

134 LABEL

135 SDR1

136 ADD

137 DSMGI

138 MPYAD

139 DSCHK

140 COND

141 COND

142 EQUIV

143 REPT

USET,PN,/PGX/*G*/*N*/*M* $

LBL6D $

PGX,PG/PGG/(-l.O,O.O) $

PGG,PG1/ALWAYS $

PGOK $

PGl,/PGO/ $

KBLL/LBLL/S,N,POWER/S,N,OET $

//O/*DET* $

//0/*powERff $

INLPTOP $

//*KLocK*/TI $

USET,GM,YS,KDFS,GO,,PG1/,PBO, PBS,PBL $

LBLL,KBLL,PBL ,,,/UBLV,,RUBLV,/-l/V,Y,lRES/NDSK lP/S,N,
EPSI $

LBL9D, IRES $

GPL,USET,SIL,RUBLV//~’rL* $

LBL9D $

USET, ,UBLV, ,YS,GO,GM,PBS,KBFS ,KBSS,/UBGv,,QBG/l/*DSl* $

UBGV,UGV/DUGV/(-l.0,0.0) $

CASECC,GPTT,SI L, EDT,OUGV,CSTM,MPT, ECPT,GPCT,DIT/DKDGG/
DSCOSET $

DKOGG,UBGV,PGO/PGll/O/l/l/O $

PGl,PGll,UBGV//C,Y,EPSlO=l .E-5/S,N,DSEPSl/C,Y,NT=10/TO/
T1/S,N,l)ONE/S,N,SHIFT/S,N,COUNT/C,Y,BETAD=4 ~

00NE,DONE $

SHIFT,SHIFT $

PG,PG1/NEVER/PGll,PGl/ALWAYS/PG l,PG1l/NEVER $

INLPTOP, IOOO $
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● RIGID FOIW!AT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 4

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

lk4 TABPT

145 LABEL

146 ADO

147 EQUIV

148 EQUIV

149 REPT

150 TABPT

151 LABEL

152 sDR2

153 OFP

154 CONO

● 155 PLOT

156

157

158

159

160

161

162

163

164

165

166

167

168

PRTMSG

LABEL

JUMP

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

PGll,PGl,PG,,// $

SHIFT $

DKDGG,KDGG/KDGGl/(-l.0,0.0) $

UBGV,UGV/ALWAYS/KOGGl,KDGG/ALWAYS $

KDGG,KOGGl/NEVER/UGV,UBGV/NEVER $

OUTLPTOP,1000 $

KOGGl,KDGG,UGvs,// $

00NE $

CASECC,CSTM,HPT,DIT,EQEXIN,S IL,GPTT,EDT,BGPDP, ,QBG,UBGV,EST, ,/
,OQBGl,OUBGVl,OESBl,OEFBl,PUBGV1/*DSl* $

OUBGVl,OQBGl,OEFBl,OESBl,,//S,N, CARONO $

P3,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT, EQEXIN,SI P,PUBGVI, ,GPECT,
OESB1/PLOTX3/NSIL/LUSEP/JUMPPLOT/PLTFLG/S ,N,
PFILE $

PLoTx3// $

P3 $

FINIS $

ERROR1 $

//-1/*DIFFSTIF* $

ERROR2 $

//-2/*DIFFsTIF* $

ERROR3 $

//-3/*olFFsTiF* $

ERROR4 $

//-4/*olFFsTIF* $

ERROR5 $

//-5/*DIFFsTIF* $
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RIGID FDRMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 4

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

169 LABEL FINIS $

170 PURGE OUMMY/MINUSl $

171 END $
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33.

34.

35.

36.

38.

39,

40.

43.

44.

45.

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

Description of Important DMAP Operations for Static Analysis with Differential Stiffness

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

Go to DMAP No. 163 and print Error Message No. 3 if there is no Grid Point Definition Table.

PLTTRAN modifies special scalar grid points in the 8GPDT and SIL tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 18 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 18 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables f-oruse in matrix assembly and stress recovery.

Go to DMAP No. 159 and print Error Message No, 1 if there are no structural elements.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No, 29 if no stiffness matrix is to be assembled,

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No, 32 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 37 if no weight and balance information is requested.

Go to DMAP No. 165 and print Error Message No. 4 if no mass matrix exists.

GPWG generates weight and balance information.

!3FPformats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if no general elements exist.

Go to DMAP No. 41 if no general elements exist.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

CASE copies the first record of CASECC to CASEXX.

GP4 generates flags defining members of various displacement sets (USET), forms multipoint
constraint equations [Rg] tug} = O and forms enforced displacement vector {Ys}.

Go to DMAP No. 167 and print Error Message No. 5 if no independent degrees of freedom are
defined.
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48.

50.

52.

53.

54.

56.

57.

58.

59.

61.

62.

63.

65.

66.

67.

69.
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Go to DMAP No. 49 if no free-body supports are supplied.

Go to DMAP No. 161 and print Error Message No. 2.

Go to DMAP No. 55 if general elements are present.

Go to DMAP No. 55 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

13FPformats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn] if no multipoint constraints exist,

Go to DMAP No. 60 if no multipoint constraints exist.

MCE1 partitions multipoint constraint equations [Rg] = [Rm ~Rn] and solves for

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn].

MCE2 partitions stiffness matrix

[1K IK
[Kgg] = ~n+ ~

‘mn 1‘mm

and performs matrix reduction

[Knn] = [~nn] + [G~][Kmn] + [K~nl[Gml + [G~l[Kmml[Gml.

Equivalence [Knn] to [Kff] if no single-point cOnstt’’aintSeXiSt.

Go to DMAP No. 64 if no single-point constraints exist.

SCE1 partitions out single-point constraints

Equivalence [Kffl

Go to DMAP No. 68

[1‘ff 1‘fs[Knn]= –+— .
Ksf IKss

to [Kaa] if no omitted coordinates exist.

if no omitted coordinates exist.

SMP1 partitions constrained stiffness matrix

[1ii IK
[Kffl = :~K= ‘

oa 00

solves for transformation matrix [Go] = -[Kool-l[Koal

and performs matrix reduction [Kaa] = [~aa] + [K~a][Go] .

RMBG2 decomposes constrained stiffness matrix [Kaa] = [LLI][ULL].
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70. SSG1 generates static load vectors {Pg}.

71. Equivalence {Pg} to {Pi} if no constraints are applied.

72. Go to DMAP No. 74 if no constraints are applied.

73. SSG2 applies constraints to static load vectors

Hi{pg} . —n– ,

Pm

II

;’
{Pn} ❑ ;f– ,

s

II

{pf} . +_ and

o

75. SSG3 solves for displacements

{Uk}

{Pn} = {~n} + [G~]{Pm} ,

{Pf} = {~f} - [Kfs]{Y5} s

{PL} = {Pa} + [G:]{PO} .

of independent coordinates

= [Kaa]-l{PL} , ‘

solves for displacements of omitted coordinates

{u:} = [KOO]-l{PO} ,

calculates residual vector (RULV) and residual vector error ratio for independent
coordinates

{15Pt} = {Pg} - [Kaa]{uJ ,

{uj{fsPR}

‘L =

{P~}{ug}

and calculates residual vector (RU@V) and residual vector error ratio for omitted
coordinates

{ISPO}= {Po} - [KooI{u~} ,

{U:}(6PO}

‘o=— ‘

{P:}{u:}

76. Go to DMAP No. 79 if residual vectors are not to be printed.

77. MATGPR prints the residual vector for independent coordinates (RULV).

78. MATGPR prints the residual vector for omitted coordinates (RUOV).
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80.

81.

82.

83.

84.

85.

86.

87.

89.

90.

95.

96.

98.

99.

100.

- . -- . .--..-.,-
UISPLALMILNI

SDR1 recovers dependent displacements

{uo} = [GO]{UL} + {u:} ,

11‘a—— = {Uf} ,
U.

RIGID FORMATS

H‘f—. = {Unl ,
Ys

u
{um} ❑ [Gm]{un}> H

n = {Ug}—.
‘m

and recovers single-point forces of constraint

{qs} = -{ps} +[K~~l{uf} + [Kssl{ys}.

SDR2 calculates element forces (OEFl) and stresses (OES1) and prepares load vectors (OpGl),
displacement vectors (k3UGVl)and single-point forces of constraint (!JQG1)for output and
translation components of the displacement vector (PUGV1) for the static solution.

OFP formats the tables prepared by SDR2 and places them on the system output file for
printing.

SCAN examines the element stresses and forces calculated by SDR2 and generates scanned
output that meets the specifications set by the user.

@FP formats the scanned output table prepared by SCAN and places it on the system output
file for printing.

Go to DMAP No. 88 if no deformed static solution structure plots are requested.

PLOT generates all requested static solution deformed structure and contour plots.

PRTMSG prints plotter data, engineering data, and contour data for each deformed static
solution plot generated.

TA1 generates element tables for use in differential stiffness matrix assembly.

DSMG1 generates differential stiffness matrix [K~g].

Beginning of outer (stiffness adjustment) loop for differential stiffness iteration.

Equivalence {Pg} to {Pgl} if no enforced displacements are specified.

Equivalence [K~g] to [K~n] if no multipoint constraints exist.

Go to DMAP No. 101 if no multipoint constraints exist.

MCE2 partitions differential stiffness matrix

[1idIl(d[Kjg] = J“+ m
~d I Kd
mn mm

and performs matrix reduction

I
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102.

103.

104.

106,

107.

108.

110.

111.

112.

113,

1140

115.

116.

117.

118.

119.

121.

122.

124.

125.

126.

[K~n] = [~~n] + [G~][K~n] + [K&][Gm] + [G~][K~m][Gm].

Equivalence [K~n] to [K~f] if no single-point constraints exist.

Go to DMAP No. 105 if no single-point constraints exist.

SCE1 partitions out single-point constraints

r 1

HK$fl K:s
[Kin]= –+– .

Kd i ~d
Sf Ss

Equivalence [K~f] to [K~a] if no omitted coordinates exist.

Go to DMAP No. 109 if no omitted coordinates exist.

SMP2 partitions constrained differential stiffness matrix

[1
id 1 Kd

[K~f] = Qa+w .

Kd I Kd
oa 00

and performs matrix reduction

[K~a] = [ii~a]+ [K~a]TIGo] + [Go]TIK~a] + [Go]TIK~o][Go],

ADD [Kaa] and [K~a] to form [K~L].

ADD [Kf~] and [K~s] to form [K~s].

ADD [Kss] and [K~s] to form [K~s].

Go to DMAP No. 123 if no enforced displacements are specified.

MPYAD multiplies [K~s] and {Ys} to form {Pss}.

MYPAD multiplies [K~s] and {Ys} to form {Pfs}.

UMERGE combines {Pfs} and {P~~} to form {Pn}.

Equivalence {Pn} to {P~} if no multipoint constraints exist.

Go to DMAP No. 120 if no multipoint constraints exist.

UMERGE expands {Pn} to form {P;}.

ADD -{P~} and {Pg} to form {Pgg}.

Equivalence {Pgg} to {Pgl}.

ADD {Pgll and nothing to create {Pgo}.

RBMG2 decomposes the combined differential stiffness matrix and elastic stiffness matrix

PRTPARM prints the scaled value of the determinant
matrix and elastic stiffness matrix.
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127. PRTPARM prints the scale factor (power of ten) of the determinant of the combined
differential stiffness matrix and elastic stiffness matrix.

128. Beginning of inner (load correction) loop for differential stiffness iteration.

130, SSG2 applies constraints to static load vectors

{Pf} = {+} - [K$s]{Ys} ,

131. SSG3 solves for displacements of independent coordinates for current differential stiffness
load vector

{u!} = [K~8]-l{P~} ,

and calculates residual vector (RBULV) and residual vector error ratio for current
differential stiffness load vector

b _ {u;}T{&P;}

‘1 -

132. Go to DMAP No. 134 if the residual vector for current differential stiffness solution is not
to be printed.

133, MATGPR prints the residual vector for current differential stiffness solution.

135. SDR1 recovers dependent displacements for the current differential stiffness solution

[1b‘k{u~} = [Go] {U) + {U;b} , —– = {Uf} ,

Ub
o
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136.

137.

138.

139.

140.

141.

142.

143.

144.

146.

147.

148.

149.

150.

152.

Ii

u:
= {u:} , {u;} = [Gm] {U:} ,——

Yb
s

II
Ub
n

= {u;}——
“b
m

and recovers single:point forces of constraint for the current different
solution

al stiffness

{q!} = -{P:} +[K~f]{u~} + [K:fl{Y:} .

ADD -{U~} and {Ug} to form {U~}.

DSMG1 generates differential stiffness matrix [~K~g].

MYPAD forms the load vector for inner loop iteration

{P }
911

= [6K;9] {U:} + {Pgo}.

DSCHK performs differential stiffness convergence checks.

Go to DMAP No. 151 if differential stiffness iteration is complete.

Go to DMAP No. 145 if additional differential stiffness matrix changes are necessary for
further iteration.

Break the previous equivalence of {Pg} to {Pgl} and {Pgl} to {P
gIl}

and establish equivalence of {P
911

} to {Pgl}.

Go to DMAP No. 128 for an additional inner loop differential stiffness iteration.

TABPT table prints vectors {P
gIl

} , {Pgl}, and {Pg}.

ADD -[6K~g] and [K~g] to form [I$gll.

Equivalence {U~l to {Ug} and [K~gll to [K~gl.

Break the previous equivalence of [K~gl to [K~gll ancl {Ug) to {U~}.

Go to OMAP No. 95 for an additional outer loop differential stiffness iteratic:l.

TA8PT table prints [K~gl], [K~g], and {Ug}.

SDR2 calculates element forces (OEFB1) and stresses (9ESB1) and prepares displacement
vectors (@uBGVl) and single-point forces of constraint (0Q8Gl) for output and translation
components of the displacement vector (PU8GV1) for the differential stiffness solution.
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153.

154.

1550

156.

158.

160.

162.

164.

166.

168.

@FP formats the tables prepared by SDR2 and places them on the system output file for
printing.

Go to DMAP No. 157 if no differential stiffness solution deformed plots are requested,

PLflTgenerates all requested differential stiffness solution deformed structure and contour
plots.

PRTMSG prints plotter data, engineering data, and contour data for each differential
stiffness solution deformed plot generated.

Go to DMAP No. 169 and make normal exit.

Print Error Message No. 1 and terminate execution.

Print Error Message No. 2 and terminate execution.

Print Error Message No. 3 and terminate execution.

Print Error Message No. 4 and terminate execution.

Print Error Message No. 5 and terminate execution.

2.4-16 (05/30/86)



STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

2.4.3 Output for Static Analysis with Differential Stiffness

The value of the determinant of the sum of the elastic stiffness and the differential

stiffness is automatically printed for each differential stiffness loading condition.

Iterative differential

Iteration termination reasons

have the following meanings:

1.

2.

3.

4.

5.

Parameter

1.

2.

3.

REASON O means the

stiffness computations are terminated for one of five reasons.

are automatically printed in an information message. These reasons

iteration procedure was incomplete at the time of exit. This is

caused by either an unexpected interruption of the iteration procedure (i.e., system

abort) or termination is not scheduled (for the other four reasons) at the completion of

the current iteration.

REASON 1 means the iteration procedure converged to the EPSIO value supplied by the user

on a PARAM bulk data card. (The default value of EPSI@ is 1.0E-5.)

REASON 2 means the iteration procedure is diverging from the EPSIO value supplied by the

user on a PARAM bulk data card. (The default value of EPS19 is 1.OE-5.)

REASON 3 means insufficient time remaining to achieve convergence to the EPSIO value

supplied by the user on a PARAM bulk data card. (The default value of EPSIO is 1.OE-5.)

REASON 4 means the number of iterations supplied by the user on a PARAM bulk data card

has been met. (The default number of iterations is 10.)

tally output as follows:values at the time of exit are automat

Parameter DflNE: -1 is normal;

to achieve convergence.

Parameter SHIFT: +1 indicates

indicates a return to top of

iteration.

+Nis the estimate of the number of iterations required

a return to the top of the inner loop was scheduled;

the outer loop was scheduled following the current

-1

Parameter DSEPSI: the value of the ratio of energy error to total energy at the time of

exit.

The following output may be requested:

1. Nonzero Components of the applied static load for the linear solution at selected grid

points.

2. Displacements and nonzero components of the single-point forces of constraint, with and

without differential stiffness, at selected grid points.

3. Forces and stresses in selected elements, with and without different’al stiffness.
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The following items relate to subcase definition and data selection

Differential Stiffness:

1. The Case Control Deck must contain two subcases.

2. A static loading condition must be defined above the subcase

TEMPERATURE (LOAD), or DEFORM selection, unless all loading is

displacements on SPC cards.

I

4.

The

1.

2.

DISPLACEMENT RIGID FORMATS

Scanned output of forces and elements in selected elements,

following plotter output may be requested:

Undeformed and deformed plots of the structural model.

Contour plots of stresses and displacements.

2,4.4 Case Control Deck for Static Analysis with Differential Stiffness

for Static Analysis with

level with a LOAD,

specified by grid point

3. An SPC set must be selected above the subcase level unless all constraints are specified

on GRID cards.

4. Output requests that apply only to the linear solution must appear in the first subcase.

5. Output requests that apply only to the solution with differential stiffness must be

placed in the second subcase.

6. Output requests that apply to both solutions, with and without differential stiffness, ●
may be placed above the subcase level.

2.4.5 Parameters for Static Analysis with Differential Stiffness

The

1.

following parameters are used in Static Analysis with Differential Stiffness:

ASET!ilUT- optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

2. AUTOSPC - reserved for future optional use. The default value is -1.

3. BETAD - optional. The integer value of this parameter is the number of iterations

allowed for computing the load correction in the inner (load) loop before shifting to

the outer (stiffness) loop, which adjusts the differential stiffness. The default value

is 4 iterations.

4. COUPMASS - CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,
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5.

6.

7.

8.

9.

10.

.,
11

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS

CPTRBSC - optional. These parameters 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.

EPSIfl- optional. The real value of this parameter is used to test the convergence of

-5the iterated differential stiffness. The default value is 10 .

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed. <

IRES - optional. A positive integer value of this parameter causes the printing of the

residual vectors following the execution of the SSG3 module.

NT - optional. The integer value of this parameter limits the cumulative number of—

iterations in both loops, The default value is 10 iterations.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter, See

the description under the PARAM bulk data card for details.

,. WTMASS - optional. The terms of the mass matrix are multiplied by the real value of

this parameter when they are generated in the EMA module.

2.4.6 Rigid tormat Error Messages from Static Analysis with Differential Stiffness

The following fatal errors are detected by the DMAP statements in the Static Analysis with

Differential Stiffness rigid format. The text for each error message is given below in capital

letters and is followed by additional explanatory material, including suggestions for remedial

action.

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERR@R MESSAGE NO. 1 - NfISTRUCTURAL ELEMENTS HAVE BEEN
DEFINED.

No structural elements have been defined with Connection cards.

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERRfiRMESSAGE No. 2 - FREE BODY SUPPORTS NOT ALL9WED.

Free bodies are not allowed in Static Analysis with Differential Stiffness. The SUPORT cards must
be removed from the Bulk Data Deck and other constraints applied if required for stability.
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STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE No. 3 - No GRID P@INT DATA IS SPECIFIED.

No points have been defined with GRID or SPOINT cards.

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERR@R MESSAGE NO. 4 - MASS MATRIX REQUIRED F13RWEIGHT
AND BALANCE CALCULATIONS.

The mass matrix is null because either no elements were defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined on a Material
card.

STATIC ANALYSIS WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE NO. 5 - NO INDEPENDENT DEGREES @F FREEDOM
HAVE BEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SP131NTor Scalar Connection cards, or all
defined degrees of freedom have been constrained by SPC, MPC, OMIT or GRDSET cards, or grounded on
Scalar Connection cards.

2.4-20 (05/30/86)



DISPLACEMENT RIGID FORMATS

2.5 BUCKLING ANALYSIS

2.5.1 DMAP Sequence for Buckling Analysis

RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 5

LEVEL 2.0 NASTRAN DHAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NOOECK NO!iEF NOOSCAR
-----------------

1 BEGIN

2 PRECHK

3 FILE

4 PARAll

5 GP1

6 PLTTRAN

7 GP2

8 PARAML

9 PURGE

10 COND

11 PLTSET

12 PRTMSG

13 PARAM

14 PARAII

15 COND

16 PLOT

17 PRTMSG

18 LABEL

19 GP3

20 PARAM

21 TA1

DISP 05 - BUCKLING ANALYSIS - APR. 1986 $

ALL $

LAMA=APPEND/PHIA=APPEND $

//*HPY*/CARONO/O/O $

GEOMl,GEOM2,/GPL,EQEXIN,GPDT, CSTM,BGPDT,SIL/S,N,LUSET/
NOGPDT/MINUSIF=-l $

BGPDT,SIL/BGPDP,SIP/LUSET/S,N, LUSEP $

GEom2,EQExlN/EcT $

PCDB//fiPRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOl $

P1,JUMPPLOT $

PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,NSIL/
S,N,JUMPPLOT $

PLTSETX//’ $

//*MPY~f/PLTFLG/l/l $

//*MPY*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPDT,EQEXIN,SI L,,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N, PLTFLG/S,N,PFILE $

‘PLOTX1// $

P1 $

GEOM3,EQEXlN,GEOM2/SLT,GPTT/S ,N,NOGRAV $

//~~AND~I/NOMGG/NOGRAV/V,Y,GRDPNT=-l $

ECT,E?T,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S,N ,GENEL $
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RIGID FORMAT DHAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 5

LEVEL 2.0 NASTRAN DMAP COMPILER - SoURCE LlsTING

22 COND

23 PURGE

24 PARAM

25 EMG

26 PURGE

27 COND

28 EMA

29 LABEL

30 COND

31 EMA

32 LABEL

33 COND

34 COND

35 GPWG

36 OFP

37 LABEL

38 EQUIV

39 COND

40 SMA3

41 LABEL

42 PARAM

43 GP4

44 COND

ERROR1,NOSIMP $

OGPST/GENEL $

//*ADD*/NoKGGx/I/o $

EST,CSTM,MPT,DlT,GEOM2,/KELM, KDICT,MELM,/lDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,,Y, CPBAR/
c,Y,cPRoo/c,Y,cPQuADl/c,Y,cPQuAD2/c,Y,cPTR lA1/c,Y,cPTRlA2/
C,Y,CPTUBE/C,Y ,CPQDPLT/C,Y,CPTRPLT/C ,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX/tIGG/NOMGG $

JMPKGG,NOKGGX $

G?ECT,KCIICT,KELM/KGGX,GPST $

JMPKGG $

JMPMGG,NOMGG $

GPECT,MOICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

JMPMGG $

LBL1,GRDPNT $

ERROR5,NOMGG $

BGPDP,CSTM,EQEXlN,MGG/OGPWG/V,Y,GROPNT/C,Y,WTMASS $

OGPWG, ,,,, //S,N,CARONO $

LBL1 $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

\\*fipYf61NsKlpjolo$

CASECC,GEOM4,EQEXlN,GPDT,BGPOT,CSTM,GPST/RG,YS,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N,SlNGLE/S,N,OMIT/S,N,REACT/
S,N,NSKIP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/’
S,Y,AUTOSPC $

ERROR6,NOL $

2.5-2 (05/30/86)



BUCKLING ANALYSIS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 5

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

45 PARAM

46 PURGE

47 COND

48 JUMP

49 LABEL

50 COND

51 PARAH

52 COND

53 GPSP

54 OFP

55 LABEL

56 EQUIV

57 COND

58 MCE1

59 MCE2

60 LABEL

61 EQUIV

62 COND

63 SCE1

6k LABEL

65 EQUIV

66 COND

67 SMP1

68 LABEL

6g RBMG2

70 SSG1

//*AND*/NOSR/SINGLE/REACT $

GM/MPCFl/GO,KOO, LOO,PO,UOOV,RUOV/OMIT/PS,KFS, KSS,KDFS/SINGLE/
QG/NOSR $ ~

LBL4D,REACT $

ERROR2 $

LBL4D $

LBL4,GENEL $

//*EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,CARDNO $

LBL4 $

KG6,KNN/MPCFl $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,,,/KNN,,, $

LBL2 $

KNN,KFF/SINGLE $

LBL3,SINGLE $

USET,KNN ,,,/KFF,KFS,KSS,,, $

LBL3 $

KFF,KAA/OMIT $

LBL5,0MIT $

USET,I(FF ,,,/GO,KAA,KOO,LOO,,,., $

LBL5 $

KAA/LLL $

SLT,BGPDT, CSTM,SI L,EST,MPT,GPTT,EDT,MGG ,CASECC,DIT,/
PG ,,,,/LUSET/l $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 5

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

71 EQUIV

72 COND

73 SSG2

74 LABEL

75 SSG3

76 COND

77 MATGPR

78 MATGPR

79 LABEL

80 SDR1

81 SOR2

82 OFP

83 SCAN

84 OFP

85 COND

86 PLOT

87 PRTMSG

88 LABEL

89 TA1

90 DSMG1

91 EQUIV

92 COND

93 MCE2

94 LABEL

PG,PL/NOSET $

LBL1O,NOSET $

USET,GM,YS,KFS,GO,,PG/,PO, PS,PL $

LBL1O $

LLL,KAA,PL,LOO,KOO,PO/ULV, UOOV,RULV,RUOV/OMIT/V,Y, lRES=-1/
l/S,N,EPSl $

LBL9,1RES $

GPL,USET,SIL,RULV//*L* $

GPL,USET,SIL,RUOV//*O* $

LBL9 $

USET,PG,ULV,UOOV,YS,GO,GM, PS,KFS,KSS,/UGV,PGG,QG/l/
ABKLo* $

CASECC, CSTM,MPT,DIT,EQEX IN,SIL, GPTT, EDT,BGPDP, .QG ,UGV,EST,,PGG/
OPG1,OQG1,OUGV1,OES1,OEF l,PUGV1/~fBKLO>: $

OUGVl,OPGl,OQGl,OEFl,OESl,//S ,N,CARONO $

cASECC,OESl,OEF1/OESFl/*RF~t $

OESFl,,,,,//S,N,CARDNO $

P2,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPOT, EQEXIN,S IP,PUGV1, ,GPECT, OES1/
PLOTX2/NSlL/LUSEP/JUMPPLOT/PLTF LG/S,N,PFILE $

PLoTx2// $

P2$’

ECT,EPT,BGPDT,SIL,GPTT,CSTM/Xl ,X2,X3,ECPT,GPCT/LUSET/
NOSIMP/O/NOGENL/GENEL $

CASECC,GPTT,S IL,EDT,UGV, CSTM,MPT,ECPT,GPCT,DIT/KDGG/
DSCOSET $

KOGG,KDNN/MPCFl $

LBL2D,MPCF1 $

USET,GM,KOGG,,,/KDNN ,,, $

LBL2D $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 5

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

95

96

97

98

99

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

EQUIV

COND

SCE 1

LABEL

EQUIV

SNP2

LABEL

ADD

DPD

COND

PARAM

READ

OFP

COND

SDR1

SDR2

OFP

COND

PLOT

.PRTMSG

LABEL

JUMP

LABEL

PRTPARFI

KDNN,KOFF/SINGLE $

LBL3D,SINGLE $

uSET,KDNN,,,/KDFF,KDFS, ,,, $

LBL3D $

KDFF,KDAA/OMIT $

USET,GO,KDFF/KDAA $

LBL5D $

KDAA,/KDAAM/(-l.0,0.0)/(0.0,0.0) $

DYNAMICS,GPL,SIL,USET/GPLD, SILD,USETD, ,,,,,,EED,EQDYN/
LUSET/LUSETD/NOTFL/NODLT/NOPSDL/NOFRL/
NONLFT/NOTRL/S,N,NOEED//NOUE $

ERROR3,NOEED $

//*MPY*/NEIGV/l/-l $

KAA,KOAAM, ,,EEO,USET,CASECC/LAMA,PHIA, ,OEIGS/*BUCKLING*/
s,N,NEIGv/2 $

DEIGS,LAMA,,,,//s,N,cARDNO $

ERROR~,NEIGV $

USET, ,PHI A,,, Go,GM,,KFS,,/PHIG,,BQG/l/*BKLl* $

cASECC,CSTM,MPT,OIT,EQEXI N,SIL, ,,BGPDP,LAMA,BQG,PH lG,EsT,,/
,OBQG1,OPHIG,OBES1,OBEF1,PPH lG/*BKLl* $

OPHIG,OBQGl,OBEFl,OBESl,,//S ,N,CARDNO $

P3,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC,BGPDT, EQEXIN,SI P,,PPHIG,GPECT,
0BESl/PLDTX3/NS lL/LUSEP/JUMPPLOT/PLTFLG/
S,N,PFILE $

PLoTx3// $

P3 $

FINIS $

ERROR1 $

//-1/~~BUCKLING* $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 5

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

120

121

122

123

124

I25

126

127

128

129

130

131

132

LABEL

pRTpARM

LABEL

PRTPARH

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PURGE

END

ERROR2 $

//-2/*aucKLING* $

ERROR3 $

//-3/*BucKLING* $

ERROR4 $

//-4/*BucKLING* $

ERROR5 $

//-5/*BucKLING* $

ERROR6 $

//-6/*BUCKLING* $

FINIS $

DUMMY/MINUSl $

$
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2.5.2

5.

6.

7.

10.

11.

12.

15.

16.

17.

19.

21.

22.

25.

27.

28.

30.

31.

33.

34.

35.

36.

38.

39.

40.

43.

44.

47.

48.

BUCKLING ANALYSIS

Description of Important DMAP Operations for Buckling Analysis

GP1 generates coordinate system transformation matrices, tables of grid point locations and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the BGPDT and S11 tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 18 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter,

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 18 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 118 and print Error Message No, 1 if no structural elements have been
defined.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 29 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 32 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 37 if no weight and balance information is requested.

GO to DMAP No. 126 and print Error Message No. 5 if no mass matrix exists.

GPWG generates weight and balance information.

13FP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if there are no general elements.

Go to DMAP No. 41 if there are no general elements.

SMA3 adds general elements to [K&] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET), forms multipoint
constraint equations [Rgl {ug} = O and forms enforced displacement vector {Ys}.

Go to DMAP No. 128 and print Error Message No. 6 if no independent degrees of freedom are
defined.

Go to DMAP No. 49 if there are no free-body supports.

Go to DMAP No. 120 and print Error Message No. 2.
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50.

52.

53.

54.

56.

57.

58,

59.

61.

62.

63.

65.

66.

67.

69.

70.

71.

DISPLACEMENT RIGID FORMATS

Go to DMAP No. 55 if general elements are present.

Go to DMAP No. 55 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn] if there are no multipoint constraints.

Go to DMAP No. 60 if there are no multipoint constraints.

MCE1 partitions multipoint constraint equations [Rg] = [Rm~Rn] and solves for

multipoint constraint transformation matrix [Gm] = -[Rml-l[Rnl.

MCE2 partitions stiffness matrix

[Kgg] = [1>+
mn mm

and performs matrix reduction

[Knn] = [knn] + [G;][Kmn]

Equivalence [Knnl to [Kff] if no sin91e-Point

+ [K~n][Gm] + [G~][Kmm][Gm].

constraints exist.

Go to DMAP No. 64 if no single-point constraints exist.

SCE1 partitions out single-point constraints

[1‘ff ‘‘fs[Knn] = ~ ~K— .

Sf Ss

Equivalence [Kff] to [Kaal if no omitted coordinates exist.

Go to DMAP No. 68 if no omitted coordinates exist.

SMP1 partitions constrained stiffness matrix

r- 1

II
K IK

[Kff] = :~K~ 3

oa 00
L -1

solves for transformation matrix [Go] = -[KGol-l[Koal

and performs matrix reduction [Kaa] = [~aa] + [K~a][Go] .

RMBG2 decomposes constrained stiffness matrix [Kaa] = [LLLIIULLI.

SSG1 generates static load vectors {Pg}.

Equivalence {Pg} to {PL} if no constraints are applied.
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72. Go to DMAP No, 74 if no constraints are applied.

73. SSG2 applies constraints to static load vectors

HPn
{Pg} = —– ,

Pm
{Pn} = {Fn} + [G;l{Pm} s

Hif{Pn} = —- , {Pf} = {~f} - [Kfsl{ys}
P~

11Pa
and {Pf} = —- and {Pi} = {Pa} + [G;]{po? .

P.

75. SSG3 solves for displacements of independent coordinates

{uk} = [KLL]-l{PL} ,

solves for displacements of omitted coordinates

{u;] = [KOOI-l{PO} ,

calculates residual vector (RULV) and residual vector error ratio for independent
coordinates

{&Pi}

‘k

and calculates residual vector
coordinates

{6PO}

‘o

= {PI] - [K~k]{ut} ,

{u:}{&PL}
.

{P]}{ut}

(RUOV) and residual vector error ratio for omitted

= {Po} - [KOOI{I.$ ,

{U:}{6PO}
= .

~pT}{uol
00

76. Go to DMAP No. 79 if residual vectors

77. MATGPR prints the residual vector for

78. MATGPR prints the residual vector for

are not to be printed.

independent coordinates (RULV).

omitted coordinates (RUOV).
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80. SDR1 recovers dependent displacements

{uo} = [GO]{UL} + {us} ,

HUa
—— = {Uf} ,
U. II‘f_ . {Un} ,

Ts

{urn} = [Gm]{un} ,
‘u

II

n = {Ug}——
‘m

and recovers single-point forces of constraint

{qs} = -{PS} +[K;sl{uf} + [KSSI{YS}.

81. SDR2 calculates element forces(OEFl) and stresses (OESl) and prepares load vectors (@pGl),
displacement vectors (!3UGV1)and single-point forces of constraint (9QG1) for outPut and
translation components of the displacement vector (PUGV1) for the static solution.

82. !2FPformats the tables prepared by SDR2 and places them on the system output file for
printing.

83. SCAN examines the element stresses and forces calculated by SDR2 and generates scanned
output that meets the specifications set by the user.

84. OFP formats the scanned output table prepared by SCAN and places it on the system output
file for Drintina..

85. Go to DMAP No. 88 if no static solution deformed structure plots are requested.

86. PLOT generates all requested static solution deformed structure and contour plots.
—

87. PRTMSG prints plotter data, engineering data, and contour data for each static solution
deformed plot generated.

89. TA1 generates element tables for use in differential stiffness matrix assembly.

90. DSMG1 generates differential stiffness matrix [K~g].

91. Equivalence [K~g] to [K~n] if no multipaint constraints exist.

92. Go to DMAP No. 94 if no multipoint constraints

93. MCE2 partitions differential stiffness matrix

exist.

and performs matrix reduction

[K~n] = [~;n] + [G:][K#n] + [K&][Gm]

95. Equivalence [K~n]

96. GO to DMAP No, 98

to [K~f] if no single-point constraints

if no single-point constraints exist.
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97. SCE1 partitions out single-point constraints

r 1

K:fIK;s
[K;n] = –+– .

Kd IKd
Sf Ss

99. Equivalence [K$fl to [K~al if no o~itted co~rdinates exist,

100. Go to DMAP No, 102 if no omitted coordinates exist.

101. SMP2 partitions constrained differential stiffness matrix

[K:f]

and performs matrix reduction

[K~a] = [~~a] +

[1
‘dKaa I Kd

. –+~ .

Kd I Kd
oa 00

[K~a]TIGo] + [Go]TIK~a] + [Go]TIK~ol[Gol.

103, ADD -[K~a] and nothing to create [Kfll.

104. DPD extracts Eigenvalue Extraction Data from Dynamics data block.

105. Go to DMAP No. 122 and print Error Message No. 3 if there is no Eigenvalue Extraction Data.

107. READ extracts real eigenvalues and eigenvectors from the equation

[Kaa + A&]{ua} = O

and normalizes eigenvectors according to one o“

1
Unit value of a selected component

; Unit value of the largest component.

the following user requests:

108. flFPformats the eigenvalues (LAMA) and sumary of eigenvalue extraction information (OEIGS)
prepared by READ and places them on the system output file for printing.

109. Go to DMAP No. 124 and print Error Message No. 4 if no eigenvalues were found.

110. SDR1 recovers dependent components of the eigenvectors

{+.} = [Go]{@a}>
‘$a

H={Of} !
——

‘$0

II‘+n—— = {$g}
@m
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nt forces of constraint {qs} = [K~s] {Of}.

111. SDRZ calculates element forces (OBEFl) and stresses (OBES1) and prepares eigenvectors o

(@PHIG) and single-point forces of constraint (@BQGl) for output and translation components
of the eigenvectors (PPHIG) for the buckling solution.

112. @FP formats the tables prepared by SDR2 and places them on the system output file for
printing.

113. Go to DMAP No. 116 if no buckling solution deformed structure plots are requested.

114. PLOT generates all requested buckling solution deformed structure and contour plots.

115. PRTMSG prints plotter data, engineering data, and contour data for each buckling solution
deformed plot generated.

117. Go to

119. Print

121. Print

123. Print

125. Print

127. Print

129. Print

DMAP No. 130 and make normal exit.

Error Message No. 1 and terminate execution.

Error Message No. 2 and terminate execution.

Error Message No. 3 and terminate execution.

Error Message No. 4 and terminate execution.

Error Message No. 5 and terminate execution.

Error Message No. 6 and terminate execution.
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2.5.3 Output for Buckling Analysis

The summary of the eigenvalues associated with the buckling modes and the summary of the

eigenvalue analysis performed, as described in the Normal Mode Analysis rigid format (see Section

2.3.3), are automatically printed.

The

1.

2.

3.

4.

The

1.

2.

following output may be requested:

Displacements and nonzero components of the static loads and single-point forces of

constraint at selected grid points for the static analysis.

Forces and stresses in selected elements for the static loading condition.

Mode shapes and nonzero components of the single-point forces of constraint at selected

grid points for selected modes.

Scanned output of forces and elements in selected elements.

following plotter output may be requested:

Undeformed plot of the structural model and mode shapes for selected buckling modes.

Contour plots of stresses and displacements for selected buckling modes.

2.5.4 Case Control Deck for Buckling Analysis

The following items relate to subcase definition and data selection for Buckling Analysis:

1. The Case Control Deck must contain at least two subcases. Subcases beyond the second

are used only for output selection.

2. METHOD must appear in the second subcase to select an EIGB card from the Bulk Data Deck.

3. A static loading condition must be defined in the first subcase with a 1.f9AD,TEMPERATURE

(LOAD), or DEFORM selection, unless all loading is specified by grid point displacements

on SPC cards.

4. An SPC set must be selected above the subcase level, unless all constraints are

specified on GRID cards.

5. Output requests that apply only to the solution under static load must be p“

first subcase.

6. Output requests that apply to the buckling solution only must be placed in

aced in the

the second

and succeeding subcases. If only two subcases exist, the output requests in the second

subcase will be honored for all buckling modes.

7. Output requests that apply to both the static solution and the buckling modes may be

placed above the subcase level.
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2.5.5 Parameters for Buckling Analysis

The following parameters are used in Buckling Analysis:

1.

2.

3.

4,

~

6,

7.

8.

ASETIINJT- optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

AUT@SPC - reserved for future optional use. The default value is -1.

C@UPMASS - CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

GRDPNT - optional.

Weight Generator to

printed.

IRES - optional. A

residual vectors fo’

SURFACE - optional

two-dimensional and

are generated in th

parameter, See the

A positive integer value of this parameter causes the Grid Point

be executed and the resulting weight and balance information to be

positive integer value of this parameter causes the printing of the

lowing the execution of the SSG3 module.

The computations of the external surface areas for the

three-dimensional elements are activated by this parameter when they

EMG module. The results are multiplied by the real value of this ●
description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated In

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMA~ - optional. The terms of the mass matrix are multiplied by the real value of

this parameter when they are generated in the EMA module.

2.5.6 Optional Diagnostic Output for FEER

Special detailed information obtained by requesting DIAG 16 in the Executive Control Deck is

the same as that described under Norma Modes Analysis (see Section 2.3.6).
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2.5.7 Rigid Format Error Messages from Buckling Analysis

● The following fatal errors are detected by the DMAP statements in the Buckling Analysis

rigid format. The text for each error message is given below in capital letters and is followed by

additional explanatory material, including suggestions for remedial.action.

BUCKLING ANALYSIS ERROR MESSAGE NO. 1 - NOSTRUCTURAL ELEMENTS HAVE BEEN DEFINED.

No structural elements have been defined with Connection cards.

BUCKLING ANALYSIS ERRORMESSAGE NO. 2 -

Free bodies are not allowed in Buckling
Data Deck and other constraints applied

BUCKLING ANALYSIS ERR@R MESSAGE N@. 3 -
ANALYSIS.

FREE BODY SUPPORTS N@T ALLOWED.

Analysis. The SUPORT cards must be removed from the Bulk
if required for stability.

EIGENVALUE EXTRACTION DATA REQUIRED FOR REAL EIGENVALUE

Eigenvalue extraction data must be supplied on an EIGB card in the Bulk Data Deck and METHOD in the
Case Control Deck must select an EIGB set.

BUCKLING ANALYSIS ERROR MESSAGE NO. 4 - Nf!EIGENVALUES FOUND.

No buckling modes exist in the range specified by the user.

BUCKLING ANALYSIS ERROR MESSAGE N13 5 - MASS MATRIX REQUIRED FOR WEIGHT AND BALANCE CALCULATI13NS.

a

The mass matrix is null because either no elements were defined with Connection cards,
nonstructural mass was not defined on a Property card or the density was not defined on a Material
card.

BUCKLING ANALYSIS ERROR MESSAGE N!d.6 - NO INDEPENDENT DEGREES OF FREEDOMHAVE BEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SPOINT or Scalar Connection cards, or all
defined degrees of freedom
Scalar Connection cards.

have been constrained by SPC, MPC, klMITor GRDSET cards, or grounded on
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2.6 PIECEWISE LINEAR STATIC ANALYSIS

● 2.6,1 DMAP Sequence for Piecewise Linear Static Analysis

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 6

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
-- ----------- ----

1 BEGIN

2 PRECHK

3 FILE

4 PARAM

5 GP1

6 PLTTRAN

7 GP2

8 PARAHL

9 PURGE

10 COIJD

11 PLTSET

12 PRTMSG

13 PARAM

lb PARA!I

15 CONO

16 PLOT

1? PRTmsG

18 LABEL

19 GP3

20 PARAN

21 TA1

DISP 06 - PIECEWISE LINEAR STATIC ANALYSIS - APR. 1986 $

ALL $

QGl=APPEND/UGVl=APPEND/KGGSUM=SAVE/PGVl=APPEND $

//*tipY*/CARDNO/O/O$

GEOMl,GEOM2,/GPL,EQEXIN,GPDT, CSTM,BGPDT,SIL/S,N,LUSET/
NOGPOT/MINUSl=-l $

BGPDT,SIL/BGPOP,SIP/LUSET/S,N, LUSEP $

GEoM2,EQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $ “

PI,JUMPPLOT $

PCOB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,NSIL/
S,N,JUMPPLOT $

PLTSETX// $

//fOIPYf~/PLTFLG/l/l $

//*HPYfc/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPDT,EQEXIN,SIL, ,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/s ,N,PFILE $

PLOTX1// $

P1 $

GEOM3,EQEXlN,GEOM2/SLT,GPTT/S,N,NOGRAV $

//f~AND*/SKPMGG/NOGRAV/V,Y,GRDPNT $

ECT,EPT,BGPDT,SI L,GPTT,CSTM/EST,GEl ,GPECT,ECPT,GPCT/
LusET/s,N,NoslMP/2/s,N,NoGENL/s,N,GENEL $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 6

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

22

23.

2k

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

PARAM

COND

PURGE

COND

PARAH

PARAN

EMG

PURGE

COND

EMA

LABEL

COND

iEHA

LABEL

COND

COND

GPWG

OFP

LABEL

PLA1

CON(I

PURGE

PARAM

//*AND*/NOELMT/NOGENL/NOS IMP

ERROR4,NOELMT $

KGGX,GPST/NOSl MP/OGPST/GENEL

LBL1,NOSIMP $

//*ADD*/NOKGGX/l/O $

//*AoD*/NoIItGG/l/0 $

$

$

EST,CSTM,MPT,DlT,GEOM2,/KELM, KDICT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,CPBARBC,Y,,Y, CPROD/
c,Y,cPQuAD1/c,Y,cPQuAD2/c,Y, cPTRIA1/c,Y,cPTRlA2/c,Y9cPTuBE/
C,Y,CPQDPLT/C,Y,CTRPLT/C,Y, CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX/MGG/NOt4GG $

JMPKGG,NOKGGX $

GPECT,KDlCT,KELM/KGGX,GP5T $

JMPKGG $

JMPMGG,NOMGG $

GPEC~,MDICT,MELM/MGG,/-l/C,Y ,WTMASS=l.O $

JHPHGG $

LBL1,GRDPNT $

ERROR3,NOMGG $

BGPDP,CSTM,EQEXIN,MGG/OGPWG/V,Y,GROPNT=- l/V,Y,WTMASS $

OGPWG ,,,,,//s,N.CARDNO $

LBL1 $

CSTM,MPT,ECPT,GPCT,DIT,CASECC, EST/KGGXL,ECPTNL,ESTL,ESTNL/S ,N,
KGGLPG/S,N,NPLAL lM/S,N,ECPTNLPG/S,N,PLSETNO/S,N,NONLSTR/S,N,
PLFACT $

ERROR1,ECPTNLPG $

ONLES,ESTNLl/NONLSTR $

//*ADD$~/ALWAYS/-l/O $
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e RIGID FORMAT DNAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 6

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

45

46

47

48

49

50

51

52

53

54,

55

56

57

58

59

60

61

62

63

64

65

66

67

68

PARAH

EQUIV

CONO

SMA3

SMA3

LABEL

PARAM

GP4

PARAM

PURGE

SSG1

EQUIV

COND

PARAM

CONO

GPSP

OFP

LABEL

PARAM

EQUIV

COND

MCE1

LABEL

EQUIV

//*ADD*/NEVER/l/O $

KGGX,KGG/NOGENL/KGGXL,KGGL/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

GEl,KGGXL/KGGL/LUSET/NOGENL/KGGLPG $

LBLII $

//*MPY*/NSKIP/O/O $

CASECC,GEOM4,EQEXlN,GPDT,BGPOT,CSTM,GPST/RG,YS, USET,ASET/
LUSET/S,N,MPCFI/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/S,N,REACT/
S,N,NSKlP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

//*AND*/NOSR/S INGLE/REACT $

KRR,KLR,QR,DM/REACT/Gt4/MPCF l/GO,KOO,LOO,PO, UOOV,RUOV/OMIT/PS,
KFS,KSS/SINGLE/QG/NOSR $

SLT,BGPDT,CSTM,SIL,EST,MPT, ,,MGG,CASECC,OIT,/PGl,,, ,/
LUSET/1 $

PGl,PL/NOSET $

LBL4,GENEL $

//*EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST, ,,,, //S,N,CARDNO $

LBL4 s

//*AOD*/PLACOUNT/l/O $

KGG,KNN/MpCFl $

LBL2,MPCF1 $

USET,RG/GM $

LOOPBGN $

KGG,KNN.h’4PCFl $
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DISPLACEMENT RIGID FORMATS

RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 6

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

69 CONO

70 MCE2

71 LABEL

72 EQUIV

73 CONO

74 SCE1

75 LA8EL

76 EQUIV

77 COND

78 SMP1

79 LABEL

80 EQUIV

81 COND

82 RBMGI

83 LABEL

84 OECOMP

85 CONO

86 CONO

87 RBMG3

88 LABEL

89 ADO

90 CONO

91 SSG2

92 LABEL

93 SSG3

LBL2,MPCF1 $

USET,GM,KGG ,,,/KNN,,, $

LBL2 $

KNN,KFF/SINGLE $

LBL3,SINGLE $

USET,KNN ,,,/KFF,KFS,KSS,,, $

LBL3 $

KFF,KAA/OMIT $

LBL5,0MIT $

USET,KFF ,,,/GG,KAA,KOO,LOO,,,,, $

LBL5 s

KAA,KLL/REACT $

LBL6,REACT $

USET,KAA,/KLL,KLR,KRR,,, $

LBL6 $

KLL/LLL,/l/O/MINDIAGK/OETKLLXX/ lDETKLLX/
S,N,SINGKLLX $

PLALBL4,SINGKLLX $

LBL7,REACT $

LLL,KLR,KRR/OM $

LBL7 $

PGl,/PG/PLFACT $

LBLIO’,NOSET $

USET,GM,YS,KFS,GO,OM,PG/QR, PO,PS,PL $

LBL1O $

LLL,KLL,PL,LOO,KOO,PO/ULV,UOOV,RULV,RUOV/OMl T/V,Y,lRES=-l/
PLACOUNT/S,N,EPSl $

2.6-4 (05/30/86) 9



PIECEWISE LINEAR STATIC ANALYSIS

,0

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 6

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

94 COND

95 MATGPR

96 MATGPR

97 LABEL

98 SDR1

99 PLA2

100 EQUIV

101 COND

102 PLA3

103 OFP

104 LABEL

105 PARAM

106 COND

107 PLA4

106 EQUIV

109 COND

110 ADD

111 LABEL

!12 EQUIV

113 REPT

114 JUMP

115 LABEL

116 PRTPARM

117 LABEL

LBL9,1RES $

GPL,USET,SIL,RULV//*L* $

GPL,USET,SIL,RUOV//*O* $

LBL9 $

USET,PG,ULV,UOOV,YS,GO,GM,PS,KFS,KSS,QR/DELTAUGV, OELTAPG,
OELTAQG/1/*STATICS* $

DELTAUGV,DELTAPG,DELTAQG/UGVl ,PGVl,QGl/S,N,PLACOUNT $

ESTNL,ESTNLl/NEVER/ECPTNL,ECPTNL l/NEVER $

PLALBL2A,NONLSTR $

CSTM,MPT,DIT,DELTAUGV, ESTNL,CASECC/ONLES, ESTNLl/PLACOUNT/
PLSETNO $

ONLES,,,,,//S,N,CARDNO $

PLALBL2A $

//*SUB*/DIFF/NPLALIM/PLACOUNT $

PLALBL5,DIFF $

CSTM,MPT, ECPTNL,GPCT,D lT,DELTAUGV/KGGNL, ECPTNLl/S,N,PLACOUNT/S,
N,PLSETNO/S,N,PLFACT $

KGGNL,KGGSUM/KGGLPG $

PLALBL3,KGGLPG $

KGGNL,KGGL/KGGSUM $

PLALBL3 $

ESTNLl,ESTNL/ALWAYS/ECPTNL l,ECPTNL/ALWAYS/KGGSUM,KGG/ALWAYS

LDOPBGN,360 $

ERROR2 $

PLALBL4 $

//-5/?tPLA9f s

PLALBL5 $

s

I
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 6

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

118 SDR2

119 OFP

120 SCAN

121 OFP

122 COND

123 PLOT

124 PRTMSG

125 LABEL

126 JUMP

127 LABEL

128 PRTPARM

129 LABEL

130 PRTPARM

131 LABEL

132 PRTPARM

133 LABEL

134 PRTPARM

135 LABEL

136 PURGE

137 ‘END

CASECC,CSTM,MPT,DIT, EQEXIN, SIL,GPTT, EDT,BGPDP, ,QG1,UGV1 ,ESTL,,
PGVl/OPGl,OQGl,OUGVl,OESl,OEF l,PUGV1/*PLA* $

OUGVl,OPGl,OQGl,OEFl,OESl,//S,N, CARDNO $

CASECC,OESl,OEF1/OESFl/*RF* $

OESF1 ,,,,,//S,N,CARDNO $

P2,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPDT,EQEXIN,SIP,PUGVl,,ECPT,OESl/
PLOTX2/NSlL/LUSEP/JUMPPLOT/PLTFLG/S,N,PF ILE $

PLoTx2// $

P2 $

FINIS $

ERROR1 $

//-1/*pLA* $

ERROR2 $

//-2/*PLA* $

ERROR3 $

//-3/*FJLA* $

ERROR4 $

//-4/*PLA* $

FINIS $

OUMMY/MINUSl $

$
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2.6.2

@

5.

6.

7.

10.

11.

12.

15.

16.

17.

19.

21.

23.

25.

28.

30.

0

31.

33.

34.

36.

37.

38.

39.

41.

42.

46.

47.

48.

PIECEWISE LINEAR STATIC ANALYSIS

Description of Important DMAP Operations for Piecewlse Linear Static Analysis

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No, 18 if there are no structure plot requests.

PLTSET transforms user intput into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 18 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

pRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 133 and print Error Message No. 4 if no elements have been defined.

Go to OMAP No. 40 if there are no structural elements.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go toDMAP No. 32 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 35 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 40 if no weight and balance information is requested.

Go to DMAP No. 131 and print Error Message No. 3 if no mass matrix exists.

GPWG generates weight and balance information.

!dFPformats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

PLA1 extracts the linear terms from [K&] to give [K~~], extracts the nonlinear entries

from the Element Connection and Properties Table to give ECPTNL, and separates the linear
and nonlinear entries in the Element Summary Table to give ESTL and ESTNL.

Go to DMAP No. 127 and print Error Message No. 1 if no elements have a stress-dependent
modulus of elasticity.

Equivalence [K~g]

Go to DMAP No. 50

SMA3 adds general

to [Kgg] and [K~~] to [K&] if there are no general elements.

if there are no general elements.

elements to [K~g] to obtain stiffness matrix [Kgg].
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49.

52.

55.

56.

57.

59.

60.

61.

64.

65.

66.

67.

68.

69.

70.

72.

73,

74.

76.

77.

78.

DISPLACEMENT RIGID FORMATS

SMA3 adds general elements to [K~~] to obtain stiffness matrix of linear elements [K;’].

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ug} = O.

SSG1 generates total static load vector {P:}.

Equivalence {Pi} to {Pg} if no constraints are applied.

Go to DMAP No. 62 ig general elements are present.

Go to DMAP No. 62 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn] if no multipoint constraints exist.

Go to DMAP No. 71 if no multipoint constraints exist.

MCE1 partitions multipoint constraint equations [Rg] = [Rm fRn] and solves for

multipoint constraint transformation matrix [Gm] = -[Rln]-l[Rn].

Beginning of loop for additional load increments.

Equivalence [Kgg] to [Knn] if no multipoint constraints exist.

Go to DMAP No. 71 if no multipoint constraints exist.

MCE2 partitions stiffness matrix

[1iIK
[Kgg] = f~K~

mn mm

and performs matrix reduction

[Knn] = [inn] + [G;l[Kmnl + [K:nl[Gml + [G:l[Kmml[$J.

Equivalence [Knn] to [Kff] if no single-point constraints exist.

Go to DMAP No. 75 if no single-point constraints exist.

SCE1 partitions out single-point constraints

[1‘ff’ ‘fs
[Knn] = ~ ~K– .

Sf Ss

Equivalence [Kff]

Go to DMAP No. 79

to [Kaa] if no omitted coordinates exist.

if no omitted coordinates exist.

SMP1 partitions constrained stiffness matrix
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PIECEWISE LINEAR STATIC ANALYSIS

[1K lKao
[Kff] = ~~K— ,

oa 00

solves for transformation matrix [Go] = -[Kool-l[Koa]

and performs matrix reduction [Kaal = [~aal + [K~al[Gol .

80. Equivalence [Kaa] to

81. Go to DMAP No. 83 if

82. RBMG1 partitions out

[KLL] if no free-body

no free-body supports

free-body supports

supports exist.

exist.

84. DECOMP decomposes constrained stiffness matrix

85. Go to DMAP No. 115 and print Error Message No.
(i.e., local plasticity).

[Kit] = [LLJ[UJ.

5 if stiffness matrix [KLL] is singular

86. Go to DMAP No. 88 if no free-body supports exist.

87. RBMG3 forms rigid body transformation matrix

[D] = -[ Kiil-l[Kflrl,

calculates rigid body check matrix

[x] = [Krr]T+ [KJID1

and calculates rigid body error ratio

E = x,TP-1-TK
rr

89. ADO multiplies total load vector {P~l by factor, PLFACT, and adds it to nothing to obtain

applied load vector {pg} for current looP.

90. Go to DMAP No. 92 if no constraints are applied.

91. SSG2 applies constraints to static load vectors for current loop

IIPn{Pg} = —– > {Pn} = {~n} + [G:]{pm} >
Pm

Hif{Pn} = —– ,
Ps

{Pf} = {~f} - [Kfs]{ys} ,
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IIFj
{Pf} = —– ,

P.

and calculates incremental

DISPLACEMENT RIGID FORMATS

.
{Pa} = {Pa} + [G~]{Po} ,

determinate forces of reaction

{Clr} = -{Pr} - [DT]{PL},

93, SSG3 solves for displacements of independent coordinates

{ul} = [KLL]-l{PL} ,

solves for displacements of omitted coordinates

{u~} = [KOOI-l{PO} ,

calculates residual vector (RULV) and residual vector
coordinates

for current loop

error ratio for independent

{&PL} = {Pk} - [KL,]{uLI ,

{u;}{&Pt}

‘i =

{P:}{UL}

and calculates residual vector (RUIBV)and residual vector error ratio for omitted
coordinates

{bPo} = {Pol - [KOO]{U:} ,

{U:}{6PO}
and

‘o =

{P:}{u:}

94. Go to DMAP No. 97 if residual vectors

95. MATGPR prints the residual vector for

96. MATGPR prints the residual vector for

are not to be printed.

independent coordinates (RULV).

omitted coordinates (RUOV).
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98.

99.

100.

101.

102.

103.

106.

107.

108.

109.

110.

112.

113.

PIECEWISE LINEAR STATIC ANALYSIS

SDR1 recovers dependent displacements for current loop

N‘i—. = {Ua}

‘r

H‘a—— = {Uf} ,

‘o

{urn}= [Gm]{un} ,

{uo} = [Go]{ua} + {u:} ,

MUf
—. = {Un} ,
Ys

H
Un

= {Ugl——
urn

and recovers single-point forces of constraint for current loop

{dqs} = -{Ps} + [K~s]{uf}.

PLA2 adds the incremental displacement vect~r (OELTAUGV) and the incremental single-point
forces of constraint vector (DELTAQG) for the current loop to the accumulated sum of these
vectors (DELTApG).

{u
9i+l

1 = {6ug } + tug } and
i i

{q
9i+l

1 = {Ciqg } + {qg } .
i i

Allocate separate files for ESTNL and ESTNL1 and for ECPTNL and ECPTNL1.

Go to DMAP No. 104 if no stress output is requested for nonlinear elements.

PLA3 calculates incremental stresses in nonlinear elements (ONLES) for which an output
request has been made and updates the accumulated stresses (ESTNL1) in these elements.

!ilFPformats the accumulated stresses in nonlinear elements prepared by PLA3 and places them
on the system output file for printing.

Go to OMAP No. 117 if all loading increments have been completed.

PLA4 generates stiffness matrix for nonlinear elements [Knf] and updates stress
information. YY-

Equivalence [K~~] to [Kgg] if all elements are nonlinear.

Go to DMAPNo. 111

Add stiffness matr’
(KGGL)

if all elements are nonlinear.

x for nonlinear elements (KGGNL) to stiffness matrix for 1 near elements

Equivalence existing element tables to updated tables and equivalence [K~~m] to [Kgg]
for next pass through loop.

Go to OMAP No. 67 if additional load increments need to be processed.
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114.

116.

118.

119.

120.

121.

122.

123.

124.

126.

128.

130.

132.

134.

Go to DMAP No. 129 and print Error Message No. 2 as the number of load increments exceeds
360,

Print Error Message No. 5 and terminate execution.

SDR2 calculates element forces (OEFl) and stresses for linear elements (!3ES1)and prepares
load vectors (OPGl), displacement vectors (!3UGV1)and single-point forces of constraint
(OQGl) for output and translation components of the displacement vector (PUGV1).

@FP formats the tables prepared by SDR2 and places them on the system output file for
printing.

SCAN examines the element stresses and forces calculated by SDR2 and generates scanned
output that meets the specifications set by the user.

13FPformats the scanned output table prepared by SCAN and places it on the system output
file for printing.

Go to DMAP No. 125 if no deformed structure plots are requested.

PL13Tgenerates all requested deformed structure and contour plots.

PRTMSG prints plotter data, engineering data, and contour data for each deformed plot
generated.

Go to DMAP No. 135 and make normal exit.

Print Error Message No. 1 and terminate execution.

Print Error Message No. 2 and terminate execution.

Print Error Message No. 3 and terminate execution.

Print Error Message No. 4 and terminate execution.
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●

2.6.4

Static

2.6.5

PIECEWISE LINEAR STATIC ANALYSIS

Output for Piecewise Linear Static Analysis

The

1.

2.

3.

Ihe

1.

2.

following output may be requested for Piecewise Linear Static Analysis:

Accumulated sums of displacements and nonzero components of the stat

single-point forces of constraint at selected grid points for each load

c loads and

increment.

Stresses in selected elements. If an element is composed of a nonlinear material, the

accumulated stress will be output for each load increment. Stresses in linear elements

are only calculated for the total load.

Scanned output of forces and elements in selected elements.

following plotter output may be requested:

Undeformed plot of the structural model and

Contour plots of stresses and displacements

deformed plots for each load increment.

for each load increment.

Case Control Deck for Piecewise Linear Static Analysis

The following items relate to subcase definition and data selection for Piecewise Linear

Analysis:

1. The Case Control Deck must contain one and only one subcase.

2. A static loading condition must be defined with a LOAD selection.

3. An SPC set must be selected unless all constraints are specified on GRID cards.

4. PLC@EFFICIENT must appear either to select a PLFACT set from the Bulk Data Deck or to

explicitly select the default value of unity.

Parameters for Piecewise Linear Static Analysis

The following parameters are used in Piecewise Linear Static Analysis:

1. ASET!itlT- optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

2. AUT@SPC - reserved for future optional use. The default value is -1.

3. COUPMASS - CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.
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Static

and is

DISPLACEMENT RIGID FORMATS

4. GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed,

5. IRES - optional. A positive integer value of this parameter causes the printing of the

residual vectors following the execution of the SSG3 module.

6. SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

7. V13LUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

8, WTMASS - optional. The terms of the mass matrix are multiplied by the real value of

this parameter when they are generated in the EMA module.

Rigid Format Error Messages from Piecewise Linear Static Analysis

The following fatal errors are detected by the DMAP statements in the Piecewise Linear

Analysis rigid format. The text for each error message is given below in capital letters

followed by additional explanatory material, including suggestions for remedial action.

PIECEWISE LINEAR STATIC ANALYSIS ERROR MESSAGE No. 1 - No N$3NLINEARELEMENTS HAVE BEEN DEFINED.

A piecewise linear problem has not been formulated because none of the elements has a stress
dependent modulus of elasticity defined on a Material card.

PIECEWISE LINEAR STATIC ANALYSIS ERROR MESSAGE NO. 2 - ATTEMPT TO EXECUTE MORE THAN 360 LO@PS.

An attempt has been made to use more than 360 load increments. This number may be increased by
ALTERing the REPT instruction preceding SDR2.

PIECEWISE LINEAR STATIC ANALYSIS ERR13RMESSAGE No. 3 - MASS MATRIX REQUIRED FOR WEIGHT AND BALANCE
CALCULATIONS.

The mass matrix is null because either no elements were defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined on a Material
card.
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PIECEWISE LINEAR STATIC ANALYSIS ERROR MESSAGE Nfl.4 - NO ELEMENTS HAVE BEEN DEFINED

● No elements have been defined with either Connection cards or GENEL cards.

PIECEWISE LINEAR STATIC
PLASTICITY.

The stiffness matrix is
material plasticity.

ANALYSIS ERROR MESSAGE NO. 5 - STIFFNESS MATRIX SINGULAR DUE TO MATERIAL

singular due either to one or more grid point singularities or element

2.6-15 (05/30/86)
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2.7 DIRECT COMPLEX EIGENVALUE ANALYSIS

2.7.1 DMAP Sequence for Direct Complex Eigenvalue Analysis

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 7

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
------------ -----

1 BEGIN

2 PRECHK

3 FILE

b PARAM

5 GP1

6 PLTTRAN

7 PURGE

8 COND

9 GP2

10 PARAML

11 PURGE

12 COND

13 PLTSET

14 PRTMSG

15 PARAH

16 PARAM

17 COND

18 PLOT

19 PRTMSG

20 LABEL

21 GP3

DISP 07 - DIRECT COMPLEX EIGENVALUE” ANALYSIS - APR. 1986 $

ALL $

GOD=SAVE/GMD=SAVE $

//*MPY~~/CARONO/O/O $

GEOM1,GEOM2,/GPL,EQEXlN,GPDT, CSTM,BGPDT,SIL/S,N,LUSET/
S,N,NOGPDT/MINUSl=-l $

BGPDT,SIL/BGPDP,SIP/LUSET/S,N, LUSEP $

USET,GM,GO,KAA,BAA,MAA,KAAA, KFS,EST,ECT,PLTSETX,PLTPAR,GPSETS,
ELSETS/NOGPDT $

LBL5,NOGPDT $

GEoM2,EQExlN/EcT $

PCDB//*PRES~~////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JUMPPLOT $

PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,NSIL/
S,N,JUMPPLOT $

PLTSETX// $

//*MPY*/PLTFLG/l/l $

//*MPY*/PFILE/O/O $

P1,JUIIPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC, BGPDT,EQEXIN,SIL,,ECT,,/PLOTXl/
NSIL/LUSET/JUMPPLOT/PLTFLG/S ,N,PFILE $

PLOTX1// $

P1 $

GEoM3,EQEx1N,GEoM2/,GPTT/NoGRAv $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 7

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

TA 1

PURGE

COND

PARAM

PARAM

PARAM

PARAM

EMG

PURGE

COND

EMA

LABEL

COND

EMA

LABEL

COND

EHA

LABEL

COND

EMA

LABEL

PURGE

PURGE

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP=-l/l/S,N,NOGENL=-l/S,N,GENEL $

K4GG,GPST,0GPST,MGG,BGG,K4NN,K4FF ,K4AA,MNN,MFF,MAA,BNN,BFF,BAA,
KGGX/NOSIMP / OGPST/GENEL $

LBL1,NOSIHP $

//*ADD*/NoKGGx/l/o $

//*ADD*/NoMGG/l/o $

//*ADDfi/NOBGG=-l/l/O $

//*ADD*/NoK4GG/I/o $

EST,CSTM,MPT,DlT,GEOM2,/KELM, KDICT,MELM,MOICT,BELM,BDICT,/S ,N,
NOKGGX/S,N,NOMGG/S,N,NOBGG/S ,N,NOK4GG//C,Y,COUPMASS/
C,Y,CPBAR/C,Y,CPROD/C,Y,CPQUADl/C,Y,CPQUAD2/C,Y, CPTRIA1/
C,Y,CPTRlA2/C,Y,CPTUBE/C,Y,CPQOPLT/C,Y,CPTRPLT/C, Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX/MGG/NOMGG $

LBLKGGX,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

LBLKGGX $

LBLMGG,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LBLMGG $

LBLBGG,NOBGG $

GPECT,BDICT,BELM/EGG, $

LBLBGG $

LBLK4GG,NOK4GG $

GPEcT,KDlcT,KELM/K4GG,/NoK4GG $

LBLK4GG $

MNN,MFF,MAA/NOMGG $

BNN,BFF,BAA/NOBGG $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 7

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

k5

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

COND

COND

GPWG

OFP

LABEL

EQUIV

COND

SMA3

LABEL

PARAM

GP4

PURGE

COND

COND

PARAM

COND

GPSP

OFP

LABEL

EQUIV

COND

MCE1

MCE2

LABEL

EQUIV

LBL1,GROPNT $

ERROR3,NOMGG”$

BGPDP,CSTM,EQEXlN,MGG/OGPWG/V,Y,GRDPNT/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARDNO $

LBL1 $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//*HPY*/NSKIP/O/O $

cASECC,GEOM4, EQEXIN,GPDT,BGPOT, CSTM,GPST/RG,,USET,ASET/
LuSET/S,N,MPCFl/S,N,MPCF2/S,N, SINGLE/S,N,OMIT/S,N,REACT/
S,N,NSKIP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/
C,Y,ASETOUT/S,Y,AUTOSPC $

GM,GMD/tlPCFl/GO,GOO/OMIT/KFS,QPC/S INGLE $

LBL4,GENEL $

LBL4,NOSIMP $

//*EQ*/GPSPFLG/AUTOSPC/O $

LBLk,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST,,,,,//S,N,CARDNO $

LBLh $

KGG,KNN/MPCFl/MGG,MNN/llPCFl/ BGG,BNN/MPcF1/K4GG,K4NN/fipcF I $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,MGG,BGG,K4GG/KNN,MNN,BNN, KLNN $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE/BNN, BFF/SINGLE/K4NN,K4FF/SINGLE $
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r

RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 7

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

70

71

72

73

711

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

CONO

SCEI

LABEL

EQUIV

COND

SMP1

CONO

SHP2

LABEL

COND

SMP2

LABEL

CONO

SMP2

LABEL

DPD

CONO

EQUIV

PARAM

PARAM

BMG

PARAM

PURGE

CONO

MTRX IN,

LBL3,SINGLE $

usET,KNN,MNN,BNN,K4NN/KFF,KFs ,,MFF,BFF,K4FF $

LBL3 $

KFF,KAA/OMIT/ MFF,MAA/OMIT/BFF,BAA/OMIT/K4FF ,K4AA/OMIT $

LBL5,0MIT $

USET,KFF ,,,/GO,KAA,KOO,LOO 9*9,, $

LBLM,NOMGG $

USET,GO,MFF/MAA $

LBLM $

LBLB,NOBGG $

USET,GO,BFF/BAA $

LBLB $

LBL5,NOK4GG $

usET,Go,K4FF/K4AA $

LBL5 $

DYNAMICS,GPL,SIL,USET/GPLD ,SILD,USETO,TFPOOL, ,,, ,,EED, EQDYN/
LUSET/S,N,LUSETO/NOTFL/NODLT/NOPSOL/NOFRL/
NONLFT/NDTRL/S,N,NOEEO/123/S,N ,NOUE $

ERROR1,NOEEO $

GO,GOO/NOUE/GM,GMD/NOUE $

//*Aoo*/NEvER/l/o $

//*Mpy*/REpEATE/l/-l $

MATPOOL,BGPOT,EQEXIN,CSTM/BDPOOL/S ,N,NOKBFL/S,N,NOABFL/
S,N,MFACT $

//*ANof,/NoFL/NoABFL/NoKBFL $

KBFL/NOKBFL/ ABFL/NOABFL $

LBL13,NOFL $

,BOPOOL,EQOYN,,/ABFL,KBFL,/’LUSETO/S ,N,NOABFL/S,N,NOKBFL/
0$
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● RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 7

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

95 LABEL

g6 PURGE

97 CASE

98 MTRXIN

99 PARAM

100 PARAM

101 EQUIV

102 CONO

1(J: AOD5

104 COND

105 TRNSP

106 ADO

107 LABEL

108 PARAM

109 PARAM

110 PARAM

111 PURGE

112 EQUIV

113 COND

114 GKAO

115 LABEL

116 EQUIV

117 CEAO

LBL13 $

PHID,CLAMA,OPHI O,OQPC1,OCPH IP,OESC1,OEFC1,CPHIP,QPC,
K2PP,M2PP,B2PP,K2Do,M2DD,B2Do/NEvER $

CASECC,/CASEXX/*CEIGN*/S,N,REPEATE/S, N,NOLOOP $

cAsExx,MATPooL,EQDYN,,TFPooL/K2DPP,M2DPP, B2PP/LusETcl/s,N,
NoK20PP/s,N,NoM2DPP/s,N,NoB2PP $

//>kAND*/NoM2PP/NoABFL/NoM20PP $

//*ANo*/NoK2PP/NoFL /NoK20pP $

K2DPP,K2PP/NoFL/M20PP,M2PP/NoABFL

LBLFL2,NOFL $

ABFL,KBFL,K20PP,,/K2PP/(-l.o,o.o)

LBLFL2,NOABFL $

ABFL/ABFLT $

ABFLT,M20PP/M2PP/MFAcT $

LBLFL2 $

//*ANo)t/BDEBA/NouE/NoB2PP $

//f<AND)t/MDEMA/NouE/NoM2PP $

//*ANo>?/KDEK2/NOGENL/NOSIMP $

$

$

K20D/NoK2PP/M2DD/NoM2PP/B20D/NoB2PP $

M2PP,M2DD/NoA/B2PP,B2DD/NoA/K2PF, K2DD/NoA/
MAA,MDD/MDEMA/BAA,BDD/BDEBA $

LBL18,NOGPDT $

uSET0,GM,G0,KAA,BAA,MAA,K4AA,K2PP,M2PP, B2PP/KOO,BOD,MDD,GMD,
GoD,K2DD,M20D,B2DD/*CMPLEV$~/*D lSP*/?~OIRECT~’f/C,Y,G=O.O/
o.o/o.o/Nol(2PP/NoM2PP/NoB2PP/
MPcF1/slNGLE/oMIT/NouE/NoK4GG/NoBGG/
KoEK2/-l $

LBL18 $

B2DD,BDD/NoBGG/ M200,MDD/NoslMP/ K20D,KDD/KoEK2 $

KOD,BDD,MOD,EEO,CASEXX/PHl D,CLAMA,OCEIGS,/S,N,EIGVS $
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RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 7

LEVEL 2,0 NASTRAN OMAP COMPILER - SOURCE LISTING

118 OFP

119 COND

120 VDR

121 CONO

122 OFP

123 LABEL

124 CONO

125 EQUIV

126 COND

127 SDR1

128 LABEL

129 5DR2

130 OFP

131 LABEL

132 COND

133 REPT

134 PRTPARM

135 JUMP

136 LABEL

OCEIGS,CLAMA,,,,//S,N,CARDNO $

LBL16,EIGVS $

CASEXX,EQOYN,USETD,PHID,CLAMA,,/OPHlD,/*CEIGN*/*OIREcT*/
O/S,N,NOO/S,N,NOP/O $

LBL15,NO0 $

OPHID,,,,,//S,N,CARDNO $

LBL15 $

LBL16,NOP $

PHID,CPHIF’/NOA$

LBL17,NOA $

USETD,, PHID,,,GOD,GMD,,KFS,,/CPHIP,,QPC/l/*OYW41 cS* $

LBL17 $

CASEXX,CSTM,MPT,DIT,EQDYN,SILO,,,,CLAMA,QPC,CPHlp,EST,s/cOQpCl,
OCPHIP,OESCl,OEFCl,/~~CEIG*$

OCPHIP,OQPCl,OEFCl,OESCl,,//S,N,CARONO $

LBL16 $

FINIS,REPEATE $

LBL13,1OO $

//-2/*DIRcEAo* $

FINIS $

ERROR1 $

137 PRTPARM //-1/*OIRcEAD* $

138 LABEL ERROR3 $

139 PRTPARM //-3/*olRcEAD* $

140 LABEL FINIS $

lkl PURGE OUMMY/MINUSl $

142 END $
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2.7.2

● 5.

6.

8.

9.

12.

13.

14.

17.

18.

19.

21.

22.

24.

29.

31.

a

32.

34.

35.

37.

38.

40.

41.

45.

46.

47.

48.

50.

51.

52,

DIRECT COMPLEX EIGENVALUE ANALYSIS

Description of Important DMAP Operations for Direct Complex Eigenvalue Analysis

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the FIGPDTand SIL tables.

Go to DMAP No, 84 if there is only Direct Matrix Input.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 20 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter,

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 20 if no undeformed structure plots are requested.

PL9T generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 49 if there are no structural elements.

EMG generates structural element stiffness, mass and damping matrix tables and dictionari~s
for later assembly by the EMA module.

Go to DMAP No. 33 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 36 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 39 if no viscous damping matrix is to be assembled.

EMA assembles viscous damping matrix [Bgg].

Go to DMAP No. 42 if no structural damping matrix is to be assembled,

EMA assembles structural damping matrix [K~g].

Go to DMAP No. 49 if no weight and balance information is requested.

Go to DMAP No. 138 and print Error Message No. 3 if n~ mass matrix exists.

GPWG generates weight and balance information.

OFP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g]

Go to DMAP No. 53

SMA3 adds general

to [Kgg] if there are no general elements.

if there are no general elements.

elements to [K~g] to obtain stiffness matrix [Kgg].
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55.

57.

58.

60.

61.

62,

64.

65.

66.

67,

69.

70.

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ug} = O,

Go to DMAP No. 63 if general elements are present.

Go to DMAP No. 63 if there are no structural elements.

Go to DMAP No. 63 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

@FP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn], [Mgg] to [Mnn], [Bgg] to [Bnn] and [K~g] to

[K~n] if no multipoint constraints exist.

Go to DMAP No. 68 if no multipoint constraints exist.

MCE1 partitions multipoint constraint equations [Rg] = [Rm ~Rn] and solves for

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn]

MCE2 partitions stiffness, mass and damping matrices

L

[

i
[Bggl = Y.

Bmn

~d~‘Mgg]‘k+;:[Kggj = Jn+

B 1[
-4

nm
Knn \K~m

and K~g] =.— –+–

Bmm
K$n IK4mm

and performs matrix reductions

[Knn] = [Knn] + [G~][Kmn] + [K~n][Gm] + [G~][Kmm’l[Gm],

[Mnn] = [;nn] + [G~][Mmn] + [M&][Gm] + [G~][Mmm][Gm] ,

[Bnn] = [~nn] + [G~][Bmn] + [B~n][Gm] + [G~][Bmm][Gm] ,

[Kin] = [~~n] + [G~][K~n] + [K~n]T[Gm] + [G~][K~m][Gm] .

Equivalence [Knn] to [Kff], [Mnnl to [Mff], [Bnnl to [Bffl and [K~nl to

[K~f] if no single-point constraints exist.

Go to DMAP No. 72 if no single-point constraints exist.
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71,

73.

74.

75.

76.

77.

79.

80.

SCEI partitions out single-point constraints

‘Knn]‘[w:]’ ‘Mnn]=kf:l’

Equivalence [Kff] to [Kaa], [Mffl to [Maal, [Bffl to [Baal and [Kff]4to

[K~a] if no omitted coordinates exist.

Go to DMAP No. 84 if no omitted coordinates exist.

SMP1 partitions constrained stiffness matrix

[Kff]=

solves for transformation matrix

.

KoaI Koo
,

[Go] = -[ ’ool-l[’oal

and performs matrix reduction [Kaa] = [Kaa] + [Kao][Go] .

Go to OMAP No. 78 if no mass matrix exists.

SMP2 partitions constrained mass matrix

[Mff] =
M IM
aa!~

Moa iMoo

and performs matrix reduction

[Maa] = [Maa] + [Mao][Go] + [MaoGo]T + [G~JIMoo][Gol

Go to DMAP No. 84 if no viscous damping matrix exists.

SMP2 partitions constrained viscous damping matrix

nB IBao
[Bff] = &~B— ,

oa 00

and performs matrix reduction
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82.

83.

85.

86.

87.

90.

93.

94.

95.

97.

98.

101.

102.

103.

104.

105.

106.

[Baa] = [iaa] + [Bao][Go] + [BaoGo]T + [G~][Bo_][Go] ,

Go to DMAP No. 84 if no structural damping matrix exists.

SMP2 partitions constrained structural damping matrix

[1i:a( K~o
[K:f] = –+– j

~4 I ~4
oa 00

and performs matrix reduction

[K:a] = [K:al + [K:OIIGOI + [K: OGOIT + lI@:ol[Gol

DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and external grid point numbers (GPLD), including
extra points introduced for dynamic analysis (SILD), and prepares Transfer Function Pool
(TFP@@L), and Eigenvalue Extraction Data (EED).

Go to DMAP No, 136 and print Error Message No. 1 if there is no Eigenvalue Extraction Data.

Equivalence [Go] to [G:] and [Gm] to [G;] if there are no extra points introduced

for d,ynamicanalysis.

BMG generates DMIG card images describing the interconnection of the fluid and the
structure.

Go to DMAP No. 95 if no fluid-structure interface is defined,

MTRXIN generates fluid boundary matrices [A~,ft] and [Kb,fll. The matrix [Kb,fk] is

generated only for a nonzero gravity in the fluid.

Beginning of loop for additional sets of direct input matrices.

CASE extracts the appropriate record from CASECC corresponding to the current loop and
copies it into CASEXX.

MTRXIN selects the direct input matrices [K~~], [M~~] and [B~p] for the current loop.

Equivalence [K~p] to [K~~] if no fluid-structure interface is defined and equivalence

[fp] to [$;1 if there is no [Ab, fi].

Go to DMAP No. 107 if no fluid-structure interface is defined.

ADD5 adds [Kb fi] and [1$1 and subtracts [Ab fi] from them to form [K~p].
3 Y

Go to DMAP No. 107 if there is no [Ab,fL].

Transpose [Ab fi] to obtain [Ab,ftlT.
Y

ADD assembles input matrix [M~p] = MFACT [Ab fL]T+ [M~~].9
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112.

1130

114.

116.

117.

118.

119.

120.

121.

122.

124.

125.

126.

Equivalence [Mfpl to [M~d], [B~pl tfJ [Bid] and [K~pl to [K~dl if no constraints

are applied, [Maal to [Mdd] if there are no direct input mass matrices and no extra

points, and [Baa] to [Bdd] if there are

points.

Go to DMAP No. 115 if on”

GKAD assembles stiffness
Analysis

no direct input damping matrices and no extra

y extra points are defined.

mass and dampng matrices for use in Direct Complex Eigenvalue

[fjd]= (1 + i9)[K~d]+[K&]+i[K~d],

[Mold] = [Mid] + [M~d] and

[Bald]= [B:d]+[&] o

Direct input matrices may be complex.

Equivalence [K~d] to [Kdd] if all stiffness is Direct Matrix Input, [Mid] to [Mddl

if all mass is Direct Matrix Input and [B~d] to [Bald]is all damping is Direct Matrix
Input.

CEAD extracts complex eigenvalues and eigenvectors from the equation

[Mddp2 + Bddp + Kdd] {ud} = O

and normalizes eigenvectors according to one of the following user requests:

1) Unit magnitude of a selected component
2) Unit magnitude of the largest component.

OFP formats the summary of complex eigenvalues (CLAMA) and summary of eigenvalue extraction
information (OCEIGS) prepared by CEAD and places them on the system outPut file for
printing.

Go to DMAP No. 131 if no eigenvalues were found.

VDR prepares eigenvectors for output, using only the independent degrees of freedom.

Go to DMAPNo. 123 if there is no output request for independent degrees of freedom.

OFP formats the eigenvectors for independent degrees of freedom prepared by VDR and places
them on the system output file for printing.

Go to DMAP No. 131 if there is no output request involving dependent degrees of freedom or
forces and stresses

Equivalence {@d} to

Go to DMAP No. 128

{@p} if no constraints are applied.

f no constraints are applied.
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129.

130.

132.

133.

134.

135.

137.

139.

DISPLACEMENT RIGID FORMATS

SDR1 recovers dependent components of eigenvectors

‘$~
{$.} ❑ [G~] {$dl ,

II

= {@f+ @e}—.
$0

{$m} = [G:] {on + I+e} ,

H
,$n + $e

—— = {$p}
‘$M

and recovers single-point forces of constraint {qs} = [K~~] {+f}.

SDR2 calculates element forces (9EFC1) and stresses (OESCl) and prepares eigenvectors
(OCpHIp) and single-point forces of constraint (OQpCl) for output.

OFP formats the tables prepared by SDR2 and places them on the system output file for
printing.

Go to

Go to

Print

Go to

Print

Print

DMAP No. 140 if no additional sets of direct input matrices need to be processed,

DMAP No. 95 if additional sets of direct input matrices need to be processed.

Error Message No. 2 and terminate execution.

DMAP No, 140 and make normal exit,

Error Message No. 1 and terminate execution.

Error Message No. 3 and terminate execution.
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2,7.3 Output for Direct Complex Eigenvalue Analysis

Each complex eigenvalue is identified with a root number determined by sorting the complex

eigenvalues according to the magnitude of the imaginary part, with positive values considered as a

group ahead of all negative values. The following summary of the complex eigenvalues extracted is

automatically printed for each set of direct input matrices:

1. Root Number

2. Extraction Order

3. Real and Imaginary Parts of the Eigenvalue

4. The coefficients fj (frequency) and gj (damping coefficient) in the following

representation of the eigenvalue

Pj = 2~fj(i -~gj)

The following summary of the eigenvalue analysis performed, using the Determinant method, is

automatically printed for each set of direct input matrices:

1. I

2. I

3. I

4. I

5. I

6. I

7. I

8. I

9,

The

is automat

1.

2.

3.

4.

Number of eigenvalues extracted

Number of passes through starting points.

Number of criteria changes.

Number of starting point moves.

Number of triangular decompositions.

Number of failures to iterate to a root.

Number of predictions outside region.

Reason for termination:

(1)

(2)

(3)

(4)

The number of roots desired have been found.

All predictions for eigenvalues are outside the regions specified.

Insufficient time to find another root.

Matrix is singular at first three starting points.

Swept determinant functions for each starting point.

following summary of the eigenvalue analysis performed, using the Inverse Power method,

tally printed for each region specified:

Number of eigenvalues extracted.

Number of starting points used.

Number of starting point moves.

Number of triangular decompositions.
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Number of vector iterations.

Reason for termination.

(1) Two consecutive singularities encountered while performing tr

(2

(3

(4

(5

iangular

decomposition.

Four starting point moves while tracking a single root.

All eigenvalues found in the region specified,

Three times the number of roots estimated in the region have been extracted.

All eigenvalues that exist in the problem have been found.

(6) The number of roots desired have been found.

(7) One or more eigenvalues have been found outside the region spec

(8) Insufficient time to find another root.

(9) Unable to converge.

fied.

The following summary of the eigenvalue analysis performed, using the complex Tridiagonal

Reduction

1.

2.

3.

4.

5.

6.

(FEER) method, is automatically printed:

Number of eigenvalues extracted.

Number of starting points used.

This corresponds to the total number of random starting and restart vectors used by the

complex FEER process for all neighborhoods.

Number of starting point moves.

Not used in FEER (set equal to zero).

Number of triangular decompositions.

Always equal to the number of points of interest (neighborhoods) in the complex plane

processed by FEER, since ordinarily only one triangular decomposition is required by

FEER for each point of interest, unless the dynamic matrix is singular at a given point

of interest, in which case an additional decomposition is required (obtained by moving

the point of interest slightly).

Total number of vector iterations.

The total number of reorthogonalizations of all the trial vectors employed.

Reason for termination.

(0) All , or more solutions

(normal termination).

than the number requested by the user, have been determined
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(1) All neighborhoods have been processed, but FEER has not obtained the desired number

of roots in each neighborhood, possibly because they have already been found in

other neighborhoods.

(2) Abnormal termination - either no roots found or none passes the FEER error test.

The following printed output, sorted by complex eigenvalue root number (SORTl), may be

requested for any complex eigenvalue extracted, as either real and imaginary parts or magnitude and

phase angle (0° - 360° lead):

1. The eigenvector for a

introduced for dynamic

the dynamic equation).

2. Nonzero components of

points.

3. Stresses and forces in

list of PHYSICAL points (grid points and extra scalar points

analysis) or SOLUTION points (points used in the formulation of

the single-point forces of constraint for a list of PHYSICAL

selected elements.

In add

2.7.4

tion, an undeformed plot of the structural model maybe requested.

Case Control Deck for Oirect Complex Eigenvalue Analysis

The following items relate to subcase definition and data selection for Oirect Complex

e Eigenvalue Analysis:

10 At least one subcase must be defined for each unique set of direct input matrices (K2PP,

M2PP, B2PP).

2. Multiple subcases for each set of direct input matrices are used only to control output

requests. A single subcase for each set of direct input matrices is sufficient if the

same output is desired for all modes. If consecutive multiple subcases are present for

a single set of direct input matrices, the output requests will be honored in succession

for increasing mode numbers. MODES may be used to repeat subcases in order to make the

same output request for several consecutive modes.

3. CMETHOO must be used to select an EIGC card from the Bulk Oata Deck for each set of

direct input matrices.

4. On restart following an unscheduled exit due to insufficient time, the subcase structure

must be changed to reflect the sets of direct input matrices that were completed, and

either CMETH!ilDmust be changed to select an EIGC card that reflects any complex

eigenvalues found in the previous execution or EIGP cards must be used to insert poles
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for previously found eigenvalues. Otherwise, the previously found eigenvalues will be

extracted again.
e

5. Constraints must be defined above the subcase level.

2.7.5 Parameters for Direct Complex Eigenvalue Analysis

The following parameters are used in Direct Complex Eigenvalue Analysis:

1.

2,

3.

,L,

5.

6.

7.

8.

ASETOUT - optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

AUT13SPC- reserved for future optional use. The default value is -1.

COUPMASS - CPBAR, CPR@D, CPQUAD1 CPQUAD2 CPTRIA1 CPIRIA2 CPTUBE, CPQDPLT, CPTRPLTe.~._... .—-...-?--——. - ...2..........—.-----..—.—.—...—— .—3..

CPTRBSC - optional. These parameters 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.

~- optional. The real value of this paranlete~is used as a uniform structural damping

coefficient in the direct formulation of dynamics problems (see Section 9.3.3 of the

Theoretical Manual). Not recommended for use in hydroelastic problems.

GRDPNT - optional. A positive integer value of this parameter causes the Grid PoinI

Weight Generator to be executed and the resulting weight and balance information to be
o

printed. All fluid related masses are ignored.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMCimodule, The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.
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2,7.6 Rigid Format Error Messages from Direct Complex Eigenvalue Analysis

m
The following fatal errors are detected by the DMAP statements in the Direct Complex

Eigenvalue Analysis rigid format. The text for each error message is given below in capital

letters and is followed by additional explanatory material, including suggestions for remedial

action.

DIRECT COMPLEX EIGENVALUE ANALYSIS ERRk7JRMESSAGE NO. 1
COMPLEX EIGENVALUE ANALYSIS.

Eigenvalue extraction data must be supplied on an EIGC
the Case Control Deck must select an EIGC set,

DIRECT COMPLEX EIGENVALUE ANALYSIS ERROR MESSAGE No. 2

- EIGENVALUE EXTRACTION DATA REQUIRED FOR

card in the Bulk Data Deck and CMETH!dDin

- ATTEMPT TO EXECUTE MORE THAN 100 LOOPS.

An attempt has been made to use more than 100 sets of direct input matrices. This number may be
increased by ALTERing the REPT instruction following SDR2.

DIRECT C@lPLEX EIGENVALUE ANALYSIS ERROR MESSAGE NO. 3 - MASS MATRIX REQUIRED FOR WEIGHT AND
BALANCE CALCULATIONS.

Ihe mass matrix is null because either no elements were defined on Connection cards, nonstructural
mass was not defined on a Property card, or the density was not defined on a Material card.
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2.8 DIRECT FREQUENCY AND RANDOM RESPONSE

● 2.8.1 DMAP Sequence for Direct Frequency and Random Response

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 8

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR-2 LIST NOOECK NOREF NOOSCAR
------- ------- ---

1 BEGIN

2 PRECHK

3 FILE

4 PARAM

5 GP1

6 PLTTRAN

7 PURGE

8 COND

9 GP2

10 PARAML

11 PURGE

12 CONO

13 PLTSET

14 PRTMSG

15 PARAM

16 PARAM

17 CONO

18 PLOT

19 PRTMSG

20 LABEL

21 GP3

DISP 08 - DIRECT FREQUENCY/RANDOM RESPONSE ANALYSIS-APR. 1986 $

ALL $

KGGX=TAPE/KGG=TAPE/GOD=SAVE/GMD=SAVE/MOD-SAVE/BDO=SAVE $

//*MpY*/CARDNl)/O/o $

GEOMl,GEOM2,/GPL,EQEXIN,GPDT,CSTM,BGPDT,S lL/S,N,LUSET/
S,N,NOGPOT/ALWAYS=-l $

BGPDT,SIL/BGPOP,SIP/LUSET/S,N, LUSEP $

USET,GM,GO,KAA,BAA,MAA,KkAA,KFS,PSF ,QPC,EST,ECT,PLTSETX,PLTPAR,
GPSETS,ELSETS/NOGPDT $

LBL5,NOGPOT $

GEoM2,EQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JUMPPLOT $

PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,NSIL/
S,N,JUMPPLOT $

PLTSETX// $

//*MPY*/PLTFLG/l/l $

//*MPY*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC,BGPOT, EQEXIN,SIL, ,ECT, ,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N, PFILE $

PLOTX1//$

P1 $

GEOM3,EQEXlN,GEOM2/,GPTT/NOGRAV $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 8

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

TA 1

PURGE

COND

PARAM

PARAM

PARAM

PARAM

EMG

PURGE

CONO

EMA

LABEL

COND

EMA

LABEL

CONO

EMA

LABEL

CONO

EMA

LABEL

PURGE

PURGE

ECT,EPT,BGPOT,SIL,GPTT,CSTM/EST, GEl,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S ,N,GENEL $

K4GG,GPST,0GPST,MGG,BGG, K4NN, K4FF,K4AA,MNN,MFF,MAA,BNN, BFF,BAA,
KGGX/NOSIMP/OGPST/GENEL $

LBL1,NOSIMP $

//f(ADD*/NoKGGX/l/O $

//*AoD,?/NoMGG/l/o $

//*AOD>~/NOBGG=-l/l/O $

//*ADDf(/NoKIIGG/l/D $

EST,CSTM,MPT,DlT,GEOM2,/KELM, KDICT,MELM,MDI CT,BELM,BOICT, /
S,N,NOKGGX/S,N,NOMGG/S,N,NOBGG/S ,N,NOK4GG//C,Y9COUPMASS/
C,Y,CPBAR/C,Y,CPROO/C,Y,CPQUADl/C,Y ,CPQUA02/C,Y,CPTRIAl/
C,Y,CPTRlA2/C,Y,CPTUBE/C,Y ,CPQDPLT/C,Y,CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

GPST/NOKGGX/MGG/NOMGG $

LBLKGGX,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

LBLKGGX $

LBLMGG,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LBLMGG $

LBLBGG,NOBGG $

GPECT,BDICT,BELM/BGG, $

LBLBGG $

LBLK4GG,NOK4GG $

GPEcT,KDlcT,KELM/K4GG,/NoK4GG $

LBLK4GG $

MNN,MFF,MAA/NOMGG $

BNN,BFF,BAA/NOBGG $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 8

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

k~ COND

46 COND

k7 GPWG

48 OFP

49 LABEL

50 EQUIV

51 COND

52 S14A3

53 LABEL

54 PARAM

55 GPk

56 PURGE

57 COND

58 COND

59 PARAM

60 COND

61 GPSP

62 OFP

63 LABEL

64 EQUIV

65 rCOND

66 MCEI

67 MCE2

68 LABEL

69 EQUIV

LBL1,GRDPNT $

ERROR4,NOMGG $

BGPDP,CSTM,EQEXIN,MGG/OGPWG/V,Y ,GRDPNT=-1/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARDNO $

LBL1 $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//*MpY*/NsKlp/o/o $

CASECC,GEOM4,EQEXIN,GPDT,BGPDT, CSTM,GPST/RG,,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N, SINGLE/S,N,OMIT/S,N,REACT/
S,N,NSKIP/S,N,REPEAT/S,N,NOSET/S ,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

GM,GMD/MPCFl/GO,GOD/OMIT/KFS ,PSF,QPC/SINGLE $

LBL4,GENEL $

LBL4,NOSIMP $

//f~EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,cARDNO $

LBL4 $

KGG,KNN/MPCFl/MGG,MNN/MPCFl/ BGG,BNN/MpCFl/K4GG,KbNN/MpcF 1 $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,MGG,BGG,KkGG/KNN,MNN ,BNN,K4NN $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE/BNN, BFF/51NGLE/K4NN,K4FF/slNGLE $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 8

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

COND

SCE1

LABEL

EQUIV

EQUIV

EQUIV

EQUIV

CONO

SMP 1

COND

SMP2

LABEL

CONO

SMP2

LABEL

CONO

SMP2

LABEL

DPD

EQUIV

PARAM

PARAM

BMG

PARAM

PURGE

LBL3,SINGLE $

usET,KNN,MNN,BNN,K4NN/KFF,KFs, ,MFF,BFF,K4FF $

LBL3 $

KFF,KAA/OMIT $

MFF,MAA/OMIT $

BFF,BAA/OMIT $

K4FF,K4AA/oMIT $

LBL5,0MIT $.

USET,KFF,,,/GO,KAA,KOO, LOO, ,,,, $

LBLM,NOMGG $

USET,GO,MFF/MAA $

LBLM $

LBLB,NOBGG $

USET,GO,BFF/BAA $

LBLB $

LBL5,NOK4GG $

usET,Go,K4FF/K4AA $

LBL5 $

DYNAMICS,GPL,SIL,USET/GPLD, SILD,USETO,TFPOOL,DLT,PSOL, FRL,,,,
EQDYN/LUSET/S,N,LUSETO/NOTFL/S,N,NOOLT/S,N,NOPSOL/S ,N,
NOFRL/NONLFT/NOTRL/NOEECl//S ,N,NOUE $

GO,GOD/NOUE/GM,GMD/NOUE $

//*ADD*/NEVER/l/O $

//*MPY*/REPEATF/- l/l $

MATPOOL,BGPDT,EQEXlN,CSTM/BDPOOL/S,N,NOKBFL/S,N,NOABFL/
S,N,MFACT $

//*AND*/NOFL/NOABFL/NOKBFL $

KBFL/NOKBFL/ ABFL/NOABFL $
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● RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 8

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

95 COND LBL13,NOFL $

96 MTRXIN, ,BDPOOL,EQDYN,,/ABFL,KBFL,/LUSETD/S,N,NOABFL/S,N,NOKBFL/
0$

97 LABEL

98 PURGE

LBL13 $

0UDVC1,0UOVC2,XYPLTFA,0PPC1 ,OQPC1,OUPVC1,OESC1 ,0EFC1,0PPC2,
0QPC2,0UPVC2,0ESC2,0EFC2,XYPLTF ,PSDF,AUTO,XYPLTR,
K2PP,M2PP,B2PP,K2DD,M2Do,B2DD/NEvER $

99 CASE

100 MTRXIN

101 PARAM

102 PARAM

103 EQUIV

CASECC,PSDL/CASEXX/*FREQ*/S,N,REPEATF/S,N,NOLOOP $

CASEXX,MATPOOL,EQDYN, ,TFPOOL/K2DPP,M2DPP,B2PP/LUSETD/S,N,
NoK2DPP/s,N,NoM2DPP/s,N,NoB2PP $

//*AND*/NoM2PP/NoABFl./NoM2DPP $

//$(AND*/NOK2PP/NOFL /NOK2DPP $

K2DPP,K2PP/NoFL/M2DPP,M2PP/NoABFL $

106

107

108

109

110

111

112

113

114

COND

ADD5

COND

TRNSP

ADD

LABEL

PARAM

PARAM

PARAM

PURGE

EQUIV

115 COND

116 GKAD

LBLFL2,NOFL $

ABFL,KBFL,K2DPP,,/K2PP/(-l.o,o.o) $

LBLFL2,NOABFL $

ABFL/ABFLT $

ABFLT,M2DPP/M2PP/MFAcT $

LBLFL2 $

//*AND*/BoEBA/NouE/NoB2PP $

//*AND*/KDEK2/NoGENL/NoslMP $

//*AND*/MOEMA/NOUE/NOM2PP $

K2DD/NoK2PP/M2DD/NoM2PP/B2DD/NoB2PP $

M2PP,M20D/NoA/B2PP, B2DD/NoA/K2PP,K2DD/NoA/
MAA,MDD/MDEMA/BAA,BDD/BDEBA $

LBL18,NOGPDT $

USETD,GM,GO,KAA, BAA,MAA, K4AA,K2PP,M2PP,B2PP/KDD,BDD,MDD,GMO,
GoD,K2DD,M2DD,B2D0/*FREQRESP*/*Dl SP*/*DIRECT~~/C,Y,G=O.O/
o.o/o.o/NoK2PP/NoM2PP/NoB2PP/
MPcF1/slNGLE/oMIT/NouE/NoK4GG/NoBGG/
KDEK2/-l $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 8

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

117

118

119

120

121

122

123

124

I25

126

127

128

129

130

131

132

133

134

135

136

137

138

139

LABEL

EQUIV

COND

COND

FRRD

EQUIV

VDR

COND

CONO

SDR3

OFP

XYTRAN

XYPLOT

JUMP

LABEL

OFP

LABEL

COND

EQUIV

CONO

SDR1

LABEL

SDR2

LBL18 $

B2DD,BDD/NoBGG/ M2DD,MoD/NoslMP/ K2DD,KDD/KoEK2 $

ERROR1,NOFRL $

ERROR2,NODLT $

CASEXX,USETD,DLT,FRL,GMD,GOD,KDD, BDD,MDD,,DIT/UDVF,PSF,PDF,PPF/
*DISP*/*DIRECT~t/LUSETD/MPCF l/SINGLE/OMIT/
NONCUP/FRQSET $

PPF,PDF/NOSET $

CASEXX,EQDYN,USETD,UDVF ,PPF,XYCDB,/OUDVCl ,/*FREQRESP*/
*DIRECT*/S,N,NOSORT2/S,N ,NOD/S,NsNOP/o $

LBL15,NOD $

LBL15A,NosoRT2 $

OUDVC1 ,,,,,/0UDVC2,,,,, $

0UDVC2, ,,,, //S,N,CARONO $

XYCDB,0UOVC2 ,,,,/XYPLTFA/*FREQ*/~~DSET~*/S,N, PFILE/
S,N,CARDNO $

XYPLTFA// $

LBL15 $

LBL15A $

OUDVC1 ,,,,,//S,N,CARONO $

LBL15 $

LBL20,NOP $

UDVF,UPVC/NOA $

LBL19,NOA $

USETD, ,UDVF, ,,GOD,GMD,PSF, KFS,,/UPVC,,QPC/l/*DYNAMICS~~ $

LBL19 $

CASEXX,CSTM,MPT,D IT,EQOYN, SILD, ,,BGPDP,PPF,QPC,UPVC, EST,XYCDB,
PPF/OPPCl,OQPCl ,OUPVC1,OESC1,OEFC1 ,PUPVC1/*FREQRESP*/
S,N,NOSORT2 $
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● RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 8

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTIN6

140 COND

lkl SDR3

142 OFP

143 XYTRAN

144 XYPLOT

145 COND

146 RANDOM

147 COND

148 XYTRAN

a 149

150

151

152

153

154

I55

156

157

XYPLOT

JUMP

LABEL

PURGE

OFP

LABEL

PURGE

COND

PLOT

158 PRTMSG

159 LABEL

160 COND

161 REPT

LBL17,NOSORT2 $

OPPC1,OQPC1,OUPVC1 ,0ESCl,0EFCl,/OPPC2,0QPC2,0UPVC2,0ESC2,
0EFC2* $

0PPC2,0QPC2,0UPVC2,0EFC2,0ESC2 ,//S,N,CARDNO $

xYcoB,oPPc2,oQPc2,ouPvc2,oEsc2,oEFc2/xYPLTF/*FREQ$~/*PsET*/
S,N,PFILE/S,N,CARDNO $

XYPLTF// $

LBL16,NOPSDL $

XYCDB,DIT,PSDL ,0UPVC2,0PPC2,0QPC2,0ESC2,0EFC2, CASEXX/PSDF,AUTO/
S,N,NORD $

LBL16,NORD $

XYCDB,PSDF,AUTO ,,,/XYPLTR/*RAND*/*PSET*/S,N,PF lLE/
S,N,CARDNO $

XYPLTR// $

LBL16 $

LBL17 $

PsDF/NosoRT2 $

OUPVC1,OPPC1,OQPC1,OEFC1,OESC1 ,//S,N,CARDNO $

LBL16 $

PSDF/NOPSDL $

LBL20,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASEXX,BGPDT, EQEXIN,S IP, ,PUPVC1,
GPECT,0ESCl/PLOTX2/NS lL/LUSEP/JUMPPLOT/PLTFLG/
S,N,PFILE $

PLoTx2// $

LBL20 $

FINIS,REPEATF $

LBL13,1OO $

162 PRTPARM //-3/*DIRFRRD* $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 8

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

163 JUMP

164 LABEL

165 PRTPARM

166 LABEL

167 PRTPARM

168 LABEL

169 PRTPARM

170 LABEL

171 PURGE

172 END

FINIS $

ERROR2 $

//-2/*DIRFRRD* $

ERROR1 $

//-1/*DIRFRRD* $

ERROR4 $

//-4/*DIRFRRDff $

FINIS $

DUMMY/ALWAYS $

$
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5.

6.

8.

9.

12.

13.

14.

17.

18.

19.

21.

22.

24.

29.

31.

32.

34.

35.

37.

38.

40.

41.

45.

46.

47.

48.

50.

51.

52.

DIRECT FREQUENCY AND RANDOM RESPONSE

Description of Important DMAP operations for Oirect Frequency and Random Response

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers,

PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

Go to OMAP No. 87 if there is only Direct Matrix Input.

GP2 generates Element Connection Table with internal indices

Go to DMAP No. 20 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the s“ructure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 20 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 49 if there are no structural elements.

EMG generates structural element stiffness,
for later assembly by the EMA module.

Go to DMAP No. 33 if no stiffness matrix is

EMA assembles stiffness matrix [K~g] and Gr

mass and damping matrix tables and dictionaries

to be assembled.

d Point Singularity Table.

Go toDMAP No. 36 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to OMAP No. 39 if no viscous damping matrix is to be assembled.

EMA assembles viscous damping matrix [699].

Go to DMAP No. 42 if no structural damping matrix is to be assembled.

EMA assembles structural dampingamatrix [K~g].

Go to DMAP No. 49 if no weight and balance information is requested.

Go to DMAP No. 168 and print Error Message No. 4 if no mass matrix exists.

GPWG generates weight and balance information.

OFP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if there are no general elements.

Go to DMAP No. 53 if there are no general elements.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].
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55.

57.

58.

60.

61.

62.

64.

65.

66.

67.

69.

70.

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ug} = O.

Go to DMAP No. 63 if general elements are present.

Go to DMAP No. 63 if there are no structural elements.

Go to DMAP No. 63 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

13FPformats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn], [Mgg] to [Mnn], [Bgg] to [Bnn] and [K~g] to

[K~n] if no multipoint constraints exist,

Go to DMAP No. 68 if no multipoint constraints exist,

MCE1 partitions multipoint constraint equations [Rg] = [Rm~ Rn] and solves for

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn],

MCE2 partitions stiffness, mass and damping matrices

I‘nnI‘nm
[Bgg] =

“+–

1Bmn ]Bmm [1ii:n1 K:m
and [Kjg] =

–+–

K:n I K;m

and performs matrix reductions

—
[Knn] = [Knn] + [G~][Kmn] + [K~n][Gm] + [G~][Kmm][Gm] ,

[Mnn] = [inn] + [G~][Mmn] + [M~n][Gm] + [G~][Mmm][Gm] ,

[Bnn] = [;nn] + [G~][Bmn] + [B~n][Gm] + [G~][Bm][Gm] ,

[K:nl = [~:nl + [Gj[K;nl + [K:nlTIGml + [G:l[K:ml[Gml .

Equivalence [Knn] to [Kff], [Mnn] to

[K~f] if no single-point constraints

Go to DMAP No. 72 if no single-point

[Mff]s [Bnnl to [Bffl and [Knn14to

exist.

constraints exist,
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71. SCE1 part

DIRECT FREQUENCY AND RANDOM RESPONSE

tions out sngle-point constraints

[Knn] = [1‘ff ‘‘fs

[1

‘ff’ ‘fs
—+— , [Mnn] = ~ TM– ,
Ksf IKss

~sf:;;] [K:n]=[~~][Bnnl = ‘f ~ _ and

73. Equivalence [Kff] to [Kaal if no omitted coordinates exist.

74. Equivalence [Mff] to [Maa] if no omitted coordinates exist.

75. Equivalence [Bffl to [Baal if no omitted coordinates exist.

76. Equivalence [K~f] to [K~al if no omitted coordinates exist.

77. Go to DMAP No. 87 if no omitted coordinates exist.

78, SMP1 partitions constrained stiffness matrix

[1iilK[Kff] = :-kK~ ,

oa 00

solves for transformation matrix [Gol = -[Kool-l[Koal

and performs matrix reduction [Kaa] = [~aa] + [Kao][Go] .

79. Go to DMAP No. 81 if no mass matrix exists.

80. SMP2 partitions constrained mass matrix

[1M lMao

[Mffl = :~M– ‘
oa 00

and performs matrix reduction

[Maa] ❑ [~aa] + [Maol[Gol + [MaoGolT + [G: IIMOOIIGOI

82. Go to DMAP No. 84 if no viscous damping matrix exists.

83. SMP2 partitions constrained viscous damping matrix

[1~ IB
[Bff] = ;+= *

Oa IBOO
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85.

86.

88.

89.

92.

95.

96.

97.

99.

100.

103.

104.

105.

106.

107.

108.

DISPLACEMENT

and performs matrix reduction

[Baa]= [Baal + [Baol[Gol +

Go to DMAP No. 87 if no structural damping

RIGID FORMATS

[BaoGOIT + [G~l[Bool[Gol

matrix exists.

SMP2 partitions constrained structural damping matrix

and performs

[K:f]

matrix reduction
[1

~4 , ~4

. ~a+ 3
K4 I ~4
oa 00

[K~o][Go] + [K~oGo]T + [G~][K~o][Go] .

DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and external grid point numbers, including extra
points introduced for dynamic analysis, and prepares Transfer Function Pool, Dynamics Load
Table, Power Spectral Density List and Frequency Response List.

Equivalence [Go] to [G:] and [Gm] to [G~j if

for dynamic analysis.

BMG generates DMIG card images describing
structure.

there are no extra points introduced

the interconnection of the fluid and the

Go to DMAP No. 97 if no fluid-structure interface is defined.

MTRXIN generates fluid boundary matrices [Ab,fL] and [Kb,fk]. The matrix [Kb,fk] is

generated only for a nonzero gravity in the fluid.

Beginning of loop for additional sets of direct input matrices.

CASE extracts the appropriate record from CASECC corresponding to the current
copies it into CASEXX.

MTRXIN selects the direct input matrices [K~~], [M~~] and [B~pj for the current

Equivalence [K~p] to [K~~] if no fluid-structure interface is defined and equiva’

[M~pl to [M~~l if there is no [Ab,fL].

Go to DMAP No. 1D9 if no fluid-structure interface is defined.

ADD5 adds [Kb fk] and [K~~l
*

Go to DMAP No. 109 if there

Transpose [Ab,fg] to obtain

and subtracts [Ab,f~] from them to form [K~pl.

is no [Ab,fk].

[Ab,fL]T.

ADD assembles input matrix [M~p] = MFACT [Ab fL]T+ [M~~].9
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@

114. Equivalence [M~p] to [M&l, [B~p 1 to [B~dl and [K~pl to [K~d] if no constraints

are applied, [Maa] to [Mdd] if there are no direct input mass matrices and no extra

points, and [Baa] to [Bdd] if there are no direct input damping matrices and no extra

points.

115. Go to DMAP No. 117 if only extra points are defined.

116. GKAD assembles stiffness, mass and damping matrices for use in Direct Frequency Response:

[Kddl = (1 + ‘ig)[K;d] + [Kjd] + i[K:d] ,

[Mddl = [M~dl + [M~dJ and

[Bald]❑ [&] +[B;dl o

Direct input matrices may be complex.

118, Equivalence [Kid] to [Kdd] if all stiffness is Direct Matrix Input, [M~d] to [Mold]

if all mass is Direct Matrix Input and [B~dl to [Bald]is all damping is Direct Matrix
Input.

119, Go to DMAP No. 166 and print Error Message No. 1 if there is no Frequency Response List.

120, Go to DMAP No. 164 and print Error Message No. 2 if there is no Dynamics Load Table.

o

121. FRRD forms the dynamic load vectors {Pd} and solves for the displacements using the
following equation

[-MddU 2+ iBddu + Kdd] {ud} = {Pd} .

122.

123.

124.

125.

126.

127.

128,

129.

130.

Equivalence {Ppl to {Pd} if no constraints are applied.

VDR prepares solution set displacements, sorted by frequency, for output.

Go to OMAP No. 133 if there is no output request for the solution set.

Go to DMAP No. 131 if there is no output request for solution set displacements sorted by
point number.

SDR3 sorts the solution set displacements by point number.

OFP formats the requested solution set displacements, sorted by point number, prepared by
SDR3 and places them on the system output file for printing.

XYTRAN prepares the input for requested X-Y plots of the solution set displacements vs.
frequency.

XYPLOT prepares the requested X-Y plots of the solution set displacements vs. frequency.

Go to DMAP No. 133.

2.8-13 (05/30/86)



132.

134.

135.

136.

137.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

153.

156.

DISPLACEMENT RIGID FORMATS

OFP formats the requested solution set displacements, sorted by frequency, prepared by VDR
and places them on the system output file for printing.

Go to DMAP No. 159 if there is no output request involving dependent degrees of freedom or
forces and stresses.

Equivalence {ud} to {up} if no constraints are applied.

Go to DMAP No. 138 if no constraints are applied.

SDR1 recovers dependent components of displacements

{Uo} = [G~]{Ud} ,

11Uf + Ue
——— = {Un +Ue} ,

‘s

H
+U

‘n e—.— = {up}

‘m

11‘d—-. {Uf +Ue) Y
u
o

{Urn} = [G;]{uf + ue} ,

and recovers single-point forces of constraint {qs} = -{Ps.

SDR2 calculates element forces (OEFCl) and stresses (k3ESCl

+ [K{s] {Uf} .

and t)reuares load vectors
(!3PPC1),displacement vectors (OUPVCl) and single-poiritforces of ’constraint (~QpCl) for
output and translation components of the displacement vector (PUGVC1), sorted by frequency,

Go to DMAP No. 151 if there are no output requests sorted by point number or element number.

SDR3 prepares requested output sorted by point number or element number.

9FP formats the tables prepared by SDR3 sorted by point number or element number, and places
them on the system output file for printing.

XYTRAN prepares the input for requested X-Y plots.

XYPLOT prepares the requested X-Y plots of displacements, forces, stresses, loads and
single-point forces of constraint vs. frequency,

Go to DMAP No. 154 if there is no Power Spectral Density List.

RANDOM calculates power spectral density functions (PSDF) and autocorrelation functions
(AUTO) using the previously calculated frequency response.

Go to DMAP No. 154 if no RANDOM calculations are requested.

XYTRAN prepares the input for requested X-Y plots of the RANDOM output.

XYPLOT prepares the requested X-Y plots of autocorrelation functions and power spectral
density functions.

Go to DMAP No. 154.

OFP formats the frequency response output requests prepared by SCR2, sorted by frequency,
and places them on the system output file for printing.

Go to DMAP No. 159 if no deformed structure plots are requested.
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157. PLOT prepares all requested deformed structure and contour plots,

●
158. PRTMSG prints plotter data, engineering ciata and contour data for each deformed plot

generated.

160. Go to DMAP No, 170 if no additional sets of direct input matrices need to be processed.

161. Go to DMAP No. 97 if additional sets of direct input matrices need to be processed.

162, Print Error Message No. 3 and terminate execution.

163. Go to DMAP No. 170 and make normal exit.

165. Print Error Message No. 2 and terminate execution.

167, Print Error Message No. 1 and terminate execution.

169. Print Error Message No. 4 and terminate execution.
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2.8.3 Output for Direct Frequency and Random Response

The following printed output, sorted by frequency (S@RTl) or by point number or element

number (S0RT2), is available, either as real and imaginary parts or magnitude and phase angle (0° - ●
360° lead), for the list of frequencies specified by (FREQUENCY:

1. Displacements, velocities and accelerations for a list of PHYSICAL points (grid points

and extra scalar points introduced for dynamic analysis) or S0LUTI!3Npoints (points used

in the formulation of the dynamic equation).

2. Nonzero components of the applied load vector and single-point forces of

a list of PHYSICAL points.

3. Stresses and forces in selected elements (ALL available only for S@RTl).

The following plotter output is available for Frequency Response calculations:

1. Undeformed plot of the structural model.

2, Deformed shapes of the structural model for selected frequencies.

3. Contour plots of stresses and displacements for ,selectedfrequencies.

4, X-Y plot of any component of displacement, velocity or acceleration of a

or S@LUTION point.

5. X-Y plot of any component of the applied load vector or single-point

constraint.

6, X-Y plot of any stress or force component for an element.

The following plotter output is available for Random Response calculations:

constraint for

PHYSICAL point

force of

1. X-Y plot of the power spectral density versus frequency for the response of selected

components for points or elements.

2. X-Y plot of the autocorrelation versus time lag for the response of selected components

for points or elements.

The data used for preparing the X-Y plots may be punched or printed in tabular form (see Section

4.3). This is the only form of printed output that is available for Random Response. Also, a

printed summary is prepared for each X-Y plot which includes the maximum and minimum values of the

plotted function.

2.8,4 Case Control Oeck for Direct Frequency and Random Response

The following items relate to subcase definition and data selection for Direct Frequency and

Random Response:
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2.

3.

4.

5.

6.

7.

8.

DIRECT FREQUENCY AND RANDOM RESPONSE

At least one subcase must be defined for each unique set of direct input matrices (K2PP,

M2PP, B2PP) or frequencies.

Consecutive subcases for each

define the loading conditions

set of direct input matrices or frequencies are used to

one subcase for each dynamic loading condition.

Constraints must be defined above the subcase level.

DL@AD must be used to define a frequency-dependent loading condition for each subcase.

FREQUENCY must be used to select one, and only one, FREQ, FREQ1, or FREQ2 card from the

Bulk Data Deck for each unique set of direct input matrices.

On restart following an unscheduled exit due to insufficient time, the subcase structure

must be changed to reflect the sets of direct input matrices that were completed, and

FREQUENCY must be changed to select a FREQ, FREQ1, or FREQ2 card that reflects any

frequencies for which the response has already been determined, Otherwise, the previous

calculations will be repeated.

flFREQUENCYmaybe used above the subcase level or within each subcase to select a subset

of the solution frequencies for output requests. The default is to use all solution

frequencies.

If Random Response calculations are desired, RANDOM must be used to select RANDPS and

RANDTi cards from the Bulk Data Deck. Only one OFREQUENCY and FREQUENCY card can be

used for each set of direct input matrices.

2.8.5 Parameters for Direct Frequency and Random Response

The following parameters are used in Direct Frequency

1,

2.

3.

4.

ASETllJT- optional. A positive integer value of

and Random Response:

this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O“suppresses

the generation of this output data block. The default value is O.

AUT@SPC - reserved for future optional use. The default value is -1.

COUPMASS - CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,—

CPTRBSC ,- optional. These parameters 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.

~- optional, The real value of this parameter is used as a uniform structural damping

coefficient in the direct formulation of dynamics problems (see Section 9.3.3 of the

Theoretical Manual). Not recommended for use in hyclroelasticproblems.
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5,

6.

7.

8.
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GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be ●
printed. All fluid related masses are ignored.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional, The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.

2.8,6 Automatic ALTERs for Automated Multi-stage Substructuring

The following lines of the Direct Frequency and Random Response, Rigid Format 8, are ALTERed

in automated substructure analyses.
e

Phase 1: 4, 56, 88-120, 121-162

Phase 2: 4, 5-5, 10-20, 23-24, 43-53, 111-112, 118-118, 135-158

Phase 3: 87, 90-136, 138, 160-162

If APP DISP, SUBS is used, the user may also specify ALTERs. However, these must not

interfere with the automatically generated DMAP statement ALTERs listed above. See Volume I,

Section 5.9 for a description and listing of the ALTERs which are automatically generated for

substructuring.

2.8.7 Rigid Format Error Messages from Direct Frequency and Random Response

The following fatal errors are detected

Random Reponse rigid format. The text for each

is followed by additional explanatory material,

by the DMAP statements in the Direct Frequency and

error message is given below in capital letters and

including suggestions for remedial action.

DIRECT FREQUENCY AND RAND~M RESPONSE ERROR MESSAGE N@. 1 - FREQUENCY RESPONSE LIST REQUIRED FOR
FREQUENCY RESP13NSECALCULATIONS.

Frequencies to be used in the solution of frequency response problems must be supplied on a FREQ,
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FREQ1, or FREQ2 card in the Bulk Data Deck and FREQ in the Case Contro’
frequency response set.

Deck must select a

DIRECT FREQUENCY AND RANDL3MRESPONSE ERR@R MESSAGE N@. 2 - DYNAMIC LOADS TABLE REQUIRED FOR
FREQUENCY RESPONSE CALCULATI!dNS.

Dynamic loads to be used in the solution of frequency response problems must be specified on an
RLOADl or RL!3AD2card in the Bulk Data Deck and DL13ADin the Case Control Deck must select a
dynamic load set.

DIRECT FREQUENCY AND RAND@M RESPONSE ERR!ZIRMESSAGE NO. 3 - ATTEMPT To EXECUTE Mk3RETHAN 100 LOOPS.

An attempt has been made to use more than 100 sets of direct input matrices. This number may be
increased by ALTERing the REPT instruction following the last OFP instruction.

DIRECT FREQUENCY AND RANDOM RESP@NSE ERR@R MESSAGE NO. 4 - MASS MATRIX REQUIRED FOR WEIGHT AND
BALANCE CALCULATIONS.

The mass matrix is null because either no elements were defined on Connection cards, nonstructural
mass was not defined on a Property card, or the density was not defined on a Material card.
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2.9 DIRECT TRANSIENT RESPONSE

2.9.1 DMAP Sequence for Direct Transient Response

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
-----------------

1 BEGIN

2 PRECHK

3 FILE

4 PARAM

5 GP1

6 PLTTRAN

7 PURGE

8 COND

9 GP2

10 PARAML

11 PURGE

12 COND

13 PLTSET

14 PRTMSG

15 PARAN

16 PARAH

17 COND

18 PLOT

19 PRTMSG

20 LABEL

21 GP3

DISP 09 - DIRECT TRANSIENT RESPONSE ANALYSIS - APR. 1986 $

ALL $

UDVT=APPEND/TOL=APPEND $

//*t4PY*/CARDNO/O/O $

GEOMl,GEOM2,/GPL,EQEXIN,GPOT,CSTM,BGPDT,S lL/S,N,LUSET/
S,N,NOGPDT/ALWAYS=-l $

BGPOT,SIL/BGPOP,SIP/LUSET/S,N, LUSEP $

USET,GM,G0,KAA,BAA,MAA,K4AA, PST,KFS,QP,EST,ECT,PLTSETX,PLTPAR,
GPSETS,ELSETS/NOGPDT $

LBL5,NOGPDT $

GEom2,EQExlN/EcT s

PcDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JLMPPLOT $

PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,NSIL/
S,N,JUMPPLOT $

PLTSETX// $

//*MPY*/PLTFLG/l/l $

//*MPY*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC, BGPDT,EQEXIN,SIL, ,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N,PF ILE $

PLOTX;// $

PI $

GEoM3,EQEx1N,GEoM2/sLT,GPTT/NoGRAv $
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DISPLACEMENT RIGID FORMAT>

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

3b

35

36

37

38

39

40

41

42

43

44

TA 1

PURGE

COND

PARAM

PARAM

PARAM

PARAM

EMG

PURGE

COND

EMA

LABEL

COND

EMA

LABEL

COND

EMA

LABEL

COND

EMA

LABEL

PURGE

PURGE

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP=-l/l/S,N,NOGENL=- l/S,N,GENEL $

K4GG,GPST,0GPST,MGG,BGG,
K4NN,K4FF,K4AA,MNN,MFF ,MAA,BNN,BFF,BAA,KGGX/NOS lMP/
OGPST/GENEL $

LBL1,NOSIMP $

//*ADD~~/NOKGGX/l/O $

//~~ADD*/NOMGG/l/O $

//*ADD*/NOBGG=-l/l/O $

//*ADD*/NoK4GG/l/o $

EST,CSTM,MPT,DlT,GEOM2,/KELM,KD lCT,MELM,MDICT,BELM,BDICT,/
S,N,NOKGGX/S,N,NOMGG/S,N,NOBGG/S,N ,NOK4GG//C,Y,COUPMASS/
C,Y,CPBAR/C,Y,CPROD/C,Y,CPQUADl/C,Y, CPQUAD2/C,Y,CPTRIAl/
c,Y,CPTRlA2/C,Y,CPTUBE/C,Y, CPQDPLT/C,Y,CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX/MGG/NOMGG $

LBLKGGX,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

LBLKGGX $

LBLMGG,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LBLMGG $

LBLBGG,NOBGG $

GPECT,BDICT,BELM/BGG, $

LBLBGG $

LBLK4GG,NOK4GG $

GPEcT,KDlcT,KELM/K4GG,/NoK4GG $

LBLK4GG $

MNN,MFF,MAA/NOMGG $

BNN,BFF,BAA/NOBGG $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

k5

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

COND

COND

OFP

LABEL

EQUIV

COND

SMA3

LABEL

PARAN

GP4

PURGE

COND

COND

PARAN

COND

GPSP

OFP

LABEL

EQUIV

COND

MCE1

MCE2

LABEL

EQUIV

LBL1,GRDPNT $

ERROR3,NOMGG $

BGPDP,CSTM,EQEXlN,MGG/OGPWG/V,Y,GRDPNT=-l/C,Y,WMASS $

OGPWG,,,,,//S,N,CARDNO $

LBL1 $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOSl HP $

LBLll $

//*Mpy*/NsKIp/o/o $

CASECC,GEOM4,EQEXIN,GPDT,BGPDT,CSTM,GPST/RG, ,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/S,N,REACT/
S,N,NSKlP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

GM,GMO/llPCFl/GO,GOD/OMIT/KFS,PST,QP/S INGLE $

LBL4,GENEL $

LBL4,NOSIMP $

//* EQit/Gp5pFLG/AIJTospC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,CARONO $

LBL4 s

KGG,KNN/MPCFl/MGG,MNN/MPCFl/ BGG,BNN/MPCFl/K4GG,K4NN/MPCF 1 $

LBL2,MPCF1 $

USET,RG/GM $

usET,GM,KGG,MGG,BGG,K4GG/KNN,MNN, BNN,K4NN $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE/BNN,BFF/S lNGLE/K4NN,K4FF/SlNGLE $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

70 CONO

71 SCE1

72 LABEL

73 EQUIV

74 EQUIV

75 EQUIV

76 EQUIV

77 COND

78 SMP1

79 COND

80 SMP2

81 LABEL

82 COND

83 SMP2

84 LABEL

85 COND

86 SMP2

87 LABEL

88 OPD

89 COND

90 PURGE

91 EQUIV

92 BMG

93 PARAM

94 PURGE

LBL3,SINGLE $

usET,KNN,MNN,BNN,K4NN/KFF,KFs, ,MFF,BFF,K4FF $

LBL3 $

KFF,KAA/OMIT $

MFF,MAA/OMIT $

BFF,BAA/OMIT $

K4FF,K4AA/oMIT $

LBL5,0MIT $

USET,KFF ,,,/GO,KAA,KOO,LOO,,,,, $

LBLM,NOMGG $

USET,GO,MFF/MAA $

LBLM $

LBLB,NOBGG $

USET,GO,BFF/BAA $

LBLB $

LBL5,NOK4GG $

usET,Go,K4FF/K4AA $

LBL5 $

DYNAMICS,GPL,SIL,USET/GPLO,S ILD,USETD,TFPOOL,DLT, ,,NLFT,TRL, ,
EQDYN/LUSET/S,N,LUSETD/NOTFL/S,N,NODLT/NOPSDL/
NoFRL/S,N,NONLFT/S,N,NOTRL/NOEED//S,N,NOUE $

ERROR1,NOTRL $

PNLD/NONLFT$

GO,GOD/NOUE/GM,GMD/NOUE $

MATPOOL,BGPDT,EQEXlN,CSTM/BDPOOL/S,N,NOKBFL/S,N,NOABFL/
S,N,MFACT $

//*AND~t/NOFL/NOABF L/N0K9FL $

KBFL/NOKBFL/ ABFL/NOABFL $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

95 COND

96 MTRXIN,

97 LABEL

98 MTRXIN

99 PARAM

100 PARAM

101 EQUIV

102 COtJD

103 AO05

104 CONO

105 TRNSP

106 ADO

107 LABEL

108 PARAM

109 PARAM

110 PARAM

111 PURGE

112 EQUIV

113 COND

114 GKAD

115 LABEL

116 EQUIV

117 PARAM

LBLFL3,NOFL $

,BDPOOL,EQDYN,,/ABFL,KBFL,/LUSETD/S,N,NOABFL/S,N,NOKBFL/
0$

LBLFL3 $

cAsEcc,MATPooL,EQDYN,,TFPooL/K2DPP,M2DPP, B2PP/LusETo/s,N,
NoK2DPP/s,N,NoM2DPP/s,N,NoB2PP $

//*AND*/NoM2PP/NoABFL/NoM20PP $

//*ANOfi/NOK2PP/NOFL /NOK2DPP $

K20PP,K2PP/NoFL/M2DPP,M2PP/NoABFL

LBLFL2,NOFL $

ABFL,KBFL,K2DPP,,/K2PP/(-l.o,o.o)

LBLFL2,NOABFL $

ABFL/ABFLT $

ABFLT,M2DPP/M2PP/rlFAcT $

LBLFL2 $

//*AND*/KDEKA/NOUE/N0K2PP $

//*ANo*/MoEMA/NouE/NoM2pp $

//*AND*/KDEK2/NOGENL/NOSIMP $

$

s

K2DD/NoK2PP/M20D/NoM2PP/B2DD/NoB2PP $

M2PP,M200/NoA/B2PP,B20D/NoA/K2PP, K20D/NoA/MAA,MDD/MoEMA/
KAA,KDD/KOEKA $

LBL16,NOGPDT $

USET0,GM,G0,KAA,BAA,MAA,K4AA, K2PP,M2PP,B2PP/KDo,BDo,MDo,GMo,
GOD,K2DD,t42DD,B2DD/~~TRANRESP>~/7’KI lSP*/*DIRECT~~/C,Y,G=O.O/
C,Y,W3=0.0/C,Y,W4=0.0/NOK2PP/NOM2PP/NOB2PP/
mPcF1/slNGLE/oMIT/NouE/NoK4GG/NoBGG/
KoEK2/-l $

LBL16 $

M2DD,MDD/NoslMP/B2DD,Boo/NoGPDT/K2DD ,KDo/KDEK2 $

//* Aoo*/NEvER/l/o $
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RIGID FDRMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

118 PARAM

119 LABEL

120 PURGE

121 CASE

122 PARAM

123 TRLG

124 EQUIV

125 TRD

126 VDR

127 COND

128 SOR3

129 OFP

130 XYTRAN

131 XYPLOT

132 LABEL

133 PARAM

134 COND

135 EQUIV

136 COND

137 SDR1

138 LABEL

139 SOR2

140 SOR3

//*MPY*/REPEATT/l/-l $

LBL13 $

PNLD,OUDV1,OPNL1 ,0UDV2,0PNL2,XYPLTTA,0PP1 ,OQP1,OUPV1,OES1 ,
oEFl,oPP2,oQP2,ouPv2,oEs2,oEF2,PLoTx2,xYPLTT/NEvER $

CASECC,/CASEXX/>’~TRAN$~/S,N,REPEATT/S, N,NOLOOP $

//~,MpY,!C/NCOL/O/l $

CASEXX,USETO,OLT,SLT,BGPOT, SIL,CSTM,TRL,DIT,GMD,GOO,, EST,MGG,
MPT/PPT,PST,PDT,PD,,TOL/S,N ,NOSET/NCOL $

PPT,POT/NOSET $

CASEXX,TRL,NLFT,OIT,KOD ,BOO,MDO,PD/UOVT,PNLD/~~D lRECT~~/
NOUE/NONCUP/S,N,NCOL/C,Y,lSTART $

CASEXX, EQDYN,USETD, UDVT,TOL, XYCDB,PNLD/OUDVl,OPNLl/
fcTRANREsp~/,’?DIREcTjc/o/s,N,NoD/s,N,NoFI/o $

LBL15,NO0 $

OUOV1,OPNL1 ●,,,/ouDv2,0PNL2,,,, $

0UOV2,0PNL2 ,,,,//S,N,CARONO $

XYCDB,0UOV2,0PNL2, ,,/xyPLTTA/~~TRAN~I/~o~DsET*/5,N, PFiLE/
S,N,CARDNO $

XYPLTTA// $

LBL15 $

//*AND$t/PJubtp/NOP/JuMPPLOT $

LBL18,PJUMP $

UDVT,UPV/NOA $

LBL17,NOA $

USETD, ,UDVT, ,,GOD,GMD,PST,KFS,,/UPV,,QP/l/*DYNAMl CS* $

LBL17 $

CASEXX,CSTM,MPT,OIT,EQOYN, SILD ,,,BGPOP,TOL,QP, UPV,EST,XYCDB,
PPT/OPPl,OQPl,OUPVl,OESl,OEF l,PUGV/$cTRANRESP$~ $

OPPl,OQPl,OUPVl,OESl,OEFl,/
0PP2,0QP2,0UPV2,0ES2,0EF2’, $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

141 OFP

lh2 SCAN

143 OFP

144 COND

lb5 PLOT

146 PRTMSG

147 LABEL

148 XYTRAN

149 XYPLOT

150 LABEL

151 COND

152 REPT

153 PRTPARM

154 JUMP

155 LABEL

156 PRTPARM

157 LABEL

158 PRTPARM

159 LABEL

160 PURGE

161 END

0PP2,0QP2,0uPV2,0EF2,0ES2,//S ,N,CARDNO $

cAsEcc,oEs2,0EF2/oEsF2/*RF* $

0ESF2 ,,,,,//S,N,CARONO $

P2,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASEXX,BGPDT, EQEXIN,SIP,,PUGV,GPECT,OES1/
PLOTX2/NSlL/LUSEP/JUMPPLOT/PLTFLG/S ,N,PFILE $

PLoTx2// $

P2 $

xYcDB,oPP2,oQP2,ouPv2,oEs2,oEF2/xYPLTT/*'~TRAN*/*PsET*/
S,N,PFILE/S,N,CARDNO $

XYPLTT// $

LBL18 $

FINIS,REPEATT $

LBL13,1OO $

//-2/*DIRTRD* $

FINIS $

ERROR1 $

//-1/*DtRTRD>k $

ERROR3 $

//-3/*DIRTRD* $

FINIS $

DUMMY/ALWAYS $

$
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5.

6.

8.

9.

12.

13.

14.

17.

18.

19.

21.

22.

24.

29.

31.

32.

34.

35.

37.

38.

40.

41.

45.

46.

47.

48.

50.

51.

52.

DISPLACEMENT RIGID FORMATS

Description of Important DMAP Operations for Direct Transient Response

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the BGPDT and S11 tables.

Go to DMAP No. 87 if there is only Direct Matrix Input.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 20 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 20 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

M to DMAP No. 49 if there are no structural elements.

EMG generates structural element stiffness, mass, and damping matrix tables and dictionaries
for later assembly by the EMA module.

Go to DMAP No. 33 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 36 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 39 if no viscous damping matrix is to be assembled.

EMA assembles viscous damping matrix [Bgg].

Go to DMAP No. 42 if no structural damping matrix is to be assembled.

EMA assembles structural damping matrix [K~g].

Go to DMAP No. 49 if no weight and balance information is requested,

Go to DMAP No. 157 and print Error Message No. 3 if no mass matrix exists.

GPWG generates weight and balance information.

giFPformats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if there are no general elements.

Go to DMAP No. 53 if there are no general elements.

SMA3 adds general elements to [K~g] to obtain stiffness
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55,

● 57,

58,

60.

61.

62.

64.

65.

66.

67.

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ugl = 0.

Go to DMAP No. 63 if general elements are present.

Go to DMAP No. 63 if there are no structural elements.

Go to DMAP No, 63 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

!3FPformats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn], [Mgg] to [Mnn], [Bgg] to [Bnn] and [K~g] to

[K~n] if no multi point constraints exist.

Go to DMAP No. 68 if no multipoint constraints exist.

MCE1 partitions multipoint constraint equations [Rg] = [Rm ~Rnl and solves for

multipoint constraint transformation matrix [Gml = -[Rm]-l[Rnl.

MCE2 partitions stiffness, mass and damping matrices

and performs matrix reductions

[Knn] = [~nn] + [Gj[Kmnl + [~nl[Gml + [Gj[\ml[Gml ,

[Mnn] = [inn] + [G;l[Mmnl + [M;nl[Gml + [G;l[”mml[Gml ,

[Bnn] = [inn] + [G;][Bmnl + [B:nl[Gml + [G;l[B~l[Gm] ,

[K:n] = [i:n] + [G;][K:nl + [K:nlTIGml + [Gj[~ml[Gml .

69. Equivalence [Knn] to [Kff], [Mnnl to [Mffls [Bnnl to [Bffl and [K~nl ‘0

[K~f] if no single-point constraints exist.

70. Go to DMAP No. 72 if no single-point constraints exist.

71. SCE1 partitions out single-point constraints
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[

‘ff[Knn] = ~ -

Sf

[

‘ff
[Bnnl = __

B
Sf

1‘fs [1%‘‘fs[Mnn]= –+– ,
K; ‘ Msf IMss

i’”’‘K’n’=[$a”
73. Equivalence [Kff] to [Kaal if no omitted coordinates exist.

74. Equivalence [Mff] to [Maal if no omitted coordinates exist.

75. Equivalence [Bff] to [Baal if no omitted coordinates exist.

76. Equivalence [K~f] to [K~a] if no omitted coordinates exist.

77. Go to DMAP No. 87 if no omitted coordinates exist.

78. SMP1 partitions constrained stiffness matrix

[1iIKao
[Kff] = fl~K— ,

oa 00

.
solves for transformation matrix [Go] = -[Kool-i[Koal

and performs matrix reduction [K~a] = [Kaa] + [Kao][Go] ,

79. Go to DMAP No. 81 if there is no mass matrix.

80. SMP2 partitions constrained mass matrix

[1M IMao
LMff] = ~~M— ,

oa 00

and performs matrix reduction

lM;a] = [Maal + [Maol[Gol

82. Go to DMAP No. 84 if there is no viscous

+ [MaoGo]T + [G~][Moo][Go] .

damping matrix.

83. SMP2 partitions constrained viscous damping matrix

[18 lBao
[Bff] = &B- ,

oa 00

and performs matrix reduction
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85.

86.

88.

89.

91.

92.

95.

96.

98.

1010

102.

103.

104.

105.

106.

112.

DIRECT TRANSIENT RESPONSE

[B~aI = [Baa] + [Bao][Go] + [BaOGJT + [G~l[BOOl[GJ

Go to DMAP No. 87 if there is no structural damping matrix.

SMP2 partitions constrained structural damping matrix.

[K:f] =

and performs matrix reduction

[K:,] = [K~a] + [K~o][Go] + [K:OGOIT + [G: IIK:OIIGOI

DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and external grid point numbers (GPLD), including
extra points introduced for dynamic analysis (SILD), and prepares Transfer Function Pool
(TFPflOL),Dynamics Load Table (DLT), Nonlinear Function Table (NLFT), and Transient Response
List (TRL).

Go to DMAP No. 63 if no potential grid point singularities exist.

Equivalence [Go] to [G~] and [Gm] to [G~] if there are no extl

for dynamic analysis.

BMG generates DMIG card images describing the interconnect
structure.

Go to DMAP No. 97 if no fluid-structure interface is defined.

a points introduced

on of the fluid and the

MTRXIN generates fluid boundary matrices [Ab,fk] and [Kb,fg] if a fluid-structure

interface is defined. The matrix [Kb,fg] is generated only for a nonzero gravity in the

field.

MTRXIN selects the direct input matrices [K~~], [M~~] and [B~p].

Equivalence [K~p] to [K~~] if no fluid-structure interface is defined and equivalence

[M~pl to [M~l if there is no [Ab,ft].

Go to DMAP No. 107 if no fluid-structure interface is defined.

, ] and [K~~] and subtracts [Ab,fg] from them to form [K~pl.ADD5 adds [Kb f~

Go to DMAP No, 107 if there is no [Ab,fk].

T
Transpose [Ab,fL] to obtain [Ab,fil ~

AOD assembles input matrix [M~p] = MFACT [Ab fk] ‘+ [M:;].
9

Equivalence [M~pl to [Mid], [B~p1 to [B~d] and [K~pl to [K~dl if no constraints
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113.

114.

116.

119.

121.

123.

124.

are applied, [Maa] to [Mdd] if there are no direct input mass matrices and no extra

Points, and [Kaal tO [Kdd] if there are no direct inpUt stiffness matrices and no extra

points.

Go to DMAP No. 115 if only extra points are defined.

GKAD assembles stiffness, mass, and damping matrices for use in Direct Transient Response:

and

where

and

[fkj]= [K:d]+[K:d],

[Mold]= [M:d]+[M:d)>

[Bdd]= [B:dl + [B:d] + L [K;d] + ; [K:d] ,

‘3

[1KIO
;+; =>[K:d],

[1MIO

;~ < ‘) [M;d] ,

[1

BIO
~a+ — ‘>[B;d],
010

All matrices are real.

Equivalence [B~d] to [Bddl if all damping is Direct Matrix InPUt, [Mid] to [Mold] if

all mass is Direct Matrix Input and [K~dl to [Kdd] is all stiffness
Input.

Beginning of loop for additional dynamic load sets.

CASE extracts the appropriate record from CASECC corresponding to
copies it into CASEXX.

TRLG generates matrices of loads versus time. {p~l, tp~l, and {p~}

one column per output time step. {Pd} is generated with one column

is Direct Matrix

the current loop and

are generated with

per solution time

step, and the Transient Output List (TOL) is a list of output time steps.

Equivalence {P~l to {P~l if the d and p sets are the same.
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●
125.

126.

127.

128.

129.

130.

131.

134.

135.

136.

139.

140.

141.

142.

TRD forms the linear, {Pd}, and nonlinear, {P~L} , dynamic load vectors and integrates

the equations of motion (using the standard or alternate starting procedure) over specified
time periods to solve for the displacements, velocities, and accelerations, using the
following equation

[M@2+Bddp + Kdd]{Ud} = {Pd} + {P~~} .

VDR prepares displacements, velocities and accelerations, sorted by time step, for output
using only the solution set degrees of freedom.

Go to DMAP No. 132 if there is no output request for the solution set.

SDR3 prepares the requested output of the solution set displacements, velocities,
accelerations and nonlinear load vectors sorted by point number of element number.

OFP formats the tables prepared by SDR3 sorted by point number or element number and places
them on the system output file for printing.

XYTRAN prepares the input for requested X-Y plots of the solution set quantities.

XYPLL3Tprepares the requested X-Y plots of the solution set displacements, velocities,
accelerations and nonlinear load vectors vs. time..

Go to DMAP No. 150 if no further output is requested.

Equivalence {ud} to {up}if no constraints are applied.

Go to DMAP No. 138 if no constraints are applied.

SDR1 recovers dependent components of displacements

{Uo} = [@Ud} ,

M‘f + ‘e——— = {Un +Ue} ,

‘s

nUd
= {Uf+uel ,——

U.

{Um} = [G;]{uf+ue} ,

11
Un + Ue
—— — = {up}

‘m

and recovers single-point forces of constraint {qs} ❑ -{PSI + [K:s] {uf} .

SDR2 calculates element forces (!ilEFl)and stresses (OESl) and prepares load vector~ (!3PP1),
displacement, velocity and acceleration vectors(OWVl) and single-pointforces of
constraint (OQPl) for output and translation components of the displacement vector (PUGV)
sorted by time step.

SDR3 prepares requested output sorted by point number of element number,

9FP formats the tables prepared by SDR3 for output sorted by point numberof element number
and places them on the system output file for printing.

SCAN examines the
output that meets

element stresses and forces calculated by SDR3 and generates scanned
the specifications set by the user,
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143.

144.

145.

146.

148.

149.

150.

152.

153.

154.

156.

158.

OFp formats the scanned output table prepared by SCAN and places it on the system output
file for printing.

Go to DMAP No. 147 if no deformed structure plots are requested.

PLOT prepares all requested deformed structure and contour plots.

PRTMSG prints plotter data, engineering data, and contour data for each deformed plot
generated.

XYTRAN prepares the input for requested X-Y plots.

XYPL@T prepares the requested X-Y plots of displacements, velocities, accelerations, forces,
stresses, loads and single-point forces of constraint versus time.

Go to DMAP No. 159 if no additional dynamic load sets need to be processed.

Go to DMAP No. 119 if additional dynamic load sets need to be processed.

Print Error Message No. 2 and terminate execution.

Go to DMAP No. 159 and make normal exit.

Print Error Message No. 1 and terminate execution.

Print Error Message No. 3 and terminate execution.
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2.9.3 Output for Direct Transient Response—

●
The following printed output, sorted by point number or element number (S0RT2), is available

at selected multiples of the integration time step:

1..

2.

3.

4.

5.

Displacements, velocities, and accelerations for a,list of PHYSICAL points (grid points

and extra scalar points introduced for dynamic analysis) or SOLUTION points (points used

in the formulation of the dynamic equation).

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 S!JLUTI~Npoints.

Stresses and forces in selected elements (All not allowed).

Scanned output of forces and elements in selected elements.

The following plotter output is available:

1. Undeformed plot of the structural model.

2. Deformed shapes of the structural model for selected time intervals.

3. Contour plots of stresses and displacements for selected time intervals.

4. X-Y plot of any component of displacement, velocity, or acceleration of a PHYSICAL point

or a SOLUTI@N point.

5. X-Y plot of any component of the applied load vector, nonlinear force vector, or

single-point force of constraint.

6. X-Y plot of any stress or force component for an element.

The data used for preapring the X-Y plots may be punched or printed in tabular form (see Section

4.3). Also, a printed summary is prepared for each X-Y plot which includes

values of the plotted function.

2.9.4 Case Control Deck for Direct Transient Response

The following items relate to subcase definition and data selection

Response:

1. One subcase must be defined for each dynamic loading condition.

the maximum and minimum

for Direct Transient

2, DLOAD and/or NONLINEAR must be used to define a time-dependent loading condition for

each subcase.

3. All constraints must be defined above the subcase level.

4. TSTEP must be used to select the time-step intervals to be used for integration and

output in each subcase.
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5. If nonzero initial conditions are desired, IC must be used to select a TIC card in the

Bulk Data Deck.

6. On restart following an unscheduled exit due to insufficient time, the subcase structure

should be changed to reflect any completed loading conditions. The TSTEP selections

must be changed if it is desired to resume the integration at the point terminated.

Parameters for Direct Transient Response

The following parameters are used in Direct Transient Response:

1.

2.

3.

4.

5.

6.

7.

8.

ASET13UT- optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

AUTOSPC - reserved for future optional use. The default value is -1.

COUPMASS - CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

G - optional. The real value of this parameter is used as a uniform structural damping—

coefficient in the direct formulation of dynamics problems (see Section 9.3.3 of the

Theoretical Manual). Not recommended for use in hydroelastic problems.

GRDPNT - optional.

Weight Generator to

printed. All fluid

ISTART - optional.

A positive integer value of this parameter causes the Grid Point

be executed and the resulting weight and balance information to be

related masses are ignored.

A positive value of this parameter causes the TRD module to use the

second (or alternate) starting method (see Section 11.4 of the Theoretical Manual). The

alternate starting method is recommended when initial accelerations are significant and

when the mass matrix is non-singular. The default value is -1 and causes the first

starting method to be used.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in
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the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

9. W3 and W4 - optional. The real values (radians/unit time) of these parameters are used

as pivotal frequencies for uniform structura? damping and element structural damping,

respectively (see Section 9.3.3 of the Theoretical Manual). Parameter W3 is required if

uniform structural damping is desired. Parameter W4 is required if structural damping

is desired for any of the structural elements. Parameter W3 should not be used for

hydroelastic prbblems,

10. WTMASS - optional, The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.

2.9.6 The CONTINUL Feature

In transient analysis,

equations beyond the last (or

it is frequently necessary to continue the integration of the coupled

from ~ny earlier intermediate) output time for which the solution was

obtained in a previous run. The CON1-INUEfeature (see Section 11.4.2 of the Theoretical Manual for

details) makes it possible to do this without re-executing the entire problem.

In order to use the CONTINUE feature, the user should employ the following steps:

1. Request a checkpoint of a coupled transient analysis problem.

2. Check to ensure that the solution for at least one output time is computed in this run

and that the T13L (list of output times) and UDVT (displacement - velocity -

acceleration) files are successfully checkpointed.

3. Restart the problem by changing any one or more of several cards either in the Case

Control Deck (DLOAD, NONLINEAR, TSTEP cards) and/or in the Bulk Data Deck (TSTEP, OAREA,

DLOAD, FORCE, etc.) that define either the dynamic loading and/or the time step

selection. Ensure that the following conditions are satisfied.

a. The structural model and the constraint data for the restart must be the same as

that used in the checkpoint run.

b. The dynamic loading and/or the time step selection in the restart need not be the—

same as that used in the checkpoint run.

c. If the user wishes to continue the integration from an intermediate (rather than

from the last) output time of the checkpoint run,

the Executive Control Deck to reset the parameter
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means of a PARAM statement just before the TRLG module in the DMAP sequence. (See

Section 11.4.2 of the Theoretical Manual for details).

4. Note that the output of the restart does not include the solutions of the checkpoint ●
run, but ~ those solutions that are computed by the restart. Also, any initial

conditions specified in the data for the restart are ignored since the solution is

continued by using the displacements, velocities and accelerations corresponding to the

specified output time of the checkpoint run as initial conditions.

2.9.7 Automatic ALTERs for Automated Multi-stage Substructuring

The following lines of the Direct Transient Response, Rigid Format 9, are ALTERed in

automated substructureanalyses.

Phase 1: 4, 56, 88-124, 125-153

Phase 2: 4, 5-5, 10-20, 23-24, 43-53, 109-110, 116-116, 135-149

Phase 3: 87, 92-136, 138, 151-153

If APP DISP, SUBS is used, the user may also specify ALTERs. However,

interfere with the automatically generated DMAP statement ALTERs listed above.

these must not

See Volume I,

Section 5.9 for a description and listing of the ALTERs which are automatically generated for

substructuring.
a

2.9.8 Rigid Format Error Messages from Direct Transient Response

The following fatal errors are detected by the DMAP statements in the Direct Transient

Response rigid format. The text for each error message is given below in capital letters and is

followed by additional explanatory material, including suggestions for remedial action.

DIRECT TRANSIENT RESPONSE
RESPONSE CALCULATIONS.

Time step intervals to be
selection must be made in

DIRECT TRANSIENT RESPONSE

ERR@R MESSAGE NO. 1 - TRANSIENT RESP!3NSELIST REQUIRED FOR TRANSIENT

used must be specified on a TSTEP card in the Bulk Data Deck and a TSTEP
the Case Control Deck.

ERROR MESSAGE NO. 2 - ATTEMPT T13EXECUTE M!3RETHAN 100 L!30PS.

An attempt has been made to use more than 100 dynamic load sets. This number may be increased by
ALTERing the REPT instruction following the last XYPLOT instruction.

DIRECT TRANSIENT RESPONSE ERROR MESSAGE No. 3 - MASS MATRIX REQUIRED F(JRWEIGHT AND BALANCE
CALCULATI!JNS.
The mass matrix is null because either no elements were defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined on a Material
card.

2.9-18 (05/30/86)



DISPLACEMENT RIGID FORMATS

2.10 MODAL COMPLEX EIGENVALUE ANALYSIS

● 2.10,1 DMAP Sequence for Modal Complex Eigenvalu:_Analysis

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
-----------------

1 BEGIN

2 PRECHK

3 FILE

k PARAM

~ GP1

6 PLTTRAN

7 GP2

8 PARAML

9 PURGE

10 COND

11 PLTSET

12 PRTMSG

13 PARAM

14 PARAM

15 COND

16 PLOT

17 PRTMSG

18 LABEL

19 GP3

20 TA1

21 COND

DISP 10 - MODAL COMPLEX EIGENVALUE ANALYSIS - APR. 1986 $

ALL $

GOD=SAVE/GMD=SAVE/LAMA=APPEND/PH IA=APPENO $

//*MPY*/CARONO/O/O S

GEOMl,GEOM2,/GPL,EQEX!N,GPDT,CSTM, BGPDT,SIL/S,N,LUSET/
NOGPOT/MINUSl=-l $

BGPOT,SIL/BGPDP,SIP/LUSET/S, N,LUSEP $

GEoM2,EQExlN/EcT $

PCDB//$~PRES*////JUNPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JUMPPLOT $

PCDB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,NSIL/
S,N,JUMPPLOT $

PLTSETX// $

//#,MpY,’i/pLTFLG/l/l .$

//9<MpY*/pFILE/o/o$

P1,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPDT,EQEXIN,SIL, ,ECT,,/PLOTXl/
NSIL/LUSET/JUMPPLOT/PLTFLG/S, N,PFILE $

PLOTX1// $

P1 $

GEOM3,EQEXlN,GEOM2/,GPTT/NOGRAV $

ECT,EPT,BGPDT,S)L,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S,N ,GENEL $

ERROR5,NOSIMP $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22 PURGE

23 PARAM

24 PARAM

25 EMG

26 PURGE

27 CONO

28 E?lA

29 LABEL

30 COND

31 EMA

32 CONO

33 GPWG

34 OFP

35 LABEL

36 EQUIV

37 COND

38 SNA3

39 LABEL

40 PARAM

41 GP~

42 PARAM

43 PURGE

OGPST/GENEL $

//*ADO*/NOKGGX/l/O $

//*ADO*/NOMGG/l/O $

EST,CSTM,MPT,01T,GEOM2,/KELM, KDICT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,,Y, CPBAR/
c,Y,cPRoo/c,Y,cPQuADl/c,Y,cPQuAD2/c,Y,cPTR lA1/c,Y,cPTRlA2/
C,Y,CPTUBE/C,Y,CPQDPLT/C,Y, CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUllE/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGGX,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

JMPKGGX $

ERROR1,NOMGG $

GPECT,MOICT,MELM/MGG,/-l/C,Y ,WTMASS=l.O $

LGPWG,GRDPNT $

BGPDP,CSTM,EQEXIN,MGG/OGPWG/V,Y,GRDPNT=- l/C,Y,WTMASS $

OGPWG ,,s,,//S,N,CARDNO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//* MPY*/NSK IP/O/O $

CASECC,GEOM4, EQEXIN,GPDT,BGPDT, CSTM,GPST/RG,,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N ,SINGLE/S,N,OMIT/S,N,REACT/
S,N,NSKlP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

//ffAND*/NOSR/REACT/SINGLE $

GM,GMO/MPCFl/GO,GOD/OMIT/KFS/S lNGLE/QPC/NOSR/KLR,KRR,MLR,MRR,
OH,MR/REACT $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

bk COND

k5 PARAM

b6 CONO

47 GPSP

h8 OFP

49 LABEL

50 EQUIV

51 CONO

52 MCEI

53 MCE2

54 LABEL

55 EQUIV

56 CONO

57 SCEI

58 LABEL

59 EQUIV

60 EQUIV

61 CONO

62 SMPI

63 SIIP2

6k LABEL

65 CONO

66 RBMGI

67 RBMG2

68 RBMG3

69 RBMG4

LBL4,GENEL $

//* EQ*/GpSpFLG/AUToSpC/o $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,CARONO $

LBLk $

KGG,KNN/MPCFl/MGG,MNN/MPCFl $

LBL2,MPcFl $

USET,RG/GM $

USET,GM,KGG,MGG,,/KNN,MNN, , $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE $

LBL3,SINGLE $

USET,KNN,MNN,,/KFF,KFS,,MFF ,, $

LBL3 s

KFF,KAA/OMIT $

MFF,HAA/OMIT $

LBL5,0MIT $

USET,KFF ,,,/GO,KAA,KOO,LOO,,,,, $

USET,GO,MFF/MAA $

LBL5 $

LBL6,REACT $

USET,KAA,MAA/KLL,KLR,KRR,MLL,MLR,MRR $

KLL/LLL $

LLL,KLR,KRR/OM $

DM,MLL,MLR,MRR/MR $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

70 LABEL

71 DPD

72 COND

73 EQUIV

74 PARAM

75 READ

76 OFP

77 COND

78 OFP

79 PARAM

80 PARAH

81 LABEL

82 PURGE

83 CASE

84 MTRXIN

85 PURGE

86 EQUIV

87 GKAD

88 GKAM

89 CEAD

90 OFP

LBL6 $

OYNAMICS,GPL,SIL,USET/GPLD,S ILO,USETD,TFPOOL, ,,, ,,EED,EQDYN/
LUSET/S,N,LUSETD/NOTFL/NODLT/NOPSDL/
NOFRL/NONLFT/NOTRL/S,N,NOEED//S,N,NOUE $

ERROR2,NOEED $

GO,GOD/NOUE/GM,GMD/NOUE $

//*MpY*/NEIGv/l/-l $

KAA,MAA,MR,DM,EED,USET,CASECC/LAMA, PHIA,Ml,OEIGS/*MODES*/S,N,
NEIGV $

OEIGS ,,,,,//S,N,CARDNO $

ERROR4,NEIGV $

LAMA, ,,,, //S,N,CARDNO $

//*ADD*/NEVER/l/O $

//*/lPY~~/REPEATE/l/-l $

LBL13 $

PHIH,CLAMA,OPHIH,CPHI D,CPHI P,QPC,OQPC1,OCPHIP,OESC1,OEFC1 ,
K2PP,M2PP,B2PP,K2DD,M20D,B2DD/NEvER $

CASECC,/CASEXX/*CEIGN*/S,N,REPEATE/S,N,NOLOOP $

CASEXX,MATPOOL, EQDYN,,TFPOOL/K2PP,M2PP, B2PP/LUSETD/S,N,
NoK2PP/s,N,NoM2PP/s,N,NoB2PP $

K2DD/NoK2PP/M2DD/NoM2PP/B2Do/NoB2PP $

M2PP,m2DD/NosET/B2PP,B2DD/NosET/K2PP,K2DD/NosET $

USETD,GM,GO, ,,, ,K2PP,M2PP,B2PP/,, ,GMD,GOD,K2DD,
M2DD,B2DD/*cMPLEv*/*DlsP*/*moDAL*/o.o/
ooo/o.o/NoK2PP/NoM2PP/NoB2PP/
MPCF1/SINGLE/OMIT/NOUE/-l/- 1/
-1/-1 $

USETD,PH IA,MI, LAMA,DIT,M2DD ,B2DD,K2DD,CASEXX/MHH,BHH,KHH ,PHIDH/
NOUE/C,Y,LMODES=O/C,Y,LFREQ=O.O/C ,Y,HFREQ=-1.O/
NOM2PP/NOB2PP/NOK2PP/S,N,NONCUP/S ,N,FMODE $

KHH,BHH,MHH,EED,CASEXX/PHIH, CLAMA,OCEIGS,/S,N,EIGVS $

OCEIGS ,,,,,//S,N,CARDNO $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

91 COND

92 OFP

93 VDR

94 COND

95 OFP

96 LABEL

97 COND

98 00R1

99 EQUIV

100 COND

101 SDR1

102 LABEL

103 SOR2

104 OFP

105 LABEL

106 COND

107 REPT

108 PRTPARM

109 JUMP

110 LABEL

111 PRTPARM

112 LABEL

113 PRTPARM

114 LABEL

LBL17,EIGVS $

CLAMA ,,,,,//S,N,CARONO $

CASEXX,EQDYN, USETD,PH lH,CLAMA,,/OPHIH,/*CE lGEN*/W40DAL*/
NosoRT2/s,N,NoH/s,N,NoP/FmooE $

LBL16,NOH $

OPHIH ,,,,,//S,N,CARDNO $

LBL16 $

LBL17,NOP $

PHIH,PHIDH/CPHID $

CPHIO,CPHIP/NOA $

LBLNOA,NOA $

USETD, ,CPHID, ,,GOO,GMD, ,KFS ,,/cPHIP,,QPC/l/*DYNAMICs* $

LBLNOA $

CASEXX, CSTM,MPT,O IT,EQDYN,S ILD, ,,,CLAMA,QPC,CPH IP,EST, ,/
,OQPC1,OCPHIP,OESC1,OEFC1, /*CEIGEN* $

OCPHIP,OQPCl,OEFCl,OESCl,,//S,N ,CARDNO $

LBL17 $

FINIS,REPEATE $

LBL13,1OO $

//-3/*MDLcEAo* $

FINIS $

ERROR2 $

//-2/*MoLcEAo* $

ERROR1 $

//-1/*MDLCEAO* $

ERROR4 $

115 PRTPARM //-4/*MDLCEAD* $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

116 LABEL ERROR5 $

117 PRTPARM //-5/*MDLCEAO* $

118 LABEL FINIS $

119 PURGE DUMMY/MINUSl $

120 END s
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2.10.2 Descript~on of Important DMAP Operations for Modal Complex Eigenvalue Analysis

5.

6.

7.

10.

11.

12.

15.

16.

17.

19.

20.

21.

25.

27.

28.

30.

31.

32.

33.

34.

36.

37.

38.

41.

44.

46.

47.

48.

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers,

PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 18 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 18 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints

GP3 generates

TA1 generates

plotter data and engineering data for each undeformed plot generated.

Grid Point Temperature Table.

element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 116 and print Error Message No. 5 if there are no structural elements.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 29 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 112 and print Error Message No. 1 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 35 if no weight and balance information is requested.

GPWG generates weight and balance information.

OFP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K&l to [Kggl if no general elements exist.

Go to DMAP No. 39 if no general elements exist.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ug} = O.

Go to DMAP No. 49 if general elements are present.

Go to DMAP No. 49 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.
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50. Equivalence [Kggl

51. Go to DMAP No. 54

DISPLACEMENT RIGID FORMATS

to [Knn] and [Mgg] to [Mnn] if no multipoint constraints exist.

if no multipoint constraints exist.

52. MCE1 partitions multipoint constraint equations [Rgl = [Rm Rnl and solves for

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn].

53. MCE2 partitions stiffness and mass matrices

[Kggl .[:+’]and[“,,] =[++::]

and performs matrix reductions

[Knn] = [~nn] + [G~J[\nl + [K~nl[Gml + [G~l[Kmml[Gml and

[Mnn] = [inn] + [G;l[Mmnl + [M;nlLGml + [G;l[Mmml[Gml ●

55. Equivalence[Knnlto [Kffland [Mnn] to [Mff] if no sin91e-Point constraints exist”

56. Go to DMAP No. 58 if no single-point constraints exist.

57. SCE1 partitions out single-point constraints

[1Kffyfs
[Knn] = ~ ~K– and [1‘ff ‘‘fs

[Mnn] = ~ -EM– .

Sf Ss Sf Ss

59. Equivalence [Kff] to l.Kaa]if no omitted coordinates exist.

60. Equivalence [Mffl to [Maa] if no omitted coordinates exist.

61. Go to DMAP No. 64 if no omitted coordinates exist.

62. SMP1 partitions constrained stiffness matrix

[1iIK
[Kffl = :a~K= ,

oa 00

solves for transformation matrix [Gol = -[Kool-l[Koal

and performs matrix reduction [Kaal = [iaal + [K~al[Gol .

63. SMP2 partitions constrained mass matrix

[1iiMao
[MffJ= :a~M—

oa 00

2.10-8 (05/30/86)



MODAL COMPLEX EIGENVALUE ANALYSIS

and performs matrix reduction

65. Go to

66, RBMG1

67. RBMG2

68. RBMG3

[Maa]

DMAP No. 70 if

partitions out

[Kaa] =

. [~aal + [M:a][Go] + [G:l[Moal + [G: IIMOOIIGOI .

there are no free-body supports.

free-body supports

[1KLl IK [1Mkk IM
~~K~ and [Maa]= —+~ .

rk rr
Mrk IMrr

decomposes constrained stiffness matrix [Kik] = lLLL][ULL].

forms rigid body transformation matrix

[D] = -[KLL]-l[Kkr],

calculates rigid body check matrix

[x] = [Krr] + [K~r][D]

and calculates rigid body error ratio

E
. xTHTKrr

69. RBMG4 forms rigid body mass matrix

a [mr] = [Mrr] + [M~r][D] + [DT][MLr] + [DT][MLL][D].

71. DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and external grid point numbers (GPLD), including
extra points introduced for dynamic analysis (SILD), and prepares Transfer Function Pool
(TFPOOL), and Eigenvalue Extraction Data (EED).

72. Go to DMAP No. 110 and print Error Message No, 2 if there is no Eigenvalue Extraction Data.

73. Equivalence [Go] to [G:] and [Gm] to [G:] if there are no extra points introduced
for

dynamic analysis.

75. READ extracts real eigenvalues and eigenvectors from the equation

[Kaa - AMaa]{ua} = O ,

calculates rigid body modes by finding a square

[mol = [o~olhnrl[tj.ol

is diagonal and normalized, computes rigid body

[1[Oaol = ~o~ ,
‘$ro

matrix [$ro] such that

eigenvectors
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76.

77.

78.

81.

83.

84.

86.

87.

88.

DISPLACEMENT RIGID FORMATS

calculates modal mass matrix

[ml = [O~l[Maa][4al

and normalizes eigenvectors according to one of the following user requests:

1) Unit value of a selected component
2) Unit value of the largest component
3) Unit value of the generalized mass.

@FP formats the summary of eigenvalue extraction information (OEIGS) prepared by READ and
places it on the system output file for printing.

Go to DMAP No. 114 and print Error Message No. 4 if no eigenvalues were found.

OFP formats the eigenvalues (LAMA) prepared by READ and places them on the system output
file for printing.

Beginning of loop for additional sets of direct input matrices.

CASE extracts the appropriate record from CASECC corresponding to the current loop and
copies it into CASEXX.

MTRXIN selects the direct input matrices for the current loop, [Kfp], [M~p] and

[8~p].

Equivalence [M~pl to [Mid], [8~pl to [B~d] and [K~pl to [Kid] if no constraints

are applied.

GKAD applies constraints to direct input matrices [K~pl, [M~pl and [B~pl, formin9

[K~d]$[kl&]and [B$d].
GKAM assembles stiffness, mass and damping matrices in modal coordinates for use in Complex
Eigenvalue Analysis: e

[Khh] = [k] + [&j[K;d][$dh] s

[Mhh] = [m]+ [$~~][M~d][$$dh]

and [Bhh] = [b] + [$jh][B~d][$dh] ,

where

and

mi = modal masses ,

bi = ml 211fi g(fi)

ki
. m ~T2 ~2

i i“

Direct input matrices may be complex.

89. CEAD extracts complex eigenvalues and eigenvectors from the equation

[M~hP2+ Bhhp + Khh] {Uh} = O

and normalizes eigenvectors according to one of the following user requests:
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90.

91.

92.

93.

94.

95.

97.

98.

99.

100.

101.

103.

104.

106.

107.

108.

1) Unit magnitude
2) Unit magnitude

OFP formats the summary
places it on the system

MODAL COMPLEX EIGENVALUE ANALYSIS

of a selected component
of the largest component.

of eigenvalue extraction information (!3CEIGS) prepared by CEAD and
output file for printing.

Go to DMAP No. 105 if no complex eigenvalues were found.

13FPformats the complex eigenvalues (CLAMA) prepared by CEAD and places them on the system
output file for printing.

VDR prepares eigenvectors (!3PHIH)for output, using only the extra points introduced for
dynamic analysis and modal coordinates.

Go to DMAP No. 96 if”there is no output request for the extra points introduced for dynamic
analysis or modal coordinates.

OFP formats the table of eigenvectors for extra points introduced for dynamic analysis and
modal coordinates prepared by VDR and places it on the system output file for printing.

Go to DMP.PNo. 105 if there is no output request involving dependent degrees of freedom or
forces and stresses.

DDR1 transforms the complex eigenvectors from modal to physical coordinates

Equivalence [$d] to [tpl if no constraints are applied.

Go to DMAP No. 102 if no constraints are applied.

SDR1 recovers dependent components of eigenvectors

M@f + $e
—— ={$n++e} ,

+s
{om} = [G:] {$n + I$e} ,

and recovers single-point forces of constraint {qsl = [K~sl {+f}.

SDRZ calculates element forces (@EFCl) and stresses (@ESCl) and
(OCpHIp) and single-point forces of constraint (!JQpCl)for output.

prepares eigenvectors

OFP formats the tables prepared by SDR2 and places them on the system output file for
printing.

Go to DMAP No. 118 and make normal exit if no additional sets of direct input matrices need
to be processed.

Go to DMAP No. 81 if additional sets of direct input matrices need to be processed.

Print Error Message No. 3 and terminate execution.
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109. Got to DMAP No. 118 and make normal exit.

111. Print Error Message No. 2 and terminate execution.

113. Print Error Message No. 1 and terminate execution.

115. Print Error Message No. 4 and terminate execution.

117. Print Error Message No. 5 and terminate execution.
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2.10.3 Output for Modal Complex Eigenvalue Analysis

● The real Eigenvalue SunnnaryTable and the real Eigenvalue Analysis Summary, as described

under Normal Modes Analysis (see Section 2.3.3), are automatically printed. All real eigenvalues

extracted are included even though not all are used in the modal formulation.

The complex Eigenvalue Summary Table and the complex Eigenvalue Analysis Summary, as

described under Direct Complex Eigenvalue Analysis (see Section 2.7.3), are automatically printed

for each set of direct input matrices,

Output that may be requested is the same as that described under Direct Complex Eigenvalue

Analysis. Output for SOLUTION points will have the modal coordinates identified by the mode number

determined in real eigenvalue analysis.

The eigenvectors used in the modal formulation may be obtained for the SOLUTION points by

using the ALTER feature to print the matrix of eigenvectors following the execution of READ. The

eigenvectors for all points in the model may be obtained by running the problem initially on the

Normal Modes Analysis Rigid Format or by making a modified restart using the Normal Modes Analysis

rigid format.

2.10.4 Case Control Deck for Modal Complex Eigenvalue Analysis

● The following items related to subcase definition and data selection must be considered in

addition to the list presented with Direct Complex Eigenvalue Analysis:

1. METHOD must appear above the subcase level to select an EIGR card that exists in the

Bulk Data Deck,

2, All of the eigenvectors used in the modal formulation must be determined in a single

execution.

3. An SPC set must be selected above the subcase level unless the model is a free body or

all constraints are specified on GRID cards, Scalar Connection cards

Elements.

4. SDAMPING must be used to select a TABDMP1 table if structural damping

or with General

is desired.

2.10.5 Parameters for Modal Complex Eigenvalue Analysis

The following parameters are used in Modal Complex Eigenvalue Analysis:
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4.

5.

6.

7.

8.

9.

DISPLACEMENT RIGID FORMATS

ASET13UT- optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O. ●
AUTOSPC - reserved for future optional use. The default value is -1.

CflUPMASS- CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point.—

Weight Generator to be executed and the resulting weight and balance information to be

printed. All fluid related masses are ignored.

LFREQ and HFREQ - required, unless parameter LMODES is used. The real values of these

parameters give the cyclic frequency range (LFREQ is the lower limit and HFREQ is the

upper limit) of the modes to be used in the modal formulation. To use this option,

parameter LMODES must be set to O.

LMODES - required, unless parameters LFREQ and HFREQ are used. The integer value of

this parameter is the number of lowest modes to be used in the modal formulation.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they ●
are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details,

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.

2.10.6 Optional Diagnostic Output for FEER

Special detailed information obtained by requesting DIAG 16 in the Executive Control Deck is

the same as that described under Normal Modes Analysis (see Section 2.3.6).
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2.10.7The APPEND Feature

The APPEND feature can

MODAL COMPLEX EIGENVALUE ANALYSIS

be used for real eigenvalue extraction in Modal Complex Eigenvalue

Analysis. See Section 2.3.7 for details.

2.10.8 Rigid Format Error Messages from Modal Complex Eigenvalue Analysis

The following fatal errors are detected by the DMAP statements in the Modal Complex

Eigenvalue Analysis rigid format. The text for each error message is given below in capital

letters and is followed by ‘additional explanatory material, including suggestions for remedial

action.

MODAL COMPLEX EIGENVALUE ANALYSIS ERROR MESSAGE NO. 1 - MASS MATRIX REQUIRED FOR MODAL F@RMULATI@N.

The mass matrix is null because either no structural elements were defined with Connection cards,..- _—-
nonstructural mass was not defined on a Property card, or the density was not
card.

MODAL COMPLEX EIGENVALUE ANALYSIS ERROR MESSAGE No. 2 - EIGENVALUE
REAL EIGENVALUE ANALYSIS.

Eigenvalue extraction data must be supplied on an EIGR card in the
Case Control Deck must select an EIGR set.

MODAL COMPLEX EIGENVALUE ANALYSIS ERROR MESSAGE Nfl.3 - ATTEMPT TO

EXTRACTION

defined on a Material

DATA REQUIRED F@R

Bulk Data Deck and METHOD in the

EXECUTE MORE THAN 100 LO@PS.

An attempt has been made to use more than 100 different sets of direct input matrices. This number
can be increased by ALTERing the REPT instruction following the last OFP instruction.

MODAL COMPLEX EIGENVALUE ANALYSIS ERROR MESSAGE NO. 4 - REAL EIGENVALUES REQUIRED FOR MODAL
F@RMULATIfiiN.

No real eigenvalues were found in the frequency range specified by the user.

M(ilDALC@MPLEX EIGENVALUE ANALYSIS ERROR MESSAGE Nfl.5 - No STRUCTURAL ELEMENTS HAVE BEEN DEFINED.

No structural elements have been defined with Connection cards.
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2.11 MODAL FREQUENCY AND RANDOM RESPONSE

e 2.11.1

RIGID
APRIL

DMAP Sequence for Modal Frequency and Random Response

FORMAT DMAP LISTING
1986 RELEASE

DISPLACEMENT APPROACH,

LEVEL 2.0 NASTRAN

OPTIONS IN EFFECT GO
------- ----------

1 BEGIN

2 PRECHK

3 FILE

k PARAM

5 GP1

6 PLTTRAN

7 GP2

e 8 PARAML

9 PURGE

10 COND

11 PLTSET

12 PRTMSG

13 PARAM

14 PARAM

15 COND

16 PLOT

17 PRTMSG

18 LABEL

19 GP3

20 TA1

21 COND

DISP 11 -

ALL $

RIGID FORMAT 11

DMAP COMPILER - SOURCE LISTING

ERR=2 LIST NODECK NOREF NOOSCAR

MODAL FREQUENCY/RANDOM RESPONSE ANALYSIS-APR. 1986 $

GOD=SAVE/GMD=SAVE/LAMA=APPEND/PHl A=APPEND $

//*ApY*/CARDNO/o/o $

GEOMl,GEOM2,/GPL,EQEXIN,GPDT, CSTM,BGPDT,SIL/S,N,LUSET/
NOGPDT/MINUSl=-l $

BGPDT,SIL/BGPDP,SIP/LUSET/S,N, LUSEP $

GEoM2,EQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JUMPPLOT $

PCDB,EQEXlN,ECT/PLTSETX,PLTPAR,GPSETS,ELSETS/S,N,NS lL/
S,N,JUMPPLOT $

PLTSETX// $

//*MpY*/pLTFLG/I/l $

//*MpY*/pFILE/o/o $

P1,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC,BGPDT, EQEXIN,SIL,,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N,PF ILE $

PLOTX1// $

P1 $

GEoM3,EQEx1N,GEom2/,GPTT/NoGRAv $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP/’I/S,N,NOGENL/S,N,GENEL $

ERROR7,NOSIMP $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22 PURGE

23 PARAM

24 PARAM

25 EMG

26 PURGE

27 CONO

28 EMA

29 LABEL

30 CONO

31 EMA

32 COND

33 GPWG

34 OFP

35 LABEL

36 EQUIV

37 CONO

38 SNA3

39 LABEL

40 PARAM

41 GP4

42 PARAM

43 PURGE

OGPST/GENEL $

//*AoD*/NoKGGx/l/o $

//*ADD*/NoMGG/l/o $

EST,CSTM,MPT,01T,GEOM2,/KELM, KDICT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,YC,Y ,CPBAR/
c,Y,cPRoo/c,Y,cPQuAol/c,Y,cPQuAD2/c, Y,cPTRIA1/c,Y,cPTRlA2/
C,Y,CPTUBE/C,Y,CPQDPLT/C,Y, CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGGX,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

JMPKGGX $

ERROR1,NOMGG $

GPECT,MOICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LGPWG,GROPNT $

BGPDP,CSTM,EQEXIN,MGG/OGPWG/V,Y,GRDPNT=- l/C,Y,WTMASS $

OGPWG ,,,,,//S,N,cARONO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//*MpY*/NsKIp/o/o $

CASECC,GEOM4, EQEXIN,GPOT,BGPDT, CSTM,GPST/RG,,USET,ASET/
LuSET/S,N,MPCFl/S,N,MPCF2/S,N, SINGLE/S,N,OMIT/S,N,REACT/
S,N,NSKIP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S ,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

//*AND~~/NOSR/REACT/SINGLE $

GM,GMO/MPCFl/GO,GOO/OMIT/KFS ,PSF/SINGLE/QPC/NOSR/KLR,KRR,MLR,
MRR,DM,MR/REACT/MDD/MODACC $
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RIGID FORMAT DHAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

44 CONO

45 PARAM

46 CONO

47 GPSP

48 OFP

49 LABEL

50 EQUIV

51 COND

52 MCEI

53 MCE2

54 LABEL

55 EQUIV

56 COND

57 SCE1

58 LABEL

59 EQUIV

60 EQUIV

61 COND

62 SMP1

63 SMP2

64 LABEL

65 EQUIV

66 CONO

67 RBMG1

68 JUMP

69 LABEL

LBL4,GENEL $

//*EQ*/GpsPFLG/AuTospc/o $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST, ,,,, //S,N,CARONO $

LBLk $

KGG,KNN/MPCFl/MGG,MNN/MPCFl $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,MGG,,/KNN,MNN,, $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE $

LBL3,SINGLE $

USET,KNN,MNN,,/KFF,KFS,,MFF ,, $

LBL3 $

KFF,KAA/OMIT $

MFF,MAA/OMIT $

LBL5,0MIT $

USET,KFF ,,,/GO,KAA,KOO,LOO,,,,, $

USET,GO,MFF/MAA $

LBL5 $

KAA,KLL/REACT $

LBL6,REACT $

USET,KAA,MAA/KLL,KLR,KRR,MLL,MLR,MRR $

LBL8 $

LBL6 $
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RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

70

71

72

73

74

75

76

77

78

79

8G

81

82

83

8k

85

86

87

88

89

90

91

COND

LABEL

RBMG2

COND

RBMG3

RBMGk

LABEL

DPD

COND

PURGE

EQUIV

PARAM

READ

OFP

COND

OFP

PARAM

PARAM

LABEL

PURGE

CASE

MTRX IN

LBL7,MODACC $

LBL8 s

KLL/LLL $

LBL7,REACT $

LLL,KLR,KRR/DM $

OM,MLL,MLR,MRR/MR $

LBL7 $

DYNAMICS,GPL,SIL,USET/GPLD, SILO,USETD,TFPOOL,DLT, pSDL,FRL)),
EEO,EQOYN/LUSET/S,N,LUSETD/NOTFL/S, N,NOOLT/S,N,NOPSDL/
S,N,NOERL/NONLFT/NOTRL/S,N,NOEED//s ,N,NouE $

ERROR2,NOEED $

UEVF/NOUE $

GO,GOD/NOUE/GM,GMD/NOUE $

//*MPY~~/NEIGV/l/-l $

KAA,MAA,MR,DM,EED,USET,CASECC/LAMA, PHIA,Ml,OEIGS/*MOOES*/S,N,
NEIGV $

OEIGS,,,,,//S,N,CARDNO $

ERRORJt,NEIGV $

LAMA, ,,,, //S,N,CARDNO $

//ftADD*/NEVER/l/O $

//*MPY*/REPEATF/l/-l $

LBL13 $

0UHVC1,0L!HVC2, XYPLTFA,0PPC1 ,OQPC1,OUPVC1,OESC1 ,0EFCi,0PPC2,
0QPC2,0UPVC2,0ESC2,0EFC2, XYPLTF, P5DF, AUTO*XYPLTR, K2PP*M2PP*
B2PP,K2DD,M2DD,B2DD,0PPCA, IQP1, IPHIP1, IES1, IEF1,OPPCB, IQP2,
IPHIP2, 1ES2,1EF2,ZQPC2,ZUPVC2 ,ZESC2,ZEFC2,ZQPC1,ZUPVC1,ZESC 1,
ZEFC1/NEVER $

CASECC,PSOL/CASEXX/f(FREQ)f/S ,N,REPEATF/S,N,NOLOOP $

CASEXX,MATPOOL,EQDYN,,TFPOOL/K2PP,M2PP, B2PP/LUSETD/S,N,
NoK2PP/s,N,NoM2PP/s,N,NoB2PP $
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MODAL FREQUENCY AND RANOOM RESPONSE

e RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

92 PURGE

93 PARAM

9k EQUIV

95 GKAD

96 GKAM

97 COND

98 COND

99 FRRD

100 EQUIV

101 VDR

102 COND

103 COND

104 SOR3

105 OFP

106 XYTRAN

107 XYPLOT

108 JUMP

109 LABEL

110 OFP

111 LABEL

112 COND

K200/NoK2PP/M2Do/NoM2PP/B200/NoB2PP $

//*AND*/fiDEMA/NouE/NoM2pp $

M2PP,M2DD/NoA/B2PP,B2DD/NoA/K2PP,K2oD/NoA/MAA,MDD/mDEMA $

USETD,GM,GO, ,,MAA,,K2PP,M2PP,B2PP/, ,MDD,GMD,
GO0,K2DD,M2DD,B2DD/~~FREQRESP*/*D lSP*/*MODAL*/O.O/
o,o/o.o/NoK2PP/NoM2PP/NoB2PP/
MPCF1/SINGLE/OMIT/NOUE/-l/-l/
l/v.Y,MoDAcc = -1 $

USETO,PHIA,MI, LAMA,DIT,M2DD, B2DD,K20D,CASEXX/MHH,BHH,KHH, PHIDH/
NOUE/C,Y,LMODES=O/C,Y,LFREQ=O .O/C,Y,HFREQ=-l.O/
NOM2PP/NOB2PP/NOK2PP/S,N,NONCUP/S,N ,FMOOE $

ERROR5,NOFRL $

ERROR6,NODLT $

CASEXX,USETO,DLT, FRL,GMD,GOD,KHH ,BHH,MHH,PHIDH,DIT/UHVF,PSF,
PDF,PPF/*DISP*/*MODAL*/LUSETD/MPCF I/SINGLE/
OMIT/NONCUP/S,N,FRQSET $

PPF,PDF/NOSET $

CASEXX, EQDYN, USETD,UHVF,PPF ,XYCOB,/OUHVCl ,/*FREQRESP*/
*MOOAL*/S,N,NOSORT2/S,N,NOH/S ,N,NOP/FMODE $

LBL16,NOH $

LBL16A,NOSORT2 $

ouHvcl,,,,,/ouHvc2,,, ,, $

0UHVC2 ,,,,,//s,N,CARDNO $

XYCDB,0UHVC2, ,,,/XYPLTFA/*FREQ*/fiHSET*/S,N,PF lLE/
S,N,CARDNO $

XYPLTFA // $

LBL16 $

LBL16A $

OUHVC1 ,,,,,//S,N,CARONO $

LBL16 $

LBL14,NOP $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 11

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

113

114

115

116

117

118

119

120

121

122

123

124

125

126

i27

128

129

130

131

132

133

134

135

PARA/1

COND

DOR1

00R2

EQUIV

EQUIV

COND

SOR1

LABEL

SDR2

CONO

SOR3

JUMP

LABEL

SOR1

SDR2

SOR2

EQUIV

COND

SDR3

EQUIV

DDRMM

EQUIV

//*NoT*/NoMoo/v,y,HoDAcc $

LBODRM,MODACC $

UHVF,PHIDH/UOVIF $

USETD,UDV1 F,PDF,K2DD,B2D0,MDD,PPF ,LLL,DM/uDv2F,uEvF,PAF/
*FREQRESP*/NOUE/REACT/FRQSET $

uov2F,uDvlF/NoMoD $

UOVIF,UPVC/NOA $

LBLNOA,NOA $

USETD, ,UOVIF, ,,GOD,GMO,PSF,KFS,,/UPVC,,QPC/l/*OYNAMl CS* $

LBLNOA $

CASEXX,CSTM,MPT,DIT, EQDYN,S ILD, ,,BGPOP,PPF,QPC,UPVC,EST,
XYCDB,PPF/OPPCl ,OQPC1,OUPVC1,OESC1 ,OEFCl,PUGV/*FREQ*/
S,N,NOSORT2 $

LBL18,NOSORT2 $

OPPC1,OQPC1,OUPVC1 ,0ESCl,0EFCl,/OPPC2,0QPC2,0UPVC2;OESC2,
OEFC2, $

P2A $

LBDDRM $

USETO, ,PHIOH, ,,GOO,GMO,,KFS,,/PHIPH,,QPH/l/~~DYNAMl CS* $

CASEXX,CSTM,MPT,D IT,EQDYN,S ILO ,,, ,LAMA,QPH,PHIPH, EST,XYCOB, /
,lQPl,lPHIPl,lESl,lEFl,/WIMRE lG*/S,N,NOSORT2 $

CASEXX ,,, ,EQDYN,SI LD, ,,,PPF, ,,,XYCDB, PPF/OPPCA,,,,,/*FREQ* $

OPPCA,OPPC1/MOOACC $

LBLSORT,NOSORT2 $

IQP1, IPHIP1, IES1, IEF1,OPPCA, /lQP2,1PHlP2,1ES2,1EF2,0PPCB, $

oPPcB,oPPc2/MooAcc $

CASEXX,UHVF,PPF, IPHIP2,1QP2 ,IES2,1EF2,XYCDB,EST,MPT,0 lT/
ZUPVC2,ZQPC2,ZESC2,ZEFC2, $

zuPvc2,0uPvc2/MoDAcc/zQPc2,0QPc2/moDAcc/zEsc2 ,oEsc2/MooAcc/
zEFc2,0EFc2/MoDAcc $
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MODAL FREQUENCY AND RANDOM RESPONSE

RIGID FDRMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

136 JUMP

137 LABEL

138 DORMM

139 EQUIV

140 JUMP

141 LABEL

lk2 OFP

143 XYTRAN

144 XYPLOT

145 COND

146 PLOT

147 PRTMSG

]48 LABEL

149 CONO

150 RANOOM

151 COND

152 XYTRAN

153 XYPLOT

154 JUMP

155 LABEL

156 OFP

157 LABEL

158 COND

P2A $

LBLSORT $ ,

CASEXX,UHVF,PPF, IPHIP1, IQP1 ,lESl,lEFl,,EST,MPT,OIT/
ZUPVC1,ZQPC1,ZESC1,ZEFC1, $

ZUPVCl,OUPVC1/MODACC/ZQPCl ,OQPCl/MOOACC/ZESCl ,OESC1/MODACC/
ZEFCl,OEFC1/MODACC $

LBL18 $

P2A $

0PPC2,0QPC2,0UPVC2,0EFC2,0ESC2,//S,N, EARDNo $

xYcDB,oPPc2,oQPc2,ouPvc2,oEsc2,oEFc2/xYPLTF/*FREQ*/*PsET*/
S,N,PFILE/S,N,CARONO $

XYPLTF// $

LBL21,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASEXX, BGPDT,EQEXIN,Slp, ,puGv,)/
PLOTX2/NSlL/LUSEP/JUMPPLOT/PLTFLG/S,N, PFILE $

PLoTx2// $

LBL21 $

LBL14,NOPSDL $

XYCDB,DlT,PSDL,OUPVC2,OPPC2,OQPC2,OESC2,OEFC2,CASEXX/PSOF ,AUTO/
S,N,NORD $

LBL14,NORD $

XYCOB,PSDF,AUTO, ,,/XYPLTR/*RAND*/*PSET*/S,N,PF lLE/
S,N,CARDNO $

XYPLTR// $

LBL14 $

LBL18 $

OUPVCl,OPPCl,OQPCl,OEFCl,OEScl ,//S,N,cARoNo $

LBL14 $

FINIS,REPEATF $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

17b

175

176

REPT

PRTPARM

JUMP

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PURGE

END

LBL13,1OO $

//-3/*MDLFRRD* $

FINIS $

ERROR2 $

//-2/*MDLFRRDt~ $

ERROR1 $

//-1/*MOLFRRD* $

ERROR4 $

//-4/*MDLFRRD* $

ERROR5 $

//-5/*MDLFRRD~* $

ERROR6 $

//-6/*MDLFRRo* $

ERROR7 $

//-7/*MDLFRRo* $

FINIS $

DUMMY/MINUSl $

$
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12.

15.

16,

17.
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25.

27.

28.

a

30.

31.

32.

33.

34.

36.

37.

38.

41.

44.

46.

47.

48.

MOOAL

Description of Important DMAP

FREQUENCY AND RANDOM

Operations for Modal

RESPONSE

Frequency and Random Response

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 18 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 18 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No, 172 and print Error Message No. 7 if there are no structural elements.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 29 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 164 and print Error Message No. 1 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 35 if no weight and balance information is requested.

GPWG generates weight and balance information.

OFP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if no general elements exist.

Go to DMAP No. 39 if no general elements exist.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET
multipoint constraint equations [Rg] tug} = O.

Go to DMAP No. 49 if general elements are present.

Go to DMAP No. 49 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

and forms

OFP formats the table of potential grid point singularities prepared byGPSP and places it
on the system output file for printing.
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50. Equivalence [Kgg]

51. Go to DMAP No. 54

DISPLACEMENT RIGIO FORMATS

to [Knn] and [Mgg] to [Mnn] if no multipoint constraints exist.

if no multipoint constraints exist.

52. MCE1 partitions multipoint constraint equations [Rg] = [Rm\Rn] and solves for

multipoint constraint transformation matrix LGM] = -[Rm]-l[Rn].

53. MCE2 partitions stiffness and mass matrices

“99] ‘[$tland‘Mgg]‘[*+
and performs matrix reductions

[Knnl = [~nnl + [G~l[Kmnl + [~nl[Gml + [G~l[Kmml[Gml and

[Mnn] = [~nnl + [Gj[Mmnl + LM;nl[Gml + [G;l[Mmml[Gml .

55. Equivalence[Knn] to [Kff] and [Mnn] to [Mff] if no single-point constraints exist.

56. Go to DMAP No. 58 if no single-point constraints exist.

57. SCE1 partitions out single-point constraints

[Knn] = [1‘ff’ ‘fs
~~K— and [Mnn] = [1‘ff’ ‘fs

~:M— .

Sf Ss Sf 55

59. Equivalence[Kfflto [Kaal if no omitted coordinates exist.

60. Equivalence [Mff] to [Maa] if no omitted coordinates exist.

61. Go to DMAP No. 64 if no omitted coordinates exist.

62. SMP1 partitions constrained stiffness matrix

[1Kaa IKao
rKffl = ~ ~K— ‘

oa 00

.
solves for transformation matrix [Go] = -[Koo]-l[Koa]

and performs matrix reduction [Kaa] = [~aa] + [K~a][Go] .

63. SMP2 partitions constrained mass matrix

[Mff]= [1M IM
~a+ *

‘oa ‘Moo
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MODAL FREQUENCY AND RANDOM RESPONSE

and performs matrix reduction

[Maa] = [iaa] + [M;a][Go] + [G~][Moa] + [G~][Moo][Goj .

65. Equivalence [Kaa] to [KLg] if no free-body supports exist.

66. Go to DMAP No. 69 if no free-body supports exist.

67. RBMG1

68. Go to

70. Go to

72. RBMG2

73. Go to

74. RBMCi3

partitions out free-body supports

[1K IK
[Kaa] = . ~L+ ~ and

[

[Maa] = +-
Krk 1 Krr

r$

M 1Er.—
M“rr

DMAP No. 71.

DMAP No. 76 if there is no request for mode acceleration data recovery.

decomposes constrained stiffness matrix [Ktk] = [Ltt][llit].

DMAP No. 76 if no free-body supports exist.

forms rigid body transformation matrix

[D] = -LKBi]-l[Kgr],

calculates rigid body check matrix

[X] = [Krr] + [K~r][D]

and calculates rigid body error ratio

E
.

l+%x.IK Irr
75. RBMG4 forms rigid body mass matrix

[mr] = [Mrr] + [M~r][D] + [DT]l-MLr]+ [DT][MLg][D].

77. DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and externa”lgrid point numbers (GPLD), including
extra points introduced for dynamic analysis (SILD), and prepares Transfer Function Pool
(TFPOOL), Dynamic Loads Table (DLT), Power Spectral Density List (PSDL), Frequency Response
List (FRL), and Eigenvalue Extraction Data (EED).

78. Go to DMAP ’No. 162 and print Error Message No. 2 if there is no Eigenvalue Extraction Data,

80. Equivalence [Go] to LG~] and [Gm] to [G:] if there are no extra points introduced

for dynamic analysis.

82. READ extracts real eigenvalues and eigenvectors from the equation

[Kaa - AMaa]{ua} = O ,

calculates rigid body modes by finding a square matrix [oro] such

.2.11-11 (05/30/86)
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83.

84.

85.

88.

90.

91.

94.

95.

96.

DISPLACEMENT RIGIO

[mo] = [~~Ol[mrl[$rOl

is diagonal and norma~ized, computes rigid body

FORMATS

eigenvectors

[1[$ao] . 32 ,
@ro

calculates modal mass matrix

[m] = [$~l[Maal[@a]

and normalizes eigenvectors according to one of the following user requests:

1) Unit value of a selected component
2) Unit value of the largest component
3) Unit value of the generalized mass.

gFp formats the summary of efgetlvalue .eXt.l”tiCtfOninformation

places it on the system output file for printing.

Go to DMAP No. 166 and print Error Message No. 4 if no eigenva

(JEIGS) prepared by READ and

ues were found.

!i!FPformats the eigenvalues (LAMA) prepared by READ and places them on the system output
file for printing.

Beginning of loop for additional sets of direct input matrices.

CASE extracts the appropriate record from CASECC corresponding to the current loop and
copies it into CASEXX.

MTRXIN selects the direct input matrices for the current loop, [K~pl, [M~pl and

[B;p].

2 ] to [B~dl and [KppEquivalence [M~p] to [M~d]> [Bpp 2 ] to [Kid] if no constraints

are applied, and [Maal to LMdd] if there are no direct input mass matrices and no extra

points introduced for dynamic analysis.

GKAD applies constraints to direct input matrices [K~pl, [M~pl and [B~pl, forming

[K~d], [M;d] and [B;d].

GKAM assembles stiffness, mass and damping matrices in modal coordinates for use in
Frequency Response:

LKhh] = [k] + [$~h][K~d][$dh] ,

[Mhh] = [m] + [$~h]LM$d][$dh]

and [Bhh] = [b] + [@~h][B~d][$dh] ,

where mi = modal masses ,

bi = mi 2Trfi g(fi)
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97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

110.

112.

114.

115.

116.

117,

118.

119.

MODAL FREQUENCY AND RANDOM RESPONSE

and ki = mi 41r2f; .

Direct input matrices may be coinplex.

Go to DMAP No. 168 and print Error Message No. 5 if there is no Frequency Response List.

Go to DMAP No. 170 and print Error Message No. 6 if there is no Dynamic Loads Table.

FRRD forms the dynamic load vectors {Ph} and solves for the displacements using the
following equation

[-Mhhu2+ iBhhu + Khh]{uh} = {Ph}.

Equivalence {Pp} to {Pd} if no constraints are applied.

VDR prepares displacements (OUHVCl), sorted by frequency, for output using only the extra
points introduced for dynamic analysis and modal coordinates (solution points).

Go to DMAP No. 111 if there is no output request for solution points.

Go to DMAP No. 109 if there is no output request for solution points sorted by extra point
or mode number.

SDR3 sorts the solution point displacements by extra point or mode number.

OFp formats the requested solution point displacements prepared bySDR3 and places them on
the system output file for printing.

XYTRAN prepares the input for requested X-Y plots of the solution point displacements vs.
frequency.

XYPL13Tprepares the requested X-Y plots of the solution point displacements vs. frequency.

Go to DMAP No. 111.

!W formats the requested solution point
the system output file for printing.

Go to OMAP No. 157 if there is no output
forces and stresses.

displacements prepared by VDR and places them on

request involving dependent degrees of freedom or

Go to DMAP No, 126 if the mode acceleration technique is not requested.

DDR1 transforms the solution vector of displacements from modal to physical coordinates

{Ud} = [$dh]{lj} .

DDR2 calculates an improved displacement vector using the mode acceleration technique.

Equivalence {ud} to the improved displacement vector. (Flag N13M!IIDis negative since the

mode acceleration technique is requested).

Equivalence {ud} to {Up} if no constraints are applied.

Go to DMAP No. 121 if no constraints are applied.
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120.

122.

123.

124.

125.

127.

128.

129.

130.

131.

132.

DISPLACEMENT RIGID FORMATS

SDR1 recovers dependent components of displacements

{uOl = [G’j{ua} ,

11‘f + ‘e——— = {Un +Ue? ,

‘s

H‘d =
{Uf+ue} ,—-

“0

{um} = [G:]{uf +“e} ,

11
+U

‘n e—— — = {up}
Um

and recovers single-point forces of constraint {qs} = -{P~} + [K~s] {uf} .

SOR2 calculates element forces (OEFCl) and stresses (@ESCl) and prepares load vectors
(Oppcl), displacement vectors (OUPVCl) and single-point forces of constraint (!3QPC1) for
output and translation components of the displacement vector (PUGV), sorted by frequency.

Go to DMAP No. 155 if there are no requests for output sorted by point number or element
number.

SDR3 prepares the requested output

Go to DMAP No. 141.

SDR1 recovers dependent components

{+.} = [G:] {On} ,

11@f + “e
—— ={$n+ue} ,

+s

sorted by point number of element number.

of eigenvectors

on

N={l$f+ue} ,——
40

{Om} = [G:] {$n + “e} ,

H
$n+ue _
—— - {$9 + IJe}= {$p}

@m

and recovers single-point forces of constraint {qs} = [Kfs]T{$f}.

SDR2 calculates element forces (IEF1) and stresses (IES1) and prepares eigenvectors (IPHIP1)
and single-point forces of constraint (IQP1) for output sorted by frequency,

SDR2 prepares load vectors for output (flPPCA)sorted by frequency.

Equivalence 13PPCA to OPPC1. (Flag MODACC is
is not requested).

Go to DMAP No. 137 if there are no requests
number.

SDR3 prepares the requested output sorted by

negative since the mode acceleration technique

for output sorted by point number or element

point number or element number.

I
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133.

● 134.

135.

136.

138.

139.

140.

142.

143.

144.

145.

146.

a 147.

149.

150.

151.

152.

153.

154.

156.

158.

159.

160.

161.

MOOAL FREQUENCY AND RANDOM RESPONSE

Equivalence lJPPCBto 0PPC2. (Flag Mi3DACCis negative since the mode acceleration technique
is not requested).

DDRMM prepares a subset of the element forces (ZEFC2) and stresses (ZESC2), and displacement
vectors (ZUPVC2) and single-point forces of constraint (ZQPC2) for output sorted by point
number or element number.

Equivalence ZUPVC2 to !iLlPVC2,ZQPC2 to 0QPC2, ZESC2 to 13ESC2, and ZEFC2 to 0EFC2. (Flag
M9DACC is negative since the mode acceleration technique is not requested).

Go to DMAP No. 141.

DDRMM prepares a subset of the element forces (ZEFC1) and stresses (ZESC1), and displacement
vectors (ZUPVC1) and single-point forces of constraint (ZQPC1) for output sorted by
frequency.

Equivalence ZUPVC1 to OUPVCl, ZQPC1 to OQPCl, ZESC1 to klESCl, and ZEFC1 to OEFC1. (Flag
MODACC is negative since the mode acceleration technique is not requested).

Go to OMAP No. 155.

OFP formats the requested output prepared by SDR3 (with mode acceleration) or DDRMM (no mode
acceleration) and places it on the system output file for printing.

XYTRAN prepares the input for requested X-Y plots.

XYPL13T prepares the requested X-Y plots of displacements, forces, stresses, loads and
single-point forces of constraint vs. frequency.

Go to DMAP No. 148 if no deformed structure plots are requested.

PL!3Tgenerates all requested deformed structure and contour plots.

PRTMSG prints plotter data, engineering data, and contour data for each deformed plot
generated.

Go to DMAP No. 157 if no power spectral density functions or autocorrelation functions are
requested.

RANDOM calculates power spectral density functions (PSOF) and autocorrelation functions
(AUT@) using the previously calculated frequency response.

Go to DMAP No. 157 if no X-Y plots of RANDOM calculations are requested.

XYTRAN prepares the input for requested X-Y plots of the RANDOM output.

XYPL13Tprepares the requested X-Y plots of autocorrelation functions and power spectral
density functions.

Go to DMAP No. 157.

OFP formats the frequency response output requests prepared by SDR2 (with mode acceleration)
or DDRMM (no mode acceleration) and places them on the system output file for printing.

Go to
to be

Go to

Print

Go to

DMAP No. 174 and make normal exit if no additional sets of direct input matrices need
processed.

DMAP No. 88 if additional sets of direct input matrices need to be processed.

Error Message No. 3 and terminate execution.

DMAP No. 174 and make normal exit.
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163. Print Error Message No. 2 and terminate execution.

165. Print Error Message No. 1 and terminate execution.

167. Print Error Message No. 4 and terminate execution,

169. Print Error Message No. 5 and terminate execution.

171. Print Error Message No. 6 and terminate execution.

173. Print Error Message No. 7 and terminate execution.

2.11-16 (05/30/86)

o



MODAL FREQUENCY AND RANDOM RESPONSE

2.11.3 Output for Modal Frequency and Random Response

The Eigenvalue Summary Table and the Eigenvalue Analysis Summary, as described under Normal

Modes Analysis (see Section 2.3.3), are automatically printed. All real eigenvalues extracted are

included even though not all are used in the modal formulation.

Output that may be requested is the same as that described under Direct Frequency and Random

Response, Output for S@LUTION points will have the modal coordinates identified by the mode number

determined in real eigenvalue analysis.

The eigenvectors used in the modal formulation may be obtained for the S0LUTI13Npoints by

using the ALTER feature to print the matrix of eigenvectors following the execution of READ. The

eigenvectors for all points in the model may be obtained by running the problem initially on the

Normal Modes Analysis rigid format or by making a modified restart using the Normal Modes Analysis

rigid format.

2.11,4 Case Control Deck for Modal Frequency and Random Response

The following items related to subcase definition and data selection must be considered in

addition to the list presented with Direct Frequency and Random Response:

1, METHOD must appear above the subcase level to select an EIGR card that exists in the

Bulk Data Deck.

2. All of the eigenvectors used in the modal formulation must be determined in a single

execution.

3. An SPC set must be selected above the subcase level unless the model

all constraints are specified on GRID cards, Scalar Connection cards

Elements.

4. SDAMPING must be used to select a TABDMP1 table if structural damping

2.11.5 Parameters for Modal Frequency and Random Response

The following parameters are used in Modal Frequency and Random Response:

is a free body or

or with General

is desired.

1. ASETOUT - optional. A positive integer value of this parameter causes

data block to be generated by the GP4 module. A negative integer value

the generation of this output data block. The default value is O.

2. AUT@SPC - reserved for future optional use. The default value is -1.

the ASET output

or O suppresses
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3. CflJPMASS- CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

4, GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed. All fluid related masses are ignored.

5. LFREQ and HFREQ - required, unless parameter LMODES is used, The real values of these

parameters give the cyclic frequency range (LFREQ is the lower limit and HFREQ is the

upper limit) of the modes to be used in the modal formulation. To use this option,

parameter LMODES must be set to O.

6. LM@DES - required, unless parameters LFREQ and HFREQ are used. The integer value of

this parameter’is the number of lowest modes to be used in the modal formulation.

7, MODACC - optional. 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.

8. SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

9. VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

10. WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.

2.11.6 Optional Diagnostic Output for FEER

Special detailed information obtained by requesting DIAG 16 in the Executive Control Deck is

the same as that described under Normal Modes Analysis (see Section 2.3.6)i--
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2.11.7The APPEND Feature

The APPEND feature can be used for real eigenvalue extraction in Modal Frequency and Random

Response. See Section 2.3.7 for details.

2.11.8 Rigid Format Error Messages from Modal Frequency and Random Response

The following fatal errors are detected by the Modal Frequency and Random Response rigid

format. The text for each error message is given below in capital letters and is followed by

additional explanatory material, including suggestions for remedial action.

MODAL FREQUENCY AND RANDOM RESPONSE ERROR MESSAGE NO. 1- MASS MATRIX REQUIRED F9R MODAL
FORMULATION.

The mass matrix is null because either no structural elements were defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined on a Material
card.

MODAL FREQUENCY AND RANDf4MRESPONSE ERR@R MESSAGE No. 2 - EIGENVALUE EXTRACTION DATA REQUIRED F@R
REAL EIGENVALUE ANALYSIS.

Eigenvalue extraction data must be supplied on an EIGR card in the Bulk Data Deck and METHOD in the
Case Control Deck must select an EIGR set.

MODAL FREQUENCY AND RAND@M RESPONSE ERROR MESSAGE NO. 3- ATTEMPT TO EXECUTE M@RE THAN 100Lf@PS,

An attempt has been made to use more than 100 sets of direct input matrices. This number can bet
increased by ALTERing the REPT instruction following the last 13FPinstruction.

MODAL FREQUENCY AND RANDOM RESPONSE ERROR MESSAGE No. 4- REAL EIGENVALUES REQUIRED F9R MODAL
FflRMULATI@N.

No real eigenvalues were found in the frequency range specified by the user.

MODAL FREQUENCY AND RANDOM RESPONSE ERROR MESSAGE Nfl.5 - FREQUENCY RESP@NSE LIST REQUIRED FOR
FREQUENCY RESP13NSECALCULATIONS.

Frequencies to be used in the solution of frequency response problems must be”supplied on a FREQ,
FREQ1 or FREQ2 card in the Bulk Data Deck and FREQ in the Case Control Deck must select a frequency
response set.

MODAL FREQUENCY AND RANDOM RESPONSE ERRfIRMESSAGE NO. 6 - DYNAMIC LOADS TABLE REQUIRED FOR
FREQUENCY RESPONSE CALCULATIONS.

Dynamic loads to be used in the solution of frequency response problems must be specified on an
RL@ADl or RL9AD2 card in the Bulk Data Deck and DL@Allin the Case Control Deck must select a
dynamic load set.

MODAL FREQUENCY AND RAND@M RESPONSE ERRORMESSAGE No. 7 - No STRUCTURAL ELEMENTS HAVE BEEN DEFINED,

No structural elements have been defined with Connection cards.

2.1#19 (05/30/86)



DISPLACEMENT RIGID FORMATS

2.11-20 (05/30/86)



DISPLACEMENT RIGID FORMATS

2.12 MODAL TRANSIENT RESPONSE

o

2,12.1 DMAP Sequence for Modal Transient Response

RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 12

LEVEL 200 NASTRAN OMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
--------------- --

1 BEGIN

2 PRECHK

3 FILE

4 PARAM

5 GP1

6 PLTTRAN

~ GP2

8 PARAML

9 PURGE

10 CONO

11 PLTSET

12 PRTMSG

13 PARAM

14 PARAM

15 COND

16 PLOT

17 PRTMSG

18 LABEL

19 GP3

20 TA1

21 COND

OISP 12 - MODAL TRANSIENT RESPONSE ANALYSIS - APR. 1986 $

ALL $

LAMA=APPEND/PHIA=APPEND/UHVT=APPEND/TOl--AF’pEND$

//*MPY*/CARONO/O/O $

GEOMl,GEOM2,/GPL,EQEXIN,GPDT,CSTM,BGPDT,SIL/S,N,LUSET~
NOGPOT/MINUSl=-l $

BGPOT,SIL/BGPDP,SIP/LUSET/S,N,LUSEF’$

GEoM2,EQExlN/EcT $

PCOB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JUMPPLOT $

PCOB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS,ELSETS/S,N,NSlL/
S,N,JUMPPLOT $

PLTSETX// $

//~~MPY~~/PLTFLG/l/l$

//*MPY*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,EQEXIN,SIL,,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N,PFILE $

PLOTX1// $

P1 $

GEoM3,EQEx1N,GEoM2/sLT,GpTT/NoGRAv $

ECT,EPT,BGPOT,SIL,GPTT,CSTH/EST,GEl,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/s ,N,GENEL $

ERROR6,NOSIMP $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 12

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

3b

35

36

37

38

39

40

41

42

lk3

PURGE

PARAM

PARAM

EMG

PURGE

CONO

EMA

LABEL

COND

EMA

CONO

GPWG

OFP

LABEL

EQUIV

CONO

SMA3

LABEL

PARAH

GP4

PARAM

PURGE

OGPST/GENEL $

//*ADD*/NOKGGX/l/O $

//*AOD*/NOMGG/l/O $

EST,CSTM,HPT,DlT,GEOM2,/KELM, KDICT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,CPBARBAR/
c,Y,cPRoolc,Y,cPQuAD1/c,Y,cPQuAD2/c,YscPTRl A1/c,Y,cPTRlA2/
C,Y,CPTUBE/C,Y,CPQDPLT/C,Y,CPTRPLT/C,Y, CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGGX,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

JMPKGGX $

ERROR1,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LGPWG,GRDPNT $

BGPDP,CSTM,EQEXlN,MGG/OGPWG/V,Y,GRDPNT=-l/C,Y,~MASS $

OGPWG ,,,,,//S,N,CARONO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//*MPY*/NSKIP/O/O $

CASECC,GEOM4,EQEXIN,GPOT,BGPOT, CSTM,GPST/RG,,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/S,N,REACT/
S,N,NSKlP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

//*ANO*/NOSR/REACT/SINGLE $

GM,GMO/MPCFl/GO,GOO/OMIT/KFS, PST/SINGLE/QP/NOSR/KLR,KRR,MLR,MR,
MRR,OM/REACT $
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e RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 12

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

J+4

45

46

k7

b8

49

50

51

52

53

54

COND

PARAM

COND

GPSP

OFP

LABEL

EQUIV

COND

MCE1

MCE2

LABEL

●
55 EQUIV

56 coNo

57 SCE1

58 LABEL

59 EQUIV

60 EQUIV

61 COND

62 SMP1

63 SMP2

64 LABEL

65 EQUIV

66 COND

67 RBMG1

68 JUMP

6g LABEL

LBL4,GENEL $

//*EQ~~/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST,,,,,//S,N,CARoNO $

LBL4 $

KGG,KNN/MPCFl/MGG,MNN/MPCFl $

LBL2,MPCF1 $

USET,RG/GM $

uSET,GM,KGG,HGG,,/KNN,MNNS ) $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE $

LBL3,SINGLE $

uSET,KNN,MNN,,/KFF,KFS,,HFF ,. $

LBL3 $

KFF,KAA/OMIT $

MFF,MAA/OMIT $

LBL5,0MIT $

uSET,KFF,,,/GO,KAA,KOO,LOO, ,,,, $

USET,GO,MFF/MAA $

LBL5 s

KAA,KLL/REACT $

LBL6,REACT $

USET,KAA,MAA/KLL,KLR,KRR,MLL,MLR,MRR $

LBL8 $

LBL6 $
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DISPLACEMENT RIGID FORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 12

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

COND

LABEL

RBMG2

COND

RBHG3

RBHGh

LABEL

DPD

COND

PURGE

EQUIV

PARA14

READ

OFP

COND

OFP

MTRX IN

PURGE

PARAH

EQUIV

GKAD

LBL7*MODACC $

LBL8 $

KLL/LLL $

LBL7,REACT $

LLL,KLR,KRR/DM $

DM,MLL,MLR,MRR/MR $

LBL7 $

DYNAMICS,GPL,SIL,USET/GPLD, SILD,USETD,TFPOOL,DLT, ,,NLFT,TRL,
EED ,EQDYN/LUSET/S,N,LUSETD/NOTFL/S,N,NODLT/NOPSDL/
NOFRL/S,N,NONLFT/S,N,NOTRL/S,N,NOEED//S ,N,NOUE $

ERROR2,NOEED $

UEVT/NOUE/PNLH/NONLFT $

GO,GOO/NDUE/GM,GMD/NOUE $

//*MPY*/NEIGV/l/-l $

KAA,MAA,MR,OM,EED,USET,CASECC/LAMA, PHIA,Ml,OEIGS/*MODES*/S,N,
NEIGV $

OEIGS ,,,,,//S,N,CARDNO $

ERROR4,NEIGV $

LAMA,,,,,//S,N,CARONO $

CASECC,MATPOOL,EQDYN, ,TFPOOL/K2PP,M2PP,B2PP/LUSETD/S,N,
NoK2PP/s,N,NoM2PP/s,N,NoB2PP $

K20D/NoK2PP/M2DD/NoM2PP/B2DD/NoB2PP $

//*AND*/flDEMA/NOUE/NOM2PP $

M2PP,M2DD/NOA/B2PP,B2DD/NOA/K2PP,K2DD/NOA/MAA,MDO/MOEMA $

USETD,GM,GO,, ,MAA,,K2PP,M2PP,B2PP/,,MDD ,GMD,
GOD,K2DD,M2DD ,B2DD/*TRANRESP~c/*D lSP*/*MOOAL~~/O .0/
o,o/o,o/NoK2PP/NoM2PP/NoB2PP/
MPCF1/SINGLE/OMIT/NOUE/-l/- 1/
l/V,Y,MODACC = -1 $
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MODAL TRANSIENT RESPONSE

●
RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGI’DFORMAT 12

LEVEL 2,0 NASTRAN OMAP COMPILER - SOURCE LISTING

91 GKAll

92 coNo

93 PARAM

gk PARAM

95 LABEL

96 PURGE

97 CASE

98 PARAM

99 TRLG

100 EQUIV

101 TRD

102 VOR

103 COND

104 SDR3

105 OFP

106 XYTRAN

107 XYPLOT

108 LABEL

109 PARAM

110 COND

111 PARAM

112 PARAM

USETO,PHIA,MI, LAMA,DIT,M2D0, B2D0,K200,CASECC/MHH,BHH,KHH,PHl DH/
NOUE/C,Y,LMODES=O/C,Y,LFREQ=O.O/C,Y,HFREQ=-l .0/
NOM2PP/NOB2PP/NOK2PP/S,N,NONCUP/S,N, FMOOE $

ERROR5,NOTRL $

//~~ADO*/NEVER/l/O $

//*MPY*/REPEATT/l/-l $

LBL13 $

PNLH,OUHV1,OPNL1 ,0UHV2,0PNL2,XYPLTTA,0PP1 ,OQP1,OUPV1,OES1,OEF1 ,
0PP2,0QP2,0UPV2,0ES2,0EF2,PLOTX2 ,XYPLTT,OPPA, IQP1, IPHIP1, IES1 ,
IEF1,OPPB, IQP2,1PHIP2,1ES2,1 EF2,zQP2,zuPv2,zEs2,zEF2/NEvER $

CASECC,/CASEXX/*TRAN*/S,N,REPEATT/S,N,NOLOOp $

//*MpY*/NcoL/o/I $

CASEXX,USETD,OLT,SLT,BGPDT,S IL,CSTM,TRL,OIT,GMO,GOD,PH IDH,
EST,MGG,/PPT,PST,POT,PD,PH,TOL/S,N,NOSET/NCOL $

PPT,POT/NOSET $

CASEXX,TRL,NLFT,DIT,KHH,BHH,MHH, PH/UHVT,PNLH/*MOOAL*/
NOUE/NONCUP/S,N,NCOL/C,Y,lSTART $

CASEXX, EQDYN, USETD,UHVT,TOL, XYCDB,PNLH/OUHVl ,OPNL1/
$fTRANRESP*/%MODAL*/O/S,N,NOH/S,N ,NOP/FMODE $

LBL16,NOH $

OUHV1,OPNL1 ,,**/ouHv2,0PNL2,,,, $

0UHV2,0PNL2 ,,,,//S,N,CARONO $

XYCOB,0UHV2,0PNL2 ,,,/XYPLTTA/*TRAN*/*HSET*/S,N,PF lLE/
S,N,CARDNO $

XYPLTTA// $

LBL16 $

//)tAND*/PJuMP/Nop/JuMppLOT $

LBL15,PJUMP $

//*NoT*/NoMocI/v, y, MocIAcc $

//*ANo*/MPJUMP/V,Y,MOOACC/JUMPPLOT $
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DISPLACEMENT RIGID FORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 12

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

113 COND

114 DDR1

115 CONO

116 DDR2

117 EQUIV

118 LABEL

119 EQUIV

120 COND

121 SOR1

122 LABEL

123 sDR2

124 SDR3

125 JUMp

126 LABEL

127 SDR1

128 SDR2

129 SDR2

130 SDR3

131 EQUIV

132 DORMM

133 EQUIV

134 LABEL

135 OFP

LBDDRM,MPJUMP $

UHVT,PHIDH/UDVIT $

LBLMOD,MODACC $

USETD, UDV1T,PDT,K20D,B2DD,MOD, ,LLL,DM/uDv2T,uEvT,PAF/
*TRANREsP*/NouE/REAcT/o $

uDv2T,uDvlT/Not40D $

LBLMOD $

UDVIT,UPV/NOA $

LBL14,NOA $

USETO, ,UOVIT, ,,GOD,GMD,PST,KFS,,/UPV,,QP/l/*OYNAMl CS* $

LBL14 $

CASEXX,CSTM,MPT,DIT, EQDYN,S ILD ,,,BGPDP,TOL,QP,UPV,EST,XYCDB,
PPT/OPPl,OQPl,OUPVl,OESl,OEF l,PUGV/*TRANRESP* $

OPP1,OQP1,OUPV1,OES1,OEF1 ,/OPP2,0QP2,0UPV2,0ES2,0EF2, $

P2A $

LBDDRM $

USETO,,PHIDH, ,,GOD,GMO,,KFS,,/PHIPH,,QPH/l/”*DYNAMl CS* $

CASEXX,CSTM,MPT,DIT,EQDYN,S ILD,,,, LAMA,QPH,PHIPH,EST,XYCDB,/
*lQPl,lPHIPl,lESl,lEFl,/*MMRE IG* $

CASEXX, ,,,EQOYN,SILD, ,,,TOL,,,,XYCDB,PPT/OPPA, ,,,,/
*TRANREsP* $

OPPA, IQP1, IPHIP1, IES1, IEF1 ,/0PPB,lQP2,1PHlP2,1ES2,1EF2, $

oPPB,oPP2/MoDAcc $

CASEXX,UHVT,TOL, IPHIP2,1QP2,1ES2, lEF2,,EST,MPT,DlT/
ZUPV2,ZQP2,ZES2,ZEF2, $

zuPv2,0uPv2/MoDAcc/zQP2,0QP2/MoDAcc/zEF2, oEF2/MoDAcc/zEs2,0Es2/
MODACC $

P2A $

0UPV2,0PP2,0QP2,0EF2,0ES2,//S ,N,CARDNO $
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MODAL TRANSIENT RESPONSE

● RIGID FORMAT DflAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 12

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

136 SCAN cAsEcc,oEs2,0EF2/oEsF2/*RF* $

137 OFP 0ESF2 ,,,,,//S,N,CARONO $

138 CONLI P2,JUMPPLOT $

139 PLOT PLTPAR,GPSETS,ELSETS,CASEXX,BGPDT,EQEXIN,SIP,,PUGV,,/PLOTX2/
NSlL/LUSEP/JUt4PPLOT/PLTFLG/S,N,PFILE $

lhO PRTMSG PLoTx2// $

141 LABEL P2 $

142 XYTRAN XYCDB,0PP2,0QP2,0UPV2,0ES2 ,oEF2/xYPLTT/*TRAN*/*PsET*/
S,N,PFILE/S,N,CARDNO $

143 XYPLOT XYPLTT// $

144 LABEL LBL15 $

145 COND FINIS,REPEATT $

0
146 REPT LBL13,1OO $

147 PRTPARM //-3/*MDLTRD* $

148

149

150

151

152

153

154

155

156

157

158

159

160

161

JUMP

LABEL

PRTPARM

LABEL

PRTPARH

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PURGE

ENO

FINIS $

ERROR2 $

//-2/*MDLTRD* $

ERROR1 $

//-1/*MDLTRD* $

ERROR4 $

//-b/*MDLTRO* $

ERROR5 $

//-5/*MDLTRD* $

ERROR6 $

//-6/*MDLTRD* $

FINIS $

DU/lMY/MINUSl $

$
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2.12.2

5.

6.

7.

10.

11.

12.

15.

16.

17.

19.

20.

21.

25.

27.

28.

30.

31.

32.

33.

34.

36,

37.

38.

41,

44.

46.

47.

48.

DISPLACEMENT RIGID FORMATS

Description of Important DMAP Operations for Modal Iransient Response

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the BGPDT and S11 tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 18 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 18 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Grid Point Temperature Table.

TA1 generates element tables for use in matrix

Go to DMAP No. 157 and print Error Message No.

EMG generates structural element stiffness and
assembly by the EMA module.

Go to DMAP No. 29 if no stiffness matrix is to

assembly and stress recovery.

6 if there are no structural elements.

mass matrix tables and dictionaries for later

be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 151 and print Error Message No, 1 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 35 if no weight and balance information is requested.

GPWG generates weight and balance information,

@FP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if no general elements exist.

Go to DMAP No. 39 if no general elements exist.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ug) = o.

Go to DMAP No. 49 if general elements are present.

Go to DMAP No. 49 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

OFP formats the table of Dotential grid mint singularities prepared by GpsI’and places it
on the system output file ”for printi;g.
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50. Equivalence [Kgg]

MODAL TRANSIENT RESPONSE

to [Knn] and [Mgg] to [Mnn] if no multipoint constraints exist.

●
51. Go to DMAP No. 54 if no multipoint constraints exist.

52. MCE1 partitions multipoint constraint equations [Rg] = [Rm~Rn] and solves for

multipoint constraint transformation matrix [Gm] = -[RM]-l[Rn].

53. MCE2 partitions stiffness and mass matrices

r- 7

1]
K IK

[Kgg] = ~~K~ and [Mgg] =

mn mm

i IM

“1

Jn+ ~
Mmn I Mmm

and performs matrix reductions

[Knn] = [~nnj + [G~][Kmn] + [K~n][Gm] + [G~][Kmm][Gm] and

[Mnn] = [iinn]+ [G:][Mmn] + [M;n][Gml + [G;IIMJIGJ .

55. Equivalence [Knn] to [Kff] and [Mnn] to [Mff] if no single-point constraints exist.

56. Go to DMAP No. 58 if no single-point constraints exist.

57. SCE1 partitions out single-point constraints

[1‘ffi ‘fs
[Knn] = ~ ~K— and [1‘ff ‘‘fs

[“nn] = ~ TM— “

●
Sf Ss Sf Ss

59. Equivalence [Kff] to [Kaal if no omitted coordinates exist.

60. Equivalence [Mff] to [Maa] if no omitted coordinates exist.

61. Go to DMAP No. 64 if no omitted coordinates exist.

62. SMP1 partitions constrained stiffness matrix

[1itK
[Kff] = ~~%K= ,

oa 00

solves for transformation matrix [Gol = -[Kool-l[Koal

and performs matrix reduction I.Kaa]= [~aa] + [K~a][Go] .

63. SMP2 partitions constrained mass matrix

[1i IM
[Mff] = ;-tM=

oa 00
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and performs matrix reduction

65.

66.

67.

68.

70.

72.

73.

74.

?5.

77.

78.

80.

82,

[Maa] = [~aa] + LM~a][Go] +

Equivalence [Kaa] to [Kit] if no free-body

Go to

RBMG1

Go to

Go to

RBMG2

Go to

RBMG3

DMAP No. 69 if no free-body supports

partitions out free-body supports

[G~][Moa] + [G~][Moo][Go] .

supports exist.

exist.

[1K IK
[Kaa] = ~~Kfl and [Maa] = ~-

r! rr rfi

M
&r.—.

Mrr

DMAP No. 710

DMAP No. 76 if there is no request for mode acceleration data recovery.

decomposes constrained stiffness matrix [Ktk] = [LLL][ULL].

DMAP No. 76 if no free-body supports exist.

forms rigid body transformation matrix

[D] = -[KLL]-l[Kkr],

calculates rigid body check matrix

[X] = [Krr] + [K:r][D]

and calculates rigid body error ratio

E=

llK~rl[ -
1111

RBMG4 forms rigid body mass matrix

[mr] = [Mrr] + [M~r][Dl + [DTIIMJ + [DTIIMLLIIDI.

DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and external grid point numbers (GPLD), including
extra points introduced for dynamic analysis (SILD), and prepares Transfer Function Pool
(TFPliX3L),Dynamic Loads Table (DLT), Nonlinear Function Table (NLFT), Transient Response
List (TRL).

Go to DMAP Nc. 149 and print Error Message No. 2 if there is no Eigenvalue Extraction Data.

Equivalence [Go] to [G:] and [Gm] to [G:] if there are no extra points introduced

for dynamic analysis.

READ extracts real eigenvalues and eigenvectors from the equation

[Kaa - aMaa]{ua} = O ,

calculates rigid body modes by finding a square matrix [$ro] such

2.12-10 (05/30/86)
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MODAL TRANSIENT RESPONSE

83.

84.

85.

86.

89.

0

90.

91.

92.

[mol = [$~ol[mrl[$rol

is diagonal and normalized, computes rigid body eigenvectors

[1DO[$aol = –~ ,
4ro

calculates modal mass matrix

[ml ❑ [$~][Maal[~aJ

and normalizes eigenvectors according to one of the following user requests:

1) Unit value of a selected component
2) Unit value of the largest component
3) Unit value of the generalized mass.

f3FPformats the summary of eigenvalue extraction information
places it on the system output file for printing.

Go to DMAP No. 153 and print Error Message No, 4 if no eigenva’

OEIGS) prepared by

ues were found.

9FP formats the eigenvalues (LAMA) prepared by READ and places them on the system
file for printing.

MTRXIN selects the direct input matrices [K~p], [M~p] and [B~p].

Equivalence [M~p] to [M~d], [B~p] to [B~d] and [K~p] to [K~d] if no constraints

are applied, and LMaa] to [Mdd] if there are no direct input mass matrices and no

points introduced for dynamic analysis.

GKAD applies constraints to direct input matrices [K#P], [M~P] and [B~D], forming

[K:d]s[&] and [Bf&].

GKAM assembles stiffness, mass and damping matrices
Transient Response:

[Khh] = [k] + [$J:#K:#$dh]

[Mhh] = [m] + [$@’&][$dhl

and [Bhh] = [b] + [$j#&][’$dh]

where m.
1

= modal masses ,

bi = mi 2m fi g(fi)

and

All matrices are real.

Go to DMAP No. 155 and

ki = mi 41T2fiz .

print Error Message No. 5 if

in modal coordinates

s

9

for use in

READ and

output

extra

there is no Transient Response List.
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95.

97.

99.

100.

101.

102.

103.

104.

105.

106.

107.

110.

113.

114.

115.

116.

117.

119.

120.

DISPLACEMENT RIGID FORMATS

Beginning of loop for additional dynamic load sets.

CASE extracts the appropriate record from CASECC corresponding to the current loop and
copies it into CASEXX.

TRLG generates matrices of loads versus time. {P;}, {P~} and {P:} are generated with

one column per output time step. {pal}and {ph} are generated with one column per

solution time step, and the Transient Output List (TEIL)is a list of output time steps.

Equivalence {P:} to {P;} if the d and p sets are the same.

n t
TRD forms the linear, {Pd}, and nonlinear, {Pd 1, dynamic load

the equations of motion over specified time periods to solve
velocities and accelerations, using the following equation

vectors and integrates

for the displacements,

[$@2+‘hhp + ‘hh]{lj}= {Ph} + {P~L} .

VDR prepares displacements, velocities and accelerations, sorted by time step, for output
using only the extra points introduced for dynamic analysis and modal coordinates (solution
points).

Go to DMAP No. 108 if there is no output request for the solution points.

SDR3 sorts the solution point displacements, velocities, accelerations and nonlinear load
vectors by extra point or mode number.

~FP formats the requested solution point displacements, velocities, accelerations and
nonlinear load vectors prepared by SDR3 and places them on the system output file for
printing.

XYTRAN prepares the input for X-Y plotting of the solution point displacements, velocities,
accelerations and nonlinear load vectors vs. time.

XYPLOT prepares the requested X-Y plots of the solution point displacements, velocities,
accelerations and nonlinear load vectors vs. time.

Go to DMAP No. 144 if there is no output request involving dependent degrees of freedom,
forces and stresses, or deformed structure plots.

Go to DMAP No. 126 if the mode acceleration technique is not requested and if there are no
requests for deformed structure plots.

DOR1 transforms the solution vector displacements from modal to physical coordinates

{Udl = [$dhl{uh} .

Go to DMAP No. 118

DDR2 calculates an

if the mode acceleration technique is not requested.

improved displacement vector using the mode acceleration technique

Equivalence {ud} to the improved displacement VeCtOr. (Flag NOMOD is negative since the

mode acceleration technique is requested),

Equivalence {ud} to {up} if no constraints are applied.

Go to DMAP No, 122 if no constraints are applied.
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121.

●

123.

124.

125.

127.

128.

129.

130.

131.

132.

MODAL TRANSIENT RESPONSE

SDR1 recovers dependent components of displacements

{Uo}

11

‘f + ‘e———

‘s

IIun+u e—— —
u
m

and recovers s

= [G~]{ud} ,

= {Un + Ue} ,

II‘d—-= {Uf+ue} ,
U.

{urn} = [G#]{uf+ue} ,

= {up}

ngle-point forces of constraint {qs} = -{ps} + [K~s] {Uf} o

SDR2 calculates element forces (OEFl) and stresses (i3ESl)and prepares load vectors (@ppl),
displacement, velocity and acceleration vectors (OUPVl) and single-point forces of
constraint (OQPl) for output and translation components of the displacement vector (PUGV),
sorted by time step.

SDR3 prepares requested output sorted by point number or element number.

Go to OMAP No. 134.

SDR1 recovers dependent components of eigenvectors

{$.] = [G:] {$In} ,

H

$f + Ue
—— ={$n+oe} ,

‘$s

II

$n +“e
—— . {@g+ue} = {$p}

OM

and recovers single-point forces of

‘$~

II ={$f+ue} ,——
$0

{@m}= [G:] {On ‘Ue} ,

constraint {qs} = [Kfs]T{$f}.

SDR2 calculates element forces (IEF1) and stresses (lESl) and prepares eigenvectors (IPHIP1)
and single-point forces of constraint (IQP1) for output sorted by time step.

SOR2 prepares load vectors for output (OPPA) sorted by time step.

SDR3 prepares the requested output sorted by point number or element number.

Equivalence OPPB to 9PP2. (Flag Mf3DACCis negative since the mode
not requested).

DDRMM prepares a subset of the element forces (ZEF2) and stresses
vectors (ZUPV2) and single-point forces of constraint (ZQP2) for
number or element number.

acceleration technique is

(ZES2), and displacement
output sorted by point
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133, Equivalence ZUPV2 to flUPV2,ZQP2 to 0QP2, ZES2 to @ES2 and ZEF2 to 0EF2. (Flag MODACC is
negative since the mode acceleration technique is not requested).

135. !3FPformats the requested output prepared by SDR3 (with mode acceleration) or DDRMM (no mode ●
acceleration) and places it on the system output file for printing.

136, SCAN examines the element stresses and forces calculated by SDR3 or DDRMM and generates
scanned output that meets the specifications set by the user.

137. @FP formats the scanned output table prepared by SCAN and places it on the system output
file for printing,

138. Go to DMAP No. 141 if no deformed structure plots are requested.

139, PLOT prepares all requested deformed structure and contour plots.

140. PRTMSG prints plotter data, engineering data, and contour data for each deformed plot
generated.

142. XYTRAN prepares the input for requested X-Y plots.

143. XYPLflTprepares the requested X-Y plots of displacements, velocities, accelerations, forces,
stresses, loads and single-point forces of constraint vs. time.

145. Go to DMAP No. 159 and make normal exit if no additional dynamic load sets need to be
processed.

146. Go to DMAP No. 95 if additional dynamic load sets need to be processed.

147. Print Error Message No. 3 and terminate execution.

148. Go to DMAP No. 159 and make normal exit.

150. Print Error Message No. 2 and terminate execution.

152. Print Error Message No. 1 and terminate execution.

154. Print Error Message No. 4 and terminate execution.

156. Print Error Message No. 5 and terminate execution.

158. Print Error Message No. 6 and terminate execution.
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2.12.3 Output for Modal Transient Response

The Eigenvalue Summary Table and the Eigenvalue Analysis Sunrnary,as described under Normal

Modes Analysis (see Section 2.3.3), are automatically printed. All real eigenvalues extracted are

included even though not all are used in the modal formulation.

Output that may be requested is the same as that described under Direct Transient Response.

Output for S0LUTI13Npoints will have the modal coordinates identified by the mode number determined

in real eigenvalue analysis.

The eigenvectors used in the modal formulation may be obtained for the S@LUTI13Npoints by

using the ALTER feature to print the matrix of eigenvectors following the execution of READ. The

eigenvectors for all points in the model may be obtained by running the problem initially on the

Normal Modes Analysis rigid format or by making a modified restart using the Normal Modes Analysis

rigid format.

2.12.4 Case Control Deck for Modal Transient Response

The following items related to subcase definition and data selection must be considered in

addition to the list presented with Direct Transient Response:

1.

2.

3.

4.

METH@D must appear above the subcase level to select an EIGR card that exists in the

Bulk Data Deck.

All of the eigenvectors used in the modal formulation must be determined in a single

execution.

An SPC set must be selected above the subcase level unless the model is a free body or

all constraints are specified on GRID cards, Scalar Connection cards or with General

Elements.

SCIAMPINGmust be used to select a TABDMP1 table if structural damping is desired.

2.12.5 Parameters for Modal Transient Response

The following parameters are used in Modal Transient Response:

1. ASETOUT - optional, A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is 0,

2. AUT9SPC - reserved for future optional use. The default value is -1.

2.12-15 (05/30/86)



3.

4.

5.

6.

7.

8.

9.

10.

11.

DISPLACEMENT RIGID FORMATS

C@UPMASS - CPBAR, CPRf!D,CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT.——J

CPTRBSC - optional. These parameters 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.

GRDPNT - optional.

Weight Generator to

printed. All fluid

ISTART - optional.

A positive integer value of this parameter causes the Grid Point

be executed and the resulting weight and balance information to be

related masses are ignored.

A positive value of this parameter causes the TRD module to use the

second (or alternate) starting method (see Section 11.4 of the Theoretical Manual). The

alternate starting method is recommended when initial accelerations are significant and

when the mass matrix is non-singular. The default value is -1 and causes the first

starting method

LFREQ and HFREQ

parameters give

upper limit) of

to be used.

required, unless parameter LMODES is used. The real values of these

the cyclic frequency range (LFREQ is the lower limit and HFREQ is the

the modes to be used in the modal formulation. To use this option,

parameter LMODES must be set to O.

LMflDES- required, unless parameters LFREQ and HFREQ are used. The integer value of

this parameter is the number of lowest modes to be used in the modal formulation.

Mf)DACC- optional. A positive integer value of this parameter causes the Dynamic Oata

Recovery module to use the mode acceleration method. Not recommended for use in

hydroelastic problems.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

V@LUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.
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2.12.6 Optional Diagnostic Output for FEER

● Special detailed information obtained by requesting DIAG 16 in the Executive Control Deck is

the same as that described under Normal Modes Analysis (see Section 2.3.6).

2.12.7 The APPEND Feature

The APPEND feature can be used for real eigenvalue extraction in Modal Transient Response.

See Section 2.3.7 for details.

2,12.8 The CONTINUE Feature

The CONTINUE feature can be used for coupled transient analysis in Modal Transient Response.

See Section 2,9.6 for details.

2.12.9Rigid Format Error Messages from Modal Transient Resyonse

The following fatal errors are detected by the DMAP statements in the Modal Transient

Response rigid format. The text for each error message is given below in capital letters and is

followed by additional explanatory material, including suggestions for remedial action.

● MODAL TRANSIENT RESPONSE ERRORMESSAGE No. 1 - MASS MATRIX REQUIRED FOR M@DAL FORMULATION.

The mass matrix is null because either no structural elements were defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined on a Material
card.

M@DAL TRANSIENT RESP13NSEERROR MESSAGE NO. 2 - EIGENVALUE EXTRACTION DATA REQUIRED Ff3RREAL
EIGENVALUE ANALYSIS,

Eigenvalue extraction data must be supplied on an EIGR card in the Bulk Data Deck and METHOD in the
Case Control Deck must select an EIGR set.

MODAL TRANSIENT RESP@NSE ERRORMESSAGE N@. 3 - ATTEMPT To EXECUTE MORE THAN 100 L09PS.

An attempt has been made to use more than 100 dynamic load sets. This number can be increased by
ALTERing the REPT instruction following the last XYPLOT instruction.

M@DAL TRANSIENT RESPONSE

No real eigenvalues were

MODAL TRANSIENT RESP@NSE
RESPONSE CALCULATI!3NS.

ERRflRMESSAGE N@. 4 - REAL EIGENVALUES REQUIRED FOR MODAL FORMULATION.

found in the frequency range specified by the user.

ERROR MESSAGE NO, 5 - TRANSIENT RESPONSE LIST REQUIRED FOR TRANSIENT

Time step intervals to be used must be specified on a TSTEP
selection must be made in the Case Control Deck.

card in the Bulk Data Deck and a TSTEP
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MODAL TRANSIENT RESPONSE ERR!2RMESSAGE N@. 6 - NO STRUCTURAL ELEMENTS HAVE BEEN DEFINED.

No structural elements have been defined with Connection cards.
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2.13 NORMAL MODES WITH DIFFERENTIAL STIFFNESS

●
2.13.1 DMAP Sequence for Normal Modes With Differential Stiffness

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 13

LEVEL 2,0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
-------- .--------

1 BEGIN

2 PRECHK

3 FILE

k PARAH

5 GP1

6 PLTTRAN

~ GP2

8 PARAML

9 PURGE

10 COND

11 PLTSET

12 PRTMSG

13 PARAM

14 PARAM

15 COND

16 PLOT

17 PRTA4SG

18 LABEL

19 GP3

20 TA1

21 COND

DISP 13 - NORMAL MODES WITH DIFFERENTIAL STIFFNESS-APR. 1986 $

ALL $

LAMA=APPENO/PHIAL=APPEND $

//*MPY*/CARONO/O/O $

GEOMl,GEOM2,/GPL,EQEXIN,GPDT, CSTM,BGPDT,SIL/S,N,LUSET/
NOGPDT/MINUSl=-l $

BGPDT,SIL/BGPDP,SIP/LUSET/S,N, LUSEP $

GEoM2,EQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JUMPPLOT $

PCOB,EQEXlN,ECT/PLTSETX,PLTPAR,GPSETS,ELSETS/S,N,NS lL/
S,N,JUMPPLOT $

PLTSETX// $

//*MPY*/PLTFLG/l/l $

//W4PY*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,EQEXI N,SIL,,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N,PF ILE $

PLOTX1// $

P1 $

GEOM3,EQEXlN,GEOM2/SLT,GPTT/NOGRAV $

ECT,EPT,BGPOT,SIL,GPTT,CSTM/EST,GE I,GPECT
LuSET/S,N,NOSIPIP/l/S,N,NOGENL/S,N,GENEL $

ERROR1,NOSIMP $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 13

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22 PURGE

23 PARAM

24 PARAM

25 EMG

26

27

28

29

30

31

32

33

31k

35

36

37

38

39

40

41

PURGE

COND

EMA

LABEL

COND

EMA

COND

GPWG

OFP

LABEL

EQUIV

COND

SMA3

LABEL

PARAM

GP4

42 COND

43 PARAM

OGPST/GENEL $

//*ADD*/NoKGGx/l/o $

//*ADD*/NOMGG/l/O $

EST,CSTM,MPT,DlT,GEOM2,/KELN, KDICT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,CPBARBAR/
c,Y,cPRoD/c,Y,cPQuADl/c,Y,cPQuAD2/c ,Y,cPTRIA1/c,Y,cPTRlA2/
C,Y,CPTUBE/C,Y,CPQDPLT/C,Y, CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGG,NOKGGX $

GPECT,KDl,CT,KELM/KGGX,GPST $

JMPKGG $

ERROR5,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LBL1,GRDPNT $

BGPDP,CSTM,EQEXlN,MGG/OGPWG/V,Y,GRDPNT/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARDNO $

LBL1 $

KGGX,KGG/NOGENL $

LBLII,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//*Mpy*/NsKlp/o/o $

CASECC,GEOM4,EQEXIN,GPDT,BGPDT, CSTM,GPST/RG,YS,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/S,N,REACT/
S,N,NSKlP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y ,ASETOUT/
S,Y,AUTOSPC $

ERROR6,NOL $

//*AND*/NosR/sINGLE/REAcT $

@
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NORMAL MODES WITH DIFFERENTIAL STIFFNESS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 13

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

45 COND

46 JUMP

47 LABEL

48 COND

49 PARAM

50 COND

51 GPSP

52 OFP

53 LABEL

●
5k EQUIV

55 COND

56 MCE1

57 MCE2

58 LABEL

59 EQUIV

60 COND

61 SCE1

62 LABEL

63 EQUIV

64 COND

65 SMPI

66 LABEL

67 RBMG2

68 SSG1

GM/MPCFl/GO,KOO,LOO,PO,UOOV,RUOV/OMlT/PS,KFS,KSS/Sl NGLE/
QG/NOSR $

LBL4D,REACT $

ERROR2 $

LBL4D $

LBL4,GENEL $

//*EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST,,,,,//S,N,CARDNO $

LBL4 $

KGG,KNN/MPCFl $

LBL2,1’IPCF1 $

USET,RG/GM $

USET,GM,KGG ,,,/KNN,,, $

LBL2 $

KNN,KFF/SINGLE $

LBL3,SINGLE $

USET,KNN,,,/KFF,KFS,KSS, ,, $

LBL3 $

KFF,KAA/OMIT $

LBL5,0MIT $

USET,KFF ,,,/GO,KAA,KOO,LOO,,,,, $

LBL5 $

KAA/LLL $

SLT,BGPDT,CSTM,SI L,EST,MPT,GPTT, EDT,MGG,CASECc,DIT,/PG,, ,,/
LUSET/~ $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 13

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

69 EQUIV

70 COND

71 SSG2

72 LABEL

73 SSG3

74 COND

75 HATGPR

76 MATGPR

77 LABEL

78 SDR1

79 SDR2

80 OFP

81 SCAN

82 OFP

83 COND

84 PLOT

85 PRTMSG

86 LABEL

87 TA1

88 DSMG1

8g EQUIV

90 COND

91 MCE2

PG,PL/NOSET $

LBL1O,NOSET $

USET,GM,YS,KFS,GO,,PG/,PO,PS, PL $

LBL1O $

LLL,KAA,PL,LOO,KOO,PO/ULV,UOOV,RULV,RUOV/OMlT/V,Y, lRES=-1/
l/S,N,EPSl $

LBL9,1RES $

GPL,uSET,SIL,RULV//*L* $

GPL,USET,SIL,RUOV//*O* $

LBL9 $

USET,PG,ULV,UOOV,YS,GO,GM,PS, KFS,KSS,/UGV,PGG,QG/l/
*BKLo~ $

CASECC,CSTM,MPT,D IT,EQEXIN,S IL,GPTT,EDT,BGPDP, ,QG,UGV,EST, ,PGG/
OPGl,OQGl,OUGVl,OESl,OEFl,PUGV1/*BKLO* $

OUGVl,OPGl,OQGl,OEFl,OESl,//S,N, CARDNO $

CASECC,OESl,OEF1/OESFl/C,N,*RF* $

OESF1 ,,,,,//S,N,CARDNO $

P2,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,EQEXIN, SIP,PUGVl,,GPECT,OES1/
PLoTX2/NSIL/LUSEP/JUMPPLOT/PLTFLG/S,N, PFILE $

PLoTx2// $

P2 $

ECT,EPT,BGPDT,SI L,GPTT,CSTM/Xl,X2,X3, ECPT,GPCT/LUSET/
NOSltlP/O/NOGENL/GENEL $

CASECC,GPTT,SlL,EDT,UGV,CSTM,MPT,ECPT,GPCT,DlT/KDGG/
S,N,DSCOSET $

KDGG,KDNN/MPcF2 / MGG,MNN/MPcF2 $

LBL2D,MPCF2 $

USET,GM,KDGG,MGG,,/KDNN,MNN, , $
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@

RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 13

LEVEL 2.0 NASTRAN DHAP COMPILER - SOURCE LISTING

92 LABEL

93 EQUIV

94 CONO

95 SCEI

96 LABEL

97 EQUIV

98 CONO

99 SMP2

100 SMP2

101 LABEL

102 PARAM

e 103 EQUIV

10k PARAM

105 0SMG2

106 RBMG2

107 PRTPARM

108 PRTPARM

109 SSG3

110 CONO

111 MATGPR

112 LABEL

113 SOR1

114 SOR2

LBL20 $

KONN,KOFF/SINGLE / MNN>MFF/SINGLE $

LBL3D,SINGLE $

USET,KONN,ilNN,,/KDFF,KOFS, KDSS,MFF,, $

LBL30 $

KDFF,KDAA/OMIT / MFF,MAA/OMIT $

LBL5D,0MIT $

USET,GO,KDFF/KOAA

USET,GO,MFF/MAA $

LBL5D $

//*AOO*/OSCOSET/-l/O $

PL,PBL/DSCOSET/PS ,PBS/DSCOSET/YS, YBS/OSCOSET/UOOV,UBOOV/
DSCOSET $

//*MPY*/NDSKIP/O/O $

MPT,KAA,KDAA,KFS,KDFS,KSS,KDSS,PL,PS,YS,UOOV/KBLL,KBFS,KBSS,
PBL,PBS,YBS,UBOOV/S,N,NDSKIP/S,N,REPEATD/DSCOSET $

KBLL/LBLL/S,N,POWER/S,N,DET $

//O/*OET* $

//O/*POWER* $

LBLL,KBLL,PBL, ,,/UBLV,,RUBLV,/-l/V,Y, lRES/NOSKIP/
S,N,EPSI $

LBL9D, IRES $

GPL,USET,SIL,RUBLv//*L* $

LBL9D $

USET, ,UBLV,UBOOV,YBS,GO,GM,PBS,KBFS,KBSS ,/UBGV,,QBG/NDSKIP/
*OS1* $

CASECC,CSTM,MPT,D IT,EQEXIN,S IL,GPTT,EDT,BGPDP, ,QBG,UBGV, EST,,/,
OQBGl,OUBGVl,OESBl,OEFBl,PUBGV1/*DSl* $

2.13-5 (05/30/86)



DISPLACEMENT RIGID FORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 13

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

}37

OFP

DPD

COND

PARAII

READ

OFP

COND

OFP

SDR1

CASE

SDR2

OFP

COND

PLOT

PRTMSG

LABEL

JUMP

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

OQBGl,OUBGVl,OESBl,OEFBl,,//S, N,CARDNO $

DYNAMICS,GPL,SIL,USET/GPLD, SILD,USETD,,,,,,,EED,EQDYN/
LUSET/LUSETD/NOTFL/NODLT/NOPSDl./NOFRL/
NONLFT/NOTRL/S,N,NOEED//NOUE $

ERROR3,NOEED $

//*Mpy*/NEIGv/l/-l $

KBLL,MAA, ,,EED,USET,CASECC/LAMA,PHIA,Ml ,OEIGS/~~MODES*/
s,N,NEIGv/3 $

OEIGS, ,,,, IIS,N,CARDNO $

ERROR4,NEIGV $

LAMA, ,,,, //S,N,cARONO $

USET, ,PHIA, ,,GO,GM,,KDFS,,/PHIG,,BQG/l/*RE IG* $

cAsEcc,/cAsExx/*TRANREsP*/KEPEAT=3/LooP $

CASEXX,CSTM,MPT,DIT, EQEXIN, SIL,,, BGPOP,LAMA,BQG,PHIG,EST,,/,
OBQG1,OPHIG,OBES1,OBEF1,PPHI G/*REIG* $

OPHIG,OBQGl,OBEFl,OBESl,,//S ,N,CARONO $

P3,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC, BGPDT,EQEXIN,SIP, ,PPHIG,GPECT,
oBEsl/PLoTx3/NslL/LusEP/JuMPPLoT/PLTFLG/
S,N,PFILE $

PLoTx3// $

P3 !$

FINIS $

ERROR1 $

//-1/~tNMDS* $

ERROR2 $

//-21*NMD5* $

ERROR3 $

//-3/*NflDS* $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 13

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

138

139

140

141

142

143

144

1b5

146

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PURGE

ENO

ERROR4 $

//-k/*NMos* $

ERROR5 $

//-5/*NMOS* $

ERROR6 $

//-6/*NMos* s

FINIS $

DUMMY/MINUSl $

$
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5.

6.

7.

10.

11.

12.

15.

16.

17.

19.

20.

21.

25.

27.

28.

30.

31.

32.

33.

34.

36.

37.

38.

41.

42.

45.

46.

48.

DISPLACEMENT RIGID FORMATS

Description of Important DMAP Operations for Normal Modes with Differential Stiffness

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

e
PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

GP2 generates Element Connection Table with internal indices,

Go to DMAP No. 18 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 18 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

plotter.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 132 and print Error Message No. 1 if no structural elements have been
defined.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 29 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 140 and print Error Message No. 5 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 35 if no weight and balance information is requested.

GPWG generates weight and balance information.

OFP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g]

Go to DMAP No. 39

SMA3 adds general

to [Kgg] if there are no general elements,

if there are no general elements.

elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET), forms multipoint
constraint equations [Rg] {ug} = O and forms enforced displacement vector {Ys}.

Go to DMAP No. 142 and print Error Message No. 6 if no independent degrees of freedom are
defined.

Go to DMAP No. 47 if there are no support cards.

Go to DMAP No. 134 and print Error Message No. 2.

Go to DMAP No. 53 if general elements are present.
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50.

51.

52.

54.

55.

56.

57.

59.

60.

61.

63.

64.

65.

67.

68.

69.

70.

NORMAL MOUES WITH DIFFERENTIAL STIFFNESS

Go to DMAP No. 53 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn] if no multipoint constraints exist.

Go to DMAP No. 58 if no multipoint constraints exist.

MCE1 partitions multipoint constraint equations [Rg] = [Rm~Rn] and solves for

multipoint constraint transformation matrix [Gml = -[Rml-l[Rnl.

MCE2 partitions stiffness matrix

[1iIK
[Kgg] = ~~Kw

mn mm

and performs matrix reduction

[Knn] = [~nn] + [G: JLKmnl + [~nl[Gml + [Gj[$J[GmJ.

Equivalence [Knn] to [Kff] if no sin91e-Point constraints exist”

Go to DMAP No. 62 if no single-point constraints exist.

SCE1 partitions out single-point

[Knn] =

Equivalence [Kff] to [Kaal if no

constraints

[1Kff; ‘fs .

Ksf I Ks~

omitted coordinates exist.

Go to DMAP No. 66 if no omitted coordinates exist.

SMP1 partitions constrained stiffness matrix

r- 1

IIK I Kao
[Kffl = :& ‘

oa 00
L J

solves for transformation matrix [Gol = -[Kool-l[Koal

and performs matrix reduction [Kaa] = [Kaal + [K~al[Gol .

RBMG2 decomposes constrained stiffness matrix [Kaal = [LLLIIU1lI.

SSG1 generates static load vectors {Pg}.

Equivalence {Pg} to {Pi} if no constraints are applied.

Go to DMAP No. 72 if no constraints are applied.
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71. SSG2 applies constraints to static load vectors

FORMATS

HPn
{Pg} = —- ,

Pm
{Pn} = {;n}+[G~]{Pm} ,

H‘f{Pn} = —– , {Pf} = {~f} - [Kfs]{ys},
Ps

HPa
{Pf} = —– and {pg} = {pa} + [G~]{Po} .

P.

73. SSG3 solves for displacements of independent coordinates

{ug} = [Kti]-l{PL} ,

solves for displacements of omitted coordinates

{us} = [KOOI-l{PO} ,

calculates residual vector (RULV) and residual vector error ratio for independent
coordinates

{ISPL}= {PL} - [Klk]{uL} ,

and calculates residual vector (RU@V) and residual vector error ratio for omitted
coordinates

{dPO} = {Po} - [Koo]{u:},

{U~]{6po}
.

‘o
.

~pTl{uo}
00

74. Go to DMAP No. 77 if residual vectors are not to be printed.

75. MATGPR prints the residual vector for independent coordinates (RULV).

76. MATGPR prints the residual vector for omitted coordinates (RU13V).
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78.

79.

80.

81.

82.

83.

84.

85.

87.

88.

89.

90.

91.

93.

NORMAL MODES WITH DIFFERENTIAL STIFFNESS

SDR1 recovers dependent displacements

{uo} = [GO]{UL} + {u:} ,

H‘a—— = {Uf} ,

‘o

{um} = [Gm]{un} ,

N‘f—— = {Un} ,
Ys

HUn
—— = {Ug}
Um

and recovers single-point forces of constraint

{qs} = -{PS} + [K;s]{uf} + [Kssl{ys} .

SDR2 calculates element forces (OEFl)and stresses(9ES1)and preparesloadvectors(OpGl)~
displacement vectors (!dUGVl)and single-pointforces of constraint (OQGl) for outPut and
translation components of the displacement vector (PUGV1) for the static solution.

@FP formats the tables prepared by SDR2 and places them on the system output file for
printing.

SCAN examines the element stresses
output that meets the specifications

@FP formats the scanned output table
file for printing.

and forces calculated by SDR2 and generates scanned
set by the user.

prepared by SCAN and places it on the system output

Go to DMAP No. 86 if no static solution deformed structure plots are requested.

PL!3Tgenerates all requested static solution deformed structure and contour plots.

PRTMSG prints plotter data, engineering data, and contour data for each static solution
deformed plot generated.

TA1 generates element tables for use in differential stiffness matrix assembly.

DSMG1 generates differential stiffness matrix [K~g].

Equivalence [K~g] to [K~n] and [Mgg] to [Mnn] if no multipoint constraints exist.

Go to DMAP No. 92 if no multipoint constraints

MCE2 partitions differential stiffness matrix

[Kjg] =

and performs matrix reduction

[K:n]= [~:nl

exist.

[G:][K;n] + [K:nl[Gml + [Gj[~ml[Gml.

Equivalence [K~nl to [K~f] and [Mnn] to [Mff] if no single-point constraints exist.
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94.

95.

97.

98,

99.

100.

103.

105.

IJIJPLHLLMLNI KltilU

Go to DMAP No. 96 if no single-point constraints

SCE1 partitions out single-point constraints

1-

FORMATS

exist.

MK$f I&
[K~n] =

–+– and
[Mnn] =

K;f [Kd
Ss

Mff IMfs

–+–
Msf t Mss

Equivalence [Kff] to [K~a] and [Mff] to [Maa] if no omitted coordinates exist.

Go to DMAP No. 10lif no omitted coordinates exist.

SMP2 partitions constrained differential stiffness matrix

[1

~~a 1K~o
[K~f] =

–+–
K~a I K~o

and performs matrix reduction [K~a] = [~~a] + [K~o][Go] .

SMP2 partitions constrained mass matrix

[1
.-

M lMao
rMffJ = f-+M— ‘

oa 00

and performs matrix reduction

[Maa] = [~aa] + [M~a][Go] + [G~][Moa] + [G~][Moo][Go]

Equivalence {PL} to {P!}, {Ps} to {P;}, {Y~} to {Y!} and {u~} to

scale factor is not specified on a DSFACT card.

DSMG2 adds partitions of stiffness matrix to similar partitions
matrix

~uobl if a
o

of differential stiffness

[K:t]=[Kaa]+6[K:a] ,

[K~sl = [Kfsl + BIK$~l and

[K;s] = [Kss] +6[K~s]

and multiplies partitions of load vectors and displacement vectors by the value of the
differential stiffness scale factor (8)

{P;} = B{Pi} ,

{Y) = 8{YS} and

{P:} = i3{Ps} ,

e
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106.

107.

NORMAL MODES WITH DIFFERENTIAL

RBMG2 decomposes the combined differential stiffness

[K:gl = [L:J[U;J .

STIFFNESS

matrix and elastic stiffness matrix

PRTPARM prints the scaled value of the determinant of the combined differential stiffness
matrix and elastic stiffness matrix.

108.

109.

110.

111.

113.

PRTPARM prints the scale factor (power of ten) of the determinant of the combined
differential stiffness matrix and the elastic stiffness matrix.

SSG3 solves for displacements of independent coordinates for the value of differential
stiffness scale factor (S)

{u!} = [K:g]-l{P~}

and calculates residual vector (RBULV) and residual vector error ratio for current
differential stiffness load vector

Go to DMAP No. 112 if the residual vector for current differential stiffness load factor is
not to be printed.

MATGPR prints the residual vector for

SDR1 recovers dependent displacements

+ ~uob} ,
tub} = [Go] {u!} o0

u:

I

= {u:} ,

~b-
S

;b
n

I

= {u:]

;b-
m

current differential stiffness load factor.

for the current different

b

II

‘i = {u:} ,——
Ub
0

{u:} = [Gm] {+ ,

al stiffness scale factor

and recovers single-point forces of constraint for the current differential stiffness
scale factor

{q:] = -{P:} + [K: fltu:? + [K: f]{y:~ s
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114.

115.

116.

117.

119.

120.

121.

122.

123.

DISPLACEMENT RIGID FORMATS

SDR2 calculates element forces (OEFBl) and stresses (klESBl)and prepares displacement
vectors (@JBGVl) and single-point forces of constraint (OQBGl) for output and translation
components of the displacement vector (PUBGV1) for the differential stiffness solution.

OFP formats the tables prepared by SDR2 and places them on the system output file for @
printing.

DPD extracts Eigenvalue Extraction Data from Dynamics data block.

Go to DMAP No. 136 and print Error Message No. 3 if there is no Eigenvalue Extraction Data.

READ extracts real eigenvalues and eigenvectors from the equation

[K~fl- AMaa]{ual = O ,

calculates rigid body modes by finding a square

[mol = [Jol[mr][$rol

is diagonal and normalized, computes rigid body

[1[f$aol = fl$~ ,
‘$ro

calculates modal mass matrix’

[m] = [@~][Maa][@a]

and normalizes eigenvectors according to one of

matrix [oro] such that

eigenvectors

the following user requests:

11 Unit value of a selected component
2 Unit value of the largest component
3) Unit value of the generalized mass.

13FPformats the summary of eigenvalue extraction information (f?JEIGS) prepared by READ and
places it on the system output file for printing.

Go to DMAP No. 138 and print Error Message No, 4 if no eigenvalues were found.

~FP formats the eigenvalues (LAMA) prepared by READ and places them on the system output
file for printing.

SDR1 recovers dependent components of the,eigenvectors

{$.} = [Go] {$a} ,
@a

H ={$f} ,——
‘$0

{@m}= [Gm]{on}s

H$n
—— = tog}
‘$m
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● 124.

125.

126.

127.

128.

129.

131.

133.

135.

137.

139.

141.

143.

NORMAL MOOES WITH DIFFERENTIAL STIFFNESS

and recovers single-point forces of constraint {qs! = [KfSIT{@f}”

CASE copies the record corresponding to the third subcase from CASECC into CASEXX.

SDR2 calculates element forces (OBEFl) and stresses (OBESl) and prepares eigenvectors
(OPHIG) and single-point forces of constraint (k3BQGl) for output and translation components
of the eigenvectors (PPHIG) for the normal mode solution.

OFp formats the tables prepared by SDR2 and places them on the system output file for
printing.

Go to DMAP No. 130 if no real eigenvalue solution deformed structure plots are requested.’

PLOT generates all requested real eigenvalue solution deformed structure and contour plots.

PRTMSG prints plotter data, engineering data, and contour data for each deformed plot
generated.

Go to DMAP No. 144 and make normal exit.

Print Error Message No. 1 and terminate execution.

Print Error Message No, 2 and terminate execution.

Print Error Message No. 3 and terminate execution.

Print Error Message No. 4 and terminate execution.

Print Error Message No. 5 and terminate execution.

Print Error Message No. 6 and terminate execution.

2.13-15 (05/30/86)



DISPLACEMENT RIGID FORMATS

2.13.3 Output for Normal Modes with Differential Stiffness

The Eigenvalue Summary Table and the Eigenvalue Analysis

Modes Analysis (see Section 2.3.3), are automatically printed.

The value of the determinant of the sum of the elastic

stiffness is also automatically printed.

The

1.

2*

3.

4.

The

1.

2.

The
I

1.

2.

3.

4.

5.

Summary, as described under Normal

stiffness and the differential

following output may be requested:

Nonzero components of the applied static load for the linear solution at selected grid

points.

Displacement and nonzero components of the single-point forces of constraint, with and

without differential stiffness, at selected grid points.

Forces and stresses in selected elements, with and without differential stiffness.

Scanned output of forces and elements in selected elements.

following plotter output may be requested:

Deformed and undeformed plots with and without differential stiffness.

Contour plots of stresses and displacements with and without differential stiffness.

following output may be requested for the eigenvector solution subcase:

Eigenvectors along with the associated eigenvalue for each mode.

Nonzero components of

selected grid points.

Forces and stresses in

Undeformed plot of the

the single-point

selected elements

forces of constraint for selected modes

for selected modes.

structural model and mode shapes for selected modes.

Contour plots of stresses and displacements for selected modes,

2.13.4 Case Control Deck for Normal Modes with Differential Stiffness

The following items relate to subcase definition and data selection for Normal Modes

Differential Stiffness:

1. The Case Control Deck must contain three subcases. Output selections may be made

the subcase level and within the individual subcases.

at

with

above

2. The linear solution is output from the first subcase. The static differential stiffness

solution is output from the second subcase. The eigenvector solution is output from the

third subcase.

3. An SPC set must be selected above the subcase level unless all constraints are specified

on GRID cards.

2.13-16 (05/30/86)



NORMAL MODES WITH DIFFERENTIAL STIFFNESS

2.13.5

4. A static loading condition must be defined in the first subcase with a LOAD,

TEMPERATURE(LOAD), or DEFORM selection, unless all loading is specified by grid point

displacements on SPC cards.

5. DSC@EFFICIENT must appear in the second subcase, either to select a DSFACT set from the

Bulk Data Deck, or to explicitly select the DEFAULT value of unity.

6. METH@D must appear in the third subcase to select an EIGR bulk data card.

Parameters for Normal Modes with Differential Stiffness

The following parameters are used in Normal Modes with Differential Stiffness:

1,

2.

3.

4.

5.

6.

7.

ASETf3UT- optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

AUTft3PC- reserved for future optional use. The default value is -1.

C@UPMASS - CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed. All fluid related masses are ignored.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module, The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.

I
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2.13.6

Dlbt’LALtMkNl K1tilLlFUKMAIS

Optional Diagnostic Output for FEER

Special detailed information obtained by requesting DIAG 16 in the Executive Control Deck is

the same as that described

2.13.7 The APPEND Feature

The APPEND feature

under Normal

can be used

Modes Analysis (see Section 2.3.6).

for real eigenvalue extraction in Normal Modes with

Differential Stiffness. See Section 2.3.7 for details.

2.13.8 Rigid Format Error Messages from Normal Modes with Differential Stiffness

The following fatal errors are detected by

Differential Stiffness rigid format. The text for

letters and is followed by additional explanatory

action.

NORMAL MODES WITH DIFFERENTIAL STIFFNESS
DEFINED.

No structural elements have been defined

NORMAL MODES WITH DIFFERENTIAL STIFFNESS

the DMAP statements

each error message

material, including

in the Normal Modes with

is given below in capital

suggestions for remedial

ERROR MESSAGE N@. 1 - N@ STRUCTURAL ELEMENTS HAVE BEEN

with Connection cards.

ERR@R MESSAGE N@. 2 - FREE B@DY SUPPf3RTS Nf3T ALLOWED.

Free bodies are not allowed in Normal Modes with Differential Stiffness. The SUP@RT cards must be
removed from the Bulk Data Deck and other constraints applied if required for stability.

NORMAL MODES WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE N@. 3 - EIGENVALUE EXTRACTION DATA REQUIRED
FOR REAL EIGENVALUE ANALYSIS.

Eigenvalue extraction data must be supplied on an EIGR card in the Bulk Data Deck and METHOD in the
Case Control Deck must select an EIGR’<et,

N@RMAL MODES WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE NO. 4 - NO EIGENVALUE FOUND,

No eigenvalues were found in the frequency range specified by the user.

NORMAL MODES WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE NO. 5- MASS MATRIX REQUIRED
EIGENVALUE ANALYSIS.

FOR REAL

The mass matrix is null because either no structural elements were defined with Connection cards,
nonstructural mass was not defined on a Property card or the density was not defined on a Material
card.

N@RMAL MODES WITH DIFFERENTIAL STIFFNESS ERROR MESSAGE N~. 6 - NO INDEPENDENT DEGREES OF FREEDOM
HAVE BEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SPOINT or Scalar Connection cards, or all
defined degrees of freedom have been constrained by SPC, MPC, SUP@RT, OMIT or GRDSE”Tcards, or
grounded on Scalar Connection cards.
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DISPLACEMENT RIGIDFORMATS

2.14 STATIC ANALYSIS USING CYCLIC SYMMETRY

●
2.14.1

RIGID
APRIL

DMAP Sequence for Static Analysis Using Cyclic Symmetry

FORMAT DMAP LISTING
1986RELEASE

DISPLACEMENT APPROACH,

LEVEL 200 NASTRAN

OPTIONS IN EFFECT GO
--------.--- .--- -

RIGID FORMAT 14

OMAP COMPILER - SOURCE LISTING

ERR=2 LIST NODECK NOREF NOOSCAR

1 BEGIN

2 PRECHK

3 FILE

4 FILE

~ PARAM

6 PARAM

1 GP1

● 8 PLTTRAN

9 GP2

10 PARAML

11 PURGE

12 COND

13 PLTSET

14 PRTMSG

15 PARAM

16 PARAM

17 CONO

18 PLOT

19 PRTMSG

20 LABEL

21 GP3

OISP 14 - STATIC ANALYSIS WITH CYCLIC SYMMETRY - APR. 1986 $

ALL $

KKK=SAVE/PK-SAVE $

UXV=APPEND $

//*fipY#(/cARDNo/o/o $

//~~NOP*/V,Y,CYCIO=l $

GEOMl,GEOM2,/GPL,EQEXlN,GPDT, CSTM,BGPDT,SIL/S,N,LUSET/
NOGPDT/MINUSl=-l $

BGPOT,SIL/BGPDP,SIP/LUSET/S,N, LUSEP $

GEoM2,EQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JUMPPLOT $

PCOB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,NSIL/
S,N,JIJMPPLOT $

PLTSETX// $

//*MPY*/PLTFLG/l/l $

//*MPY*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC, BGPDT,EQEXIN,SIL,,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N, PFILE $

PLOTX1// $

P1 s

GEoM3,EQExIN,GEoM2/sLT,GPTT/s,N,NoGRAv $
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DISPLACEMENT RIGID FORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 14

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

2h

25

26

27

28

29

30

31

32

33

311

35

36

37

38

39

40

41

42

43

Ak

45

PARAM

TA 1

PARAM

CONO

PURGE

COND

PARAM

EMG

PURGE

COND

EMA

LABEL

COND

EMA

LABEL

COND

CONO

GPWG

OFP

LABEL

EQUIV

CONO

SMA3

LABEL

//*AND*/NOMGG/NOGRAV/V,y,GRDpNT=- 1 $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S,N,GENEL $

//*ANO*/NOELtiT/NOGENL/N051MP $

ERROR4,NOELMT $

GPST/NOSIMP/OGPST/GENEL $

LBL1,NOSIMP $

//* ADO*/NOKGGX/l/O $

EST,CSTM,MPT,DlT,GEOM2,/KELM,KD lCT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C, Y,COUPMASS/C,Y, CPBAR/
c,Y,cPRoD/c,Y,cPQuAol/c,Y,cPQuAo2/c,Y, cPTRIA1/c,Y,cPTRlA2/
C,Y,CPTUBE/C,Y,CPQDPLT/C,Y,CPTRPLT/C,Y, CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX/MGG/NOMGG $

JMPKGG,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

JMPKGG $

JMPMGG,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

JMPMGG $

LBL1,GROPNT $

ERROR2,NOMGG $

BGPDP,CSTM,EQEXlN,MGG/OGPWG/V,Y,GRDPNT/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARONO $

LBL1 $

KGGX,KGG/NOGENL $

LBL1lA,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBLIIA $
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STATIC ANALYSIS USING CYCLIC SYMMETRY
I

●
RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 14

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

k6

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

PARAM

GP4

COND

PARAII

COND

PURGE

GPCYC

CONO

CONO

PARAM

COND

GPSP

OFP

LABEL

EQUIV

CONO

MCE1

MCE2

LABEL

EQUIV

COND

SCE1

LABEL

EQUIV

CONO

//*HpY*/NsKlp/o/o $

CASECC,GEOM4,EQEXIN,GPOT,BGPOT, CSTM,GPST/RG,YS,USET,ASET/
LuSET/S,N,MPCFl/S,N,MPCF2/S ,N,SINGLE/S,N,OMIT/S,N,REACT/
S,N,NSKlP/S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

ERROR3,NOL $

//*NOT*/REACDATA/REACT $

ERROR6,REACDATA $

GM/MPCFl/GO,KOO,LOO,PO,UOOV,RUOV/OMIT/PS, KFS,KSS,QG/SINGLE $

GEOM4,EQEXlN,USET/CYCO/V,Y,CTYPE/S, N,NOGO $

ERROR7,NOG0 $

LBL4,GENEL $

//*EQ*/GpspFLG/AuTospc/o $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N, NOGPST $

OGPST ,,,,,//S.N,CARDNO $

LBL4 $

KGG,KNN/MPCFl $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG ,,,/KNN,,, $

LBL2 $

KNN,KFF/SINGLE $

LBL3,SINGLE $

USET,KNN ,,,/KFF,KFS,KSS,,, $

LBL3 $

KFF,KAA/OMIT $

LBL5,0MIT $
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DISPLACEMENT RIGIDFORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 14

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

71 SMP1

72 LABEL

73 SSG1

74 EQUIV

75 ~ONO

76 SSG2

77 COND

78 SSG3

79 COND

80 MATGPR

81 LABEL

82 EQUIV

83 COND

84”’ CYCT1

85 LABEL

86 COND

87 PARAH

88 LABEL

89 CYCT2

90 COND

91 RBMG2

92 ssG3

93 CYCT2

94 COND

USET,KFF,,,/GO,KAA,KOO, LOO, ,t,, $

LBL5 $

SLT,BGPDT,CSTM,SI L,EST,MPT,GPTT, EDT,MGG,CASECC,DIT,/PG,,,,/
LUSET/NSKIP $

PGpPL/NOSET $

LBL9,NOSET $

USET,GM,YS,KFS,GO,,PG/,PO,PS,PL $

LBL9,0MIT $

LOO,KOO,PO,,,/UOOV,,RUOV,/-l/v,Y, IRES=-1 $

LBL9,1RES $

GPL,USET,SIL,RUOV//*O* $

LBL9 s

PL,PX/CYCIO $

LBL1O,CYCIO $

PL/PX,GCYCF/V,Y,CTYPE/*FORE*/V,Y,NSEGS=-l/S,Y,KMAX=-l/V,Y,
NLOAO=l/S,N,NOGO $

LBL1O $

ERROR7,NOG0 $

//*ADD*/KINDEX/O/O $

LBL1l $

CYCDPKAA,,PX,,/KKK, ,PK,,/*FORE*/V,Y,NSEGS/KINDEX/V,Y,
CYCSEQ=-1/V,Y,NLOAO/S,N,NOGO $

ERROR7,NOG0 $

KKK/LKK $

LKK,KKK,PK, ,,/UKV,,RUKV,/-l/V,Y,lRES $

CYCD, ,,UKV,RUKV,/,,UXV,RUXV,/*BACK*/V,Y,NSEGS/Ki NDEX/
V,Y,CYCSEQ/V,Y,NLOAD/S,N,NOGO $

ERROR7,NOG0 $
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STATIC ANALYSIS USING CYCLIC SYMMETRY

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT lb

LEVEL 2.0 NASTRAN DMAP COMPILER

95 COND

96 MATGPR

97 LABEL

98 PARAM

99 PARAH

100 CONO

101 REPT

102 JUMP

103 LABEL

104 EQUIV

105 CONO

106 CYCT1

107 CONO

108 LABEL

109 SOR1

110 CONO

111 EQMCK

112 OFP

113 LABEL

llk SDR2

115 OFP

116 SCAN

117 OFP

118 CONO

LBLlh, lRES $

GPL,USET,SIL,RUXV//*A*

LBL14 $

- SOURCE LISTING

$

//*AOO*/KINOEX/KINDEX/l $

//*suB*/ooNE/V,Y,KMAX/KINOEX $

LBL15,00NE $

LBL1l ,360 $

ERROR1 $

LBL15 $

UXV,ULV/CYCIO $

LBL16,CYCI0 $

UXV/ULV,GCYCB/V,Y,CTYPE/~~BACK*/V,Y,NSEGS/V,Y, KMAX/V,Y,NLOAO/
S,N,NOGO $

ERROR7,NOG0 $

LBL16 $

USET,PG,ULV,UOOV,YS,GO,GM, PS,KFS,KSS,/UGV,PGG,QG/NSK lP/
*STATlcS* $

NOMPCF,GROEQ $

CASECC, EQEXIN,GPL,BGPOT,SI L,USET,KGG,GM,UGV,PGG,QG,CSTM/
OQM1/V,Y,OPT=O/V,Y,GROEQ/NSK 1P $

OQMl,,,,,//S,N,CARONO $

NOMPCF $

cASECC,CSTM,MPT,OIT,EQEXIN,S lL,GPTT,EOT,BGPOP, ,QG,uGV, EsT,,pGG/
oPGl,OQGl,OUGVl,OESl,OEFl,PuGvl/*STATl cS* $

OUGVl,OPGl,OQGl,OEFl,OESl,//s,N, CARONO $

CASECC,OESl,OEF1/OESFl/*RF* $

OESFl,,,,,//S,N,cARoNo $

P2,JUMPPLOT $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 14

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

119 PLOT

120 PRTMSG

121 LABEL

122 JUMP

123 LABEL

124 PRTPARM

125 LABEL

126 PRTPARM

127 LABEL

128 PRTPARM

129 LABEL

130 PRTPARM

131 LABEL

132 PRTPARM

133 LABEL

134 PRTPARM

135 LABEL

136 PURGE

137 END

PLTPAR,GPSETS,ELSETS,CASECC,BGPOT, EQEXIN,SI P,PUGV1, ,GPECT,OES 1/
PLOTX2/NSlL/LUSEP/JUMPPLOT/PLTFLG/S,N,PF ILE $

PLoTx2// $

P2 $

FINIS $

ERROR1 $

//-1/*CYCSTATICS* $

ERROR2 $

//-2/*cYcsTATlcs* $

ERROR3 $

//-3/*CYCSTATICS* $

ERROR4 $

//-4/*cYcSTATIC5* $

ERROR6 $

//-6/*cyc5TATIcS* $

ERROR7 $

//-7/*cyc5TATIcS* $

FINIS $

CWMMY/HINUSl $

$
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2.14.2 Description of Important DMAP Operations for Static Analysis Using Cyclic Symmetry

e 7.

8.

9.

12.

13.

14.

17.

18.

19.

21.

23.

25.

27.

29.

31.

@

32.

34.

35.

37.

38.

39.

40.

42.

43.

44.

47.

48.

50.

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 20 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 20 if no undeformed structure plots are requested.

PLPT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 129 and print Error Message No. 4 if no elements have been defined.

Go to DMAP No. 41 if there

EMG generates structural e’
assembly by the EMA module

Go to DMAP No. 33 if no st’

are no structural elements.

ement stiffness and mass matrix tables and dictionaries for later

ffness matrix is to be assembled.

EMA assembles stiffness matrix [K&] and Grid Point Singularity Table.

Go to DMAP No. 36 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to Dt4APNo. 41 if no weight and balance information is requested.

Go to DMAP No. 125 and print Error Message No. 2 if no mass matrix exists.

GPWG generates weight and balance information.

!3FPformats the weight and balance information prepared by GPWG and places iton the system
output file for printing.

Equivalence [K~g] to [Kgg] if there are no general elements.

Go to DMAP No. 45 if there are no general elements.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET), forms multipoint
constraint equations [Rg] {ug} = O and forms enforced displacement vector {yS}.

Go to DMAP No. 127 and print Error Message No. 3 if no independent degrees of freedom are
defined.

Go to DMAP No. 131 and print Error Message No. 6 if free-body supports are present.
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52.

53.

54.

56.

57.

58.

60.

61.

GPCYC prepares segment boundary table (CYCO).

Go to DMAP No. 133 and print Error Message No. 7 if CYJklINdata is inconsistent.

Go to DMAP No. 59 if general elements are present.

Go to DMAP No, 59 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

13FPformats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn] if no multipoint constraints exist.

Go to DMAP No. 64 if no multipoint constraints exist.

62. MCE1 partitions mu’

multipoint constra

63. MCE2 partitions st’

tipoint constraint equations [Rg] = [Rm ~Rn] and solves for

nt transformation matrix [Gm] = -[Rm]-l[Rn].

ffness matrix -1

and performs matrix reduction –

[Knn] = [~nn] + [G:][Kmnl + [K: JIGMI + [(j[Kmml[Gml.

65. Equivalence [Knn] to [Kff] if no single-point constraints exist.

66. Go to DMAP No. 68 if no single-point constraints exist.

67. SCE1 partitions out single-point constraints

[1‘ff ‘ ‘fs
[Knn] = ; ~K– .

Sf 55

69. Equivalence [Kffl to [Kaal if no omitted coordinates exist.

70. Go to DMAP No. 72 if no omitted coordinates exist.

71. SMP1 partitions constrained stiffness matrix

r- 7

IIK IK
[Kff] = ~a+= ,

,Koal Koo
L J

solves for transformation matrix [Go] = -[Kool-l[Koal

and performs matrix reduction [Kaal

73. SSG1 generates static load vectors

2

= [iaal + [K:a][Go] .

Pg}.
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74. Equivalence {Pg} to {Pk} if no constraints are applied.

●
75. Go to DMAP No. 81 if no constraints are applied.

76. SSG2 applies constraints to static load vectors

Hin{Pg}= —– ,
Pm

{Pn} = {~n} + [G:]{i 1m’

IIif{Pn}= —– ,
Ps

{Pf} = HFa——
P.

{Pf} = {~fl - [Kfs]{ys} ,

{Pa} = {~a} + [G:]{PO} ,

NPk
{Pa} =

Tr–

and calculates determinate forces of reaction {qr} ❑ -{Pr} - [DT]{PE}.

77. Go to DMAP No. 81 if no omitted coordinates exist.

●
78. SSG3 solves for displacements of omitted coordinates (these are not transformed)

{u~} = [KOO]-l{PO}

and calculates residual vector (RU!3V) and residual vector error ratio for omitted
coordinates

{&Po} = {Pol - [Koo]{u~} ,

{u;}{&po}
=

‘o
.

~pT1{uo}
00

79. Go to DMAP No, 81 if residual vectors are not to be printed.

80. MATGPR prints the residual vector for omitted coordinates (RUOV).

82. Equivalence {Pi} to {Px} if synmetric components of loads have been input.

83. Go to DMAP No. 85 if synwnetriccomponents of loads have been input.

84. CYCT1transforms loads on analysis points to symmetric components by the equation

{Px} = [G]{Pk} .
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86. Go to DMAP No. 133 and print Error Message No. 7 if a CYCT1error was found.

88. Beginning of loop for cyclic index (KINDEX) values.

89. CYCT2 transforms matrices and loads from symmetric components to solution set by the
equations

[Kkk] ❑ [G~][Kaal[G1l + [41[Kaa[G21 ,

where G1 = Gc (cosine) and G2 = Gs (sine) for rotational symmetry,

and ‘1
= GS (Syrrunetric

{Pk} = [G&’Pc} +

and G2 = GA (Antisymmetric) for dihedral syimletry,

[G~]{Ps} for rotational symmetry,

{P;} = [G~]{PcS} + [G~]{PsA} ,

and {P~l = [G~]tPcA} + [G~]{PsS} for dihedral synxnetry.

90. Go to DMAP No. 133 and print Error Message No. 7 if a CYCT2 error was found,

91. RBMG2 decomposes constrained stiffness matrix

[Kkkl = [Lkk][Ukk]

92. SSG3 solves for displacements of solution set

{uk} = [Kkk]-l{Pk}

for solution set

coordinates

and calculates residual vector (RUKV) and residual vector error ratio for solution set
coordinates

{&Pk} = {Pk?- [Kk,]{ukl ,

{u:}{6Pk}
~k = .

{P[}{uk}

93.

94.

95.

96.

100.

101.

102.

104.

105,

CYCT2 finds symmetric components of displacement from solution set data and appends to
output for each KINDEX.

Go to DMAP No. 133 and print Error Message No. 7 if a CYCT2 error was found.

Go to DMAP No. 97 if residual vectors are not to be printed.

MATGPR prints the residual vector for solution set coordinates (RUXV).

Go to DMAP No. 103 if all cyclic index (KINDEX) values are complete.

Go to DMAP No, 88 if additional cyclic index values are needed.

Go to DMAP No. 123 and print Error Message No. 1 if number of loops exceeds 360.

Equivalence {ux} to {uL} if output of synunetriccomponents was requested,

Go to DMAP No. 108 if output of symmetric components was requested,
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106.

●
107.

109.

110.

1110

112.

114.

116.

117.

118.

119.

120.

122.

124.

126.

128.

130.

132.

134.

>IAIIL ANALY>l> USINti LYLLIL SYMMLIKY

CYCT1 transforms displacements from synwnetric components to physical components.

Go to DMAP No. 131 and print Error Message No. 7 if a CYCT1 error was found.

SDR1 recovers dependent displacements

{uo} = [Go]{ual + {U:} ,

11‘a—— ={uf] ,

‘o 11‘f ={Un} ,——
Ys

{urn}= [Gm]tun} , IIUn—— = {Ug}

‘m

and recovers single-point forces of constraint

{qs} = -{PSI + [Kjsl{uf} + [Kssl{ysl .

Go to DMAP No. 113 if no multipoint constraint force balance is requested.

EQMCK calculates the force and moment equilibrium check and prepares the multipoint
constraint force balance (OQMl) for output.

OFP formats the table prepared by EQMCK and places it on the system output file for
printing.

SDR2 calculates element forces (fIEFl)and stresses (OESl) and prepares load vectors (t3PGl),
displacement vectors (@UGVl) and single-point forces of constraint (!3QG1)for output and
translation components of the displacement vector (PUGV1).

OFP formats the tables prepared by SDR2 and places them on the system output file for
printing.

SCAN examines the element stresses and forces calculated by SDR2 and generates scanned
output that meets the specifications set by the user.

OFP formats the scanned output table prepared by SCAN and places it on the system output
file for printing.

Go to DMAP No. 121 if no deformed structure plots are requested.

PLOT generates all requested deformed structure and contour plots.

PRTMSG prints plotter data, engineering data, and contour data for each deformed plot
generated.

Go to DMAP No. 135 and make normal exit.

Print Error Message No. 1 and terminate execution.

Print Error Message No. 2 and terminate execution.

Print Error Message No. 3 and terminate execution.

Print Error Message No. 4 and terminate execution.

Print Error Message No. 6 and terminate execution.

Print Error Message No. 7 and terminate execution,
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2.14.3 Output for Static Analysis Using Cyclic Symmetry

The

index, may

1.

2.

3.

The

1.

2.

3.

4.

following printed output, for each loading condition and each symmetric segment or

be requested for Static Analysis Using Cyclic Symmetry:

Displacements and components of static loads and single-point forces of constraint at

selected grid points or scalar points.

Forces and streses in selected elements.

Scanned output of forces and elements in selected elements.

following plotter output may be requested:

Undeformed and deformed plots of the structural model (1 segment).

Contour plots of stresses and displacements (1 segment).

X-Y plot of any component of displacement, static load, or single-point force of

constraint for a grid point or scalar point.

X-Y plot of any stress or force component for an element.

2.14.4 Case Control Deck for Static Analysis Using Cyclic Symmetry

The following items relate to subcase definition and data selection for Static Analysis

Using Cyclic Symmetry:

1, A separate group of subcases must be defined for each symmetric segment. For dihedral

symmetry, a separate group OF subcases must be defined for each half. There may be up

to 360 subcases corresponding to 1° segments.

2. The different loading conditions are defined within each group of subcases. The loads

on each symmetric segment and the selected output requests may be independent. The

number of loading cases is specified on the PARAM card NL(IAD.

3. The SPC and MPC request must appear above the subcase level and may not be changed.

4. An alternate loading method is to define a separate group of subcases for each harmonic

index, k. The parameter CYCI@ is included and the load components for each index are

defined directly within each group for the various loading conditions.

2.14.5 Parameters for Static Analysis Using Cyclic Symmetry

The following parameters are used in Static Analysis Using Cyclic Symmetry:

1. ASETf3UT- optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.
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2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

STATIC ANALYSIS USING CYCLIC SYMMETRY

AUT@SPC - reserved for future optional use. The default value is -1.

c!iluPMAss - CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

CTYPE - required. The BCD value of this parameter defines the type of cyclic synumetry

as follows:

(1) ROT - rotational symmetry

(2) DRL - dihedral symmetry, using right and left h~.lves

(3) DSA - dihedral symmetry, using symmetric and antisymmetric components

cYcIk3- optional. The integer value of this parameter specifies the form of the input

and output data. A value of +1 is used to specify physical segment representation, and

a value of -1 for cyclic transform representation. The default value is +1.

CYCSEQ - optional. The integer value of this parameter specifies the procedure for

sequencing the equations in the solution set. A value of +1 specifies that all cosine

terms should be sequenced before all sine terms, and a value of -1 specifies alternating

cosine and sine terms. The default value is -1.

GRDEQ - optional. A positive integer value of this parameter selects the grid point

about which equilibrium will be checked for the Case Control output request, MPCF@RCE.

If the integer value is zero, the basic origin is used. The default value is -1.

GRDPNT - optional, A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed. All fluid related masses are ignored.

IRES - optional. A positive integer value of this parameter causes the printing of the

residual vectors following the execution of the SSG3 module.

KMAX - optional. The integer value of this parameter specifies the maximum value of the

harmonic index. The default value is ALL which implies NSEGS/2 for NSEGS even and

(NSEGS - 1)/2 for NSEGS odd.

NL@AD - optional. The integer

conditions. The default value

NSEGS - required. The integer

value of this parameter

is 1.

value of this parameter

is the number of static loading

is the number of identical

segments in the structural model.
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13.

14.

15.

16.

OPT - optional, A positive integer value of this parameter causes both equilibrium and

multipoint constraint forces to be calculated for the Case Control output request,

MPCF!llRCE.A negative integer value of this parameter causes only the equilibrium force

balance to be calculated for the output request. The default value is O which causes

only the multipoint constraint forces

SURFACE - optional. The computations

two-dimensional and three-dimensional

are generated in the EMG module. The

parameter. See the description under

to be calculated for the output request.

of the external surface areas for the

elements are activated by this parameter when they

results are multiplied by the real value of this

the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module, The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the mass matrix are multiplied by the real value of

this parameter when they are generated in the EMA module.

2.14.6 Rigid Format Error Messages from Static Analysis Using Cyclic Symmetry

The following fatal errors are detected by the DMAP statements in the Static Analysis Using

Cyclic Symmetry rigid format. The text for each error message is given below in capital letters

and is followed by additional explanatory material, including suggestions for remedial action.

STATICS WITH CYCLIC SYMMETRY ERROR MESSAGE NO. 1 - ATTEMPT T~ EXECUTE MORE THAN 360 L013PS.

An attempt has been made to use more than 360 cyclic index (KINDEX) values. This number may be
increased by ALTERing the REPT instruction in the DMAP.

STATICS WITH CYCLIC SYMMETRY ERRf9RMESSAGE NO. 2 - MASS MATRIX REQUIRED FOR WEIGHT AND BALANCE
CALCULATI(INS.

The mass matrix is null because either no elements were defined with Connection cards,
nonstructural mass was not defined on a Property card or the density was not defined on a Material
card.

STATICS WITH CYCLIC SYMMETRY ERROR MESSAGE No. 3 - No INDEPENDENT DEGREES OF FREED13MHAVE BEEN
DEFINED.

Either no degrees of freedom have been defined on GRID, SPOINT or Scalar Connection cards, or all
defined degrees of freedom have been constrained by SPC, MPC, SUPORT, 9MIT or GRDSET cards, or
grounded on Scalar Connection cards.
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STATICS WITH CYCLIC SYMMETRY ERR(3RMESSAGE NO. 4 - NO ELEMENTS HAVE BEEN DEFINED.

●
No elements have been defined with either Connection cards or GENEL cards.

STATICS WITH CYCLIC SYMMETRY ERROR MESSAGE NO. 6 - FREE BODY SUPP13RTSN@T ALLOWED.

Free bodies are not allowed in Static Analysis Using Cyclic Symmetry. The SUP@RT cards must be
removed from the Bulk Data Deck and other constraints applied if required for stability.

STATICS WITH CYCLIC SYMMETRY ERROR MESSAGE NO. 7 - CYCLIC TRANSFORMATI@N DATA ERROR,

See Section 1.12 for proper modeling techniques and corresponding PARAM card requirements.
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2.15 NORMAL MODES ANALYSIS USING CYCLIC SYMMETRY

● 2.15.1 DMAP Sequence for Normal Modes Analysis Using Cyclic Synwnetry

RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH,

LEVEL 2.0 NASTRAN

OPTIONS IN EFFECT GO
.------- -------- -

RIGID FORMAT 15

DMAP COMPILER - SOURCE LISTING

ERR=2 LIST NODECK NOREF NOOSCAR

1 BEGIN DISP 15 NORMAL MODES

2 PRECHK ALL $

3 PARAM //*APY~~/CARDNO/O/O $

ANALYSIS WITH cycLlc syMHETRY-APR. 1986 $

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

GP1

PLTTRAN

GP2

PARAML

PURGE

COND

PLTSET

PRT!tSG

PARAM

PARAM

COND

PLOT

PRTNSG

LABEL

GP3

TA 1

COND

PURGE

GEOMl,GEOM2,/GPL,EQEXIN,GPOT, CSTM,BGPDT,SIL/S,N,LUSET/
NOGPDT/MINUSl=-l $

BGPDT,SIL/BGPOP,SIP/LUSET/S,N, LUSEP $

GEoM2,EQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P1,JUMPPLOT $

PCDB,EQEXlN,ECT/PLTSETX,PLTPAR,GPSETS,ELSETS/S,N,NS lL/
S,N,JUMPPLOT $

PLTSETX// $

//W4PY*/PLTFLG/l/l $

//*MpY*/pFILE/o/o $

P1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT, EQEXIN,SIL,,ECT,,/PLOTXl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N, PFILE $

PLOTX1//$

P1 $

GEOM3,EQEXIN,GEOm2/,GPTT/NOGRAV $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S,N ,GENEL $

ERROR6,NOSIMP $

OGPST/GENEL $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 15

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

2“b

35

36

37

38

39

40

41

b2

43

44

PARAM

PARAM

EMG

PURGE

CONO

EMA

LABEL

COND

EMA

CONO

GPWG

OFP

LABEL

EQUIV

COND

SF4A3

LABEL

PARAH

GPb

CDND

PARAM

COND

PURGE

//*ADOfI/NOKGGX/l/O $

//*AOO*/NOMGG/l/O $

EST,CSTM,MPT,DlT,GEOM2,/KELM, KOICT,MELM,MOICT, ,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,,Y, CPBAR/C,Y,CPROD/
c,Y,cPQuAD1/c,Y,cPQuAD2/c,Y, cPTRIA1/c,Y,cPTRlA2/c,Y,cPTuBE/
C,Y,CPQOPLT/C,Y,CPTRPLT/C,Y, CPTRBSC/
v,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGG,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

JMPKGG $

ERROR1,NOMGG $

GPECT,MOICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LGPWG,GRDPNT $

BGPDP,CSTM,EQEXlN,MGG/OGPWG/V,Y,GRDPNT=-l/C,Y,~MASS $

OGPWG,,,,,//S,N,CARDNO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//*MPY*/NSKIP/O/O $

CASECC,GEOMk,EQEXIN,GPDT,BGPDT, CSTM,GPST/RG,,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/S,N,REACT/
S,N,NSKIP/S,N,REPEAT/S,N,NOSET/S ,N,NOL/S,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

ERROR3,NOL $

//*NOT*/REACDATA/REACT $

ERROR4,REACOATA $

GM/tlPCFl/GO/OMIT/KFS,QG/SINGLE $
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● RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH,

LEVEL 2.0 NASTRAN

RIGID FORMAT 15

DHAP COMPILER - SOURCE LISTING

45

46

47

48

49

50

51

52

53

54

55

ERROR5,NOG0 $

GPCYC GEom4,EQExlN,usET/cYcD/v,Y,cTYPE/s,N,NoGo $

COND

COND

PARAM

CONO

GPSP

OFP

LABEL

EQU IV

COND

MCE 1

●
56 MCE2

57 LABEL

58 EQUIV

59 COND

60 SCE1

61 LABEL

62 EQUIV

63 EQUIV

64 COND

65 SMP1

66 SMP2

67 LABEL

68 DPD

69 CONO

LBL4,GENEL $

//*EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGpST,,,,,//S,N,CARDNO $

LBL4 $

KGG,KNN/MPCFl/MGG,/lNN/MPCFl $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,MGG,,/KNN,MNN, , $

LBL2 $

KNN,KFF/SINGLE/MNN,t4FF/SINGLE $

LBL3,SINGLE $

USET,KNN,MNN,,/KFF,KFS,,MFF ,, $

LBL3 $

KFF,KAA/OMIT $

MFF,MAA/OMIT $

LBL5,0MIT $

USET,KFF,,,/GO,KAA,KOO,LOO, ,,,, $

USET,GO,MFF/MAA $

LBL5 s

DYNAMICS,GPL,SIL,USET/GPLD,S lLD,USETD,,,,,,,EED,EQDYN/
LUSET/LUSETD/NOTFL/NODLT/NOPSDL/NOFRL/
NONLFT/NOTRL/S,N,NOEEO//NOUE $

ERROR2,NOEED $
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RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 15

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

70 CYCT2

71 COND

72 READ

73 OFP

74 COND

75 OFP

76 CYCT2

77 CONO

78 SDR1

79 COND

80 EQMCK

81 OFP

82 LABEL

83 SDR2

8L OFP

85 SCAN

86 OFP

87 COND

88 PLOT

89 PRTMSG

90 LABEL

91 JUMP

92 LABEL

CYCD,KAA,MAA,,,/KKK,MKK,,, /*FORE*/V,Y,NSEGS=-l/V,Y,KINDEX=- 1/
v,Y,cYcSEQ=-1/l/S,N,NOGO $

ERROR5,NOG0 $

KKK,MKK, ,,EED,,CASECC/LAMK,PHIK,Ml,OE lGS/*MODES~(/S,N,NEIGV $

OE IGS ,,,,,//S,N,CARDNO $

FINIS,NEIGV $

LAMK ,,,,,//s,N,cARDNO $

CYCD, ,,,PHIK,LAMK/,,,PHIA,LAMA/*BACKj~/V,Y,NSEGS/V,Y, KINDEX/
V,Y,CYCSEQ/l/S,N,NOGO $

ERROR5JNOG0 $

USET, ,PHIA, ,,GO,GM,,KFS, ,/PHIG,,QG/l/~:REIG* $

NOMPCF,GRDEQ $

CASECC, EQEXIN,GPL,BGPDT,SI L,USET,KGG,GM,PH IG,LAMA,QG ,CSTM/
OQMl/V,Y,OPT=O/v,Y,GRDEQ/-l $

OQMl,,,,,//S,N,CARDNO $

NOMPCF $

CASECC,CSTM,MPT,DIT,EQEX IN,SIL, ,,BGPDP,LAMA,QG, pHIG,EST,,/,
OQGl,OPHIG,OESl,OEFl,PPHIG/$~RE IG* $

OPHIG,OQGl,OEFl,OESl,,//S,N, CARONO $

CASECC,OESl,OEF1/OESFl/*RF* $

OESF1 ,,,,,//S,N,CARDNO $

P2,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC, BGPOT,EQEX IN,SIP, ,PPHIG,GPECT, OES1/
PLOTX2/NSlL/LUSEP/JUMPPLOT/PLTFLG/S ,N,PFILE $

PLoTx2// $

P2 $

FINIS $

ERROR1 $

93 PRTPARM //-1/~~CYCMODES* $
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●
RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 15

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

94 LABEL ERROR2 $

95 PRTPARM //-2/*CYCMODES* $

96 LABEL ERROR3 $

97 pRTpARfi //-3/*cYCHODES* $

98 LABEL ERROR4 $

99 PRTPARH //-4/*cYcMODES* $

100 LABEL ERROR5 $

101 PRTPARM //-5/*CYCMOOES* $

102 LABEL ERROR6 $

103 PRTPARM //-6/*CYCMODES* $

104 LABEL FINIS $

e 105 PURGE DUMMY/MINUSl $

106 END $
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2.15.2 Description of Important DMAP Operations for Normal Modes Analysis Using Cyclic Symmetry

4.

5.

6.

9.

10.

11.

14.

15.

16.

18.

19.

20.

24.

26.

27.

29.

30.

31.

32.

33.

35.

36.

37.

40.

41.

43.

45.

46.

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

GP2 generates Element Connection Table with internal indices.

Go to DMAP No. 17 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 17 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 102 and print Error Message No. 6 if no structural elements have been
defined.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 28 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 92 and print Error Message No. 1 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 34 if no weight and balance information is requested.

GPWG generates weight and balance information,

OFP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if there are no general elements.

Go to DMAP No. 38 if there are no general elements.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET), forms multipoint
constraint equations [Rg] {ug} = O and forms enforced displacement vector {Ys}.

Go to DMAP No. 96 and print Error Message No. 3 if no independent degrees of freedom are
defined.

Go to DMAP No. 98 and print Error Message No. 4 if free-body supports are present.

GPCYC prepares segment boundary table (CYCD).

Go to DMAP No.lOO and print Error Message No. 5 if CYJ@IN data is
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47. Go to DMAP No. 52 if general elements are present.

49. Go to DMAP No. 52 if no potential grid point singularities exist.

50. GPSP generates a table of potential grid point singularities.

51. OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

53. Equivalence [Kgg] to [Knn] and [Mgg] to [Mnn] if no multipoint constraints exist.

54, Go to DMAP No. 57 if no multipoint constraints exist.

55. MCE1 partitions multipoint constraint equations [Rg] ❑ [Rm~Rn] and solves for

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn].

56. MCE2 partitions stiffness matrix

[1iiIK[Kgg] = :~K~

mn mm

and performs matrix reduction

[Knnl = [inn] + [G~l[Kmnl + [~nl[Gml + [G~][Kmm][Gm] .

58. Equivalence [Knn] to [Kff] and [Mnnl to [Mff] if no sin91e-Point constraints exist.

59. Go to DMAP No. 61 if no single-point constraints exist.

60. SCE1 partitions out single-point constraints

[1‘ff’ ‘fs

[1

‘ff’ ‘fs
[Knn] = – + – and [Mnn] = ; ~M– .

KSf I KSS Sf Ss

62. Equivalence [Kff] to [Kaal if no omitted coordinates exist”

63. Equivalence [Mff] to [Maal if no omitted coordinates exist”

64. Go to DMAP No. 67 if no omitted coordinates exist.

65. SMP1 partitions constrained stiffness matrix

[1iiI Kao[Kffl = :~K— ‘
oa 00

solves for transformation matrix [Go] = -[Kool-l[Koal

and performs matrix reduction [Kaa] = [~aa] + [K~a][Go] .
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66.

68.

69,

70.

71.

72.

73.

74.

75.

76.

77.

SMP2 partitions constrained mass matrix

NM I Mao

[Mffl = ::M— ‘

oa 00

and performs matrix reduction

[Maa] = [;aa] + [M;a][Go] + [G~][Moa] + [G;][MOO][GO] .

DPD extracts Eigenvalue Extraction Data from Dynamics data block.

Go to DMAP No. 94 and print Error Message No. 2 if there is no Eigenvalue Extraction Data.

CYCT2 transforms matrices from symmetric components to solution set by the equations

[Kkkl = [G@aa][Gl] + [@aa[G21 ,

and [Mkk] = [G~l[Maal[GJ + [G;l[Maa[G21 ,

where GI = Gc (cosine) and G2 = Gs (sine) for rotational symmetry,

and ‘1 = G~ (Synnnetric) and G2 = GA (Antisyrrrmetric) for dihedral symmetry,

Go to DMAP No. lOOand print Error Message No. 5 if a CYCT2 error was found.

READ extracts real eigenvalues and eigenvectors from the equation

[Kk~- kMkk]{uk} = O ,

calculates modal mass matrix

[d = [$~][M~k][@k]
and normalizes eigenvectors according to one of the following user requests:

1) Unit value of a selected component
2) Unit value of the largest component
3) Unit value of the generalized mass.

OFP formats the summary of eigenvalue extraction information (9 EIGS) prepared by READ and
places it on the system output file for printing.

Go to DMAP No. 104 and make normal exit if no eigenvalues were found.

13FPformats the eigenvalues (LAMK) prepared by READ and places them on the system output
file for printing.

CYCT2 finds symmetric components of eigenvectors from solution set eigenvectors.

Go to DMAP No.lOO and print Error Message No. 5 if a CYCT2 error was found.
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78. SDR1 recovers dependent components of the eigenvectors

H
%

{4.} = [Go] {I#a} , ={@f} ,——
‘+0

H4f
—— ={On} ,
‘+~

{ @m}= [Gm] {f.}. ,

H‘+n
—— = {$}
om

and recovers single-point forces of constraint {qs} = [Kfs]T~$f}.

79, Go to DMAP No. 82 if no multipoint constraint force balance is requested.

80, EQMCK calculates the force and moment equilibrium check and prepares the multipoint
constraint force balance (OQMl) for output.

81. !ilFPformats the table prepared by EQMCK and places it on the system output file for
printing.

83. SDR2 calculates element forces (OEFl) and stresses(OE.Sl)and Prepareseiwwectors (OpHIG)
and single-point forces of constraint (OQGl) for output and translation components of the
eigenvectors (PPHIG).

●
84. @FP formats the tables prepared by SDR2 and places them on the system output file for

printing.

85, SCAN examines the element stresses and forces calculated by SDR2 and generates scanned
output that meets the specifications set by the user.

86. OFP formats the scanned output table prepared by SCAN and places it on the system output
file for printing.

87. Go to DMAP No. 90 if no deformed structure plots are requested.

88, PLOT generates all requested deformed structure and contour plots.

89. PRTMSG prints plotter data, engineering data, and contour data for each deformed plot
generated.

91. Go to DMAP No. 104 and make normal exit.

93. Print Error Message No. 1 and terminate execution.

95. Print Error Message No. 2 and terminate execution.

97. Print Error Message No. 3 and terminate execution.

99. Print Error Message No. 4 and terminate execution.

101. Print Error Message No. 5 and terminate execution.

103. Print Error Message No. 6 and terminate execution.
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2.15.3 Output for Normal Modes Analysis Using Cyclic Symmetry

The Eigenvalue Summary Table and the Eigenvalue Analysis Summary, as described under Normal

Modes Analysis (see Section 2.3.3), are automatically printed.

Each NASTRAN run calculates modes for only one symmetry index, k, The following output may

be requested:

1. Eigenvectors along with the associated eigenvalue for each mode.

2. Nonzero components of the single-point forces of constraint for selected m~des at

selected grid points.

3. Forces and stresses in selected elements for selected modes.

4. Scanned output of forces and elements in selected elements.

The following plotter output may be requested:

1. Undeformed plot of the structural model and

2. Contour plots of stresses and displacements

mode shapes for selected modes.

for selected modes.

2.15.4 Case Control Deck for Normal Modes Analysis Using Cyclic Symmetry

The following items relate to subcase definition and data selection for Normal Modes

Analysis Using Cyclic Symmetry:

1. METHOD must be used to select an EIGR card that exists in the Bulk Data Deck.

2. An SPC set must be selected unless the model is a free body or all constraints

specified on GRID cards, Scalar Connection cards or with General Elements.

3. Multiple subcases are used only to control output requests. A single subcase

are

is

sufficient if the same output is desired for all modes. If ’multiple subcases are

present, the output requests will be honored in succession for increasing mode numbers.

M@DES may be used to repeat subcases in order to make the same output request for

several consecutive modes.

2.15.5 Parameters for Normal Modes Analysis Using Cyclic Synwnetry

The following parameters are used in Normal Modes Analysis Using Cyclic Symmetry:

1. ASET@.lT - optional. A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is 0.

2. AUT@SPC - reserved for future optional use. The default value is -1.
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3.

4.

5.

6.

7.

0

8.

9.

10.

11.

CfiIUPMASS- CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

CTYPE - required. The BCD value of this parameter defines the type of cyclic synunetry

as follows:

(1) ROT - rotational symnetry

(2) DRL - dihedral symmetry, using right and left halves

(3) DSA - dihedral sytmnetry,using symmetric and antisymmetric components

= - oPtional. The integer value of this parameter specifies the procedure for

sequencing the equations in the solution set. A value of +1 specifies that all cosine

terms should be sequenced before all sine terms, and a value of -1 specifies alternating

cosine and sine terms. The default value is -1.

GRDEQ - optiondl. A positive integer value of this parameter selects the grid point

about which equilibrium will be checked for the Case Control output request, MPCFORCE.

If the integer value is zero, the basic origin is used. The default value is -1.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed. All fluid related masses are ignored.

KINDEX - required. The integer value of this parameter specifies a single value of the

harmonic index.

NSEGS - required. The integer value of this parameter is the number of identical

segments in the structural model.

OPT - optjonal. A positive integer value of this parameter causes both equilibrium and—

multipoint constraint forces to be calculated for the Case Control output request,

MPCFflRCE. A negative integer value of this parameter causes only the equilibrium force

balance to be calculated for the output request. The default value is O which causes

only the multipoint constraint forces to be calculated for the output request.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.
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V@LUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated i

the EMG module. The results are multiplied by the real value of this parameter. Se

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the rea”

value of this parameter when they are generated in the EMA module. Not recommended ff

use in hydroelastic problems,

2.15.6 Optional Diagnostic Output for FEER

Special detailed information obtained by requesting DIAG 16 in the Executive Control Deck

the same as that described under Normal Modes Analysis (see Section 2.3.6).

2.15.7

Cyclic

2.15.8

The APPEND Feature

The APPEND feature can be used,for real eigenvalue extraction in Normal Modes Analysis Us

Symmetry. See Section 2.3.7 for details,

Rigid Format Error Messages from Normal Modes Analysis Using Cyclic Symmetry

The following fatal errors are detected by the DMAP statements in the Normal Modes Analys

Using Cyclic Synnnetryrigid format. The text for each error message is given below in capital

letters and is followed by additional explanatory material, including suggestions for remedial

action.

N@RMAL MODES WITH CYCLIC SYMMETRY ERR13RMESSAGE NO. 1 -
ANALYSIS.

The mass matrix is null because either no elements were

MASS MATRIX REQUIRED F@R REAL EIGENVALUE

defined with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined-on a Materi
card.

NORMAL MODES WITH CYCLIC SYMMETRY ERROR MESSAGE No. 2 - EIGENVALUE EXTRACTION DATA REQUIRED FOR
REAL EIGENVALUE ANALYSIS.

Eigenvalue extraction data must be supplied on an EIGR card in the Bulk Data Deck
Case Control Deck must select an EIGR set.

NORMAL MODES WITH CYCLIC SYMMETRY ERR13RMESSAGE N@. 3 - N@ INDEPENDENT DEGREES OF
DEFINED.

and METHOD in t

FREED@M HAVE BE

Either no degrees of freedom have been defined on GRID, SPOINT, or Scalar Connection cards, or al
defined degrees of freedom have been constrained by SPC, MPC, SUP!3RT,OMIT or GRDSET cards, or
grounded on Scalar Connection cards.
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NORMAL MODES WITH CYCLIC SYMMETRY ERROR MESSAGE NO. 4 - FREE BODY SUPPORTS NOT ALLOWED.

●
Free bodies are not allowed in Normal Modes Analysis Using Cyclic Symmetry. The SUPORT cards must
be removed from the Bulk Data Deck and other constraints applied if required for stability.

N@RMAL MODES WITH CYCLIC SYMMETRY ERR@R MESSAGE NO. 5 - CYCLIC TRANSF!3RMAT10NDATA ERR(JR.

See Section 1.12 for proper modeling techniques and corresponding PARAM card requirements.

NORMAL MODES WITH CYCLIC SYMMETRY ERROR MESSAGE NO. 6 - NflSTRUCTURAL ELEMENTS HAVE BEEN DEFINED.

No structural elements have been defined with Connection cards.
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2.16 STATIC AEROTHERMOELASTIC DESIGN/ANALYSIS OF AXIAL-FLOW COMPRESSORS

2.16.1 DMAP Sequence for Static Aerothermoelastic Design/Analysis of Axial-Flow Compressors

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 16

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
-------- ---------

1 BEGIN

2 PRECHK

3 PARAM

4 GP1

5 CONO

6 PLTTRAN

7 GP2

8 PARAML

9 PARAMR

10 PURGE

11 COND

12 PLTSET

13 PRTMSG

14 PARAH

15 PARAM

16 COND

17 PLOT

18 PRTMSG

19 LABEL

20 GP3

21 PARAM

OISP 16 - STATIC AEROTHERMOELASTIC DESIGN/ANALYSIS-APR. 1986 $

ALL $

//*MPY*/CARONO/O/O $

GEOH1,GEOM2,/GPL,EQEXIN,GPDT, CSTM,BGPDT,SIL/S,N,LusET/s ,N,
NOGPDT/MINUSl=-l $

ERROR3,NOGPDT $

BGPDT,SIL/BGPDP,SIP/LUSET/S,N, LUSEP $

GEoM2,EQExlN/EcT $

PCDB//*PRES~~////JUMPPLOT $

//*COMPLEX*//V,Y,SlGN/O.O/CSlGN $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

PI,JUMPPLOT $

PCUB,EQEXIN,ECT/PLTSETX,PLTPAR,GPSETS ,ELSETs/s,N,NslL/sSN,
JUMPPLOT $

PLTSETX// $

//*MPY*/PLTFLG/l/l $

//*fipy*/PFILE/O/O $

P1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECc,BGpDT, EQExlN,SIL,S~I/pLoTxl/
NSIL/LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N,pF ILE $

PLOTX1// $

P1 $

GEOM3,EQEXlN,GEOM2/SLT,GPTT/S ,N,NOGRAV $

//*AND*/NOMGG/NOGRAV/V,Y,GRDPNT--l $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGIO FORMAT 16

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

TA 1

COND

PURGE

PARAII

EMG

COND

EMA

LABEL

COND

EMA

LABEL

COND

CONO

GPWG

OFP

LABEL

EQUIV

COND

SltA3

LABEL

PARAM

GP4

COND

ECT,EPT,BGPOT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/LUSET/S,N,
NOSIMP/1/S,N,NOGENL/S,N,GENEL $

ERROR1,NOSIMP $

OGPST/GENEL $

//*Aoo*/NoKGGx/l/o $

E5T,C5TM,MPT,01T,GEOM2,/KELM,KO lCT,MELM,MDICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,,Y, CPBAR/C,Y,CPROO/C,Y,
cPQuAol/c,Y,cPQuAo2/c,Y,cPTRl A1/c,Y,cPTRlA2/c,Y,cPTuBE/c,Y,
CPQOPLT/C,Y,CPTRPLT/C,Y,CPTRBSC $

JMPKGG,NOKGGX $

GPECT,KOICT,KELM/KGGX,GPST $

JMPKGG $

JMPMGG,NOMGG $

GPECT,MOICT,flELM/MGG,/-l/C,Y,WTMASS=l .0 $

JMPIIGG $

LBL1,GRDPNT $

ERROR4,NOMGG $

BGPDP,CSTM,EQEXlN,MGG/OGPWG/V,Y,GROPNT/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARDNO

LBL1 S

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

//*mPY*/NsKIp/0/o $

CASECC,GEOM4,EQEXIN,GPDT,BGPOT, CSTM,/RG,YS,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/S,N,REACT/S,N,
NSKIP/S,N,REPEAT/S,N,NOSET/S ,N,NOL/S,N,NOA/C,Y,ASETOUT/S,Y ,
AUTOSPC $

ERROR5,NOL $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 16

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

45 PURGE

46 CONO

47 JUMP

48 LABEL

49 COND

50 PARAH

51 COND

52 GpSP

53 OFP

5k LABEL

55 EQUIV

56 COND

57 MCE1

58 MCE2

59 LABEL

60 EQUIV

6? COND

62 SCEI

63 LABEL

64 EQUIV

65 COND

66 SMP1

67 LABEL

68 RBMG2

69 SSG1

GM/MPCFl/GO,KOO, LOO,PO,UOOV,RUOV/OMIT/PS,KFS, KSS,QG/SINGLE/
PBS,KBFS,KBSS,KDFS,KDSS/SINGLE $

LBL4D,REACT $

ERROR2 $

LBL4D $

LBL4,GENEL $

//*EQ*/GPSPFLG/AUTOSPC/O $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST,,,,,//S,N,CARDNO $

LBL4 $

l(GG,KNN/MPCFl $

LBL2,MPCF2 $

USET,RG/GM $

USET,GM,KGG ,,,/KNN,,, $

LBL2 $

KNN,KFF/SINGLE $

LBL3,SINGLE $

USET,KNN ,,,/KFF,KFS,KSS,,, $

LBL3 $

KFF,KAA/OMiT $

LBL5,0MIT $

USET,KFF ,,,/GO,KAA,KOO,LOO,,,,, $

LBL5 $

KAA/LLL $

SLT,BGPDT,CSTM,SIL,EST,MPT,GPTT, EDT,HGG,CASECC,DIT,/PGNA, ,,,/
LUSET/1 $
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DISPLACEMENT RIGID FORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 16

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

70 PARAM

71 CONO

72 ALG

73 COND

~k PARAM

75 CDND

76 GP3

77 SSG1

78 AOD

79 LABEL

80 EQUIV

81 EQUIV

82 COND

83 SSG2

84 LABEL

85 SSG3

86 COND

87 MATGPR

88 MATGPR

8g LABEL

90 SDR1

91 SDR2

92 OFP

93 CONO

//*AND*/ALoAo/v,y,ApREss/v,y,ATENp $

NOAL,ALOAD $

CASECC, ,EQEXIN, ,ALGDB,,/CASECCAl,GEOM3Al/S, Y,APRESS/S,Y,
ATEMP/-l/-V,Y,lPRTClCS,N,l,l FAIL $

FINIS, IFAIL $

//*AND*/ALoAD/v,Y,ApREss/v,y,ATEMp $

NDAL,ALOAO $

GEOM3A1,EQEX1N,GEOM2/SLTA1,GPTTA1/NOGRAV $

SLTA1,BGPDT,CSTM,SIL,EST,MPT,GPTTA1 ,EDT,MGG,CASECCAl,DIT,/
PGA1 ,,,,/LUSET/l $

PGNA,PGA1/PG $

NOAL $

PGNA,PG/ALOAD $

PG,PL/NOSET $

LBL1O,NOSET $

USET,GM,YS,KFS,GO,,PG/,PO,PS,PL $

LBLIO $

LLL,KAA,PL,LOO,KOO,PO/ULV,UOOV,RULV,RUOV/OMlT/V,Y, lRES=-1/
l/S,N,EPSl $

LBL9,1RES $

GPL,USET,SIL,RULV//*L* $

GPL,USET,SIL,RUOV//*O* $

LBL9 $

USET, ,ULV,UOOV,YS,GO,GM,PS, KFS,KSS,/UGV,PGl,QG/l/*DSO* $

CASECC,CSTM,MPT
OPGI,OQG1,OUGV1

OUGV1,OPG1,OQG1

P2,JUMPPLOT $

DIT,EQEXIN,SI L,GPTT,EDT,BGPDP, ,QG,UGV,EST,,PG/
OESl,OEFl,PUGV1/*OSO* $

OEFl,OESl,//S,N,CARDNO $
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RIGID
APRIL

FORMAT DMAP LISTING
1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 16

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

94 PLOT

95 PRTMSG

g6 LABEL

97 TA1

98 OSMG1

99 COND

100 EQUIV

101 LABEL

102 PARAM

103 PARAM

104 PARAt4R

105 PARAML

106 LABEL

107 EQUIV

108 PARAM

109 EQUIV

110 COND

111 MCE2

112 LABEL

113 EQUIV

114 COND

115 SCE1

116 LABEL

117 EQUIV

118 COND

PLTPAR,GPSETS,ELSETS,CASECC,BGPOT, EQEXIN,S IP,PUGVI, ,GPECT,OES 1/
PLOTX2/NSlL/LUSET/JUMPPLOT/PLTFLG/S,N,PF ILE $

PLoTx2// $

P2 $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/Xl ,X2,X3,ECPT,GPCT/LUSET/
NOSIMP/O/NOGENL/GENEL $

CASECC,GPTT,SI L,EOT,UGV,CSTM,HPT, ECPT,GPCT,DIT/KDGG/
DSCOSET$

NOALO,ALOAD $

PGNA,PG $

NOALO $

//*ADD*/sHIFT/-l/o $

//*ADO*/COUNT/ALWAYS=-l/NEVER=l $

//~fADD*/DSEPSl/O.O/O.O $

YS//*NULL~t////NOYS $

OUTLPTDP $

PG,PG1/NOYS $

//~~KLOCK*/TO $

KDGG,KDNN/MPcF2 $

LBL20,MPCF2 $

USET,GM,KDGG,,,/KDNN,,, $

LBL2D $

KDNN,KDFF/SINGLE $

LBL3D,SINGLE $

USET,KDNN ,,,/KOFF,KDFS,KDSS,,, $

LBL3D $

KDFF,KDAA/OMIT $

LBL5D,0MIT $
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DISPLACEMENT RIGID FORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 16

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

119 SMP2

120 LABEL

121 AOO

122 AOO

123 Aoo

12k CONO

125 ltPY’AD

126 MPYAD

127 UMERGE

128 EQUIV

129 COND

130 UMERGE

131 LABEL

132 ADD

133 EQUIV

134 LABEL

135 AOD

136 COPY

137 RBMG2

138 PRTPARM

139 PRTPARM

lkO LABEL

141 PARAM

142 COND

143 ALG

USET,GO,KDFF/KOAA $

LBL5D ‘$

KAA,KDAA/KBLL/(1.0,0.0)/CSIGN $

KFS,KOFS/KBFS/(l.O,O.O)/CSIGN $

KSS,KDSS/KBSS/(1.0,0.0)/CSIGN $

PGOK,NOYS $

KBSS,YS,/PSS/O $

KBFS,YS,/PFS/O $

lJSET,PF~,PSS/PN/*N*/*F*/*S* $

PN,PGx/mPcF2 $

LBL60,MPCF2 $

USET,PN,/PGX/*G*/*N*/*M*

LBL60 $

PGX,PG/PGG/(-l.O,O.O) $

PGG,PG1/ALWAYS $

PGOK $

PGl,/PGO/ $

UGV/AUGV $

KBLL/LBLL/S,N,POWER/S,N,DET $

//0/*DET* $

//0/*PowER* $

INLPTOP $

//*KLIxK*/TI $

NOAL1,ALOAD $

CASECC,EDT, EQEXIN,AUGV,ALGDB, CSTM,BGPOT/CASECCA,GEOM3A/S,Y,
AP!iESS/S,Y,ATEMP/-l/-V,Y,Y, lPRTCL/S,N,lFAIL/V,Y,SIGN/V,
Y,ZORIGN/V,Y,FXCOOR/V,Y,FYCOOR/V,Y, FZCOOR $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 16

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

lkk COND

145 PARAM

146 PARAM

147 COND

148 GP3

149 SSG1

150 ADD

151 LABEL

152 EQUIV

153 SSG2

154 SSG3

155 CDND

156 MATGPR

157 LABEL

158 SDRI

159 COND

160 EQUIV

161 LABEL

162 ADD

163 DSMG1

164 MPYAO

165 ADD

166 OSCHK

167 COND

DONE, IFAIL $

//*MPY*/v,y,IPRTcL/0 $

//*AND#t/ALOAD/V,Y,APRESS/V,Y,ATEMP $

NOAL1,ALOAD $

GEoM3A,EQEx1N,GEoM2/sLTA,GPTTA/NoAsL/NoGRAv/NoATL $

SLTA,BGPDT,CSTM,SI L,EST,MPT,GPTTA, EDT,MGG,CASECCA,DIT,/PGA,,, ,/
LUSET/1 $

PGl,PGA/PG2 $

NOALl $

PGl,PG2/ALoAD $

uSET,GM,YS,KDFS,G0,,PG2/,PB0,PBS, PBL $

LBLL,KBLL,PBL, ,,/UBLV,,RUBLV,/-l/V,Y, lRES/NDSKIP/S,N,
EPSI $

LBL90,1RES $

GPL,USET,SIL,RUBLV//*L* $

LBL9D $

USET, ,UBLV, ,YS,GO,GM,PBS,KBFS ,KBSS,/UBGV,,QBG/l/fiDSl* $

NOAL2,ALOA0 $

UBGV,AUGV $

NOAL2 $

UBGV,UGV/DUGV/(-l.0,0.0) $

CASECC,GPTT,S IL,EDT,DUGV,CSTM,MPT, ECPT,GPCT,DIT/DKDGG/V,N,
DSCOSET $

OKDGG,UBGV,PGO/PGll/O $

PGll,PGA/PG12 $

PG2,PG12,uBGv//c,Y,EPslo=l .E-5/s,N,DsEPsl/c,Y,NT=lo/
TO/Tl/S,N,DONE/S,N,SHIFT/S,N, COUNT/C,Y,BET).3=k $

DONE,DONE $
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DISPLACEMENT RIGID FORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 16

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

168 CONO

169 EQUIV

170 EQUIV

171 EQUIV

172 REPT

173 TABPT

174 LABEL

175 ADO

176 EQUIV

177 EQUIV

178 REPT

179 TABPT

180 LABEL

181 PARAM

182 COND

183 AOD

184 OUTPUT1

185 OUTPUT1,

SHIFT,SHIFT $

PG,PG1/NEVER $

PGll,PG1/ALWAYS $

PGl,PG1l/NEVER $

INLPTOP,1OOO $

PGll,PGl,PG,,// $

SHIFT $

OKOGG,KOGG/KDGGl/(-l.0,0.0) $

UBGV,UGV/ALWAYS/KOGGl,KOGG/ALWAYS $

KOGG,KOGGl/NEVER/UGV,UBGV/NEVER $

OUTLPTOP,1OOO $

KOGGl,KOGG,UGV,,// $

OONE $

//*NOP*/V,Y,KTOUT=-l $

JMPKTOUT,KTOIJT $

KGG,KDGG/KTOTAL/(1.0,0.0)/CS IGN $

KTOTAL ,,,,//C,Y,LOCATlON=-l/C,Y,lNPTUN IT=O $

,,,,//-3/0 $

186 LABEL JMPKTOUT $

187 ALG CASECC,EOT,EQEXIN,UBGV,ALGOB,CSTM,BGPOT/CASECCB,GE0M3B/
-1/-l/V,Y,STREAHL/V,Y,PGEOM/V,Y,lPRTCF/S,N,lFAIL/V,Y,SIGN/
V,Y,ZORIGN/V,Y,FXCOOR/V,Y,FYCOOR/V,Y,FZCOOR $

188 SDR2 CASECC,CSTM,MPT,OIT,EQEXIN,SIL,GPTT,EOT,BGPOP,,QBG,UBGV,EST,,/,
OQBGl,OUBGVl,OESBl,OEFBl,PUBGV1/*OSl* $

189 OFP OUBGVl,OQBGl,OEFBl,OESBl,,//S,N,CARONO $

190 SOR1 uSET,PG2,UBLV,,YS,G0,GM,PBS,KBFS,KBSS,/AUBGV,APGG,AQBG/
l/*clsl*$

191 GPFOR CASECC,AUBGV,KELM,KDICT,ECT,EQEXIN,GPECT,APGG,AQBG/ONRGY1,
OGPFB1/*STATICS* $
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STATIC AEROTHERMOELASTIC

●
RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

DISPLACEMENT APPROACH, RIGID FORMAT 16

LEVEL 2.0 NASTRAN DMAP COMPILER -

DESiGN/ANALYSIS OF AXIAL-FLOW COMPRESSORS

SOURCE LISTING

I92

193

194

195

196

197

198

199

200

201

202

●
203

204

205

206

207

208

209

210

OFP

COND

PLOT

PRTt4SG

LABEL

JUMP

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARII

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PURGE

END

ONRGY1,OGPFB1 ,,,,//s,N,CARDNO $

P3,JUMPPLOT $

PLTP’AR,GPSETS, ELSETS, CASECC,BGPDT, EQEXIN,SIP,PUBGV1 ,,GPECT,
0ESBl/PLOTX3/NSlL/LUSET/JUMPPLOT/PLTFLG/S,N,PF ILE $

PLDTx3// $

P3 $

FINIS $

ERRORI $

//-1/*ASTA* $

ERROR2 $

//-2/fiAsTA* $

ERROR3 $

//-3/*AsTA* $

ERROR4 $

//-4/*ASTA* $

ERROR5 $

//-5/kAsTA* $

FINIS $

DUMMY/MINUSl $

$
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2.16.2

4.

5.

6.

7.

9.

11.

12.

13.

16.

17.

18.

20.

22.

23.

26,

27.

28.

30.

31.

33.

34.

35,

36.

38.

39.

40,

43.

44.

Ul>PLALtMtNl KltilU tUKMAl>

Description of Important DMAP Operations for Static Aerothermoelastic Design/Analysis
of Axial-Flow Compressors

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers. ●
Go to DMAP No. 202 and print Error Message No. 3 if there is no Grid Point Definition Table.

PLTTRAN modifies special scalar grid points in the BGPDT and SIL tables.

GP2 generates Element Connection Table with internal indices.

PARAMR sets CSIGN=(SIGN, 0.0), where SIGN = +1.0 for analysis type run and SIGN = -1.0 for
design type run.

Go to DMAP No, 19 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 19 if no undeformed structure plots are requested.

PLOT generates all requested undeformed structure plots.

PRTMSG prints plotter data and engineering data for each undeformed plot generated.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 198 and print Error Message No. 1 if there are no structural elements.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 29 if no stiffness matrix is to be assembled. ●
EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 32 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 37 if no weight and balance information is requested.

Go to DMAP No. 204 and print Error Message No. 4 if no mass matrix exists.

GPWG generates weight and balance information.

!3FPformats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if no general elemsnts exist.

Go to DMAP No. 41 if no general elements exist.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (IJSET),forms multipoiflt
constraint equations [Rg] {ug} = O and forms enforced displacement vector {Ys}.

Go to DMAP No. 206 and print Error Message No. 5 if no independent degrees of freedom are
defined.
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STATIC AEROTHERMOELASTIC

46. Go to OMAP No. 48 if no free-body

DESIGN/ANALYSIS OF AXIAL-FLOW COMPRESSORS

supports are supplied.

47.

49.

51.

52.

53.

55.

56.

57.

Go to DMAP No, 200 and print Error Message No. 2.

Go to DMAP No. 54 if general elements are present.

Go to OMAP No. 54 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn-l if no multipoint constraints exist.

Go to DMAP No. 59 if no multipoint constraints exist.

MCE1 partitions multipoint constraint equations [Rg] = [Rm~Rn] and solves for

multipoint constraint transformation matrix [Gm] = -[Rml-l[Rnl.

58. MCE2 partitions stiffness matrix

[Kgg] =

and performs matrix reduction

i IK
:+ N

mn I‘mm1
[Knn] = [Knn] + [G~][Kmnl + [{nl[Gml + [G~l[\ml[Gml.

60. Equivalence [Knnl to [Kffl if no single-point constraints exist.

61. Go to DMAP No. 63 if no single-point constraints exist.

62. SCEI partitions out single-point constraints
r 1

II‘ff ‘Kfs
[Knn]= ~+— .

Sf I‘ss
L -!

64. Equivalence [Kff] to [Kaa] if no omitted coordinates exist.

65. Go to OMAP No. 67 if no omitted coordinates exist.

66. SMP1 partitions constrained stiffness matrix

[Kff] =

solves for transformation matrix I

aa ~Kaoi1‘oalK1 ‘

01=
-[Koo]-l[Koa]

“and performs matrix reduction [Kaa] = [~aal + [K~al[Gol .

68. RMBG2 decomposes constrained stiffness matrix [Kaa] = [LLL][ULLI.
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NA
69. SSG1 generates non-aerodynamic static load vectors {Pg }.

71. Go to DMAP No, 79 if no aerodynamic loads exist.

72, ALG generates aerodynamic load data.

77. SSG1 generates aerodynamic load vector {P~},

78. Add {P;A } and {P9A} to form total load vector {Pgl.

80. Equivalence {Pg} to {Pg
NA

} if no aerodynamic loads exist.

81. Equivalence {Pg} to {Pk} if no constraints are applied.

82. Go to DMAP No. 84 if no constraints are applied.

83, SSG2 applies constraints to static load vectors

!1;n{Pg} = —— ,
Pm

{Pn} = {Pnl + [G:l{Pm} ,

11

if
{Pn}= —– , {Pf} = {~f} - [Kf~l{Ys} ,

Ps

IIPa{Pf} = —– , and {PL} = {Pa} + [G;]{PO} .
P.

85. SSG3 solves for displacements of independent coordinates

{uk} = [Kaa]-l{Pk} ,

solves for displacements of omitted coordinates

{u:} = [KOO]-l{PO} ,

calculates residual vector (RULV) and residual vector error ratio for independent
coordinates

{APL} = {Pk} - [Kaa]{ut} ,

{uj}{6PL}

‘k =

{Pj}{uL}

and calculates residual vector (RUOV) and residual vector error ratio for omitted
coordinates

{fiPo}= {Po} - [Koo]{u~} >

2.16-12 (05/30/86)



STATIC AEROTHERMOELASTIC DESIGN/ANALYSIS OF AXIAL-FLOW COMPRESSORS

86.

87.

88.

90.

91.

92.

93.

94.

95.

97.

98.

99.

1000

106.

107.

e

{uj{6Po}
‘o = .

~pT}{uol
00

Go to DMAP No. 89 if residual vectors are not to be printed.

MATGPR prints the residual vector for independent coordinates (RULV).

MATGPR prints the residual vector for omitted coordinates (RUOV).

SDR1 recovers dependent displacements

Ut} + {u:} ,

7

{Uo} = [Go]

II

Ua
—— = {Uf}

‘o

{urn} = [Gm]{unl , II‘n = {Ugl——

‘m

and recovers single-point forces of constraint

{q5} = -{p~} +[K&]{uf} + [K~51{y~}.

SDR2 calculates element forces (9EF1) and stresses (OESl) and prepares load VeCtOrS (~pGl)~
displacement vectors (!JUGV1)and single-point forces of constraint (OQGl) for output and
translation components of the displacement vector (PUGV1) for the static solution.

@FP formats the tables prepared by SDR2 and places them on the system output file for
printing.

Go to DMAP No. 96 if no deformed static solution structure plots are requested.

PLOT generates all requested

PRTMSG prints plotter data,
solution plot generated.

TA1 generates element tables

DSMG1 generates differential

static solution deformed structure and contour plots.

engineering data, and contour data for each deformed static

for use in differential stiffness matrix assembly.

stiffness matrix [K~g].

Go to DMAP No. 101 if no aerodynamic loads exist.

Equivalence {Pfl
NA

} to {Pol to remove aerodynamic loads from total load vector before

entering the d~fferentia~ stiffness loop. New aerodynamic loads will be generated in the

loop.

Beginning of outer (stiffness adjustment) loop for differential stiffness iteration.

Equivalence {Pg} to {Pgll if no enforced displacements are specified.
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109, Equivalence [K~g] to [K~n] if no multipoint constraints exist.

110. Go to DMAP No. 112 if no multipoint constraints

111. MCE2 partitions differential stiffness matrix

exist.

L J
and performs matrix reduction

[K~n] = [~jn] + [G;l[K:nl + [K~n][Gm] + [G~][K~m][Gm].

113. Equivalence [K~nl to [K~fl if no single-point constraints exist.

114. Go to DMAP No. 116 if no single-point constraints exist.

115. SCE1 partitions out single-point constraints

[dK:ft+s
[K~n] = —+— .

Kd Kd
Sf Ss

L A

117. Equivalence [K~f] to [K~al if no omitted coordinates exist-

118. Go to DMAP No. 120 if no omitted coordinates exist,

119. SMP2 partitions constrained differential stiffness matrix

[K$f] =

and performs matrix reduction

id iKd
~a-+- ~

Kd Kd
oa 00

.

[K~a] =

121. ADD [Kaa] and [K~a] to

122, ADD [Kfsl and [K~sl to

123. ADD [Kss] and [K~s] to

[i:al + [K:a]TIGo] + [GolT[fal + [GOIT[(OIIGOI.

form [K~L].

form [K~s].

form [K~s].

124, Go to DMAP No. 134 if no enforced displacements are specified,

125. MPYAD multiplies [K~s] and {Ys} to form {Pss}.

126. MYPAD multiplies [K~sl and {’fslto form {pfs}.

127. UMERGE combines {Pfs} and {P~s} to form {Pn}.
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128.

129,

130.

132.

133.

135.

136.

137.

138.

139.

140.

142.

143.

144.

149.

150.

153.

Equivalence {Pn} to {P;} if no multipoint constraints exist.

Go to DMAP No. 131 if no multipoint constraints exist.

UMERGE expands {Pn} to form {P~}.

ADD -{P;} and {Pg} to form {Pgg}.

Equivalence {Pgg} to {Pgl}.

ADD {Pgl} and nothing to create {Pgo}.

Copy {ugl to {u~l to initialize aerodynamic displacements.

RBMG2 decomposes the combined differential stiffness matrix and elastic stiffness matrix

PRTPARM prints the scaled value of the determinant of the combined differential stiffness
matrix and elastic stiffness matrix.

PRTPARM prints the scale factor (power of ten) of the determinant of the combined
differential stiffness matrix and elastic stiffness matrix.

Beginning of inner (load correction) loop for differential stiffness iteration.

Go to DMAP No. 151 if no aerodynamic loads exist.

ALG generates aerodynamic load data.

Go to DMAP No. 180 if ALG fails to converge while generating aerodynamic load data.

SSG1 generates aerodynamic load vector {P:}.

ADD {Pgl} to {P;} to form total load vector {Pgz}.

SSG2 applies constraints to static load vectors

{P:} = {~;} + [G:]{p;} ,

{Pf} = {;!} - [K~s]{Ys} ,

and {P~l = {P~} + [G~]{P~} .
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154. SSG3 solves for displacements of independent coordinates for current
load vector

{u!} = [K~L]-l{P~} ,

and calculates residual vector (RBULV) and residual vector error
differential stiffness load vector

155, Go to DMAP No. 157 if the residual vector for
to be printed.

156. MATGPR prints the residual vector for current

158. SDR1 recovers dependent displacements for the

{ub} = [Go] {U!} + {U~b] ,
0

differential stiffness

ratio for current

current differential stiffness solution is not

differential stiffness solution.

current differential stiffness solution

H
b
‘i—.= {Uf} ,

b
‘o

Hu:
= {u:} ,—. {u~} = [Gml {u:} ,

~b
s

and recovers single-point forces of constraint for the current differential stiffness
solution

159. Go to DMAP No. 161 if no aerodynamic loads exist.

160. Equivalence {u:} and {u:}.

162. ADD -{U~} and {Ug} to form {U;}.

163. DSMG1 generates differential stiffness matrix [6K~g].
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164.

165,

166,

167.

168.

169.

170.

171.

172,

173.

175.

176.

●
177.

178.

179.

182.

183.

184.

185,

187.

188.

189.

190.

191.

STATIC AEROTHERMOELASTIC DESIGN/ANALYSIS OF

MYPAD forms the load vector for inner loop iteration

{Pgll} = [&K;g] {U;} + {Pgo}.

ADD {P
A

gIl} and ‘Pg} ‘0 ‘orm ‘pg12}”

AXIAL-FLOW COMPRESSORS

DSCHK performs differential stiffness convergence checks.

Go to DMAP No. 180 if differential stiffness iteration is complete.

Go to DMAP No. 174 if additional differential stiffness matrix changes are necessary for
further iteration.

Break the previous

Equivalence {Pgll}

Break the previous

Go to DMAP tie. 140

TABPT table

ADD -[6K~g]

Equivalence

prints

equivalence of {Pg} and {Pgl}.

to {Pgl}.

‘quivalence Of ‘Pgl} ‘0 ‘pgIl}”

for an additional inner loop differential stiffness iteration.

vectors {P } ,
gIl

{Pgl}, and {F’g}.

and [K~g] to form [K~gl].

{U;} to {Ug} and [K~gl] to [K~g].

Break the previous equivalence of [K~g] to [K~gl] and {Ug} to {U;}.

Go to DMAP No. 106 for an additional outer loop differential stiffness iteration.

TABPT table prints [K~gl], [K~g], and {Ugl.

Go to DMAP No. 186 if the total stiffness matrix [KTOTAL] is not to be saved on an external
file.

ADD [Kgg] and [K~g] to form [KT@TAL].

OUTPUTl outputs [KTOTAL] to an external file.

OUTPUTl prints the names of the data blocks on the external file.

ALG generates final aerodynamic results and generates GRIO and STREAML2 bulk data cards on
the system punch file, if requested,

SDR2 calculates element forces (OEFBl) and stresses (@ESBl) and prepares displacement
vectors (OUBGVl) and single-point forces of constraint (OQBGl) for output and translation
components of the displacement vector (PUBGV1) for the differential stiffness solution.

@FP formats the tables prepared by SDR2 and places them on the system output file for
printing.

SDR1 recovers dependent displacements after differential stiffness loop for grid point
force balance.

GPFDR calculates for requested sets the grid point force balance and element strain energy
for output.
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192, OFP formats the tables prepared by GPFDR
printing.

RIGID FORMATS

and places them on the system output file for

193. Go to DMAP No. 196 if no differential stiffness solution deformed plots are requested.

194.

195.

197.

199.

201.

203.

205.

207.

PLOT generates all requested differential stiffness solution deformed structure and contour
plots.

PRTMSG prints plotter data, engineering data, and contour data for each differential
stiffness solution deformed plot generated,

Go to DMAP No. 208 and make normal exit.

Print Error Message No. 1 and terminate execution.

Print Error Message No. 2 and terminate execution.

Print Error Message No. 3 and terminate execution.

Print Error Message No. 4 and terminate execution.

Print Error Message No. 5 and terminate execution.
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2,16.3 Output for Static Aerothermoelastic Design/Analysis of Axial-Flow Compressors

The value of the determinant of the sum of the elastic stiffness and the differential

stiffness is automatically printed for each differential stiffness loading condition.

Iterative differential

Iteration termination reasons

have the following meanings:

1. REASON O means the

stiffness computations are terminated for one of five reasons.

are automatically printed in an information message. These reasons

iteration procedure was incomplete at the time of exit. This is

caused by either an unexpected interruption of the iteration procedure (i.e., system

abort) or termination is not scheduled (for the other four reasons) at the completion of

the current iteration.

2. REASON 1 means the iteration procedure converged to the EPS19 value supplied by the user

on a PARAM bulk data card. (The default value of EPSIflis 1.OE-5.)

3. REASON 2 means the iteration procedure is diverging from the EPSIO value supplied by the

user on a PARAM bulk data card. (The default value of EPSI@ is 1.0E-5.)

4. REASON 3

supplied

5. REASON 4

has been

Parameter values at

means insufficient time remaining to achieve convergence to the EPSIO value

by the user on a PARAM bulk data card. (The default value of EPSI@ is 1.0E-5.)

means the number of iterations supplied by the user on a PARAM bulk data card

met. (The default number of iterations is 10.)

the time of exit are automatically output as follows:

1. Parameter D@NE: -1 is normal; + N is the estimate of the number of iterations required

to achieve convergence.

2. Parameter SHIFT: +1 indicates a return to the top of the inner loop was scheduled; -1

indicates a return to top of the outer loop was scheduled following the current

iteration.

3. Parameter DSEPSI: the value of the ratio of energy error to total energy at the time of

exit.

The following output may be requested:

1. Nonzero Components of the applied static load for the linear solution at selected grid

points.

2. Displacements and nonzero components of the single-point forces of constraint, with and

without differential stiffness, at selected grid points.

3, Forces and stresses in selected elements, with and without differential stiffness.
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4. Undeformed and deformed plots of the structural model.

5. Contour plots of stresss and displacements.

Case Control Deck for Static Aerothermoelastic Design/Analysis of Axial-Flow Compressors

The following items relate to subcase definition and data selection for Static

Aerothermoelastic Design/Analysis of Axial-Flow Compressors:

1. The Case Control Deck must contain two subcases.

2. A static loading condition must be defined above

TEMPERATURE (LOAD), or DEFORM selection, unless all

displacements on SPC cards.

3. An SPC set must be selected above the subcase level

on GRID cards.

the subcase level with a LOAD,

loading is specified by grid point

unless all constraints are specified

4. Output requests that apply only to the linear solution must appear in the first subcase.

5. Output requests that apply only to the solution with differential stiffness must be

placed in the second subcase.

6. Output requests that apply to both solutions, with and without d’

may be placed above the subcase level.

fferential st ffness,

2.16.5 Parameters for Static Aerothermoelastic Design/Analysis of Axial-Flow Compressors

The following parameters are used in Static Aerothermoelastic Design/Analysis of Axial-Flow

Compressors:

1.

2.

3.

4.

APRESS - optional. A positive integer value causes the generation of aerodynamic

pressure loads. A negative integer value suppresses the generation of these loads. The

default value is-l.

ASETOUT - optional. A positive integer value of this parameter causes the ASET output

data block to be generated by

the generation of this output

ATEMP - optional. A positive

the GP4 module. A negative integer value or O suppresses

data block. The default value is O.

integer value causes the generation of aerodynamic

temperature loads. A negative integer value suppresses the generation of these loads.

The default value is -1.

AUTOSPC - reserved for future optional use. The default value is -1.
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5.

6.

7.

8.

9.

100

11.

12.

13.

14.

15.

BETAD - optional. The integer value of this parameter is the number of iterations

allowed for computing the load correction in the inner (load) loop before shifting to

the outer (stiffness) loop, which adjusts the differential stiffness. The default value

is 4 iterations.

CflUPMASS- CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

EPSI@ - optional. The real value of this parameter is used to test the convergence of

-5
the iterated differential stiffness. The default value is 10 .

FXCO!ilR,FYCOOR and FZC@OR - optional. The real values of these parameters are the

fractions of the displacements used to redefine the blade geometry. The default values

are: FXC0!3R= 1.0, FYC!3!3R= 1.0 and FZCOOR = 1.0.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed.

IPRTCI, IPRTCL and IPRTCF - optional. If IPRTi is a positive integer, then intermediate

print will be generated in the ALG module based on the print option in the ALGDB data

table. If IPRTi = O (the default), no intermediate print will be generated.

IRES - optional. A positive integer value of this parameter causes the printing of

the residual vectors following the execution of the SSG3 module.

KT@UT - optional. A positive integer value of this parameter indicates that the user

wants to save the total stiffness matrix on an external file (GINO file INPT) via the

ftlTPUTlmodule in the rigid format. The default value is -1 when not needed.

LOCATION and INPTUNIT - required when using the KTOUT parameter. See Section 5.5 for a

description of these parameters which are required by the i3UTPUTl module. The default

values for Li3CAT10N and INPTUNIT are -1 and O, respectively.

NT - optional. The integer value of this parameter limits the cumulative number of—

iterations in both loops. The default value is 10 iterations.

PGE@M - optional. The integer value of this parameter specifies the punching of various

bulk data cards. PGE!3M= 1 causes the punching of GRID bulk data cards. PGE!3M= 2

causes the punching of GRID, CTRIA2 and PTRIA2 bulk data cards. PGEII!M= 3 causes the
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16.

17.

18.

19.

20.

DISPLACEMENT RIGID FORMATS

punching of GRID cards and the modified ALGDB table on DTI cards. The default value of

-I suppresses the punching of any of these cards.

SIGN - optional. The real value of this parameter controls the type of run being

performed. SIGN = 1.0 specifies a standard analysis type run. SIGN = -1,0 specifies a

design type run. The default value is 1.0.

STREAML - optional, The integer value of this parameter specifies the punching of

various bulk data cards. STREAML = 1 causes the punching of STREAML1 bulk data cards.

STREAML = 2 causes the punching of STREAML2 bulk data cards, STREAML = 3 causes both

STREAML1 and STREAML2 cards to be punched. The default value of -1 suppresses the

punching of any of these cards.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data

WTMASS - optional. The terms of the mass

this parameter when they are generated in

card for details.

matrix are multiplied by the real value of

the EMA module.

2.16.6 Rigid Format Error Messages from Static Aerothermoelastic Design/Analysis of Axial-Flow

Compressors

The following fatal errors are detected by the DMAP statements in the Static

Aerothermoelastic Design/Analysis of Axial-Flow Compressors. The text for each error message is

given below in capital letters and is followed by additional explanatory material, including

suggestions for remedial action,

AERf3THERM13ELASTICERR@R NO. 1 - No STRUCTURAL ELEMENTS HAVE BEEN DEFINED.

No structural elements have been defined with Connection cards.

AER13THERM!?JELASTICERROR NO. 2 - FREE BODY SUPPORTS NOT ALL@WED.

Free bodies are not allowed in Static Analysis with Differential Stiffness. The SUP9RT cards must
be removed from the Bulk Data Deck and other constraints applied if required for stability.
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AEROTHERMOELASTIC ERROR NO. 3 - NO GRID POINT DATA IS SPECIFIED.

a No points have been defined with GRID or SPOINT cards.

AERfiTHERMOELASTICERR13RNO. 4- MASS MATRIX REQUIRED FOR WEIGHT

The mass matrix is null because either no elements were defined

AND BALANCE CALCULATIONS.

with Connection cards,
nonstructural mass was not defined on a Property card, or the density was not defined-on a Material
card.

AER@THERM@ELASTIC ERR@R N@. 5 - N@ INDEPENDENT DEGREES 13F FREEDIIM HAVE BEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SPOINT or Scalar Connection cards, or all
defined degrees of freedom have been constrained by SPC, MPC, OMIT or GRDSET cards, or grounded on
Scalar Connection cards.
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3. HEAT RIGID FORMATS

3.1 STATIC HEAT TRANSFER ANALYSIS

3.1.1 DMAP Sequence for Static Heat Transfer Analysis

RIGID FORMAT DMAP LISTING
APRIL 1985 RELEASE

HEAT APPROACH, RIGID FORMAT

LEVEL 2.0 NASTRAN DMAP

1

COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR-2 LIST NOOECK NOREF NOOSCAR
---.------ -------

1 BEGIN

2 PRECHK

3 FILE

4 PARAH

5 GP1

6 PLTTRAN

7 GP2

6 PARAML

9 PURGE

10 CONO

11 PLTSET

12 PRTMSG

13 PARAM

14 PARAM

15 COND

16 PLOT

1~ PRTNSG

18 LABEL

19 GP3

20 TA1

21 COND

HEAT 01 - STATIC HEAT TRANSFER ANALYSIS - APR. 1985 $

ALL $

HQG-APPEND/HPGG=APPEND/HUGV=APPEND/HGM=SAVE/HKNN=SAVE $

//*mpy*/cARDNo/o/o $

GEOMl,GEOM2,/GPL,HEQEXIN,GPDT, CSTM,BGPDT,HSIL/S,N,HLUSET/
NOGPOT/MINUSl=-l $

BGPDT,HSIL/BGPDP,HSIP/HLUSET/S,N,HLUSEP $

GEoM2,HEQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

HP1,JUMPPLOT $

PCDB,HEQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,HNS lL/
S,N,JUMPPLOT $

PLTSETX// $

//*MPY*/PLTFLG/l/l $

//*Mpy*/pFILE/o/o $

HP1,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,HEQEX lN,HSIL,,ECT,,/PLOTXl/
HNSIL/HLUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N, PFILE $

PLOTX1// $

HP1 $

GEoM3,HEQEx1N,GEot42/HsLT,GPTT/NoGRAv $

ECT,EPT,BGPDT,HSIL,GPTT,CSTM/HEST, ,HGPECT,,/
HLUSET/S,N,NOSIMP/l/NOGENL/GENEL $

ERROR4,NOSIMP $
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RIGID FORMAT DMAP LISTING
APRIL 1985 RELEASE

HEAT APPROACH, RIGID FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

ho

41

42

43

44

45

PURGE

COND

PARAH

EMG

PURGE

COND

EMA

LABEL

PARAM

LABEL

GPb

COND

PARAM

PURGE

PARAM

COND

GPSP

OFP

LABEL

EQUIV

COND

MCE 1

MCE2

LABEL

HKGG,GPST/NOSIMP $

HLBL1,NOSIMP $

//*AOD*/HNOKGG/l/O $

HEST,CSTM,MPT,DlT,GEOM2,/HKELM,HKD lCT,,,,,/S,N,HNOKGG $

HKGG,GPST/HNOKGG $

HLBL),HNOKGG $

HGPECT,HKDICT,HKELM/HKGG,GPST $

HLBL1 $

//*tiPY*/NSKIP/O/O $

HLBLII $

CASECC,GEOM4,HEQEXIN,GPDT, BGPOT,CSTM,GPST/RG,YS,HUSET,HASET/
HLUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMtT/S,N,REACT/
S,N,NSKIP/S,N,HREPEAT/S,N,NOSET/S,N,NOL/S ,N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

ERROR3,NOL $

//*AND#6/NosR/siNGLE/REACT $

HKRR,HKLR,HQR,HDt4/REACT/GM/MPCF l/HGO,HKOO,HLOO,HPO,HUOOV,
HRUOV/OMIT/HPS,HKFS,HKSS/SINGLE/HQG/NOSR $

//*EQ*/GPSPFLG/AUTOSPC/O $

HLBL4,GPSPFLG $

GPL,GPST,HUSET,HSIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,CARONO $

HLBL4 $

HKGG,HKNN/MPCFl $

HLBL2,MPCF1 $

HUSET,RG/GM $

HUSET,GM,HKGG,,,/HKNN,,, $

HLBL2 $
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e RIGID FORMAT DMAP LISTING
APRIL 1985 RELEASE

HEAT APPROACH, RIGID FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

46

47

b8

49

50

51

52

53

54

55

56

EQUIV

COND

SCE 1

LABEL

EQUIV

COND

SHP 1

LABEL

EQUIV

COND

RBMG 1

e 57 LABEL

58 RBHG2

59 COND

60 RBMG3

61 LABEL

62 SSG1

63 EQUIV

64 COND

65 SSG2

66 LABEL

67 SSG3

68 COND

6g MATGPR

70 MATGPR

Ht(NN,HKFF/SINGLE $

HLBL3,SINGLE $

HUSET,HKNN,,,/HKFF,HKFS,HKSS, ,, $

HLBL3 $

HKFF,HKAA/OMIT $

HLSL5,0MIT $

HUSET,HKFF,,,/HGO,HKAA,HKOO,HLOO, ,,,, $

HLBL5 $

HKAA,HKLL/REACT $

HLBL6,REACT $

HUSET,HKAA,/HKLL,HKLR,HKRR, ,, $

HLBL6 $

HKLL/HLLL $

HLBL7,REACT $

HLLL,HKLR,HKRR/HDM $

HLBL7 $

HSLT,BGPDT,CSTM,HSI L,HEST,MPT, GPTT,EDT,,CASECC,DIT,/
HPG,,,, SCR/HLUSET/NSKIP $

HPG,HPL/NOSET $

HLBL1O,NOSET $

HUSET,GM,YS,HKFS,HGO,HDM,HPG/HQR,HPO,HPS,HPL $

HLBL1O $

HLLL,HKLL,HPL,HLOO,HKOO,HPO/HULV,HUOOV,HRULV,HRUOV/OMlT/
V,Y,lRES=-l/NSKIP/S,N,EPSl $

HLBL9,1RES $

GPL,HUSET,HSIL,HRULV//*L* $

GPL,HUSET,HSIL,HRUOV//*O* $
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RIGID FORMAT DMAP LISTING
APRIL 1985 RELEASE

HEAT APPROACH, RIGID FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

71 LABEL

72 SDR1

73 COND

7k REPT

75 JUMP

J6 PARAM

77 CONO

78 LABEL

79 SDR2

80 OFP

81 COND

82 PLOT

83 PRTMSG

84 LABEL

85 JUMP

86 LABEL

87 PRTPARM

88 LABEL

8g PRTPARM

90 LABEL

91 PRTPARtl

92 LABEL

93 PRTPARM

94 LABEL

HLBL9 $

HUSET,HPG,HULV,HUOOV,YS,HGO,GM,HPS,HKFS,HKSS,HQR/HUGV,HPGG,
HQG/NSKIP/*HSTATICS* $

HLBL8,HREPEAT $

HLBL11,1OO $

ERROR1 $

//*NoT*/HTEsT/HREpEAT $

ERROR5,HTEST $

HLBL8 $

CASECC,CSTM,MPT,DIT,HEQEXIN,HS IL,GPTT,EDT,BGPDP, ,HQG,HUGV,
HEST,,HPGG/HOPGl,HOQGl,HOUGVl ,,HOEFl,HPUGVl/*STATICS* $

HOUGVl,HOPGl,HOQGl,HOEFl,,//S,N,CARDNO $

HP2,JUMPPLOT $

PLTPAR,GPSETS, ELSETS,CASECC, BGPDT,HEQEXIN,HSIP,HPUGV1, ,HGPECT,
/PL0Tx2/HNStL/HLusEp/JLJMPPLOT/p:TF LG/
S,N,PFILE $

PLoTx2// $

HP2 $

FINIS $

ERROR1 $

//-1/*HSTA* $

ERROR3 s

//-3/*HsTAh $

ERROR4 $

/1-4/*HsTAfc $

ERROR5 $

//-5/*HsTAfi $

FINIS $
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● RIGID FORMAT DMAP LISTING
APRIL 1985 RELEASE

HEAT APPROACH, RIGIO FORMAT 1

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

95 PURGE DUMMY/MINUSl $

96 END s
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3.1.2 Description of Important DMAP Operations for Static Heat Transfer Analysis

5. GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external degree of freedom indices. ●

6. PLTTRAN modifies special scalar grid points in the BGPDT and HSIL tables.

7. GP2 generates Element Connection Table with internal indices.

10. Go To DMAP No. 18 if there are no structure plot requests.

11. PLTSET transforms user input into a form used to drive the structure plotter.

12. PRTMSG prints error messages associated with the structure plotter.

15. Go to DMAP No. 18 if no boundary and structure (heat conduction) element plots are
requested.

16. PLOT generates all requested boundary and heat conduction element plots.

17. PRTMSG prints plotter data and engineering data for each plot generated.

19. GP3 generates applied Static (Thermal) Loads Table (HSLT) and Grid Point Temperature Table.

20. TA1 generates element tables for use in matrix assembly, load generation, and data recovery.

21. Go to DMAP No. 90 and print Error Message No. 4 if no elements have been defined.

23. Go to DMAP No. 29 if there are no heat conduction elements.

25. EMG generates element heat conduction matrix tables and dictionaries for later assembly by
the EMA module.

27. Go to DMAP No. 29 if no heat conduction matrix is to be assembled.

28. EMA assembles heat conduction matrix [K~g] and Grid Point Singularity Table,

31. Beginning of loop for additional constraint sets.

32. GP4generates flags defining members of various displacement sets (USET), forms multipoint
constraint equations [Rg] {ugl = O and forms enforced displacement vector {Ys}.

33. Go to DMAP No. 88 and print Error Message No. 3 if no independent degrees of freedom are
defined.

37. Go to DMAP No. 40 if no potential grid point singularities exist.

38. GPSP generates a table of potential grid point singularities.

39. OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

41. Equivalence [Kgg] to [Knn] if no multipoint constraints exist.

42. Go to DMAP No. 45 if no multipoint constraints exist.

43. MCE1 partitions multipoint constraint equations [Rg] = [Rm\Rn] and solves for
.

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn].
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44. MCE2 partitions heat conduction matrix

46.

47.

48.

50.

51.

52.

54.

55.

56.

58.

59.

60.

[1ilK
[Kgg] = ‘n+ M

Kmn I Kmm

and performs matrix reouction

[Knnl = [~nnl + [Gj[Kmnl + [{nl[Gml + [G:l[\ml[Gml.

Equivalence [Knnl to [Kff] if no sin91e-Point constraints ‘Xisto

Go to DMAP No. 49 if no single-point constraints exist.

SCE1 partitions out single-point constraints

[1‘ff’ ‘fs
[Knn] = ~~K— .

Sf Ss

Equivalence [Kff]

GO to DMAP No. 53

to [Kaa] if no omitted coordinates exist.

if no omitted coordinates exist,

SMP1 partitions constrained heat conduction matrix

[1ii\K[Kff] = :~K~ ,

oa 00

solves for transformation matrix [Go] = -[Kool-l[Koal

and performs matrix reduction [Kaal = [~aal + [K~al[Gol .

Equivalence [Kaa] to

Go to DMAP No, 57 if

RBMG1 partitions out

[KLL] if no free-body

no free-body supports

free-body supports

supports exist.

exist.

RBMGZ decomposes constrained heat conduction matrix [Kkgl = [LLLIIULLI.

Go to DMAP No. 61 if no free-body supports exist.

RBMG3 forms rigid body transformation matrix

[D] = -[ KJ1[K%r] >
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calculates rigid body check matrix

[X] = [Krrl +

and calculates rigid body error ratio

e= -Tt4Tx

K
rr

FORMATS

[K~r][D]

.

62. SSG1 generates static thermal load vectors {Pgl.

63. Equivalence {Pg} to{Pg} if no constraints are applied.

64. Go to DMAP No. 66 if no constraints are applied.

65. SSG2 applies constraints to static thermal load vectors

Hin{Pg} = —– , {Pn} = {~n} + [G;]{Pm} ,
Pm

Hi-f{Pn} = —– , {Pf} = {Pf} - [Kf~]{Ys} ,
P5

11;a
{Pf} = —– , {Pa} = {~a} + [G:]{POI ,

P.

Pi
{Pa} =

II
--Fr–

and calculates determinate thermal powers {qr} = -{Prl -

67. SSG3 solves for displacements of independent coordinates

{uL} = [Kki]-l{PL} ,

solves for displacements of omitted coordinates

{u~} = [KOO]-l{PO} ,

calculates residual vector (HRULV) and residual
coordinates

{6PE} = {Pi} - [KkL]{uLJ

[DT]{Pt}.

vector error ratio for independent
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{u:}{wgl

‘i =

{P;}{UL}

and calculates residual vector (HRUOV) and residual vector error ratio for omitted
coordinates

{6PO} = {Po} - [Koo]{u:} ,

{U:}{6PO}

‘o =

{P:l{u:}

68. Go to DMAP No. 71 if residual vectors

69. MATGPR prints the residual vector for

70. MATGPR prints the residual vector for

72. SDR1 recovers dependent temperatures

are not to be printed.

independent coordinates (HRULV).

omitted coordinates (HRUOV).

H
u
k = {Ua} ,——

‘r

II‘a—— ={uf} ,

‘o

{urn} = [Gml{un} ,

{uo} = [Go]{ual +{u~~ ,

H‘f—— ={un} ,
Y5

H
Un

= {Ug}——
‘m

and recovers single-point powers of sustained thermal constraint

{qs} = -{PSI + [K~J{uf} + [KJtyJ.

73. GO to DMAP No. 78

74. Go to DMAP No. 31

75. Go to DMAP No. 86
100.

if all constraint sets have been processed.

if additional sets of constraints need to be processed.

and print Error Message No. 1 as the number of constraint sets exceeds

77. Go to DMAP No. 92 and print Error Message No. 5 if multiple boundary conditions are
attempted with an improper subset.

79. SDR2 calculates conduction and boundary element heat flows and radients (H@EFl) and
7prepares thermal load vectors (H!3PG1),temperature vectors (H@JGVl and single-point powers

of constraint (HOQGl) for output and components of the temperature vector (HPUGV1).
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80.

81.

82.

83.

85.

87.

89.

91.

93.

13FPformats the tables prepared by SDR2 and places them on the system output file for
printing.

Go to DMAP No. 84 if no temperature profile plots are requested.

PLOT generates all requested temperature profile and thermal contour plots,

PRTMSG prints plotter data, engineering data, and contour data for each temperature profile
and thermal contour plot generated.

Go to DMAP No. 94 and make normal exit.

Print Error Message No. 1 and terminate execution.

Print Error Message No. 3 and terminate execution.

Print Error Message No. 4 and terminate execution.

Print Error Message No. 5 and terminate execution.
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3.1.3 Output for Static Heat Transfer Analysis

ANALYSIS

The following output may be requested for Static Heat Transfer Analysis:

3.1.4

1. Temperatures (THERMAL) and nonzero components of static loads (W-OAD)and constrained

heat flow (SPCFORCE) at selected grid points or scalar points.

2, The punch option of a THERMAL request will produce TEMP bulk data cards.

3. Flux density (ELF@RCE) in selected elements.

4. Plots of the structural model and temperature profiles.

5. Contour plots of the thermal field,

Case Control Deck for Static Heat Transfer Analysis

The following items relate to subcase definition and data selection for Static Heat Transfer

Analysis:

1.

2.

3.

4.

5.

A separate subcase must be defined for each unique combination of

loads.

A static loading condition must be defined for (not necessarily

with a LOAD selection, unless all loading is specified with grid

SPC cards.

constraints and static

within) each subcase

point temperatures on

An SPC set must be selected for (not necessarily within) each subcase, unless all

constraints are specified on GRI.Dcards or Scalar Connection cards.

Loading conditions associated with the same sets of constraints should be in contiguous

subcases, in order to avoid unnecessary looping.

REPCASE may be used to repeat subcases in order to allow multiple sets of the same

output item.

3.1.5 Parameters for Static Heat Transfer Analysis

The

1.

2.

3.

following parameters are used in Static Heat Transfer Analysis:

ASET13UT- optional. A positive integer value of this parameter causes the HASET’output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is 0.

AUTOSPC - reserved for future optional use. The default value is -1.

IRES - optional. A positive integer value of this parameter causes the printing of the

residual vectors following each execution of the SSG3 module.
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3.1.6 Rigid Format Error Messages from Static Heat Transfer Analysis

The following fatal errors are detected by the DMAP statements in the Static Heat Transfer

Analysis rigid format. The text for each error message is given below in capital letters and is

followed by additional explanatory material, including suggestions for remedial action.

STATIC HEAT TRANSFER ANALYSIS ERROR MESSAGE N@. 1 - ATTEMPT T@ EXECUTE MORE THAN 100 Lk30PS.

An attempt has been made to use more than 100 different sets of boundary conditions. This number
may be increased by ALTERing the REPT instruction following SDR1.

STATIC HEAT TRANSFER ANALYSIS ERROR MESSAGE NO. 3 - No INDEPENDENT DEGREES OF FREED13MHAVE BEEN
DEFINED,

Either no degrees of freedom have been defined on GRID, SPOINT or Scalar Connection cards, or all
defined dearees of freedom have been constrained bv SPC. MPC. SUPORT. OMIT or GRDSET cards. or
grounded o;

STATIC HEAT

No elements

STATIC HEAT

Scalar Connection

TRANSFER ANALYSIS

have been defined

TRANSFER ANALYSIS

. . . . .
cards,

ERR@R MESSAGE NO. 4 - N@ ELEMENTS HAVE BEEN DEFINED.

with either Connection cards or GENEL cards.

ERROR MESSAGE N@. 5 - A LO@PING PROBLEM RUN ON A N@N-L~@PING SUBSET.

A problem requiring boundary condition changes was run on subset 1 or 3. The problem should be
restarted on-subset O.
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3.2 NONLINEAR STATIC HEAT TRANSFER ANALYSIS

3.2.1 DMAP Sequence for Nonlinear Static Heat Transfer Analysis

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

HEAT APPROACH, RIGID FORMAT 3

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR-2 LIST NODECK NOREF NOOSCAR
--------- .-------

1 BEGIN

2 PRECHK

3 PARAM

4 GP1

5 PLTTRAN

6 GP2

7 PARA!4L

8 PURGE

9 COND

10 PLTHBDY

11 EQUIV

12 PLTSET

13 PRTMSG

lb PARAM

15 PARAM

16 COND

17 PLOT

18 PRTMSG

19 LABEL

20 GP3

HEAT 03 - NONLINEAR STATIC HEAT TRANSFER ANALYSIS -

ALL $

//*MpY*/cARoNo/o/o $

APR. 1986 $

GEOMl,GEOM2,/GPL,HEQEXIN,GPDT,CSTM, BGPOT,HSIL/S,N,HLUSET/
NOGPDT/MINUSl=-l $

BGPOT,HSIL/BGPOP,HSIP/HLUSET/S,N,HLUSEP $

GEoH2,HEQExlN/EcT $

PCOB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

HP1,JUMPPLOT $

GEOM2,ECT,EPT,HS IL,HEQEXI N,BGPOT/PECT,PSIL,PEQEXIN,PBGPDT/
NHBOY/V,Y,MESH=NO $

ECT,PECT/NHBDY/HS lL,PSIL/NHBDY/HEQEXIN,PEQEXIN/NHBDY/
BGPDT,PBGPOT/NHBDY $

PCOB,PEQEXlN,PECT/PLTSETX,HPLTPAR,HGPSETS,HELSETS/S,N,HNSl L/
S,N,JUMPPLOT $

PLTSETX// $

//$,Mpy*/PLTFLG/l/l $

//*MPY*/PF ILE/O/O $

HP1,JUMPPLOT $

HPLTPAR,HGPSETS,HELSETS,CASECC,PBGPOT,PEQEXI N,PSIL,,,,/PLOTXl/
HNSIL/HLUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N,PF ILE $

PLOTX1// $

HPI $

GEoM3,HEQEx1N,GEoM2/HsLT,GPTT/NoGRAv $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

HEAT APPROACH, RIGID FORMAT 3

LEVEL 2.0 NASTRAN DMAP CDMPILER - SOURCE LISTING

21 SETVA1

22 LABEL

23 CASE

24 PARAML

25 PARAM

26 TA1

27 COND

28 PARAM

29 EMG

30 PURGE

31 COND

32 EMA

33 LABEL

34 RAG

35 EQUIV

36 PURGE

37 GP4

38 CONO

39 PURGE

40 PARAM

41 COND

42 GPSP

43 OFP

44 LABEL

//5,N,REPEATH/-I $

LOOPTOP $

CASECC,/CASEXX/*TRANRESP*/S,N,REPEATH/S,N,NOLOOP $

cAsExx//*oTlff/l/8//s,N,TEMPMATE $

//*5T5R*/v,N,TEMpMATE/-lo $

ECT,EPT,BGPOT,HSIL,GPTT,CSTM/HEST, ,HGPECT,,/
HLUSET/S,N,NOSIMP/l/NOGENL/HXYZ $

ERROR2,NOSIMP $

//*AOO*/HNOKGG/l/O $

HEST,CSTM,MPT,DlT,GEOM2,/HKELM,HKDl CT,,,,,/S,N,HNoKGG $

HKGG,GPST/HNOKGG $

JMPKGGX,HNOKGG $

HGPECT,HKDICT,HKELM/HKGGX,GPST $

JMPKGGX $

HEST,MATPOOL,GPTT,HKGGX/HRGG,HQGE,HKGG/C,Y,TABS/C,Y, SIGMA=O.O/
S,N,HNLR/HLUSET $

HKGGX,HKGG/HNLR $

HQGE,HRGG/HNLR $

CASEXX,GEOM4,HEQEX IN,GPDT,BGPDT, CSTM,GPST/RG,,HUSET,HASET/
HLUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/S,N,REACT/
S,N,NSKlP/S,N,REPEATH/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y, ASETOUT/
S,Y,AUTOSPC $

ERROR1,NOL $

GM/MPcFl/HPS,HKFS,HKSS,HKSF,HRSN,HQG/S INGLE $

//* EQ*/GpSpFLG/AuToSpc/o $

HLBL5,GPSPFLG $

GPL,GPST,HUSET,HSIL/OGPST/S,N ,NOGPST $

OGPST ,,,,,//S,N,CARDNO $

HLBL5 $
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@

RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

HEAT APPROACH, RIGID FORMAT 3

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

45

46

47

48

49

50

51

52

53

5.4

55

EQUIV

COND

MCE1

MCE2

LABEL

EQUIV

COND

VE C

PARTN

PARTN

LABEL

m 56 DECOMP

57 COND

58 SSGI

59 EQUIV

60 CONO

61 SSG2

62 LABEL

63 SSGHT

64 COND

65 MATGPR

66 LABEL

67 SDR2

68 OFP

HKGG,HKNN/MPCFl/HRGG,HRNN/MPCF 1 $

HLBLI,MPCFI $

HUSET,RG/GM $

HUSET,GM,HKGG,HRGG,,/HKNN,HRNN, , $

HLBLI $

HKNN,HKFF/SINGLE/HRNN,HRFN/Sl NGLE $

HLBL2,SINGLE $

HUSET/VFS/*N*/*Ff~/*Sj’~ $

HKNN,VFS,/HKFF,HKSF,HKFS,HKSS $

HRNN,,VFS/HRFN,HRSN,,/l $

HLBL2 $

HKFF/HLLL,HLILL/O/O/MDIAG/DET/PWR/S,N, KSING $

ERROR3,KSING $

HSLT,BGPDT,CSTM,HSI L,HEST,MPT,GPTT, EDT,,CASEXX,DIT,/
HPG,,,, SCR/HLUSET/NSKIP $

HPG,HPF/NOSET $

HLBL3,NOSET $

HUSET,GM,,HKFS,,,HPG/,,HPS ,HPF $

HLBL3 $

HUSET,HSI L,GPTT,GM,HEST,MPT,D IT,HPF,HPS,HKFF,HKFS,HKSF,
HKSS,HRFN,HRSN,HLLL,HULL/HUGV,HQG,HRULV/HNNLK=l/HNLR/
C,Y,EPSHT=.OOl/C,Y,TABS=O.O/C,Y,MAX lT=4/V,Y,lRES/
MPCF1/SINGLE $

HLBL4,1RES $

GPL,HUSET,HSIL,HRULV//~~F~~ $

HLBL4 $

CASEXX,CSTM,MPT,DIT,HEQEX IN,HSIL,GPTT,EDT,BGPDP, ,HQG, HUGV,HEST, ,
HPG/HOPGl,HOQGl,HOUGVl,HOES l,HOEFl,HPUGV1/*STATICS* $

HOUGVl,HOPGl,HOQGl,,,//S,N, CARDNO $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

HEAT APPROACH, RIGID FORMAT 3

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

69 SDRHT

70 OFP

71 COND

72 PLTSET

73 PLOT

74 PRTMSG

75 LABEL

76 COND

77 REPT

78 JUMP

79 LABEL

80 PRTPARM

81 LABEL

82 PRTPARM

83 LABEL

84 PRTPARM

85 LABEL

86 PURGE

87 END

HSIL,HUSET,HUGV,HOEF1,HSLT,HEST, DIT,HQGE,,/HOEFIX/C,Y,TABS/
HNLR $

HOEFIX, ,,,, //5,N,cARDN0 $

HP2,JUMPPLOT $

PCDB,HEQEXIN,ECT/PSMES,DPLTPAR,DGPSETS ,DELSETS/S,N,DSIL/DJ $

DPLTPAR,DGPSETS,DELSETS,CASEXX, BGPDT,HEQEXIN,HSI P,HPUGV1 ,,
HGPECT,HOESl/PLOTX2/DSlL/HLUSEP/JUNPPLOT/PLTFLG/S,N,PF ILE $

PLoTx2// $

HP2 $

FINIS,REPEATH $

LOOPTOP,1OO $

FINIS$

ERROR1 $

//-1/*HNLi* $

ERROR2 $

//-2/*HNLl* $

ERROR3 $

//-3/~~HNLI* S

FINIS$

DUMMY/MINUSl $

s
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3.2.2

e 4.

5.

6.

9.

10.

11.

12.

13.

16.

17.

18.

20.

23.

@

24.

25.

26.

27.

29.

31.

32.

34.

35.

37.

38,

Description of Important DMAP Operations for Nonlinear Static Heat Transfer Analysis

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external degree of freedom indices.

PLTTRAN modifies special scalar grid points in the BGPDT and HSIL tables.

GP2 generates the Element Connection Table with internal indices.

Go to DMAP No. 19 if there are no structure plot requests.

PLTHBDY modifies the data in the ECT, HSIL, HEQEXIN and BGPDT tables to permit the plotting
of HBOY (thermal boundary) elements.

Equivalence PECT to ECT, PSIL to HSIL, PEQEXIN to HEQEXIN and PBGPDT to BGPDT if there are
no HBDY elements,

PLTSET transforms user input into a form used to drive the structure plotter,

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 19 if no boundary and structure (heat conduction) element plots are
requested.

PLOT generates all requested boundary and heat conduction element plots.

PRTMSG prints plotter and engineering data for each generated plot.

GP3 generates applied Static (Heat Flux) Loads Table (HSLT) and the Grid Point Temperature
Table.

CASE extracts the appropriate record from CASECC corresponding to the current loop and
copies it to CASEXX.

PARAML extracts the 8th word in the data record of CASEXX (representing the thermal
material set ID) and stores its value in the parameter TEMPMATE.

PARAM stores the value of the parameter TEMPMATE in the 10th word of COMMON /SYSTEM/.

TA1 generates element tables for use in matrix assembly, load generation, and heat flux data
recovery.

Go to DMAP No. 81 and print Error Message No. 2 if no elements have been defined.

EMG generates element heat conduction matrix tables and dictionaries for later assembly by
the EMA module.

Go to DMAP No. 33 if no heat conduction matrix is to be assembled.

EMA assembles heat conduction matrix [K~g] and Grid Point Singularity Table.

RMG generates the radiation matrix, [Rgg], and adds the estimated linear component of

radiation to the heat conduction matrix. The element radiation flux matrix, [Qge], is

also generated for use in recovery data for the HBDY elements.

Equivalence [K~g] to [Kgg] if there is no linear component of radiation.

GP4 generates flags defining members of various displacement sets (HUSET) and forms
multipoint constraint equations [Rg] {ug} = {01.

Go to DMAP No. 79 and print Error Message No. 1 if no independent degrees of freedom are
defined.
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41.

42.

43.

45.

46.

47.

48.

50.

51.

52.

53.

54.

56.

57.

58.

HEAT RIGID FORMATS

Go to DMAP No. 44 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities. These singularities may be
extraneous in a radiation problem, since some points may transfer heat through radiation
only. @

@FP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn] and [Rgg] to [Rnn] if no multipoint constraints exist,

Go to DMAP No. 49 if no multipoint constraints exist.

MCE1 partitions the multipoint constraint eauation matrix [Rg] = [Rm~Rn] and solves
for the mul

MCE2 partit

ipoint constraint transformation matrix

[Gm] = -[ Rm]-l [Rn] .

ons heat conduction and radiation matrices

[1iIK
[Kgg] = ~n+ ~ and [Rgg] =

Kmn I Kmm

and performs matrix reductions

[Knn] = [inn] + [G~][Kmnj + [Km~][Gm] + “[G~][Kmm][Gm]and

[Rnn] = [iinn] + [G~][Rmn] + [R~n][Gm] + [G~][Rmm][Gm].

o

Equivalence [Knn] to [Kff] and [Rnn] to [Rfn] if no single-point constraints exist.

Go to OMAP No. 55 if no single-point constraints exist.

VEC generates a partitioning vector {un} +

PARTN partitions the heat conduction matrix

[

‘ff’ ‘fs[Knn] = —+—

‘fs’ Kss,

PARTN partitions the radiation matrix

[1‘fn[Rnn] = ;- .

sn

f} + {U5}.

.

DECOMP decom oses the otentially unsymmetric matrix [Kff] into upper and lower triangular
factors [Ukk? and [Lli!.

Go to DMAP No. 83 and print Error Message No, 3 if the matrix is singular.

SSG1 generates the input heat flux vector {Pg},
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59.

e

60.

61.

63.

64.

65.

67.

● 68.

69.

70.

71.

72.

73,

74.

76.

77.

78.

80.

82.

74.

Equivalence {Pg} to {Pf} if no constraints are applied.

Go to DMAP No. 62 if no constraints of any kind exist.

SSG2reduces the heat flux vector

HPn
{Pgl = —- ,

Pm

{Pn} = {~n} + [G:] {pm}

11‘f
and {Pn} = —– .

P5

SSGHT solves the nonlinear heat transfer problem by an iteration technique which is limited
by parameters EPSHT and MAXIT. The output data blocks are: {ug}, the solution

temperature vector, {qg}, the heat flux due to single-point constraints, and {6Pt}, the

matrix of residual heat fluxes at each iteration step.

Go to DMAP No. 66 if residual vectors are not to be printed.

MATGPR prints the residual vectors for independent coordinates (HRULV).

SDR2 calculates the heat flux due to conduction and convection in the elements (HOEFl) and
prepares the temperature vector (H!3UGV1),the load vector (HOPGl), and the power of
constraint (HOQGl) for output and components of the temperature vector (HPUGV1).

13FPformats the tables prepared by SDR2 and places them on the system output file for
printing.

SDRHT orocesses the HBDY elements to Droduce heat flux into the elements (HOEFIX) due to
convection, radiation, and applied flux.

13FPformats the element flux table prepared
for printing,

Go to DMAP No. 75 if no temperature profile

by SDRHT and places it on the system output file

plots are requested.

PLTSET transforms user input into a form used to drive the structure plotter.

PLOT generates all requested temperature profile and thermal contour plots.

PRIMSG prints plotter data, engineering data, and contour data for each temperature profile
and thermal contour plot generated.

Go to

Go to

Go to

Print

Print

Print

OMAP No. 85 and make normal exit if all constraint sets have been processed.

OMAP No. 22 if additional constraint sets need to be processed.

DMAP No. 85 and make normal exit.

Error Message No. 1 and terminate execution.

Error Message No. 2 and terminate execution.

Error Message No, 3 and terminate execution.
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3.2.3 Output for Nonlinear Static Heat Transfer Analysis

The following output may be requested for the last iteration in Nonlinear Static Heat

Transfer Analysis:

1. Temperature (THERMAL) and nonzero components of static loads (!JL!JAD)and constrained

heat flow (SPCFORCE) at selected grid points or scalar points.

2. The punch option of a THERMAL request will produce

3. Flux density (ELFORCE) in selected elements. In

density summary is produced that includes applied

flux.

TEMP bulk data cards.

the case of CHBDY elements, a flux

flux, radiation flux, and convective

4, Plots of the structural model and temperature profiles.

5. Contour plots of the thermal field,

3.2.4 Case Control Deck for Nonlinear Static Heat Transfer Analysis

The following items relate to subcase definition and data selection for

Heat Transfer Analysis:

1. A separate subcase must be defined for each unique combination of

loading conditions.

2. An estimated temperature distribution vector must be defined on TEMP

Nonlinear Static

constraints and

cards and selected

with a TEMP(MATERIAL) request for each subcase. Temperatures for constrained components ●
are taken from these TEMP cards and entries on SPC cards are ignored.

3.2.5 Parameters for Nonlinear Static Heat Transfer Analysis

The following parameters are used in Nonlinear Static Heat Transfer Analysis:

1.

2.

3.

4.

ASETOUT - optional. A positive integer value of this parameter causes the HASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

AuTfMPC - reserved for future optional use. The default value is -1.—.

EPSHT - optional. The real value of this parameter is used to test the convergence—-

the nonlinear heat transfer solution (see Section 8.4.1 of the Theoretical Manual).

default value is 0.001.

IRES - optional. A positive integer value of this parameter causes the printing of

residual vectors following the execution of the SSGHT module for each iteration.
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5.

6.

7.
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MAXIT - optional. The intege- value of this parameter limits the maximum number of

iterations. The default value is 4 iterations.

SIGMA - optional.

The default value

TABS - optional.

The real

is 0.0.

The real

temperature. The default va

value of this parameter is the Stefan-Boltzmann constant.

value of this parameter is the absolute reference

lue is 0.0.

3.2.6 Rigid Format Error Messages from Nonlinear Static Heat Transfer Analysis

The following fatal errors are detected by the DMAP statements in the Nonlinear Static Heat

Transfer Analysis rigid format. The text for each error message is given below in capital letters

and is followed by additional explanatory material, including suggestions for remedial action.

NfiNLINEARSTATIC HEAT TRANSFER ANALYSIS ERROR MESSAGE NO.,1 - NO INDEPENDENT DEGREES OF FREEDOM
HAVE BEEN DEFINED.

Either no degrees of freedom have been defined on GRID, SP!31NTor Scalar Connection cards, or all
defined degrees of freedom have been constrained by SPC, MPC, SUPORT, OMIT or GRDSET cards, or
grounded on Scalar Connection cards.

Nf3NLINEARSTATIC HEAT TRANSFER ANALYSIS ERR@R

● No structural elements have been defined with

NONLINEAR STATIC HEAT TRANSFER ANALYSIS ERROR

The heat conduction matrix is singular due to

MESSAGE NO. 2 - NO SIMPLE STRUCTURAL ELEMENTS.

Connection Cards.

MESSAGE N@. 3 - STIFFNESS MATRIX SINGULAR.

unspecified grid point temperatures.

I
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3.3 TRANSIENT HEAT TRANSFER ANALYSIS

e
3.3.1 DMAP Sequence for Transient Heat Transfer Analysis

RIGID FORMAT OMAP LISTING
APRIL lg86 RELEASE

HEAT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
---------------- -

1 BEGIN

2 PRECHK

3 PARAM

k GP1

5 PLT7RAN

6 PURGE

7 COND

8 GP2

9 PARAML

10 PURGE

11 COND

12 PLTSET

13 PRTMSG

14 PARAM

15 PARAM

16 COND

17 PLOT

18 PRTMSG

19 LABEL

20 GP3

21 TA1

HEAT 09 - TRANSIENT HEAT TRANSFER ANALYSIS - APR. 1986 $

ALL $

//*Mpy*/CARDNI)/0/o$

GEoMl,GEoM2,/GPL,HEQEXlN,GPDT, CSTM,BGPDT,HSIL/S,N,HLUSET/
S,N,NOGPDT/MINUSIE-l $

BGPDT,HSIL/BGPDP,HSIP/HLUSET/S ,N,HLUSEP $

HUSET,GM,HGO,HKAA,HBAA,HPSO,HKFS,HQP,HEsT/NOGPDT $

HLBL5,NOGPDT $

GEoM2,HEQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

HP1,JUMPPLOT $

PCDB,HEQEXIN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,HNSIL/
S,N,JUMPPLOT $

PLTSETX// $

//*MpY*/pLTFLG/l/l $

//*MPY$,/PFILE/O/o $

HP1,JUMPPLOT$

PLTPAR,GPSETS,ELSETS,CASECC,BGPDT,HEQEXIN,HS lL,,ECT,,/PLOTXl/
HNSIL/HLUSET/S,N,JUMPPLOT/S,N,PLTFLG/S,N, PFILE $

PLOTX1// $

HP1 $

GEoM3,HEQExlN,GEoM2/HsLT,GPTT/l $

ECT,EPT,BGPDT,HSIL,GPTT,CSTM/HEST, ,HGPECT,,/
HLUSET/S,N,NOSIMP=-l/l/123/l 23 $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

HEAT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

PURGE

COND

PARAM

PARAM

EMG

PURGE

COND

EMA

LABEL

CONO

EMA

LABEL

PURGE

LABEL

RMG

EQUIV

PURGE

GP4

PURGE

COND

PARAll

COND

GPSP

OFP

HKGG,GPST,HBGG/NOSIMP $

HLBL1,NOSIMP $

//* ADD*/NoKGGx/l/o $

//*AODfi/NOBGG/l/O $

HE5T,CSTM,MPT,DlT,GEOM2,/HKELM,HKD lCT,,,HBELM,HBDICT,/S,N,
NOKGGX//S,N,NOBGG $

HKGGX,GPST/NOKGGX $

JMPKGGX,NOKGGX $

HGPECT,HKOICT,HKEL/l/HKGGX;GPST $

JMPKGGX $

JMPHBGG,NOBGG $

HGPECT,HBOICT,HBELM/HBGG, $

JMPHBGG $

HBNN,HBFF,HBAA,HBGG/NOBGG $

HLBL1 $

HEST,MATPOOL,GPTT,HKGGX/HRGG,HQGE ,HKGG/C,Y,TABS/C,Y,SIGMA=O.O/
S,N,HNLR/HLUSET $

HKGGX,HKGG/HNLR $

HRGG,HRNN,HRFF,HRAA,HRDD/HNLR $

CASECC,GEOM4,HEQEXlN,GPDT,BGPDT,CSTM,GPST/RG, ,HUSET,ASET/
HLUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/
S,N,REACT/O/123/S,N,NOSET/S,N,NOL/S, N,NOA/C,Y,ASETOUT/
S,Y,AUTOSPC $

GM,GMD/MPCFl/HGO,HGOO/OMIT/HKFS,HPSO,HQP/S INGLE $

HLBL2,NOSIMP $

//*EQ*/Gp5PFLG/AuT05Pc/o $

HLBL2,GPSPFLG $

GPL,GPST,HUSET,HSIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,CARDNO $
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RIGID FORMAT DMAP LISTING
ABRIL 1986 RELEASE

HEAT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

46

k~

48

49

50

51

52

53

5b

55

56

57

58

59

60

61

62

63

64

65

66

67

68

6g

70

LABEL

EQUIV

COND

MCE 1

HCE2

LABEL

EQUIV

CONO

SCE1

LABEL

EQUIV

EQUIV

EQUIV

COND

SMP 1

COND

S!IP2

LABEL

COND

SMP2

LABEL

DPD

COND

EQUIV

PURGE

HLBL2 $

HKGG,HKNN/MPCFl/HRGG,HRNN/MPCF l/HBGG,HBNN/MPCFl $

HL8L3,MPCF1 $

HUSET,RG/GM $

HUSET,Gtl,HKGG,HRGG,HBGG,/HKNN,HRNN,HBNN, $

HL8L3 $

HKNN,HKFF/SlNGLE/HRNN,HRFF/SlNGLE/HBNN,HBFF/SlNGLE $

HLBL4,SINGLE $

HIJSET,HKNN,HRNN,HBNN,/HKFF,HKFS, ,HRFF,HBFF, $

HLBLk $

HKFF,HKAA/OMIT $

HRFF,HRAA/OMIT $

HBFF,HBAA/OMiT $

HLBL5,0MIT $

HUSET,HKFF ,,,/HGO,HKAA,HKOO,HLOO,, ,,, $

HLBLR,HNLR $

HUSET,HGO,HRFF/HRAA $

HLBLR $

HLBL5,NOBGG $

HUSET,HGO,HBFF/HBAA $

HLBL5 $

DYNAMICS,GPL,HSIL,HUSET/GPLO,HSl LD,HUSETO,TFPOOL,HDLT, ,,
HNLFT,HTRL,,HEQDYN/HLUSET/S,N,HLUSETD/123 /S,N,NODLT/
123/123/S,N,NONLFT/S,N,NOTRL/123//S,N,NOUE $

ERROR1,NOTRL $

HGO,HGOD/NOUE/GM,GMO/NOUE $

HPPO,HPSO,HPDO,HPDT/NODLT $
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RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

HEAT APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

71

72

73

lk

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

MTRXIN

PARAM

PURGE

EQUIV

CONO

GKAO

LABEL

EQUIV

PARAH

LABEL

CASE

TRLG

EQUIV

TRHT

VOR

CONO

SDR3

OFP

XYTRAN

XYPLOT

LABEL

CASECC,MATPOOL,HEQDYN, ,TFPOOL/HK2PP,,HB2PP/HLUSETO/
S,N,NOK2PP/123/S,N,NOB2PP $

//*AND*/KDEKA/NOUE/NOK2PP $

HK2Do/NoK2PP/HB200/NoB2PP $

HKAA,HKDo/KoEKA/HB2PP,HB2DD/NoA/HK2PP,HK2oo/NoA/HRAA,HRoo/
NOUE $

HLBL6,NOGPDT $

HUSETD,GM,HGO,HKAA,HBAA,HRAA, ,HK2pP,,HB2PP/HKO0,HBD0,
HROD,GM0,HGO0,HK200, ,HB200/*TRANREsP*/*D15Pf’/
~*DIREcT*/c,y,G=o,o/c,Y,w3=0.O/C,Y ,Wk=O.O/NOK2PP/-l/
NOB2PP/MPCFl/S lNGLE/OMIT/NOUE/
-1/NOBGG/NOSIMP/-l $

HLBL6 $

HK2no,HKDD/NoslMP/HB2DD,HBDD/NoGPDT $

//$~MPY*/REPEATT/l/-l $

HLBL1O $

CASECC,/CASEXX/*TRAN~t/S,N,REPEATT/S ,N,NOLOOP $

CASEXX,HUSETO,HDLT,HSLT, BGPDT,HS IL,CSTM,HTRL,O IT,GMO,HGOO, ,
HEST,,/HPPO,HPSO,HPOO,HPOT, ,HTDL/S,N,NOsET $

HPPO,HPOO/NOSET $

CASEXX,HUSETO,HNLFT,OIT,GPTT, HKOO,HBDD,HROO,HPDT,HTRL/
HUDVT,HPNLD/C,Y,BETA=.55/C,Y ,TABS=O.O/HNLR/C,Y,RAOLIN=-l/
C,Y,SIGMA=O.O $

CASEXX,HEQOYN,HUSETD,HUDVT,HTOL,XYCDB,HPNLD/HOUDVl ,HOPNL1/
*TRANREsP$c/*OIRECT)~/O/S,N,NOO/s,N,Nop/o $

HLBL7,NOD $

Houovl,HoPNLl,,,,/Houov2,HoPNL2, ,,, $

HOUDV2,HOPNL2 ,,,,//S,N,CARDNO $

XYCDB,HOUDV2,HOPNL2, ,,/HXYPLTTA/’~TRAN~’/*DSE~’S/S ,N,HPFILE/
S,N,HCARONO $

HXYPLTTA// $

HLBL7 $
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e RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

HEAT APPROACH, RIGID FORMAT 9

LEVEL 2,0 NASTRAN DMAP COMPILER - SOURCE LISTING

92

93

94

95

g6

97

98

99

100

101

● 102

103

lok

105

106

107

108

109

110

111

112

113

114

PARAM

COND

EQUIV

COND

SDR1

LABEL

SDR2

SDRHT

EQUIV

SDR3

OFP

COND

PLOT

PRTMSG

LABEL

XYTRAN

XYPLOT

LABEL

COND

REPT

PRTPARM

JUMP

LABEL

//*AND*/PJUMP/NOP/JUMPPLOT $

tlLBL9,PJU14P $

HUDVT,HUPV/NOA $

HLBL8,NOA $

HUSETD, ,HUDVT, ,,HGOD,GMD,HPSO,HKFS, ,/HUPV,,HQP/l/
*DYNAflIcsx $

HLBL8 $

CASEXX,CSTM,MPT,DIT,HEQDYN,HS ILD, ,,BGPDP,HTOL,HQP,HUPV,HEST,
XYCDB,HPPO/HOPPl,HOQPl,HOUPV1 ,HOESl,HOEFl,HPUGV/*TRANRESP* $

HSILD,HUSETD,HUPV,HOEF 1,HSLT,HEST,DIT,HQGE ,HDLT,/HOEFIX/C,Y,
TABS/HNLR $

HOEFIX,HOEF1/MINUSl $

HOPP1,HOQP1,HOUPV1 ,HOESl,HOEFl,/HOPP2,HOQP2,HOUPV2,HOES2,
HOEF2, $

HoPP2,HoQP2,HouPv2,HoEF2,HoEs2,//s,N,cARDNo $

HP2,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASEXX,BGPDT,HEQEXI N,HSIP,,HPUGV,
HGPECT,/PLOTX2/HNS lL/HLUSEP/JUMPPLOT/PLTFLG/
S,N,PFILE $

PLoTx2// $

HP2 $

XYCDB,HOPP2,HOQP2 ,HOUPV2,HOES2,HOEF2/HXYPLTT/*TRAN*/*PSET*/S ,N,
PFILE/S,N,CARDNO $

HXYPLTT// $

HLBL9 $

FINIS,REPEATT $

HLBLIO,1OO $

//-2/*HTRD* $

FINIS $

ERROR1 $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

HEAT APPROACH, RIGIIJ FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

115 PRTPARM //-1/*HTRD* $

116 LABEL FINIS$

117 PURGE DUM/lY/MINUSl $

118 END $
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3.3.2

TRANSIENT HEAT

Description of Important DMAP Operations

TRANSFER ANALYSIS

for Transient Heat Transfer Anal&s_

● 4.

5.

7,

8.

11.

12.

130

16.

17,

18.

20.

21.

23.

26.

● 28.

29.

31.

32.

36.

37.

39.

41.

43.

44.

45.

s

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal dnd external degree of freedom indices:

PLTTRAN modifies special scalar grid points in the BGPDT and HSIL tables.

Go to DMAP No. 66 if there is no Grid Point Definition Table.

GP2 generates the Element Connection Table with internal indices.

Go to DMAP No. 19 if there are no structure plot requests.

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 19 if no boundary and structure (heat conduction) element plots are
requested.

PLOT generates all requested boundary and heat conduction element plots.

PRTMSG prints plotter data and engineering data for each generated plot.

GP3 generates applied Static (Heat Flux) Load Tables (HSLT) and the Grid Point Temperature
Table.

TA1 generates element tables for use in matrix assembly, load generation, and data recover~l.

Go to DMAP No. 35 if no heat conduction or boundary elements e~ist.

EMG generates element heat conduction and capacitance matrix tables and dictionaries for
later assembly by the EMA module.

Go to DMAP No. 30 if no heat conduction matrix is to be assembled.

EMA assembles heat conduction matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 33 if no heat capacitance matrix is to be assembled.

EMA assembles heat capacitance matrix [Bgg].

RMG generates the radiation matrix, [Rgg], and adds the estinlatedlinear component of

radiation to the conductivity matrix.
generated for use in data recovery.

Equivalence the linear heat transfer
radiation exists.

GP4 generates flags defining members
multipoint constraint equations, [Rg]

The element-radiation flux matrix, [Qge], is also

matrix, [Kgg], to the heat conduction matrix if no

of various displacement sets (HUSET) and forms the
{Ug} = o.

Go to DMAP No. 46 if no simple elements exist.

Go to DMAP No. 46 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities. These singularities may be
extraneous in a radiation problem, since some points may transfer heat through radiation
only.

@FP formats the table of potential grid point singularities pnepared by GPSP and places it
on the system output file for printing. <
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47. Equivalence [Kgg] to

constraints exist.

48. Go to DMAP No. 51 if

HEAT RIGID FORMATS

[Knnl$ [Rggl tO [Rnnl> and [Bggl to [Bnnl if no multi point

no multipoint constraints exist.

49. MCE1 partitions the multipoint constraint equation matrix, [Rg] = [Rm~Rn], and solves

for the multipoint constraint transformation matrix,

[Gm] = -[Rml-l [Rnl .

50. MCE2 partitions heat conduction and radiation matrices

[1iIK
[Kgg] = fln+~ $

%n 1 ‘mm

[1R IR
[Rgg] = fl-+R~ s

mn mm

[ 1B IB
[Bgg] = ~~BM s

mn mm

and performs matrix reductions

[Knn] = [~nnl + [G;l[Kmnl + [Kmnl[GmJ + [G;l[&JIGml .

The same equation is applied to [Rnn] and [Bnn].

52. Equivalence [Knnl to [Kffl~ [Bnnl to [Bffl’ and [Rnnl ‘0 [Rffl ‘f ‘0

single-point constraints exist.

53. Go to DMAP No. 55 if no single-point constraints exist.

54. SCE1 partitions the matrices as follows:

‘[lifflKfs
[Knn] = ~~K– o

Sf Ss

[Rnn] and [Bnnl are partitioned in the same manner, except that only the ff partitions

are saved.

56. Equivalence [Kff] to [Kaal if no omitted coordinates ‘Xist”

57. Equivalence [Rff] to [Raa] if no omitted coordinates exist.
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58.

59.

60.

61.

62.

64.

65.

67.

68.

69.

71.

74.

75.

76.

TRANSIENT HEAT TRANSFER ANAfYSIS

Equivalence [Bff] to [Baa] if no omitted coordinates exist.

Go to DMAP No. 66 if no omitted coordinates exist.

SMP1 partitims the heat conduction matrix

solves for the

and solves for

Go to DMAP No.

[1i!K
[Kff] = ;~K~

oa 00

transformation matrix

9

[Go]:

[Koo] [Go] = -[Koa] ,

the reduced heat conduction matrix [Kaa]:

[Kaa] = [~aa] + [Kao] [Go] .

63 if no radiation matrix exists.

SMP2 partitions constrained radiation matrix

[1ii!Rao[Rffl = fyR— ‘
oa 00

and performs matrix reduction

[Raa] = [;aa] + [R~a] [Go] + [G:] [Roa] + [G:] [Roo] [Go],

Go to DMAP No. 66 if no heat capacitance matrix, [Bff], exists.

SMP2 calculates a reduced heat capacitance matrix, [Baa], with the same equation as DMAP
t!o, 62.

DPD generates the table defining the displacement sets each degree of freedom belongs to
(HUSETD), including extra points. It prepares the Transfer Function Pool, the Dynamics Load
Table, the Nonlinear Function Table, and the Transient Response List.

Go to DMAP No. 114 and print Error Message No. 1 if there is no Transient Response List.

Equivalence [Go] to [G:] and [Gm] to [G:] if no extra points were defined.

MTRXIN selects the direct input matrices [K~p] and [B~p].
.

Equivalence [Kaa] to [K~d] if there are no direct input stiffness matrices and no

extra points; [Bpp] to [B~d] and [Kppl to [Kjd] if Only extra points are used;

and [Raa] to [Rdd] if no extra points are used.

Go to DMAP No. 77 if there is no Grid Point Definition Table.

GKAD expands the matrices to include extra points and assembles heat conduction,
capacitance, and radiation matrices for use in the transient analysis:
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78.

80.

81.

82.

83.

84.

85.

86.

and

,

[Kid] =

[B~d]

[Rddl

HEAT RIGID FORMATS

[1KIO
-a+— ,
010

[1BIO
~a+— ,
010

[1RIO
~a+— ,
010

[Kddl = [K;d] + [K;dl ,

[Bdd] = [B:dl + [B:dl .

(Nonzero values of the parameters W4, G, and W3 (see the PARAM bulk data card) are not
recommended for use in heat transfer analysis and therefore do not appear in the above
equations.)

Equivalence [K~d] to [Kdd] and [Bid] to [Bdd] if no matrices were generated from

the element heat conduction and capacitance assemblers.

Beginning of loop for additional dynamic load sets.

CASE extracts the appropriate record from CASECC corresponding to the current loop and
copies it into CASEXX.

TRLG generates matrices of heat flux loads versus time. {P;}, {P:}, and {F$) are

generated with one column per output time step. {P~} is generated with one column per

solution time step, and the Transient Output List is a list of output time steps.

Equivalence {P~} to {P~l if the d and p sets are the same.

TRHT integrates the equation of motion:

[Bdd]{~}+[Kdd] {u}= {pdl+{Nd} ,

where {u} is a vector of temperatures at any time,

{u} is the time derivative of {u} (“velocity”),

{Pd~is the applied heat flux at any time step, and

{Nd}-is the total nonlinear heat flux from radiation and/or NPLINi data,
extrapolated from the previous solution vector.

The output consists of the [u:] matrix containing temperature vectors and temperature

“velocity” vectors for the output time steps.

VDR prepares the solution set temperatures, temperature “velocities”, and nonlinear loads,
sorted by time step, for output.

Go to DMAP No. 91 if there is no output request for the solution set.
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87. SDR3 prepares the requested output of the solution set temperatures, temperature

o

“velocities”, and nonlinear loads sorted by point number or element number.

88. OFP formats the tables prepared by SDR3 for output sorted by point number or element number
and places them on the system output file for printing.

89. XYTRAN prepares the input for requested X-Y plots of the solution set quantities.

90. XYPLOT prepares the requested X-Y plots of the solution set temperatures, “velocities” and
nonlinear loads versus time.

93. Go to DMAP No. 109 if no further output is requested.

94. Equivalence {ud} tO {Upl if no structure points ‘ere ‘nput”

95. Go to DMAP No. 97 if no structure points were input.

96. SDR1 recovers the dependent temperatures:

{Uo) = [G:] {Udl ,

HUd
—— . {Uf) ,,
uo

MUf + Ue
—— = {Unl ,

us

{urn} = [G;] {uf + ue}

11Un + Ue
and —— = {up} .

‘m

The module also recovers the heat flux into the points having single-point constraints:

{c$} = -{PSI + [K~s] {ufl .

98. SDR2 calculates requested heat flux transfer in the elements and prepares temperatures,
“velocities”, and heat flux loads for output sorted by time step.

99. SORHT modifies the HOEFldatablockb combiningtheheatflow data from different sources
for the HBDY elements and writes the results on the HOEFIX output data block.

100. Equivalence HOEFl data block to the HOEFIX data block.

101. SDR3 prepares requested output sorted by point number or element number.

102. OFP formats the tables prepared by SDR3 for output and places them on the system output file
for printing.

103. Go to DMAP No. 106 if no temperature profile plots are requested.

104. PLOT generates all requested temperature profile plots and thermal contours for specified
times.
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105. PRTMSG prints plotter data, engineering data, and contour data for each temperature profile
and thermal contour plot generated.

107. XYTRAN prepares the input for requested X-Y plots. ●
108, XYPLOT prepares the requested X-Y plots of temperatures, “velocities”, element flux, and

applied heat loads versus time.

110. Go to

111. Go to

112. Print

113. Go to

1150 Print

DMAP No. 116 if no additional dynamic load sets need to be processed.

DMAP No. 80 if additional dynamic load sets need to be processed.

Error Message No. 2 and terminate execution.

DMAP No, 116 and make normal exit.

Error Message No. 1 and terminate execution.
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3.3.3 Output for Transient Heat Transfer Analysis

The following printed output, sorted by point

at selected multiples of the integration time step:

1. Temperatures (THERMAL) and derivatives of

number or element number (S0RT2), is available

temperatures (VELOCITY) for a list of PHYSICAL

points (grid points and extra scalar points introduced for dynamic analysis) or

SDISPLACEMENT and SVELOCITY for SOLUTI@N points (points used in the formulation of the

dynamic equation).

2. Nonzero components of the applied load vector (!3L!3AD)and constrained heat flow

(SPCFORCE) for a 1ist of PHYsICAL points.

3. Nonlinear load vector for a list of S0LUTI13Npoints.

4. Flux density (ELFORCE) in selected elements.

The following plotter output is available:

1. Plot of the

2. Temperature

3. x-Y plot of

point.

4. x-Y plot of

5. x-Y plot of

Structural model.

profiles and thermal contours for selected time intervals.

temperature or derivative of temperature for a PHYSICAL point or a SOLUTION

the applied load vector, nonlinear load vector, or constrained heat flow.

flux density for an element.

The data used for preparing the X-Y plots may be punched or printed in tabular form (see

Volume I, Section 4.3). Also, a printed summary is prepared for each X-Y plot which includes the

maximum and minimum values of the plotted function.

3.3.4 Case Control Deck for Transient Heat Transfer Analysis

The following items relate to subcase definition and

Transfer Analysis:

1.

2.

3.

data selection for Transient Heat

One subcase must be defined for each dynamic loading condition.

DLOAD and/or NONLINEAR must be used to define a time-dependent

each subcase. The static load cards (QVECT, QVklL,QHBDY, QBDY1,

loading condition for

and QBDY2) can also be

used to define a dynamic load by using these cards with, or instead of, the DAREA cards.

The set identification number on the static load cards (field 2) is used in the same

manner as the set identification number on the DAREA cards (field 2).

All constraints must be defined above the subcase level.

@
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4.

5.

6.

●

7.

HEAT RIGID FORMATS

TSTEP must be used to select the time-step intervals to be used for integration and

output in each subcase.

If nonzero initial conditions are desired, IC must be used to select a TEMP set in the ●
Bulk Data Deck.

An estimated temperature distribution vector must be defined on TEMP cards and selected

with a TEMP (MATERIAL) request if radiation effects are included.

On restart following an unscheduled exit due to insufficient time, the subcase structure

should be changed to reflect any completed loading conditions.

3.3.5 ~a~ameters for Transient Heat Transfer Analysis..———-——.—

The following parameters are used in Transient Heat Transfer Analysis:

1.

2.

3.

4.

5.

6.

ASETflJT- optional, A positive integer value of this parameter causes the ASET output——. .

data block to be generated by

the generation of this output

AUT@SPC - reserved for future

the GP4 module. A negative integer value or O suppresses

data block. The default value is O.

optional use. The default value is -1.

BETA - optional. The real value of this parameter is used as a factor in the

integration algorithm (see Section 8.4.2 of the Theoretical Manual). The default value

is 0.55.

RADLIN - optional. A positive integer value of this parameter causes some of the

radiation efffects to be linearized (see Equation 2, Section 8.4,2 of the Theoretical ●
Manual). The default value is -1.

SIGMA - optional. The real value of this parameter is the Stefan-Boltzmann constant.

The default value is 0.0.

TABS_ - optional. The real value of this parameter is the

temperature. The default value is 0.0.

3.3.6 Rigid Format Error Messages from Transient Heat Transfer Analysis

The following fatal errors are detected by the DMAP instructions

Transfer Analysis rigid format. The text for each error message is given

and is followed by additional material, including suggestions for remedial

absolute reference

in the Transient Heat

below in capital letters

action.

TRANSIENT HEAT TRANSFER ANALYSIS ERROR MESSAGE N@, 1 - TRANSIENT RESPONSE L1ST REQUIRED FOR
TRANSIENT RESP!3NSECALCULATIONS.
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Time step intervals to be used must be specified on a TSTEP card in the Bulk Data Deck and a TSTEP

@

selection must be made in the Case Control Deck.

TRANSIENT HEAT TRANSFER ANALYSIS ERROR MESSAGE Nli!. 2- ATTEMPT TO EXECUTE M!3RETHAN 100 L!30PS.

An attempt has been made to use more than 100 dynamic load sets. This number may be increased by
ALTERing the REPT instruction following the last XYPLllTinstruction.

3.3-15 (05/30/86)



HEAT RIGID FORMATS

3.3-16 (05/30/86)



4. AERORIGIDFORMATS

4.1 BLADE CYCLIC MODAL FLUTTER ANALYSIS

● 4.1.1 DMAP Sequence for Blade Cyclic Modal Flutter Analysis

RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

AERO APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
--- --------------

1 BEGIN

2 PRECHK

3 FILE

4 PARAM

5 GP1

6 COND

1 GP2

8 GP3

9 TA1

10 COND

11 PURGE

12 PARAM

13 PARAM

14 PARAM

15 COND

16 PARAM

i7 INPUTT1

18 EQUIV

19 LABEL

20 EMG

AERO 09 - COMPRESSOR BLAOE MODAL FLUTTER ANALYSIS - APR. 1986 $

ALL $

PHlHL=APPENO/AJJL=APPENO/FSAVE=APPEND/CASEYY=APPEND/CLAMAL=
APPEND/OVG=APPENO/QHHL=APPEND $

//tiMp’fti/cARDNo/o/O $

GEoMl,GEOM2,/GPL,EQEXIN,GPDT,CSTM,BGPDT,S lL/S,N,LUSET/S,N,
NOGPDT/MINUSl=-l $

ERROR5,NOGPOT $

GEoM2,EQExlN/EcT $

GEoM3,EQEx1N,GEoM2/,GpTT/NoGRAv $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GPECT,,/LUSET/S,N,
NOSIMP/l/S,N,NOGENL/S,N,GENEL $

ERROR5,NOSIMP $

OGPST/GENEL $

//*ADD*/NoKGGX/l/O $

//*ADD*/NOMGG/l/o $

//*NoP*/V,Y,KGGIN--l $

JMPKGGIN,KGGIN $

//*ADD*/NOKGGX/-l/O $

/KTOTAL,,.,/c,y,LOcATION=-l/c.Y, lNPTuNIT”o $

KTOTAL,KGGX $

JMPKGGIN $

EST,CSTM,MPT,DlT,GEOM2,/KELM, KDICT,MELM,MDICT,,,/s,N,NoKGGx/s,
N,NOMGG////C,Y,COUPMAC,Y,,Y, CF’BAR/c,Y,CPROO/c,y,
cPQuAD1/c,Y,cPQuAD2/c,Y,cPTR lA}/c,Y,cPTRlA2/c,Y,cPTuBE/c,Y,
CPQDPLT/C,Y,CPTRPLT/C,Y,CPTRBSC $
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RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

k3

bk

k5

COND

EMA

LABEL

COND

EMA

COND

GPWG

OF P

LABEL

EQUIV

COND

SMA3

LABEL

GP4

PARAH

COND

PURGE

GPCYC

COND

CONO

PARAH

COND

GPSP

OFP

LABEL

JMPKGGX,NOKGGX $

GPECT,KOICT,KELM/KGGX,GPST $

JMPKGGX $

ERROR1,NOMGG $

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTHASS=l .0 $

LGPWG,GRDPNT $

BGPOT,CSTM,EQEXlN,MGG/OGPWG/V,Y,GROPNT=-l/C,Y,WMASS $

OGPWG ,,,,,//S,N,CARDNO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,KGGX/KGG/LUSET/NOGENL/NOS IMP $

LBL1l $

CASECC,GEOt44,EQEXlN,GPDT,BGPDT,CSTM,/RG, ,USET,ASET/
LUSET/S,N,MPCFl/S,N,MPCF2/S,N,S lNGLE/S,N,OMIT/S.N,REACT/O/
S,N,REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/S,Y,
AUTOSPC $

//YfNOTff/REACDATA/REACT $

ERROR6,REACDATA $

GM,GMO/MPCFl/GO,GOD/OMIT/KFS,QPC/S INGLE $

GEOMh,EQEXIN,USET/CYCD/V,Y, CTYPE/S,N,NOGO $

ERROR7,NOG0 $

LBL4,GENEL $

//* EQ*/GpspF LG/AUTOSpC $

LBLk,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N ,NOGPST $

OGPST ,,,,,//S,N,CARDNO $

LBL4 $
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BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

46 EQUIV

47 COND

48 MCE1

49 MCE2

50 LABEL

51 EQUIV

52 COND

53 SCE1

54 LABEL

55 EQUIV

56 COND

57 SMPI

58 SMP2

59 LABEL

60 DPD

61 COND

62 EQUIV

63 cYCT2

64 COND

65 READ

66 OFP

67 COND

68 cYCT2

6g COND

KGG,KNN/MPCFl/MGG,MNN/MPCFl $

LBL2,MPCF1 $

USET,RG/GM $

uSET,GM,KGG,MGG,,/KNN,MNN, , $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE $

LBL3,SINGLE $

USET,KNN,MNN,,/KFF,KFS,,MFF ,, $

LBL3 $

KFF,KAA/OMIT/MFF,MAA/0t41T $

LBL5,0MIT $

USET,KFF ,,,/GO,KAA,KOO,LOO,,,,, $

USET,GO,MFF/HAA $

LBL5 $

DYNAMICS,GPL,SIL,USET/GPLO, SILD,USETD,TFPOOL, ,,,,,EEO,EQOYN/
LUSET/S,N,LUSETD/NOTFL/NODLT/NOPSOL/NOFRL/
NONLFT/NOTRL/S,N,NOEED//S,N,NOUE $

ERROR2,NOEE0 $

GO,GOD/NOUE/GM,GMD/NOUE $

CYCD,KAA,MAA, ,,/KKK,MKK,,,/*FORE*/V,Y,NSEGS=-l/V,Y,
KINDEX=-1/V,Y,CYCSEQ=-l/l/S,N,NOGO $

ERROR7,NOG0 $

KKK,MKK,,,EED,,CASECC/LAMK,PHIK, ,OEIGS/*MODES*/S,N,
NEIGV $

OEIGS,LAMK,,,,//S,N,CARONO $

ERROR4,NEIGV $

CYCD ,,,,PHIK,LAMK/, ,,PHIA,LAMA/*BACK*/V,Y,NSEGS/V,Y,
KINDEX/V,Y,CYCSEQ/l/S,N,NOGO $

ERROR7,NOG0 $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGIO FORMAT 9

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

72

73

74

75

76

77

7a

79

80

81

82

83

84

85

86

87

88

89

SDR1

SOR2

OFP

PARA14L

PURGE

COND

PLTSET

PRTMSG

CONO

PLOT

PRTMSG

LABEL

APDB

PARTN

SMPYAO

MTRX IN

PURGE

EQUIV

GKAO

GKAM

USET, ,PHIA, ,,GO,GM,,KFS,,/PHIG,,/l/*REIG* $

CASECC,CSTM,MPT,DIT, EQEXIN, SIL, ,,BGPDT,LAMA, ,PHIG,EST, ,/,,
OPHIG, ,,PPHIG/*REIG* $

OPHIG, ,,,, //S,N,CARONO $

PCOB/)*PRES*////JUMPPLOT $

PLTSETZ,PLTPARZ,GPSETSZ,ELSETSZ/JUMPPLOT $

PZZ,JUMPPLOT $

PCDB,EQEXIN,ECT/PLTSETZ,PLTPARZ,GPSETSZ, ELSETSZ/
S,N,NSILZ/S,N,JUMPZ=-l $

PLTStTZ// $

PZZ,JUMPZ $

PLTPARZ,GPSETSZ,ELSETSZ,CASECC, BGPDT,EQEXIN,SIL, ,PPHIG,,/
PLOTZ/NSILZ/LUSET/JUMPZ/PLTFLGZ=- l/S,N,PFILEZ=O $

PLOTZ// $

Pzz s

EDT,USET,BGPOT,CSTM,EQEXIN, GM,GO/AERO,ACPT,FLIST,GTKA, PVECT/
S,N,NK/S,N,NJ/V,Y,MINMACH/V,Y,MAXMACH/V,Y, lREF/V,Y,MTYPE/
NEIGV/V,Y,KINDEX=-l $

PHIA,PVECT,/PHIAX,,,/l $

PHIAX,MAA,PHIAX ,,,/Ml/3/l/l/O/l $

CASECC,MATPOOL, EQOYN,,TFPOOL/K2PP,M2PP,B2PP/LUSETD/S ,N,
NoK2PP/s,N,NoM2PP/s,N,NoB2PP $

K200/NoK2PP/M2DD/NoM2PP/B200/NoB2PP $

M2PP,M2Do/NosET/B2PP,B2DD/NosET/K2PP, K2DD/NosET $

USETO,GM,GO, ,, ,,K2PP,M2PP,B2PP/, ,,GM0,GOD,K2D0,M2DD,B20D/
*cMpLEv*/*Dlsp*/YtMoDAL#r/o ,o/o,o/o.o/NoK2pp/
NOM2PP/NOB2PP/MPCF l/SINGLE/OMIT/NOUE/
-1/-1/-1/-1 $

USETD,PHI AX,MI, LAMK,01T,M2D0, B20D,K2Do,cAsEcc/MHH,BHH,KHH,
PH10H/NOUE/C,Y,LMODES=999999/C,Y, LFREQ=O.O/C,Y,HFREQ=O.O/
NOM2PP/NOB2PP/NOK2PP/S,N,NONCUP/S, N,FMODE/C,Y,
KOAMP=-1 $
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BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

90 PURGE

91 COND

92 PLTSET

93 PRTMSG

94 PARAM

95 PARAM

96 coNo

97 PLOT

98 PRTMSG

99 LABEL

100 PARAM

101 AMG

102 PURGE

103 COND

PLTSETX,PLTPAR,GPSETS,ELSETS/JUMPPLOT $

P2,JUMPPLOT $

PCDB,EQDYN,ECT/PLTSETX,PLTPAR,GPSETS, ELSETS/S,N,NSl L1/S,N,
JUMPPLOT $

PLTSETX//$

//t?MPY~~/PLTFLG/l/l $

//* MPY*/PF ILE/O/O $

P2,JUMPPLOT s

PLTPAR,GPSETS, ELSETS,CASECC,BGPOT, EQDYN, ,,, ,/pLoTxl/NslLl/
LUSET/S,N,JUMPPLOT/S,N,PLTFLG/S ,N,PFILE $

PLOTX1//$

P2 $

//,tADD*/DEsTRY/O/l $

AERo,AcPT/AJJL,sKJ,DlJK,D2JK/NK/NJ/s,N,DEsTRY $

DlJE,D2JE/NoDJE $

NODJE,NODJE $

104 INPUTT2 /DlJE,02JE,,,/C,Y,POSlT10N=- l/C,Y,UNITNUM=ll/C,Y,USRLABEL=

105 LABEL

106 PARAM

107 AMP

108 PARAM

109 PARAM

110 PARAM

111 LABEL

112 FA1

TAPEID $

NODJE $

//~~ADD*/XQHHL/l/O $

AJJL, SKJ,01JK,D2JK,GTKA,PHI DH,DlJE,D2JE,usETD,AERo/QHHL, ,/
NoUE/S,N,XQHHL $

//*llPY*/NOP/l/l $

//*MPYf(/NOH/O/ 1 $

//~~MPY*/FLOOP/V,Y,NODJE=-l/O $

LOOPTOP $

KHH,BHH,MHH,QHHL,CASECC,FL lST/FSAVE,KXHH,BXHH,MXHH/S,N,FLOOP/
S,N,TSTART/S,N,NOCEAD $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

113

114

115

116

117

118

119

120

121

122

123

I24

125

126

127

128

129

130

131

132

I33

134

135

136

EQUIV

COND

CEAD

COND

LABEL

VDR

COND

OFP

LABEL

FA2

COND

LABEL

COND

REPT

JUMP

LABEL

PARAML

COND

XYTRAN

XYPLOT

LABEL

PARAM

COND

HODACC

KXHH,PHIH/NOCEAD/BXHH,CLAMA/NOCEAD/
KXHH,PHIHL/NOCEAD/BXHH,CLAMAL/NOCEAD/
CASECC,CASEYY/NOCEAD $

VDR,NOCEAD $

KXHH,BXHH,MXHH,EED,CASECC/PH lH,CLAMA,OCEIGS,/S,N,EIGVS $

LBLZAP,EIGVS $

VDR $

CASECC,EQDYN,USETD,PH IH,CLAMA, ,/OPHIH,/*CEIGEN*/*MODAL*/
123/s,N,NoH/s,N,NoP/FmoDE $

LBL16,NOH $

OPHIH ,,,,,//S,N,CARDNO $

LBL16 $

PHIH,CLAMA,FSAVE/PHIHL,CLAMAL ,CASEYY,OVG/S,N,TSTART/C,Y,VREF=
l.O/C,Y,PRINT=YESB $

CONTINUE,TSTART $

LBLZAP $

CONTINUE,FLOOP $

LOOPTOP,1OO $

ERROR3 $

CONTINUE $

XYCDB//*PRES*////NOXYCDB $

NOXYOUT,NOXYCDB $

XYCDB,OVG ,,,,/XYPLTCE/*VG*/*PSET*/S,N,PF lLE/S,N,CARDNO $

XYPLTCE//$

NOXYOUT $

//*ANlj*/pJUMp/NOp=-l/JUMppLOT $

FINIS,PJUMP $

CASEYY,CLAMAL,PHIHL,CASECC, ,/CLAMALl,CPHIHl ,CASEZZ,,/
*cEIGN* $
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BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FORMAT DMAP LISTING
APRIL 1986RELEASE

AERO APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

137 DDR1

138 EQUIV

139 CONO

140 SOR1

141 LABEL

142 EQUIV

143 COND

144 VEC

145 PARTN

146 LABEL

147 SOR2

148 OFP

149 COND

150 PLOT

151 PRTMSG

152 LABEL

153 JUMP

154 LABEL

155 PRTPARN

156 LABEL

157 PRTPARM

158 LABEL

159 PRTPARM

16o LABEL

CPHIHl,PHIOH/CPHIO $

CPHID,Cl?HIP/NOA $

LBL14,NOA $

USETO,,CPHID,, ,GOO,GMO,,KFS,,/CPHIP,,QPC/l/*DYNAMl CS* $

LBL14 $

CPHID,CPHIA/NOUE $

LBLNOE,NOUE $

USETO/RP/*D*/*A*/*E* $

cPHID,,RP/cPHIA,,,/l/3 $

LBLNOE $

CASEZZ,CSTM,HPT,DIT,EQDYN,S ILD,,, BGPDT,CLAMAL1,QPC,CPHIP,EST, ,/
,OQPC1,OCPHIP,OESC1,OEFC1,PCPHI P/*CEIGN* $

OCPHIP,OQPCl,OESCl,OEFCl,,//S, N,CARDNO $

P3,JUMPPLOT $

PLTPAR,GPSETS,ELSETS,CASEZZ,BGPDT, EQDYN,SILD,,PCPHI P,,/pLOTX3/
NSILl/LUSET/JUMPPLOT/PLTFLG/PF ILE $

PLoTx3//$

P3 $

FINIS $

ERROR1 $

//-1/*BLADEMOS* $

ERROR2 $

//-2/*BLADEMDS~~ $

ERROR3 $

//-3/*BLADEMDs* $

ERROR4 $

161 PRTPARM //-4/*BLADEMOS* $

4.1-7 (05/30/86)
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 9

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

162

163

164

165

166

167

168

169

170

LABEL

PRTPARII

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PURGE

END

ERROR5 s

//-5/*BLADEMDs* $

ERROR6 $

//-6/*BLADEMos* $

ERROR7 $

//-7/*BLADEMDs* $

FINIS $

DUMMY/MINUSl $

$’
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5.

6.

7.

8.

9.

10.

15.

16.

17.

180

20.

21.

22.

24.

25.

26.

27.

28.

30.

31,

32.

34.

36.

38.

39.

40.

42.

43.

BLADE CYCLIC MODAL FLUTTER ANALYSIS

Description of Important DMAP Operations for Blade Cyclic Modal Flutter Analysis

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

Go to DMAP No. 162 and print Error Message No. 5 if no grid points are defined.

GP2 generates Element Connection Table with internal indices.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

GO to DMAP No. 162 and print Error Message No. 5 if no structural elements
defined.

have been

Go to DMAP No. 19 if no stiffness matrix is supplied by the user on an external file.

Set parameter NEiKGGX= -1 so that the stiffness matrix will not be generated in DMAP No. 20.

INPUTT1 reads the user-supplied stiffness matrix [KTOTAL] from an external file (GINO file
INPT).

Equivalence [K~g] to [KTOTAL].

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 23 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 154 and print Error Message No. 1 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 29 if no weight and balance information is requested.

GPWG generates weight and balance information.

i3FPformats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if there are no general elements.

Go to DMAP No. 33 if there are no general elements.

SMA3 adds general elements to [K~g] to obtain stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] tug} = 0.

Go to DMAP No. 164 and print Error Message No. 6 if free-body supports are present.

GPCYC prepares segment boundary table.

Go to DMAP No. 166 and print Error Message No. 7 if the CYJ!31Ndata is inconsistent.

Go to DMAP No. 45 if general elements are present.

Go to DMAP No. 45 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.
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44. OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

46. Equivalence [Kgg] to [Knn] and LMgg] to [Mnn] if no multipoint constraints exist,

47. Go to DMAP No. 50 if no multipoint constraints exist.

48. MCE1 partitions multipoint constraint equations [Rg] = [RmiRn] and solves for

multipoint constraint transformation matrix [Gm] ❑ -[Rm]-l[Rn].

49. MCE2 partitions stiffness and mass matrices

[,

i IK
[Kgg] = fl+K~

mn mm

and performs matrix reductions

and [Mgg] =

[Knn] = [inn] + [G~J[Kmn] + [K~n][Gm] + [G~][Kmm][Gm] and

[Mnn] = [inn] + [G~][Mmn] + [M~n][Gm] + [G~][Mmm][Gm] .

51. Equivalence [Knnl to [Kff] and [Mnn] to [Mff] if no single-point constraints exist.

52. Go to OMAP No. 54 if no single-point constraints exist.

53. SCE1 partitions out single-point constraints

55. Equivalence [Kff] to [Laa] and [Mff] to lMaa] if no omitted coordinates exist.

56. Go to DMAP No. 59 if no omitted coordinates exist.

57. SMP1 partitions constrained stiffness matrix

[1iilKao[Kff] = ~a+ — ,

‘oa 1’00

solves for transformation matrix [Go] = -[Koo]-l[Koa]

and performs matrix reduction [Kaa] = [~aa] + [K~a][Go] .

58. SMP2 partitions constrained mass matrix

[1i IM
[Mff] = ;+ ~

oa IMOO
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61.

62.

63.

64.

65.

66.

e

67.

68.

69.

70.

71.

72.

75.

BLADE CYCLIC MODAL FLUTTER ANALYSIS

and performs matrix reduction

[Maa] = [~aa] + [M~a][Go] + [G~][Moo][Go] + [G~][Moa] .

DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and external grid point numbers (GPLD), including
extra points introduced for dynamic analysis (SILO), and Pool
(TFPOOL), and Eigenvalue Extraction Data (EED).

“prepares Transfer Function

Go to DMAP No. 156 and print Error Message No. 2 if there

Equivalence [Go] to fG~] and [Gm] to [G~] if there are no

for dynamic analysis.

is no Eigenvalue Extraction

extra points introduced

CYCT2 transforms matrices from symmetric components to solution set.

Go to DMAP No. 166 and print Error Message No. 7 if a CYCT2 error was found.

READ extracts real eigenvalues and eigenvectors from the equation

[Kkk - AMkk]{@k} = O ,

and normalizes eigenvectors according to one of the following user requests:

1) Unit value of a selected component
2) Unit value of the largest component
3) Unit value of the generalized mass.

Data.

OFP formats the summary of eigenvalue extraction information (OEIGS) and the eigenvalues
(LAMK) prepared by READ and places them on the system output file for printing.

Go to DMAP No. 160 and print Error Message No. 4 if no eigenvalues were found.

CYCT2 finds synunetriccomponents of engenvectors from solution set eigenvectors.

GO to DMAP No. 166 and print Error Message No. 7 if a CYCT2 error was found.

SDR1 recovers dependent components of the eigenvectors

{$.} = [Go]{$a} ,

H‘$n
—— = {$91 .

om

{+m} = [Gm] {$n} ,

SDR2 prepares eigenvectors (OPHIG) for output and PPHIG for det’ormedplotting.

OFP formats the table prepared by SDR2 and places it on the system output.file for printing.

Go to DMAP No. 81 if there are no structure plot requests.
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83.

84.

85.

87.

88.

89,

91.
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PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 81 if no deformed (modal) structure plots are requested.

PLOT generates all requested deformed (modal) structure plots.

PRTMSG prints plotter data and engineering data for each deformed (nlodal)structure p“lot.
generated.

APDB processes the aerodynamic data cards fron EDT. AERO and ACP’Treflect the aerodynamic
parameters. PVECT is a partitioning vector and GTKA is ) transt’orm,!tion matrix between
aerodynamic (K) and structural (a) degrees of freedom.

PARTN partitions the eigenvector into all sine or al

SMPYAD calculates the modal mass matrix

[M] = [

MXTRIN selects the direct input matr

Equivalence [M~p] to [M~d], [B~p] to
are applied.

XT
al [Maa] [o:]

2 2

cosine components.

2
ces [Kpp], [Mpp] and [Bpp].

[B~dl and [K~pl to [K~d] if no constraints

GKAD applies constraints to direct input matrices [K~pl, [M~p] an~i[F~pl, forming

[Kid], [Mid] and [Bid] and forms [Gmdl and [God].

GKAM selects eigenvectors to form [Odh] and assembles stiffness, mass and damping matrices
in modal coordinates:

[1’110
[Mhh] = —— + [’$~h][M:d][$dh]s

010

[1bi10
[Bhh] .— — + [’+jh][B:d][@dh]$

010

where

KDAMP = -1 (default) KDAMP = 1

‘i
= modal masses m.1

= modal masses

bi = mi 211fi g(fi) bi=O

ki =mi 4r2f.1
ki = (l+ig(fi)) 4m2 f~mi

Go to DMAP No. 99 if no plot output is requested.
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103.

104.

107.

110.

111,

BLADE CYCLIC MODAL FLUTTER ANALYSIS

PLTSET transforms user input into a form used to drive the structure plotter.

PRTMSG prints error messages associated with the structure plotter.

Go to DMAP No. 99 if no undeformed aerodynamic or structural element plots are requested.

PLflTgenerates all requested undeformed aerodynamic and structural element plots.

PRTMSG prints plotter data and engineering data for each undeformed aerodynamic and
structural element plot generated.

AMG forms the aerodynamic matrix list [Ajj], the area matrix [Skj], and the downwash

coefficients LD~k] and [D~kl.

Go to DMAP No. 105 if there are no user-supplied downwash coefficients.

INPUTT2 provides the user-supplied downwash factors due to extra points ([D~e], [D~e]).

PARAM N@DJE must be set to enter these matrices. The downwash w, on box .jdue to the
J

motion of an extra point, Ue, is given by

{Wj} =

AMP computes the aerodynamic matr

‘ail ‘ae

[1

[+dh] = ‘—— ,

‘eiI ‘ee

llD.l] ,[D~h]<=[Djil ~e

2 1D2] and[D~h]<=[Dji , je

For each (m,k) pair:

[D~e + ikD~e]{ue} .

x list related to the modal coordinates as fo’lows:

[Gki] = [G~a]T[6ai] ,

[D~i] = [D~k]T[Gki]>

[Dfi]= [Dfk]T[Gki].

[Djh] = [Dj~l + ik[Dj~] .

For each group:

[Qjh] = [A~j]~~ouP [Djh]group ,

[Qkh] = [Skj][Qjh],

[Qih]= [Gki]T[Qkh]

Qih
and [1[Qhh]<=‘-- .Qeh
PARAM initializes the flutter loop counter (FLIIOP)to zero.

Beginning of loop for flutter.
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112. FA1 computes the total aerodynamic mass matrix [M~hl, the total aerodynamic stiffness

matrix [K~h] and the total aerodynamic damping matrix [B~h] as well as a looPing table

FSAVE, For the K-method

and

‘~h
= (k2/b2)Mhh + (P/2) Qhh ,

‘~h ‘ ‘hh

‘ih =0,

113. Set up equivalences for the KE- and PK-methods.

114. Go t.oDMAP No. 117 for the KE- and PK-methods.

115, CEAD extracts complex eigenvalues and eigenvectors from the equation

[M~hP2 + B;hp + K;h]{$h} ‘ O

and normalizes eigenvectors to unit magnitude of the largest component.

116.

118.

119.

120.

122.

123.

125.

126.

127.

130.

131.

132.

135.

136.

Go to DMAP No. 124 if no complex eigenvalues were found.

VDR prepares eigenvectors (!3PHIH)for output, using only the extra Points introduced for
dynamic analysis and modal coordinates.

●

Go to DMAP No. 121 if there is no output request for the extra points introduced for dynamic
analysis or modal coordinates. ●
flFPformats the table of eigenvectors for extra points introduced for dynamic analysis and
modal coordinates prepared by VDR and places it on the system output file for printing.

FA2 appends eigenvectors to PHIHL, eigenvalues to CLAMAL, Case Control to CASEYY, and V-g
plot data to 13VG.

Go to DMAP No. 128.if there is insufficient time for another flutter loop.

Go to OMAP No. 128 if the flutter loop is complete.

Go to DMAP No. 111 for additional aerodynamic configuration triplet values.

Go to DMAP No. 158 and print Error Message No. 3 if the number of flutter loops exceeds 100.

Go to OMAP No. 133 if there are no X-Y plot requests.

XYTRAN prepares the input for requested X-Y plots.

XYPL!3Tprepares the requested X-Y plots of displacements, velocities, accelerations, forces,
stresses, loads and single-point forces of constraint versus time.

Go to DMAP No. 168 and make normal exit if there are no output requests involving dependent
degrees of freedom or forces and stresses.

M@DACC selects a list of eigenvalues and eigenvectors whose imaginary parts (velocity in
input units) are close to a user input list.
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137. !JDR1transforms the complex eigenvectors from modal to physical coordinates

{$:} = {@dh){$h} .

138. Equivalence {o:} to {$~1 if no constraints are applied.

139. Go to DMAP No. 141 if no constraints are applied.

140. SDR1 recovers dependent components of eigenvectors

{$:} = [G:] {$:} ,

and recovers single-point forces of constraint {qs} = [K:s]{$f}, ___ = {Q;}.
~~

● 142. Equivalence {$~} to {$:} if there are no extra Points introduced for dynamic analysis.

143. Go to DMAP No. 146 if there are no extra points.

144. VEC generates a d-size partitioning vector (RP) for the a- and e-sets

{l++ + {Ua} + {Ue} .

145. PARTN performs partition of {$:} using RP

147. SDR2 calculates element forces (OEFCl) and stresses (OESCl) and
(OCpHIp) and single-point forces of constraint (9QPC1)for output
plotting.

prepares eigenvectors
and PCPHIP for deformed

148. flFPformats the tables prepared by SDR2 and places them on the system output file for
printing.

149. Go to DMAP No. 152 if no deformed aerodynamic or structural element plots are requested.

150. PL!3Tprepares all deformed aerodynamic and structural element plots.

1510 PRTMSG prints plotter data and engineering data for each deformed plot generated.

153, Go to DMAP No. 168 and make normal exit.
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155. Print Error Message No. 1 and terminate execution.

157. Print Error Message No. 2 and terminate execution.

159. Print Error Message No. 3 and terminate execution.

161. Print Error Message No. 4 and terminate execution.

163. Print Error Message No. 5 and terminate execution.

165. Print Error Message No. 6 and terminate execution.

167, Print Error Message No. 7 and terminate execution.
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●
4.1.3 Output for Blade Cyclic Modal Flutter Analysis

The real Eigenvalue Summary Table and the real Eigenvalue Analysis Summary, as described

under Normal Modes Analysis (see Section 2.3,3), are automatically printed. All real eigenvalues

are included even though all may not be used in the modal formulation.

The complex eigenvalues are included in the Flutter Sumnary and are printed for each

aerodynamic loop.

The grid point singularities from the structural model are also output.

A Flutter Summary for each value of the configuration parameters is printed out unless

PRINT=Nf3. This shows Mach number, density, reduced frequency, velocity, damping, and frequency for

each complex eigenvalue.

V-g and V-f plots may be requested by the XY!3UTcontrol cards by specifying the curve type

as VG. The “points” are loop numbers and the “components” are G or F.

Printed output of the following types, sorted by complex eigenvalue root number (S!3RT1)and

(m, k, p), may be requested for all complex eigenvalues kept, either as real and imaginary parts or

as magnitude and phase angle (0° - 360° lead). (Eigenvectors are not available for the KE-method,)

1. The eigenvector for a list of PHYSICAL and AER!3DYNAMIC points (grid points, extra

points, and aerodynamic points) or SOLUTION points (modal coordinates and extra points),

2. Nonzero components of the’single-point forces of constraint for a list of PHYSICAL

points.

3. Complex stresses and forces in selected elements.

The OFREQUENCY Case Control card can select a subset of the complex eigenvectors for data recovery.

In addition, undeformed and deformed shapes may be requested. Undeformed shapes may include only

structural or structural and aerodynamic elements.

4.1.4 Case Control Deck for Blade Cyclic Modal Flutter Analysis

The following items relate to subcase definition and data selection for Blade Cyclic Modal

Flutter Analysis:

1. Only one subcase is allowed.

2. Desired direct input matrices for stiffness [K~pl, mass [M~pl, and damping [Bfpl

must be selected via the keywords K2PP, M2PP, or B2PP.

3. CMETHUD must be used to select an EIGC card fronlthe Bulk Data Deck. (K method only,)

4. FMETHk3Dmust be used to select a FLUTTER card from the Bulk Data Deck.
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METHOD must be used to select an EIGR card that

SDAMPING must be used to select a TABDMP1 table

An SPC set must be selected unless the model is

exists in the

if structural

Bulk Data Deck.

damping is desired.

a free body or all constraints are

specified on GRID cards, Scalar Connection Cards or with General Elements.

Each NASTRAN run calculates modes for only one symmetry index, K.

4.1.5 Parameters for Blade Cyclic Modal Flutter Analysis

The following parameters are used in Blade Cyclic Modal Flutter Analysis:

1.

2.

3.

4.

5.

6,

7.

●’

ASET13UT- optional, A positive integer value of this parameter causes the ASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

AUTflSPC- reserved for future optional use, The default value is -1.

C@UPMASS - CPBAR, CPR@D, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

CTYPE - required. The BCD value of this parameter defines the type of cyclic symnetry

as follows:

(1) ROT - rotational symmetry
●

(2) DRL - dihedral symmetry, using right and left halves

(3) DSA - dihedral symmetry, using symnetric and antisymnetric components

CYCSEQ - optional. The integer value of this parameter specifies the procedure for

sequencing the equations in the solution set. A value of +1 specifies that all cosine

terms should be sequenced before all sine terms, and a value of -1 specifies alternating

cosine and sine terms. The default value is -1.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed, All fluid

IREF - optional. A

streamline number.

default value of -1

related masses are ignored.

positive integer value of this parameter defines the reference

IREF must be equal to an SLN on a STREAML2 bulk data card. The

represents the streamsurface at the blade tip. If IREF does not

correspond to an SLN, then the default will be taken.
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10.

11.

12.

13.

● 14.

15.

16.

17.

18.

19.
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KDAMP - optional. An integer value of +1 causes modal damping terms to be put into the

complex stiffness matrix for structural damping (+1 recommended for K and KE methods).

The default value is -1.

KGGIN - optional. A positive integer of this parameter indicates that the user-supplied

stiffness matrix is to be read from an external file (GINO file INPT) via the INPUTT1

module in the rigid format. The default value is -1 when not needed.

KINDEX - required. The integer value of this parameter specifies a single value of the

harmonic index.

LFREQ and HFREQ - required unless parameter LM@DES is used. The real values of these

parameters give the cyclic frequency range (LFREQ is the lower limit and HFREQ is the

upper limit) of the modes to be used in the modal formulation, To use this option,

parameter LMODES must be set to 0,

LM@DES - used unless set to O. The integer value of this parameter is the number of

lowest modes to be used in the modal formulation. The default value of 999999 will

result in all modes being used.

L0CATI!2Nand INPTUNIT - required when using the KGGIN parameter. See Section 5.5 for a

description of these parameters which are required by the INPUTT1 module. The default

values for LOCATION and INPTUNIT are -1 and O, respectively.

MAXMACH - optional. The real value of this parameter is the maximum Mach number below

which the subsonic unsteady cascade theory is valid. The default value is 0.80.

MINMACH - optional. The real value of this parameter is the minimum Mach number above

which the supersonic unsteady cascade theory is valid. The default value is 1.01.

MTYPE - optional. The BCD value of this parameter controls which components of the

cyclic modes are to be used in the modal formulation. MTYPE = SINE uses only sine

components and MTYPE = COSINE uses only cosine components. The default value is C13SINE.

NODJE - optional. A positive integer of this parameter indicates that user-supplied

downwash matrices due to extra points are to be read in from an external file via the

INPUTT2 module in the rigid format,

NSEGS - required. The integer value

segments in the structural model.

The default value

of this parameter

is -1 when not needed.

is the number of identical

P!3SIT10N, UNITNUM and USRLABEL - required when using the NODJE parameter. See Section

5.5 for a description of these parameters which are required by the INPUTT2 module. The

defaults for POSITI@N, UNITNUM and USRLABEL are -1, 11 and TAPEID, respectively.
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20.

21.

22.

23.

24.

PRINT - optional. The BCD value, NO, of this parameter suppresses the automatic

printing of the flutter summary for the K method. The default value is YESB.

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VOLUME - optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

VREF - optional. Velocities are divided by the real value of this parameter to convert

units or to compute flutter indices. The default value is 1.0.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they

use in hydroelastic problems.

4.1.6 Optional Diagnostic Output for FEER

Special detailed information obtained

are generated in the EMA module. Not recommended for

by requesting DIAG 16 in the Executive Control Deck is
a

the same as that described

4.1.7 The APPEND Feature

under Normal Modes Analysis (see Section 2.3.6).
—

The APPEND feature can be used for real eigenvalue extraction in Blade Cyclic Modal Flutter

Analysis. See Section 2.3.7 for details.

4.1.8 Rigid Format Error Messages from Blade Cyclic Modal Flutter Analysis

The following fatal errors are detected by the DMAP statements In the Blade Cyclic Modal

Flutter Analysis rigid format. The text for each error message is given below in capital letters

and is followed by additional explanatory material, including suggestions for remedial action.

BLADE FLUTTER ANALYSIS ERROR Nfl.1 - MASS MATRIX REQUIRED FOR MODAL FORMULATION.

The mass matrix is null because either no structural elements were defined with Connection cards,
nonstructural mass was not defined on a Property card or the density was not defined on a Material
card.
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BLADE FLUTTER ANALYSIS ERR@R NO. 2 - EIGENVALUE EXTRACTI13NDATA REQUIRED FflR

e

ANALYSIS.

Eigenvalue extraction data must be supplied on an EIGR card in the Bulk Data
Case Control Deck must select an EIGR set.

REAL EIGENVALUE

Deck and METHOD in the

BLADE FLUTTER ANALYSIS ERROR NO. 3 - ATTEMPT TO EXECUTE MORE ”THAN 100 LO@PS.

An attempt has been made to use more than 100 flutter loops. This number can be increased by
ALTERing the REPT instruction following the FA2 module.

3LADE FLUTTER ANALYSIS ERROR NO. 4 - REAL EIGENVALUES REQUIRED FOR M13DALFORMULATION.

No real eigenvalues were found in the frequency range specified by the user.

BLADE FLUTTER ANALYSIS ERROR NO. 5 - NO GRID P@INT DATA IS SPECIFIED 13RN@ STRUCTURAL ELEMENTS HAVE
BEEN DEFINED.

No points have been defined with GRID or SPt31NTcards or no structural elements have been defined
with Connection cards.

BLADE FLUTTER ANALYSIS ERROR N@. 6 - FREE BODY SUPPORTS NOT ALLOWED.

Free bodies are not allowed in Blade Cyclic Modal Flutter Analysis. The SUP@RT cards must be
removed from the Bulk Data Deck and other constraints applied if required for stability.

BLADE FLUTTER ANALYSIS ERR@R No. 7 - CYCLIC TRANSF@RMATI@N DATA ERROR.

●
See Section 1.12 for proper modeling techniques and corresponding PARAM card requirements.
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4.2 MODAL FLUTTER ANALYSIS

● 4.2.1 DMAP Sequence for Modal Flutter Analysis

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGIO FORMAT 10

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR-2 LIST NODECK NOREF NOOSCAR
---------- ------ -

1 BEGIN

2 PRECHK

3 FILE

k PARAM

5 GP1

●
6 COND

7 GP2

8 PARAtlL

9 GP3

10 TA1

11 COND

12 PARAM

13 PARAM

14 EMG

15 PURGE

16 COND

17 EMA

18 LABEL

19 COND

AERO 10 - MODAL FLUTTER ANALYSIS - APR. 1986 $

ALL $

PHlHL=APPENO/AJJL=APPENO/FSAVE=APPENO/CASEYY=APPEND/
CLAMAL=APPEND/OVG=APPEND/QHHL=APPENO/SKJ=APPEND/QHJL=APPEND/
QKHL=APPENO/ $

//*MPY*/CARONO/O/O $

GEOMl,GEOM2,/GPL,EQEXlN,GPDT,CSTM,BGPDT,SIL/S,N,LUSET/
S,N,NOGPDT/MINUSl=-l $

ERROR5,NOGPDT $

GEoM2,EQExlN/EcT $

PCDB//*PRES*////JUMPPLOT $

GEom3,EQEx1N,GEoM2/,GPTT/NoGRAv $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GEl,GPECT,,/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S,N,GENEL $

ERROR1,NOSIMP $

//*AOD*/NOKGGX/l/O $

//*ADD*/NOMGG /1/0 $

EST,CSTM,NPT,DlT,GEOM2,/KELM,KOICT,MELM,MOICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,Y,CPBARBC,Y,,Y,CPROO/
c,Y,cPQuAD1/c,Y,cPQuAD2/c,Y,cPTRIA1/c,Y,cPTRlA2/c,Y,cPTuBE/
C,Y,CPQDPLT/C,Y,CPTRPLT/C,Y,CPTRBSC/
V,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGGX,NOKGGX $

GPECT,KDICT,KELM/KGGX,GPST $

JMPKGGX $

ERROR1,NOMGG $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGIO FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

EMA

COND

GPWG

oFP

LABEL

EQUIV

COND

SMA3

AOO

LABEL

GP4

PARAM

COND

GPSP

OFP

LABEL

EQUIV

PURGE

CONO

MCE1

MCE2

LABEL

EQUIV

COND

SCE1

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LGPWG,GRDPNT $

BGPOT,CSTM,EQEXIN,MGG/OGPWG/V,Y ,GRDPNT=-l/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARONO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,/KGGY/LUSET/NOGENL/-l $

KGGX,KGGY/KGG $

LBL1l $

CASECC,GEOM4,EQEXIN,GPDT,BGPDT, CSTM,GPST/RG,,USET,ASET/LUSET/
S,N,MPCFl/S,N,MPCF2/S,N,SlNGLE/S,N, OMIT/S,N,REACT/O/
REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C, Y,ASETOUT/S,Y,AUTOSPC $

//*EQ,!/GpSpFLG/AIjTospc/o $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,CARDNO $

LBL4 $

KGG,KNN/MPCFl/MGG,MNN/MPCF1 $

GM/MPCFl/DM,MR/REACT $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,MGG,,/KNN,MNN,, $

LBL2 s

KNN,KFF/SINGLE/MNN,MFF/SINGLE $

LBL3,SINGLE $

USET,KNN,MNN,,/KFF,KFS,,MFF ,, $
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@

RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

AERO APPROACH, RIGIO FORMAT 10

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

45

46

47

b8

49

50

51

52

53

54

55

LABEL

EQUIV

PURGE

CONO

PARAM

SMP 1

SMP2

LABEL

CONO

RBMG 1

RBMG2

●
56 RBMG3

57 RBMGh

58 LABEL

59 OPO

60 CONO

61 EQUIV

62 REAO

63 OFP

64 COND

65 OFP

,66 MTRXIN

67 EQUIV

LBL3 $

KFF,KAA/OMIT/ MFF,MAA/OMIT $

GO/OMIT $

LBL5,0MIT $

//*PREC*/PREC $

USET,KFF,,,/GO,KAA,KOO, LOO,,,,, $

USET,GO,MFF/MAA $

LBL5 $

LBL6,REACT $

USET,KAA,MAA/KLL,KLR,KRR,MLL,MLR,MRR $

KLL/LLL/ $

LLL,KLR,KRR/OM $

DM,MLL,MLR,MRR/MR $

LBL6 $

DYNAMICS,GPL,SIL,USET/GPLD,S lLO,USETD~TFpOOLI ,,,~~EEDcEQDyN/
LUSET/S,N,LUSETD/NOTFL/NOOLT/NOPSOL/NOFRL/
NoNLFT/NoTRL/S,N,NOEEO/123/S,N,NOuE $

ERROR2,NOEE0 $

GO,GOO/NOUE/GM,GMD/NOUE $

KAA,MAA,MR,OM,EEO,USET,CASECC/LAMA,PH lA,t41,0ElGS/*MOOES*/S,N,
NEIGV $

OEIGS,,,,,//S,N,CARONO $

ERROR4,NEIGV $

LAMA,,,,,//S,N,CARONO $

CASECC,MATPOOL, EQDYN,,TFPOOL/K2pp,M2pP,B2pp/LusETD/SSNS
NoK2PP/s,N,NoM2PP/s*N,NoB2PP $

M2PP,M20D/NoA/B2PP,B200/NoA/K2PP,K200/NoA $
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RIGID FORMAT DMAP Ll~TING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

GKAD

GKAII

APD

PARAM

PURGE

COND

PARAM

PLTSET

PRTMSG

COND

PLOT

PRTMSG

LABEL

COND

GI

PARAM

AMG

COND

INPUTT2

LABEL

PARAM

USETO,GM,GO, ,,,,K2PP,M2PP,B2PP/,, ,GMD,GOD,K2DD,M2DD,B2DD/
*cMpLEvY~/*Dlsp*/*MoDALX/o,o/o .o/o.o/NoK2pp/
NoM2PP/NoB2PP/MPcFl/slNGLE/oMIT/NouE/
-1/-1/ -1/-1 $

USETD,PHI A,,LAMA,DIT,M2DD, B20D,K2DD,cAsEcc/MHH,BHH,KHH,
PHIDH/NOUE/C,Y,LMODES=O/C,Y, LFREQ=O./C,Y,HFREQ=-l.O/
NOM2PP/NOB2PP/NOK2PP/S,N,NONCUP/S,N, FMODE/C,Y,KDAMP $

EDT,EQDYN,ECT,BGPDT,SILD,USETD,CSTM,GPLD/EQAERO, ECTA,BGPA,SILA,
USETA,SPL INE,AERO,ACPT,FLI ST,CSTMA,GPLA,SILGA/S,N,NK/S ,N,NJ/
S,N,LUSETA/S,N,BOV $

//W4PY*/PFILE/O/l $

PLTSETA,PLTPARA,GPSETS~,ELSETSA/JUMPPLOT $

SKPPLT,JUMPPLOT $

//*MpY,?/pLTFLG/o/l $

PCDB,EQAERO,ECTA/PLTSETA,PLTPARA, GPSETSA,ELSETSA/S,N,NSILl/S,
N,JUMPPLOT $

PLTSETA // $

SKPPLT,JUMPPLOT $

PLTPARA,GPSETSA,ELSETSA,CASECC, BGPA,EQAERO, ,*.,/PLoTx2/
NSILl/LUSETA/S,N,JUMPPLOT/S,N ,PLTFLG/S,N,PFILE $

PLOTX2 // $

SKPPLT $

ERROR2,NOEED $

SPLINE,USET ,CSTMA,BGPA,SIL , ,GM,GO/GTKA/NK/LUSET $

//* ADD*/DESTRY/O/l/ $

AERo,AcPT/AJJL,sKJ,DlJK,D2JK/NK/NJ/s,N,DEsTRY $

NODJE, NODJE $

/olJE*D2JE*,, /C,Y,Pl=O/C,Y,P2=ll/C,Y,P3=XXXXXXXX $

NODJE $

//*ADD,t/xQHHL/l/o $
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MODAL FLUTTER ANALYSIS

● RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

89 AMP

90 PARAM

91 LABEL

92 FA1

93 EQUIV

94 COND

95 CEAD

96 COND

97 LABEL

98 VDR

99 COND

100 OFP

101 LABEL

102 FA2

103

104

105

106

107

108

109

110

111

CONO

LABEL

COND

REPT

JLIMP

LABEL

PARAML

CONO

XYTRAN

AJJL,SI(J,D1JK,D2JK,GTKA,PH loH,DlJE,D2JE,usETD,AERo/QHHL,QKHL ,
QHJL/NOUE/S,N,XQHHL/V,Y,GUSTAERO=- I $

//*MPY*/FLOOP/V,Y,NODJE=-l/O $

LOOPTOP $

KHH,BHH,MHH,QHHL,CASECC,FLIST/FSAVE ,KXHH,BXHH,MXHH/
S,N,FLOOP/S,N,TSTART/S,N,NOCEAO $

KXHH,PHIH/NOCEAD/BXHH,CLAMA/NOCEAD/KXHH, PHIHL/NOCEAD/BXHH,
CLAMAL/NOCEAO/CASECC,CASEYY/NOCEAD $

VDR,NOCEAD $

KXHH,BXHH,MXHH,EED,CASECC/PH lH,CLAMA,OCEIGS,/S,N,EIGVS $

LBLZAP,EIGVS $

VDR $

CASECC,EQDYN ,USETO,PHIH,CLAMA,,/OPHIH,/*CE lGEN*/*MODAL*/
123/S,N,NOH/S,N,NOP/FMODE $

LBL16,NOH $

OPHIH,,,,,//S,N,CARDNO $

LBL16 $

PHIH,CLAMA,FSAVE/ PHIHL,CLAMAL,CASEYY,OVG/S,N,TSTART/
C,Y,VREF=leO/C,Y,PRINT=YES $

CONTINUE,TSTART $

LBLZAP $

CONTINUE,FLOOP $

LOOPTOP,1OO $

ERROR3 $

CONTINUE $

XYCDB//*PRES*////NOXYCDB $

NOXYOUT,NOXYCDB $

XYCDB,OVG ,,,,/XYPLTCE/*VG*/*PSET*/S,N,PF lLE/S,N,CARDNO/
S,N,NOXYPL $
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AERO RIGIO FORMAIS

RIGID FORMAT OMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGIO FORMAT 10

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

112 COND

113 XYPLOT

114 LABEL

115 PARAM

116 CONO

117 MOOACC

118 ADR

119 ODR1

120 EQUIV

121 PURGE

122 CONO

123 SDR1

124 LABEL

125 EQUIV

126 CONO

127 VEC

128 PARTN

129 LABEL

130 MPYAD

131 UMERGE

132 UMERGE

133 UMERGE

13h SDR2

135 OFP

136 CONO

NOXYOUT,NOXYPL $

XYPLTCE// $

NOXYOUT $

//*ANO*/pJUMp/NOp=.l/JUMppLOT $

FINIS,PJUMP $

CASEYY,CLAMAL,PH IHL,,, /CLAMALl,CPHIHl,CASEZZ,,/~~CE lGN~~ $

CPHIH1,CASEZZ,QKHL,CLAMALI,SPL lNE,SILA,USETA/PKF/BOV/
C,Y,MACH = O.O/*FLUTTER* $

CPHIHl,PHIOH/CPHID $

CPHIO ,CPHIP/NOA $

QPC/NOA $

LBL14,NOA $

USETD, ,CPHIO ,,,GOD,GMO,,KFS,,/CPHIP,,QPC/l /*DYNAMICS~~ $

LBLl~ $

CPHID ,CPHIA/NOUE $

LBLNOE,NOUE $

USETA/RP/*0*/*A*/*E* $

CPHIO ,,RP/CPHIA,,,/l/3 $

LBLNOE $

GTKA,CPHIA,/CPHIK/l/l/O/PREC $

USETA,CPHIP,/CPHIPS/*PS*/*P*/*SA* $

USETA,CPHIPS,CPHIK/CPHIPA/*PA*/*PS*/~tK* $

USETA,QPC,/QPAC/*PA~I/*P*/*K* $

CASEZZ,CSTMA,MPT,D IT,EQAERO, SILA, ,,BGPA,CLAMALI,QPAC, CPH IPA,
EST,,/,OQPACl,OCPHIPA,OESCl ,OEFCl,PCPHIPA/*CEIGN~’~ $

OCPHIPA,OQPACl,OESCl,OEFCl,,//S,N, CARONO $

FINIS,JUMPPLOT $
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MODAL FLUTTER ANALYSIS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 10

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

137

138

139

140

141

1k2

143

144

145

146

PLOT

PRTMSG

JUMP

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PRTPARM

LABEL

PLTPARA,GPSETSA,ELSETSA,CASEZZ,BGPA, EQAERO,SI LGA, ,PCPHIPA,,
/PLoTx3/NslLl/LusETA/JuMPPLoT/PLTFLG/s,N,
PFILE $

PLoTx3// $

FINIS $

ERROR3 $

//-3/*FLuTTER* $

ERROR2 $

//-2/*FLuTTER~~ $

ERROR1 $

//-1/*FLUTTER$~ $

ERROR4 $

e 147 PRTPARM //-4/*FLUTTER* $

148 LABEL ERROR5 $

149 PRTPARM //-5/~~FLUTTER* $

150 LABEL FINIS $

151 PURGE DUMMY/MINUSl $

152 END $
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4.2.2

5.

6.

7.

9.

10.

11.

14.

16,

17.

19.

20.

21.

22.

23.

25.

26.

27.

28.

30.

32.

33,

34.

36.

38,

39.

AERO RIGID FORMATS

Description of Important DMAP Operations for&dal Flutter Analysis

GP1 generates coordin~te system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

Go to OMAP No. 148 and print Error Message No.
●

5 if no grid points are defined.

GP2 generates Element Connection Table with internal indices.

GP3 generates Static Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 148 and print Error Message No. 5 if no stru
defined.

EMG generates structural element stiffness and mass matrix t~b
assembly by the EMA module.

Go to DMAP No. 18 if no stiffness matrix is to be assembled,

tural elements have been

es ~nd dictionaries for later

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 144 and print Error Message No. 1 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 24 if no weight and balance information is request.ed.

GPWG generates weight and balance information.

OFP formats the weight and balance inform~tion prepared by GPWG ~nd places it on the system
output file for printing.

Equivalence [K&] to [Kgg] if there dre no general elements.

Go to DMAP No. 29 if there are no general elements.

SMA3 forms the general element stiffness matrix [K~g].

ADD combines the structural stiffness matrix [K~g] with the general element stiffness

matrix [K~g] to obtain the stiffness matrix [Kgg.J.

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ug} = O.

Go to DMAP No. 35 if no potential grid point singularities exist.

GPSP generates a table of potential grid point singularities.

OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kggl to [Knnl and [Mggl to lMnnl if no multipoint constraints exist.

Go to DMAP No. 41 if no multipoint constraints exist.

MCE1 partitions multipoint constraint equations [Rg] = [Rm ~Rnj and solves for

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn].
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40.

42.

43.

44,

46.

48.

50.

51.

53.

MOOAL FLUTTER ANALYSIS

MCE2 partitions stiffness and mass matrices

and performs matrix reductions

[Knn] =

[Mnn] =

[inn]+-[+[,mn]
[~nn]+[G;][Mmn]

+ [K~nl[Gml + [G~l[Kmml[Gml and

+ [M;n][Gm] + [Gj[Mmml[GmJ .

Equivalence [Knn]

GO to DMAP No, 45

SCE1 partitions out single-point constraints

to [Kff]and INnn] tO [t4ff] if no single-point constraints exist”

if no single-point constraints exist.

[1‘ff’ ‘fs

[ -

Mff’ ‘fs
[Knn] = ; ~-K— and [Mnn] = ; ~M— .

Sf Ss Sf ss-

Equivalence [Kffl to lKaal and [Nff] to [Maa] if no omitted coordinates exist.

Go to DMAP No. 52 if no omitted coordinates exist.

SMP1 partitions constrained stiffness matrix

N,aal Kao
[Kff] = ~-:”,— 9

oa 00

solves for transformation matrix [Go] = -[Kool-l[Koal

and performs matrix reduction [Kaa] = L~aa] + [K~a][Go] ,

SMP2 partitions constrained mass matrix

[1M \M
[Mff] = :-+M~

oa 00

and performs matrix reduction

[Maal = [~aa] + [M:al[Gol + [G:IIMOOIIGOI + [G@oaJ .

Go to DMAP No. 58 if there are no free-body supports.
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54.

55.

56.

57.

59.

60.

61.

62.

AERO RIGID FORMATS

RBMG1 partitions out free-body supports

RBMG2 decomposes constrained stiffness matrix [Kkt] = [LkL][Ukl].

RBMG3 forms rigid body transformation matrix

[D] = -[KtL]-l[KLr],

calculates rigid body check matrix

[X] = [Krr] + [Kjr][D]

and calculates rigid body error ratio

E = +-J-Tx

l,KrrI “

RBMG4 forms rigid body mass matrix

[mr] = [Mrr] + [M~r][Dl + [DTl[Mkrl + [DTIIMLLIIDI.

DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and external grid point numbers (GPLD), including
extra points introduced for dynamic analysis (SILD), and prepares Transfer Function Pool
(TFP@OL), and Eigenvalue Extraction Data (EED).

Go to DMAP No. 142 and print Error Message No. 2 if there is no Eigenvalue Extraction Data.

Equivalence [Go] to [G:] and [Gm] to [G:] if there are no extra points introduced

for dynamic analysis.

READ extracts real eigenvalues and eigenvectors from the equation

[Kaa - AMaa]{$al = O ,

calculates rigid body modes by finding a matrix

[mol = [o~ol[mrl[$rol

is diagonal a’ndnormalized, computes rigid body

H

[Oaol = “’-0 $
‘$ro

L-1
.-

calculates modal mass matrix

[m] = [I#I~][Maa][4a]

and normalizes eigenvectors according to one of

[@ro] such that

eigenvectors

the following user requests:
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63.

64.

65.

66.

67.

68.

69.

70.

73.

75.

76.

77.

MODAL FLUTTER

1) Unit value of a selected component
2) Unit value of the largest component
3) Unit value of the generalized mass.

ANALYSIS

OFP formats the summary of eigenvalue extraction information (OEIGS) prepared by READ and
places it on the system output file for printing.

Go to DMAP No. 146 and print Error Message No. 4 if no eigenvalues were found.

OFP formats the eigenvalues (LAMA) prepared by READ and places thereon the system output
file for printing.

MXTRIN selects the direct input matrices [K~p], [M~p] and [B~p].

Equivalence [M~pl to [M~d], [B~pl to [B~dl and LK~pl to EK&l ‘f ‘0 constraints
are applied.

GKAD applies constraints to direct input matrices [K~pl, [M~pl and [B~pl~ fo~ing

and [B~dl and forms [Gmd] and tGod].

eigenvectors to form [$dh] and assembles stiffness, mass and damping matricesGKAM selects
in modal coordinates:

-..

[1kilo
[Khh] = --~~ + [’$jh][K;d][$dh]~

[1Mj10[fjh] + [$:h][”:d][’$dh] )
= Th-

[1biio[Bhhj = o ~ o—. + [’$jh][B;dl[’$dhl$

where

KDAMP = -1 (default) KDAMP = 1

‘i
= modal masses mi = modal masses

bi = mi 211fi g(fi) bi=O

ki = mi 41T2fi . ki = (l+ig(fi)) 4~2 f~mi

APD processes the aerodynamic data cards from EDT. It adds the k points and the SA points
to USETD making USETA. EQAERO, ECTA, BGPA, CSTMA, GPLA and SILA are updated to reflect the
new elements. AERO and ACPT reflect the aerodynamic parameters. SILGA is a special SIL for
plotting.

Go to DMAP No. 80 if no plot

PLTSET transforms user input

PRTMSG prints error messages

output is requested.

into a form used to drive the structure plotter.

associated with the structure plotter.

Go to DMAP No. 80 if no undeformed aerodynamic or structural element plots are requested.
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AERO RIGID FORMATS

78. PL13Tgenerates all requested undeformed aerodynamic and structural element plots.

79. PRTMSG prints plotter data and engineering data for each undeformed aerodynamic and
structural element plot generated,

81. Go to DMAP No. 142 and print Error Message No. 2 if there is no Eigenvalue Extraction Data,

82. GI forms a transformation matrix [G~a] which interpolates between aerodynamic (k) and
structural (a) degrees of freedom.

84. AMG forms the aerodynamic matrix list [Ajj], the area matrix [Skj], and the downwash

coefficients [D~k] and [D~kl.

85. Go to DMAP No. 87 if there are no user-supplied downwash coefficients.

86. INPUTT2 provides the user-supplied downwash factors due to extra points ([D~e], [D~e]).

PARAM NODJE must be set to enter these matrices

motion of an extra point, Ue, is given by

{wj} = [D~e+ikfel

The downwash Wj on box j due to the

Ue} .

89. AMP computes the aerodynamic matrix list related to the modal coordinates as follows:

[1$~iI$ae[$dh]=;+—$ [Gkil=[G~alT[+ail,Ibeeei

l/D1] ,[D~h]~ [Dji , je [D~i] = [D~klTIGkil ,

2 ID.2] and[D~hl~ [Dji , ~e [D~i] = [D$k]T[Gki].

For each (m,k) pair:

[Djh] = [Dj~] + ik[Dj~] .

For each group:

[Qjhl = [A~jl~~oup ‘Djh]group ‘

[Qkh] = [s~j][Qjh] s

[Qih] = [G~ilTIQkhl

[1Qihand [Qhh]~ ‘-– .
Qeh

90. PARAM initializes the flutter looP counter (FLOOp) to zero.

91. Beginning of loop for flutter.

92. FA1 computes the total aerodynamic mass matrix [M~h], the total aerodynamic stiffness

matrix [K~h] and the total aerodynamic damping matrix [B~h] as well as a 100pin9 table
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MODAL FLUTTER ANALYSIS

FSAVE. For the K-method

‘;h
= (k2/b2)Mhh + (p/2) Qhh s

‘~h = ‘hh

93.

94.

95.

96.

98.

99.

100.

●
102.

103.

105.

106.

107.

110.

111.

112.

113.

116.

117.

118.

and ‘~h
=0.

Set up equivalences for the KE- and PK-methods.

Go to DMAP No, 97 for the KE- and PK-methods.

CEAO extracts complex eigenvalues and eigenvectors from the equation

[M~hP2 + B;hP + K~h]{@h? = O

and normalizes eigenvectors to unit magnitude of the largest component.

Go to DMAP No. 104 if no complex eigenvalues were found.

VDR prepares eigenvectors (k3PHIH)for output, using only the extra points introduced for
dynamic analysis and modal coordinates.

Go to OMAP No. 101 if there is no output request for the extra points introduced for dynamic
analysis or modal coordinates.

!3FPformats the table of eigenvectors for extra points introduced for dynamic analysis and
modal coordinates prepared by VDR and places it on the system output file for printing.

FA2 appends eigenvectors to PHIHL, eigenvalues to CLAMAL, Case Control to CASEYY, and V-g
plot data to @VG.

Go to DMAP No. 108 if there is insufficient time for another flutter loop.

Go to DMAP No. 108 if the flutter loop is complete.

Go to DMAP No. 91 for additional aerodynamic configuration triplet values.

Go to DMAP No. 140 and print Error Message No. 3 if the number of flutter loops exceeds 100.

Go to DMAP No. 114 if there are no X-Y plot requests,

XYTRAN prepares the input for requested V-g plotting.

Go to DMAP No. 114 if no plots are possible as requested.

XYPLftTprepares the requested V-g plots.

Go to DMAP No. 150 and make normal exit if there are no output requests involving dependent
degrees of freedom or forces and stresses.

MODACC selects a list of eigenvalues and eigenvectors whose imaginary parts (velocity in
input units) are close to a user input list.

AOR builds a matrix of aerodynamic forces for each aerodynamic point and prints requested
aerodynamic forces for selected elements.
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AERO RIGID FORMATS

119. DDR1 transforms the complex eigenvectors from modal to physical coordinates

{$:1 = {+dh}{oh}.

120. Equivalence {0~1 to {!~l if no constraints are applied.

122. Go to DMAP No. 124 if no constraints are applied.

123. SDR1 recovers dependent components of eigenvectors

~1and recovers single-point forces of constraint {qs) = [K~sl{@f}Y __”_ = {Q;}.

qs
I

125. Equivalence {$~} to {O;} if there are no extra points introduced for dynamic analysis.

126. Go to DMAP No. 129 if there are no extra points,

127. VEC generates a d-size partitioning vector (RP) for the a- and e-sets

{Udl+ {Ua} + {Ue} .

128. PARTN performs partition of {$:} using RP

130. MPYAD recovers the diSP1acements at the aerodynamic points (k)

{’$;} = [G[a]T{ $:} .

131. UMERGE is used to expand {$;} to the ps-set.
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MODAL FLUTTER ANALYSIS

13z, UMERGE places {$;} in its proper place in the displacement vector

133. UMERGE is used to expand {Q~} to the pa-set.

134. SDR2 calculates element forces (OEFCl) ad stresses (OE$C1) and prepares eigenvectors
(OCPHIPA) and single-point forces of constraint (OQPACl) for output and PCPHIPA for deformed
plotting.

135. !3FP formats the tables
printing.

136. Go to DMAP No. 150 and
plots are requested.

137.

138.

139.

141.

143.

145.

147.

149.

prepared by SDR2 and places them on the system output file for

make normal exit if no deformed aerodynamic or structural element

PLOT prepares all deformed aerodynamic and structural element plots.

PRTMSG prints plotter data and engineering data for each deformed plot generated.

Go to DMAP No. 150 and make normal exit.

Print Error Message No. 3 and terminate execution.

Print Error Message No. 2 and terminate execution.

Print Error Message No. 1 and terminate execution.

Print Error Message No, 4 and terminate execution.

Print Error Message No. 5 and terminate execution.
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4.2.3 Output for Modal Flutter Analysis

The real Eigenvalue SurrrnaryTable and the real Eigenvalue Analysis Summary, as described

under Normal Modes Analysis (see Section 2.3.3), are automatically printed. All real eigenvalues

are included even though all may not be used in the modal formulation,

The complex eigenvalues are included in the Flutter Summary and are printed for each

aerodynamic loop.

The grid point singularities from the structural model are also output.

A Flutter Summary for each value of the configuration

PRINT=N@. This shows Mach number, density, reduced frequency,

each complex eigenvalue,

V-g and V-f plots may be requested by the XY~UT control

parameters is printed out unless

velocity, damping, and frequency for

cards by specifying the curve type

as VG. The “points” are loop numbers and the “components” are G or F.

Printed output of the following types, sorted by complex eigenvalue root number (SklRTl)and

(m, k, p), may be requested for all complex eigenvalues kept, either as real and imaginary parts or

as magnitude ~nd phase dngle (0° - 360° lead). (Eigenvectors are not available for the KE-method.)

1. The eigenvector for a list of PHYSICAL and AERODYNAMIC points (grid points, extra

points, and aerodynamic points) or SOLUTION points (modal coordinates and extra points).

2. Nonzero components of the single-point forces of constraint for a list of PHYSICAL

points.

3. Complex stresses and forces in selected elements.

The fIFREQUENCYCase Control card can select a subset of the complex eigenvectors for data recovery.

In addition, undeformed and deformed shapes may be requested. Undeformed shapes may include only

structural or structural and aerodynamic elements.

The eigenvectors used in the modal formulation may be obtained for the analysis points by

using the ALTER feature to print the matrix of eigenvectors following the execution of READ. The

eigenvectors for all points in the model may be obtained by running the problem initially on the

Normal Modes Analysis Rigid Format or by making a modified restart using the Normal Modes Analysis

Rigid Format.
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MODAL FLUTTER ANALYSIS

4.2.4 Case Control Deck for Modal Flutter Analysis

● The following items relate to subcase definition and data selection for Modal Flutter

Analysis:

1. Only one subcase is allowed.

2. Desired direct input

must be selected via

3. CMETH!3Dmust be used

4. FMETHOD must be used

matrices for stiffness [K~p], mass [M~p], and damping [B~p]

the keywords K2PP, M2PP, or B2PP.

to select an EIGC card from the Bulk Data Deck, (K method only.)

to select a FLUTTER card from the Bulk Data Deck.

5. METHOD must be used to select an EIGR card that exists in the Bulk Data Deck.

6. SDAMPING must be used to select a TABDMP1 table if structural damping is desired.

4.2.5 Parameters for Modal Flutter Analysis

The following parameters are used in Modal Flutter

1.

4.

5.

6.

ASETOUT - optional. A positive integer value

data block to be generated by the GP4 module.

the generation of this output data block. The

Analysis:

of this parameter causes the ASET output

A negative integer value or O suppresses

default value is O.

AUTOSPC - reserved for future optional use. The default value is -1.

CfiUPMASS- CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLTL

CPTRBSC - optional. These parameters 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.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed. All fluid related masses are ignored.

GUSTAERO - optional. An integer value of +1 causes gust loads to be computed. The

default value is -1 for no gust loads.

KDAMP - optional. An integer value of +1 causes

complex stiffness matrix for structural damping

The default value is -1.

modal damping terms to be put into the

(+1 recommended for K and KE methods).

LFREQ and HFREQ- required, unless LMODES is used. The real values of these parameters

give the cyclic frequency range (LFREQ is the lower limit and HFREQ is the upper limit)

of the modes to be used in the modal formulation. To use this option, parameter LMODES

must be set to O.
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LM13DES- required, 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.

MACH - optional. The real value of this parameter selects the closest Mach numbers to

be used to compute aerodynamic matrices. The default value is 0,0.

NODJE - optional. A positive integer of this parameter indicates that user-supplied

downwash matrices due to extra points are to be read from an external file via the

INPUTT2 module in the rigid format. The default value is -1 when not needed.

Pl, P2 and P3 - required when using the NODJE parameter. See Section 5.5 for a

description of these parameters which are required by the INPUTT2 module. The default

values for Pl, P2 and P3 are O, 11 and XXXXXXXX, respectively.

PRINT - optional. The BCD value, NO, of this parameter suppresses the automatic

printing of the flutter summary for the Kmethod. The default value is YES.

VREF - optional. Velocities are divided by the real value of this parameter to convert

units or to compute flutter,indices. The default value is 1.0.

WTMASS - optional, The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.

4.2.6 Optional Diagnostic Output for FEER

Special detailed information obtained by requesting DIAG 16 in the Executive Control Deck is

the same as that described under Normal Modes Analysis (see Section

4.2.7 The APPEND Feature

The APPEND feature can be used for real eigenvalue extraction

Section 2.3.7 for details.

2.3.6).

in Modal Flutter Analys s. See

4.2.8 Rigid Format Error Messages from Modal Flutter Analysis

The following fatal errors are detected by the DMAP statements in the Modal Flutter Analysis

rigid format. The text for each error message is given below in capital letters and is followed by

additional explanatory material, including suggestions for remedial action.
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MODAL FLUTTER ANALYSIS ERRORMESSAGE NO. 1 - MASS MATRIX REQUIRED FOR MODAL FORMULATION.

l’hemass matrix is nul”
nonstructural mass was
card.

MODAL FLUTTER ANALYSIS
EIGENVALUE ANALYSIS.

because either no structural elements were defined with Connection cards,
not defined on a Property card or the density was not defined on a Material

ERRfiRMESSAGE NO. 2 - EIGENVALUE EXTRACTION DATA REQUIRED FOR REAL

Eigenvalue extraction data must be supplied on an EIGR card in the Bulk Data Deck and METHOD in the
Case Control Deck must select an EIGR set.

MUDAL FLUTTER ANALYSIS ERROR MESSAGE NO. 3 - ATTEMPT T@ EXECUTE MORE THAN 100 LO@PS.

An attempt has been made to use more than 100 flutter loops. This number can be increased by
ALTERing the REPT instruction following the FA2 module.

MODAL FLUTTER ANALYSIS ERR~R MESSAGE No. 4 - REAL EIGENVALUES REQUIRED Fl!lRMOOAL FORMULATION.

No real eigenvalues were found in the frequency range specified by the user,

M@DAL FLUTTER ANALYSIS ERR@R MESSAGE NO. 5 - NO GRID POINT DATA IS SPECIFIED flRN!3STRUCTURAL
ELEMENTS HAVE BEEN OEFINED.

No points have been defined with GRID or SPOINT cards or no structural elements have been defined
with Connection cards.
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4.3 MODAL AEROELASTIC RESPONSE

4.3.1 DMAP Sequence for Modal Aeroelastic Response

RIGID FORMAT DMAP LISTING
APRIL Ig86 RELEASE

AERC APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

OPTIONS IN EFFECT GO ERR=2 LIST NODECK NOREF NOOSCAR
-----------------

1 BEGIN

2 PRECHK

3 FILE

4 PARAM

5 GP1

6 COND

~ GP2

8 PARAML

9 PARAML

10 GP3

11 TA1

12 CONO

13 PARAM

14 PARAM

15 EMG

16 PURGE

17 COND

18 EMA

19 LABEL

20 cOND

AERO 11 - MOOAL AEROELASTIC RESPONSE - APR. 1986 $

ALL $

AJJl.=APPEND/QHHL=APPEND/QKHL=APPEND/QHJL=ApPEND/sKJ=APpENO $

//*MPY*/CARONO/O/O $

GEOMl,GEOM2,/GPL,EQEXIN,GPOT,CSTM,BGPDT, SIL/S,N,LUSET/
S,N,NOGPDT/f’llNUSl=-l $

ERROR1,NOGPDT $

GEoM2,EQExlN/EcT $

PCOB//*PRES*/V,Y,NOOJE=-l///JUMPPLOT $

XYCDB//*PRES*////NOXYCDB $

GEom3,EQEx1N,GEom2/,GPTT/tJoGRAv $

ECT,EPT,BGPDT,SIL,GPTT,CSTM/EST,GE l,GF’EcT,)/
LUSET/S,N,NOSIMP/l/S,N,NOGENL/S,N,GENEL $

ERROR3,NOSIMP $

//*ADO~Y/NOKGGX/l/O $

//*ADD*/NOMGG /1/0 $

EST,CSTM,MPT,DlT,GEOM2,/KELM,KD lCT,MELM,MOICT,,,/S,N,NOKGGX/
S,N,NOMGG////C,Y,COUPMAC,YC,Y ,CPBAR/C,y,cpROD/
c,Y,cPQuAD1/c,Y,cPQuAD2/c,Y, cPTRIA1/c,Y,cPTRlA2/c,Y,cPTuBE/
c,Y,cPQOPLT/C,Y,CPTRPLT/C,Y,CPTRBSC/
v,Y,VOLUME/V,Y,SURFACE $

KGGX,GPST/NOKGGX $

JMPKGGX,NOKGGX $

GPECT,KOICT,KELM/KGGX,GPST $

JMPKGGX $

ERROR1,NOMGG $

I

I9 4.3-1 (05/30/86)



AERO RIGID FORMATS

RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGIOF ORMAT 11

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

b4

45

EMA

COND

GPWG

OFP

LABEL

EQUIV

COND

SMA3

AOD

LABEL

GP4

PARAM

PURGE

COND

GPSP

OFP

LABEL

EQUIV

COND

MCE1

14CE2

LABEL

EQUIV

COND

SCE1

GPECT,MDICT,MELM/MGG,/-l/C,Y,WTMASS=l .0 $

LGPWG,GROPNT $

BGPDT,CSTM,EQEXIN,MGG/OGPWG/V,Y ,GRDPNT=-l/C,Y,WTMASS $

OGPWG ,,,,,//S,N,CARONO $

LGPWG $

KGGX,KGG/NOGENL $

LBL1l,NOGENL $

GEl,/KGGY/LUSET/NOGENL/-l $

KGGX,KGGY/KGG $

LBL1l $

CASECC,GEOM4,EQEX lN,GPOT,BGPDT,CSTM,GPST/RG, ,USET,ASET/LUSET/
s,N,MPcFl/s,N,MPcF2/s,N,slNGLE/s,N,oMlT/s,N,REAcT/o/s,N,
REPEAT/S,N,NOSET/S,N,NOL/S,N,NOA/C,Y,ASETOUT/S,Y,AUTOSPC $

//* EQ*/GPSPFLG/AUTOSPC/O $

GM/MPCFl/OM,MR/REACT $

LBL4,GPSPFLG $

GPL,GPST,USET,SIL/OGPST/S,N,NOGPST $

OGPST ,,,,,//S,N,CARDNO $

LBL4 $

KGG,KNN/MPCFl/MGG,MNN/MPCFl $

LBL2,MPCF1 $

USET,RG/GM $

USET,GM,KGG,MGG,,/KNN,MNN,, $

LBL2 $

KNN,KFF/SINGLE/MNN,MFF/SINGLE $

LBL3,SINGLE $

USET,KNN,MNN,,/l(FF,KFS,,MFF ,, $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

46

47

48

49

50

51

52

53

511

55

56

57

58

59

60

61

62

63

64

65

66

67

68

LABEL

EQUIV

PURGE

COND

PARAM

SMP1

SMP2

LABEL

CONO

RBMG 1

RBMG2

RBMG3

RBAG4

LABEL

DPO

CONO

EQUIV

READ

OFP

COND

OFP

MTRXIN

EQUIV

LBL3 $

KFF,KAA/OMIT/ MFF,MAA/OMIT $

GO/OMIT $

LBL5,0MIT $

//*PREC)~/PREC $

USET,KFF ,,,/GO,KAA,KOO,LOO,,,,, $

USET,GO,MFF/MAA $

LBL5 $

LBL6,REACT $

USET,KAA,MAA/KLL,KLR,KRR,MLL ,MLR,MRR $

KLL/LLL/ $

LLL,KLR,KRR/OM $

DM,MLL,MLR,MRR/MR

LBL6 $

$

DYNAMICS,GPL,SIL,USET/GPLD ,SILO,USETD,TFPOOL, OLT,PSDL ,FRL, ,TRL,
EED,EQOYN/LUSET/S,N,LUSETD/NOTFL/NOOLT/S,N,NOPSDL/
NOFRL/NONLFT/NOTRL/S,N,NOEED/123/S ,N,NOUE $

ERROR2,NOEED $

GO,GOD/NOUE/GM,GMD/NOUE $

l(AA,MAA,MR,DM,EED,USET,CASECC/LAMA, PHIA,Ml,OEIGS/*MODES*/S,N,
NEIGV $

OEIGS ,,,,,//S,N,CARDNO $

ERROR4,NEIGV $

LAMA ,,,,,/’/S,N,CARDNO $

cAsEcc,MATPooL,EQDYN,,TFPooL/K2PP,M2PP,B2PP/LusETD/s,N,
NoK2PP/s,N,NoM2PP/s,N,NoB2PP $

M2PP,M200/NoA/B2PP,B2Do/NoA/K2PP, K2DD/NoA $
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RIGID FORMAT DMAP LISTING
APRIL lg86 RELEASE

AERO APPROACH, RIGIO FORMAT 11

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

69

70

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

GKAD USETD,GM,GO, ,, ,,K2PP,M2PP,B2PP/ ,,,GMo,GoD,K2DD,M2Do,B2DD/
*CMPLE1/f(/*DlSP~/kMODAL,?/O,O/OOO/OOO/NOK2fJp/
NoM2PP/NoB2PP/MPcFl/slNGLE/oMIT/NouE/
-1/-1/-1/-1 $

GKAM USETD, PHI A,,LAMA,DIT,M200, B2Do,K20D,cAsEcc/MHH,BHH,KHH,
PHIDH/NOUE/C,Y,LMODES=O/C, Y,LFREQ=O./C,Y,HFREQ=-l.O/
NOM2PP/NOB2PP/NOK2PP/S,N,NONCUP/S,N, FflODE/C,Y,KOAMP $

APD ECIT,EQDYN, ECT,BGPDT,SI LO,USETO, CSTM,GPLO/EQAERO,ECTA,BGPA, SILA,
USETA,SPL INE,AERO,ACPT,FLIST, CSTMA,GPLA,SILGA/S,N,NK/S,N,NJ/
S,N,LUSETA/S,N,BOV $

PARAll

PURGE

CONO

PARAM

PLTSET

//*MpY#c/pFILE/D/l$

PLTSETA,PLTPARA,GPSETSA,ELSETSA/JUMPPLOT $

SKPPLT,JUMPPLOT $

//*MpY*/pLTFLG/o/l $

PCOB,EQAERO,ECTA/PLTSETA,PLTPARA,GPSETSA, ELSETSA/S,N,NSILl/S,N,
JUMPPLOT S

PRTMSG

COND

PLOT

PLTSETA // $

SKPPLT,JUMPPLOT $

PLTPARA,GPSETSA,ELSETSA,CASECC,BGPA, EQAERO, ,,,,/PLOTX2/
NSIL1/LUSETA/S,N,JU14PPLOT/S,N,PLTFLG/S,N,PF ILE $

PRTMSG

LABEL

GI

PLOTX2 // $

SKPPLT $

SPLINE,USET ,CSTMA,BGPA,SIL , ,GM,GO/GTKA/NK/
LUSET $

PARAH

AMG

COND

INPUTT2

LABEL

PARAM

AMP

//* ADDit/DEsTRY/o/l/ $

AERo,AcPT/AJJL,sKJ,olJK,D2JK/NK/NJ/s,N,DEsTRY $

NODJE,NODJE $

/DlJE,D2JE,,,/Cjy,PI=O/C,y,P2=I1/c,Y,P3=xxxxxxxx$

NOOJE $

//*ADD,*/xQHHL/]/o $

AJJL,SKJ,D1JK,D2JK,GTKA,PHIOH, olJE,D2JE,usETD,AERo/QHHL,QKHL,
QHJL/NOUE/S,N,XQHHL/V,Y,GUSTAERO=- 1 $
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RIGID FORMAT OMAP LISTING
APRIL lg86 RELEASE

AERO APPROACH, RIGID FORHAT 11

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

90 FRLG

91 PARAM

92 PURGE

93 GUST

94 EQUIV

95 FRRD2

96 EQUIV

97 COND

98 IFT

99 LABEL

100 MODACC

101 AOR

102 VDR

103 CONO

104 SDR3

105 OFP

106 CONO

107 XYTRAN

108 COND

109 XYPLOT

110 LABEL

111 PARAM

112 COND

1}3 SOR1

CASECC,USETD,DLT,FRL,GMD,GOO,O lT,PHIDH/PPF,PSF,PDF,FOL,PHF 1/
wIoDAL*/S,N,FREQY/S,N,AW $

//*NOT* /NOFRY/FREQY $

PPF/NOFRY $

CASECC,OLT,FRL,OIT,QHJL, ,,ACPT,CSTMA, PHF1/PHF/
S,N,NOGUST/BOV/C,Y,HACH/C,Y,Q $

PHFl,PHF/NOGUST $

KHH,BHH,MHH,QHHL,PHF,FOL/UHVF/BOV/C,Y,Q/C,Y,MACH $

UHVF,UHVT/FREQY/FOL,TOL/FREQY $

IFTSKP,FREQY $

UHVF,CASECC,TRL,FOL/UHVT,TOL/C,Y, IFTM=O $

IFTSKP $

CASECC,TOL,UHVT,,,/TOL?,UHVTl ,,,/APP $

UHVT1,CASECC,QKHL,TOL1,SPLI NE,SILA,USETA/PKF/BOV/
C,Y,MACH/APP $

CASECC, EQOYN,USETD, UHVTl,TOLl,XYCDB,/OUHVl ,/APP/*MODAL*/
O/S,N,NOH/S,N,NOP/FMODE $

NOH , NOH $

OUHVI ,,,,, /0uHv2,,,,, $

0UHV2,,, ,,//S,N,CARDNO $

NOH,NOXYCDB $

XYCDB,0UHV2, ,, ,/XYPTTA/APP/*HSET*/S,N,PF lLE/S,N,CARDNO/
S,N,NOXYPL $

NOH,NOXYPL $

XYPTTA $

NOH $

//*AND*/PJUMP/NOP/JUMPPLOT $

FINIS,PJUMP $

USETO, ,PHIDH, ,,GOD,GMD, ,KFS, ,/PHIP,,QP/l/*DYNAHICS* $
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RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN OMAP COMPILER - SOURCE LISTING

llk EQUIV

115 CONO

116 VEC

117 PARTN

118 LABEL

119 MPYAO

120 UMERGE

121 UMERGE

122 UMERGE

123 soR2

124 COND

125 SDR2

126 SDR3

127 LABEL

128 SOR3

129 ODRMM

130 OFP

131 SCAN

132 OFP

133 COND

134 MPYAD

135 SCIR2

136 PLOT

137 PRTMSG

PHIDH,PHIAH/NOUE $

NOUE1,NOUE $

UiETO/EVEC/*D*/*A*/*E* $

PHIDH,,EVEC/PHIAH,,,/l $

NOUE1 $

GTKA,PHIAH,/PHIK/l/l/O/PREC $

USETA,PHIP,/PHIPS/*PS*/*P~~/*SA* $

USETA,PHIPS,PHIK/PHIPA/*PA*/*PS*/*K* $

USETA,QP,;QPA/*PA~~/*P*/*PS* $

CASECC,CSTMA,MPT,OIT,EQAERO,S ILA, ,,BGPA,LAMA,QPA,PHIPA,
EST,XYCOB,/,MQPl,MPHIPAl,MESl,MEF 1,/*Mt4RElG* $

NOPF,NOFRY $

CASECC, ,,, EQDYN,,,,,PPF,,,,XYCOB,/OPpl ,,,,,/*FREQ* $

OPP1 ,,,,,/QPP2,,,,,/$

NOPF $

MPHIPAl,MESl,MEFl,MQPl,,/MPH IPA2,MES2,MEF2,11QP2, , $

CASECC,UHVT1,TOL1,MPHI PA2,MQP2 ,MES2,MEF2,XYCOB,EST,MPT,0 lT/
0UPV2,0QP2,0ES2,0EF2, $

ouPv2,,oEs2,0EF2,0QP2,//s,N,cARDNo $

cAsEcc,oEs2,0EF2/oEsF2/c,N,*RF* $

0ESF2 ,,,,,//s,N,CARONO $

P2,JUMPPLOT $

PHIPA,UHVTl,/UVTl/O $

CASECC,CSTMA ,,,EQAERO, ,,,BGPA,TOL ,,UVTl,,,/,,,,,PUVPAT/APP $

PLTPARA,GPSETSA,ELSETSA,CASECC,BGPA, EQAERO,SI LGA, ,PUVPAT, ,/
PLOTX3/NSILl/LUSETA/JUMPPLOT/PLTFLG/PF ILE $

PLoTx3// $
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e RIGID FORMAT DMAP LISTING
APRIL 1986 RELEASE

AERO APPROACH, RIGID FORMAT 11

LEVEL 2.0 NASTRAN DMAP COMPILER - SOURCE LISTING

138 LABEL

139 COND

lkO XYTRAN

141 COND

lk2 XYPLOT

143 LABEL

144 COND

145 CONO

146 RANOOM

147 COND

●
148 XYTRAN

149 COND

150 XYPLOT

151 JUMP

152 LABEL

153 PRTPARM

154 LABEL

155 PRTPARH

156 LABEL

157 PRTPARM

158 LABEL

159 PRTPARM

160 LABEL

161 PURGE

162 END

P2 $

FINIS,NOXYCOB $

xYcoB,,oQP2,0uPv2,0Es2,0EF2/xYPLTT/APP/*PsET~*/
S,N,PFILE/S,N,CARONO/S.N,NOXYPL $

NOXYPLTT,NOXYPL $

XYPLTT $

NOXYPLTT $

FINIS,NOFRY $

FINIS,NOPSDL $

XYCDB,D IT,PSDL, 0UPV2, ,0QP2,0ES2, oEF2,cAsEcc/PsoF,AuTo/
S,N,NORN $

FINIS,NORN $

XYCDB,PSDF,AUTO ,,,/XYPLTR/*RANO*/~tPSET~t/S,N ,PFILE/
S,N,CARDNO/S,N,NOXYPL $

FINIS,NOXYPL $

XYPLTR $

FINIS $

ERROR2 $

//-2/ftAERoREsP* $

ERROR1 $

//-1/~~AERORESP~~ $

ERROR4 $

//-k/~~AERORESP~~ $

ERROR3 $

//-3/*AERoREsPf( $

FINIS $

OUMMY/MINUSl $

s

1
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Descr~tion of Important DMAP Operations for Modal Aeroelastic Response—.

GP1 generates coordinate system transformation matrices, tables of grid point locations, and
tables relating the internal and external grid point numbers.

e
Go to DMAP No. 158 and print Error Message No. 3 if no grid points are defined.

GP2 generates Element Connection Table with internal indices.

GP3 generates Grid Point Temperature Table (element temperature),

TA1 generates element tables for use in matrix assembly and stress recovery.

Go to DMAP No. 158 and print Error Message No. 3 if no structural elements have been
defined.

EMG generates structural element stiffness and mass matrix tables and dictionaries for later
assembly by the EMA module.

Go to DMAP No. 19 if no stiffness matrix is to be assembled.

EMA assembles stiffness matrix [K~g] and Grid Point Singularity Table.

Go to DMAP No. 154 and print Error Message No. 1 if no mass matrix is to be assembled.

EMA assembles mass matrix [Mgg].

Go to DMAP No. 25 if no weight and balance information is requested.

GPWG generates weight and balance information.

@FP formats the weight and balance information prepared by GPWG and places it on the system
output file for printing.

Equivalence [K~g] to [Kgg] if there are no general elements.

Go to DMAP No. 30 if there are no general elements.

SMA3 forms the general element stiffness matrix [K~gl.

AOD combines the structural stiffness matrix [K~g] with the general element stiffness

matrix [K~g] to obtain the stiffness matrix [Kgg].

GP4 generates flags defining members of various displacement sets (USET) and forms
multipoint constraint equations [Rg] {ug} = O.

Go to DMAP No. 37 if no potential grid point singularities exist,

GPSP generates a table of potential grid point singularities.

OFP formats the table of potential grid point singularities prepared by GPSP and places it
on the system output file for printing.

Equivalence [Kgg] to [Knn] and [Mgg] to [Mnn] if no multipoint constraints exist.

Go to DMAP No. 42 if no multipoint constraints exist.

MCE1 partitions multipoint constraint equations [Rg] = [Rm~ Rn] and solves for

multipoint constraint transformation matrix [Gm] = -[Rm]-l[Rn].
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41. MCE2 partitions stiffness and mass matrices

and performs matrix reductions

[Knnl = [~nnl + [G~l[Kmnl + [K~nl[Gml + [G~l[Kmml[Gnll and

[Mnn] = [~nnl + [@Mmnl + [M;nl[Gml + [#JIMmml[Gml .

43. Equivalence [Knnl to [Kffl and [Mnn] tO [Mff] if no sin91e-Point constraints exist.

44. Go to DMAP No. 46 if no single-point.constraints exist.

45. SCE1 partitions out single-point constraints

[1‘ff’ ‘fs
[Knn] = ~ ~K— [1~ff ‘‘fs

and [Mnn]= ;~M– .

Sf Ss Sf Ss

47. Equivalence [Kffl to [Kaal and [Mffl to [Maa] if no omitted coordinates exist.

49. Go to DMAP No. 53 if no omitted coordinates exist.

●
51. SMP1 partitions constrained stiffness matrix

[1K I Kao
[Kff] = ~+ — ,

Oa I Koo

solves for transformation matrix [Go] = -[Kool-l[Koa]

and performs matrix reduction [Kaal = [~aal + [K:a][Go] .

52. SMP2 partitions constrained mass matrix

[1M I Mao

[Mff] = fl~M—

oa 00

and performs matrix reduction

[Maa] = [iaal + [M:al[Gol + [G: IIMOOIIGOI + [G:l[Moal .

54. Go to DMAP No. 59 if no free-body supports exist.
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RBMG1 partitions out free-body supports

RBMG2 decomposes constrained stiffness matrix [KLL] = [LtL][(lkt].

RBMG3 forms rigid body transformation matrix

calcu

[D] = -[KLi]-l[KLr],

ates rigid body check matr x

[x] = [Krr]

and calculates rigid body error ratio

E . xl+-l-rI Krr

RBMG4 forms rigid body mass matrix

,-

+ [K~r][D]

.

[nIr]= [Mrr] + [M~r][D] + [DT][MLr] + [DT][Mli][D].

DPD generates flags defining members of various displacement sets used in dynamic analysis
(USETD), tables relating the internal and external grid point numbers (GPLD), including
extra points introduced for dynamic analysis (SILD), and prepares Transfer Function Pool
(TFP!20L),and Eigenvalue Extraction Data (EED).

Go to DMAP No. 152 and print Error Message No, 2 if there is no Eigenvalue Extraction Data.

Equivalence [Go] to [G:] and [Gm] to [G:] if there are no extra points introduced

for dynamic analysis.

READ extracts real eigenvalues and eigenvectors from the equation

[Kaa - AMaa]{$a} = O ,

calculates rigid body modes by finding a matrix

[mol = [+~ol[mrl[orol

is diagonal and normalized, computes rigid body

[1D+
[f$aol ❑ —~ ,

‘$ro

calculates modal mass matrix

[ml = [O~l[Maal[Oal

and normalizes eigenvectors according to one of

[oro] such that

eigenvectors

the following user requests:
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1) Unit value of a selected component

o

2) Unit value of the largest component
3) Unit value of the generalized mass.

64. IZIFPformats the summary of eigenvalue extraction information (PJEIGS)prepared by READ and
places it on the system output file for printing.

65. Go to DMAP No. 156 and print Error Message No. 4 if no eigenvalues were found.

[>6. OFP formats the eigenvalues (LAMA) prepared by READ and places them on the system output
file for printing.

67. MXTRIN selects the direct input matrices [K~p], [M~p] and [B~pl.

68. Equivalence [M~pl to [Mid], [B~p] to [B~d] and [K~pl to [K~~l if no constraints
are applied.

69. GKAD applies constraints to direct input matrices [K~pl, [M~pl and [B~pl, forming

[K;d]~ [M~d] and [B:d] and forms [Gmd] and [God].

70. GKAM selects eigenvectors to form [$dh] and assembles stiffness, mass and damping matrices
in modal coordinates:

[1k.1 o
[Khh] = ;~~ + [$~h][K:d][@dh] ,

[1milo[M~h]=;!; +[$:h][”:@$dhl3
[1bilo[Bhh] = -+T + [$&][B;d][@dhl ~

where

KDAMP = -1 (default) KDAMP = 1

‘i
= modal masses mi = modal masses

bi ❑ mi 2n fi g(fi) bi=O

k. em ~T2f2
1 i i

ki ❑ (l+ig(fi)) 4112 f~mi

71. APD processes the aerodynamic data cards from EDT. It adds the k points and the SA points
to USETD making USETA. EQAERO, ECTA, BGPA, CSTMA, GPLA and SILA are updated to reflect the
new e“lements. AERfland ACPT reflect the aerodynamic parameters. SILGA is a special SIL fOr
plotting

74. Go to DMAP No. 81 if no plot

76. PLTSET transforms user input

77. PRTMSG prints error messages

output is requested.

into a form used to drive the structure plotter.

associated with the structure plotter.
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78.

79.

‘ 80.

82.

84.

85.

86.

AERO RIGID FORMATS

Go to DMAP No. 81 if no undeformed aerodynamic or structural element plots are requested.

PLf3Tgenerates all requested undeformed aerodynamic and structural element plots.

PRTMSG prints plotter data and engineering data for each undeformed aerodynamic and
structural element plot generated.

GI forms a transformation matrix [G(a] which interpolates between aerodynamic (k) and
structural (a) degrees of freedom.

AMG forms the aerodynamic matrix list [Ajjl, the area matrix [Skj], and the downwash

coefficients [D~k] and [D~kl.

Go to DMAP No. 87 if there are no user-supplied downwash coefficients.

INPUTT2 provides the user-supplied downwash factors due to extra points ([D~e], [D~e]).

PARAM N@DJE must be set to enter these matrices. The downwash Wj on box j due to the

motion of an extra point, Ue, is given by

{wj} = [D~e + ikllfe]{ue} .

89. AMP computes the aerodynamic matrix list related to the modal coordinates as follows:
I

I

90.

93.

94.

For each

For each

and

M$ai I@
[$dh] = —+= ,

$ei I@ee
[Gki] = [G~aIT[~ai] >

[D~il= [D~klTIGkil,

2tD?] and[D~h]~[Dji , ~e [D~i] = [D~k]T[Gki].

(m,k) pair:

[Djh] = [D~h] + ik[D~h] .

group:

[Qjh] = [A~j]~~OUP ‘Djh]group ‘

[Qkh] = [skj][Qjh] ,

[Qjh] = [Gkj]T[Qkh]

[1Qjh[Qhh]+‘--.
Qeh

FRLG forms the dynamic load vector {Ph} from the frequency response data or transient data
using a Fourier Transform.

GUST forms the loading due to gusts and adds to the direct loads.

Equivalence {PHF1} to {PHF} if there are no gust loads.

I

e
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95.

96.

97.

98.

100.

101.

102.

103.

104.

1050

106,

107.

108.

109.

112.

113.

114.

115.

116.

117.

119.

120.

MODAL AEROELASTIC

FRRD2 solves for the modal displacements using

RESPONSE

[-MhhU2+ iBhhti+ K + qQhh(k)]Uh = Ph(u) .

Equivalence {UHVF} to {UHVT} and FtlLto TOL if it is a frequency response formulation.

Go to DMAP No. 99 if it is a frequency response formulation.

IFT performs Inverse Fourier Transform of the displacements for transient formulation.

MODACC uses data from !3FREQor !JTIMEdata cards to select solutions for data recovery.

ADR produces aerodynamic load output (PKF) for selected points in frequency response only.

VDR prepares solution set displacements (klJHVl),sorted by frequency or time, for output,
The solution set includes mode amplitudes and extra points.

Go to DMAP No. 110 if the request is for output sorted by frequency or time step,

SOR3 prepares requested output sorted by solution set points.

OFP formats the table prepared by SDR3 for output sorted by solution set point and places it
on the system output file for printing.

Go to DMAP No. 110 if no X-Y plots are requested;

XYTRAN prepares the input for X-Y plotting of solution set points versus time or frequency.

Go to DMAP No. 110 if no plots are possible as requested.

XYPLOT prepares the requested X-Y plots of solution set points versus time or frequency.

Go to DMAP No. 160 if no output for physical points is requested,

SDR1 recovers physical displacements (PHIP) and forces of constraint (QP) for the real
eigenvectors associated with the modes.

Equivalence {@dh) to {@ah} if there are no extra points introduced for dynamic analysis,

Go to DMAP No. 118 if no extra points are present.

VEC generates a d-size partitioning vector (EVEC) for the a- and e-sets

{Ud} + {Ua} + {Ue} .

PARTN performs partition of {$dh} using EVEC

{1@ah{$dh} ‘> — .
0

MPYAD recovers the displacements at the aerodynamic

{I$kJ = [G;a]T{$ah}

UMERGE is used to expand {Qp} to the ps-set.

points (k)

.
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121. UMERGE places {Ok} in its proper place in the displacement vector

122. UMERGE is used to expand {Qp} to the pa-set.

123. SDR2 calculates element forces (MEF1) and stresses (MES1) and prepares eigenvectors
(MPHIPAI) and single-point forces of constraint (MQP1) for output sorted by frequency or
time.

124. Go to DMAP No. 127 if it is not a frequency response formulation,

125, SDR2 prepares load vectors for output (!3PPI)sorted by frequency.

126. SDR3 prepares requested load output sorted by point number,

128. SDR3 prepares requested modal quantities output sorted by point number.

129. DDRMM prepares a subset of the element forces (9EF2) and stresses (OES2), displacement
vectors (!3uPv2),and single-point forces of constraint (OQP2) for output sorted by point
number or element number.

130, OFP formats the requested physical output prepared by DDRMM and places it on the system
output file for printing.

131. SCAN examines the element stresses and forces calculated by DDRMM and generates scanned
output that meets the specifications set by the user.

132. !ilFPformats the scanned output table prepared by SCAN and places it on the system output
file for printing,

133. Go to DMAP No. 138 if no deformed aerodynamic or structural elemer~tplots are requested.

134. MPYAD generates vectors for use by the SDR2 module.

135.

136.

137.

139.

140.

141.

142.

144.

SDR2 prepares vectors for deformed plotting.

PLOT prepares all requested deformed aerodynamic and structural element plots.

PRTMSG prints plotter data and engineering data for each deformed plot generated,

Go to DMAP No. 160 and make normal exit if no X-Y plots are requested.

XYTRAN prepares the input for physical point X-Y plots.

Go to DMAP No. 143 if no plots are possible as requested.

XYPL!3T prepares the requested X-Y plots of displacements, forces, stresses, loads and
single-point forces of the constraint versus frequency or time.

Go to DMAP No. 160 and make normal exit if it is a transient response formulation.

145. Go to DMAP No. 160 and make normal exit if no power spectral density functions or
autocorrelation functions are requested.

146. RANDOM calculates power spectral density functions (PSDF) and autocorrelation functions
(AuTO) using the previously calculated frequency response.

147. Go to DMAP No, 160 and make normal exit if no X-Y plots of RANDOM calculations are
requested.

I

I

I

I

148, XYTRAN prepares the input for requested X-Y plots of the RAND!3Moutput.
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149.

e

150.

151.

153.

155.

157.

159.

MODAL AEROELASTIC RESPONSE

Go to DMAP No. 160 and make normal exit if no plots are possible as requested.

XYPLOT prepares the requested X-Y plots of autocorrelation functions and power spectra
density functions.

Go to DMAP No. 160 and make normal exit.

Print Error Message No. 2 and terminate execution.

Print Error Message No. 1 and terminate execution.

Print Error Message No. 4 and terminate execution.

Print Error Message No. 3 and terminate execution.
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4.3.3

Normal

AERO RIGID FORMATS

Output for Modal Aeroelastic Response

The real Eigenvalue Summary Table and real Eigenvalue Analysis Summary, as

Modes Analysis (see Section 2.3.3), are automatically printed.

The following printed output, sorted by point number or element number

described under

(Sf3RT2),is

available, either as real and imaginary parts or as magnitude and phase angle (0° - 360° lead), for

the list of frequencies or times specified by INFREQUENCYor OTIME (in transient formulations, these

are real):

1.

2.

3.

The

1.

2,

The

1.

2.

3.

4.

5.

The

1.

2.

Displacements, velocities and accelerations for a list of PHYSICAL points (grid points

and extra scalar points introduced for dynamic analysis) or SOLUTIflNpoints (points used

in the formulation of the dynamic equation). Velocities and accelerations are not

available for transient analysis.

Nonzero components of the applied load vector and single-point forces of constraint for

a list of PHYSICAL points. Aerodynamic forces on selected aerodynamic elements.

Stresses and forces in selected elements (ALL available only for SORTl).

following printed output is available for Random Response calculations:

Power spectral density function and mean deviation for the response of selected

components for points or elements. The expected frequency of zero crossings.

Autocorrelation function for the response of selected components for points or elements.

following plotter output is available:

Undeformed plot of the structural model.

Deformed shapes of the aerodynamic and structural model for selected intervals.

X-Y plot of any component of displacement, velocity or acceleration of a PHYSICAL point

or a S9LUT10N point.

X-Y plot of any component of the applied load vector or single-point force of

constraint.

X-Y plot of any stress or force component for an element.

following plotter output is available for Random Response calculations:

X-Y plot of the power spectral density versus frequency for the response of selected

components for points or elements.

X-Y plot of the autocorrelation versus time lag for the response of selected components

for points or elements.
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MODAL AEROELASTIC RESPONSE

The data used for preparing the X-Y plots may be punched or printed in tabuar form (see

e Volume I, Section 4.3). Also, a printed summary is prepared for each X-Y plot which includes the

maximum and minimum values of the plotted function.

4.3.4 Case Control Deck for Modal Aeroelastic Response

The following items relate to subcase definition

Response:

4.3.5

1.

2,

3,

4,

5.

6.

7.

8.

METHOD must appear above the subcase level to

At least one subcase must be defined for each

M2PP, B2PP) or frequencies.

and data selection for Modal Aeroelastic

select an eigenvalue extraction method.

unique set of direct input matrices (K2PP,

Consecutive subcases for each set of direct input matrices or frequencies are used to

define the loading condition - one subcase for each dynamic loading condition.

Constraints must be defined above the subcase level.

DLOAD must be used to define a frequency-dependent loading condition for each subcase.

If transient loads are selected, a Fourier Transform is used

frequency-dependent loads. All loads in one run must be of the same

FREQUENCY must be used to select one, and only one, FREQ, FREQ1, or

Bulk Data Deck. If TLOADs are selected, a TSTEP must be selected.

to compute

type.

FREQ2 card form the

1NFREQUENC%(OTIME) may be used above the subcase level or within each subcase to select

a subset of the solution frequencies (times) for output requests. The default is to use

all solution frequencies (times).

If Random Response calculations are desired,

RANDTi cards from the Bulk Data Deck. Only

used for each set of direct input matrices.

Parameters for Modal Aeroelastic Response

RANDOM must be used to select RANDPS and

one OFREQUENCY and FREQUENCY card can be

The following parameters are used in Modal Aeroelastic Response:

1, ASETOUT - optional. A positive integer value of this parameter causes theASET output

data block to be generated by the GP4 module. A negative integer value or O suppresses

the generation of this output data block. The default value is O.

2. AUT@SPC - reserved for future optional use. The default value is -1.
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3.

4.

5.

6.

7.

8,

9.

10.

11.

12.

13.

AERO RIGID FORMATS

Cfl.lPMASS- CPBAR, CPROD, CPQUAD1, CPQUAD2, CPTRIA1, CPTRIA2, CPTUBE, CPQDPLT, CPTRPLT,

CPTRBSC - optional. These parameters 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.

GRDPNT - optional. A positive integer value of this parameter causes the Grid Point

Weight Generator to be executed and the resulting weight and balance information to be

printed. All fluid related masses are ignore~.

GUSTAERO - optional. An integer value of +1 causes gust loads to be computed. The

default value is -1 for nogust loads.

IFTM - optional. The integer value of this parameter selects the method for the

integration of the Inverse Fourier Transform. An integer value of O specifies a

rectangular fit; 1 specifies a trapezoidal fit; and 2 specifies a cubic spline fit to

obtain solutions versus time for which aerodynamic forces are functions of frequency.

The default value

KDAMP - optional.

complex stiffness

The default value

LFREQ and HFREQ -

is O.

An integer value of +1 causes modal damping terms to be put into the

matrix for structural damping (+1 recommended for K and KE methods).

is -1.

required, unless parameter LM@DES is used. The real values of these

a
parameters give the cyclic frequency range (LFREQ is the lower limit and HFREQ is the

upper limit) of the modes to be used in the modal formulation. To use this option,

parameter LM!JDESmust be set to O.

LMODES - required, unless parameters LFREQ and HFREQ are used. The integer value of

this parameter is the number of lowest modes to be used in the modal formulation,

MACH - optional. The real value of this parameter selects the closest Mach numbers to

be used to compute aerodynamic matrices. The default value is 0.0.

N@DJE - optional. A positive integer for this parameter indicates that user-supplied

downwash matrices due to extra points are to be read from

INPUTT2 module

Pl, P2, and P3

description of

values for Pl,

Q- required,

in the rigid format. The default value is

- required when using the N17DJEparameter.

these parameters which are required by the

an external file via the

-1 when not needed.

See Section 5,5 for a

INPUTT2 module. The default

P2 and P3 are O, 11 and XXXXXXXX, respectively.

The real value of this parameter defines the dynamic pressure.
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14.

15.

16.

MODAL AEROELASTIC RESPONSE

SURFACE - optional. The computations of the external surface areas for the

two-dimensional and three-dimensional elements are activated by this parameter when they

are generated in the EMG module. The results are multiplied by the real value of this

parameter. See the description under the PARAM bulk data card for details.

VflLUME- optional. The volume computations for the two-dimensional and

three-dimensional elements are activated by this parameter when they are generated in

the EMG module. The results are multiplied by the real value of this parameter. See

the description under the PARAM bulk data card for details.

WTMASS - optional. The terms of the structural mass matrix are multiplied by the real

value of this parameter when they are generated in the EMA module. Not recommended for

use in hydroelastic problems.

4.3.6 Optional Diagnostic Output for FEER

Special detailed information obtained by requesting DIAG 16 in the Executive Control Deck is

the same as that described under Normal Modes Analysis (see Section 2.3.6).

4.3.7 The APPEND Feature

Q

The APPEND feature can be used for real eigenvalue extraction in Modal Aeroelastic Response.

See Section 2.3.7 for details.

4.3.8 Rigid Format Error Messages from Modal Aeroelastic Response

The following fatal errors are detected by the DMAP statements in the Modal Aeroelastic

Response rigid format. The text for each error message is given below in capital letters and is

followed by additional explanatory material, including suggestions for remedial action.

M13DALAERf3ELASTICRESPONSE ERROR NO. 1 - MASS MATRIX REQUIRED FOR MODAL FORMULATION.

The mass matrix is null because either no structural elements were defined with Connecti6,1cards,
nonstructural mass was not defined on a Property card or the density was not defined on a Material
card.

Mf3DALAERIDELASTICRESP13NSEERROR NO. 2 - EIGENVALUE EXTRACTIf3NDATA REQUIRED FOR REAL EIGENVALUE
ANALYSIS.

Eigenvalue extraction data must be supplied on an EIGR card in the Bulk Data Deck and METHOD in the
Case Control Deck must select an EIGR set.
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MODAL AER@ELASTIC RESPONSE ERR@R N@. 3- NO GRID PfjINTDATA
HAVE BEEN DEFINED.

No points have been defined with GRID or SP91NT cards or no
with Connection cards.

IS SPECIFIEDf3R N@ STRUCTURAL ELEMENTS

structural elements have been defined

e

M@DAL AER@ELASTIC RESPflNSEERROR NO. 4- REAL EIGENVALUES REQUIRED FOR MODAL FORMULATION.

No real eigenvalues were found in the frequency range specified by the user.

I

*


